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Theory and application of the Landscape Ecology Toolbox software for landscape
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Abstract: Quantification of landscape pattern is the prerequisite for determining the impact of landscape pattern on
ecological processes, and is also critical reference for ecological system planning and management. Existing softwares for
conducting landscape pattern only provide calculation of landscape pattern indices based on the “Patch-Corridor-Matrix”
paradigm. None of them provide calculation for indices based on the “Source-Pathway-Sink” paradigm, which are not
catching up with the theoretical development in landscape ecology. In addition, their existing way of implementation and
calculation capability cannot meet the requirement of speed and flexibility by the increased size of input data and application

situation in the current big data era. Thus, this study developed the landscape ecology toolbox ( LET), a new software
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capable of calculating indices for both paradigms and providing both graphical and command line user interfaces. The paper
firstly described the main features of the LET software. Then, the detailed comparison was made on LET with existing
software for calculating landscape pattern analysis in terms of their usage, indices provided by each software, and special

functions. At last, future development of the LET was discussed.

Key Words: landscape ecology toolbox; landscape pattern indices; the “Source-Pathway-Sink” paradigm; the “Patch-

Corridor-Matrix” paradigm
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AL T — AR ERE S OAS SR B T H . B T AT SR B I R B A5 T FE hitp ./ dse. reees. cas.
en/kyzy/stmx/ AT N Ek, ARSCKE N4 LET 9 EZ e FR RE50), SR 5 LET [ 30 307 78 55 19 5
AR EO T AR @D RE L HE T 0T, SJa X e I 2k 0 & SR N Il iR AT T ST,

1 LET #i&
SOUAR A T HAR 3222 i SRR SRl 5oUAS Jm P8 B i Sk, B 1 WoR T E R A A Ry, B AL
W T U DIRERRZS , 43 56 i 30 H #5 ( Projects ) |\ 3&F “ PRI -1L 7 i =X ) S UL 48 B ( Source-Pathway-

Sink Indices) \J&T“ B JER i -5 57 " 8 3 ( Patch-Corridor-Boundary ) B9 5 WL 503155 1 5 181 1847 ( About ) DY~
3o

@9 LET project: demoletet - o X

Projects Source-Pathway-Sink Indices Path-Corridor-Boundary Indices About

Create New Project Save Project Open Existing Project

Welcome to use the Landscape Ecology Toolbox!
To get started, please either create a new project,

or open an existing project!

2023-07-04 14:47:40—-Existing project loaded successfully!

2023-07-04 14:47:40--Project folder: D:\appDevMaster\let_gui win\demo

2023-07-04 14:47:42--Projects saved successfully!

2023-07-04 14:47:42--Project file: D:/appDevMaster/let_gui_win/demo/demo.let

2023-07-04 14:48:07--sfs_start_PitRemove.exe

2023-07-04 14:48:07--Command: D:\appDevMaster\let_gui win\scrip! I\Pi exe -z D:/appD t_gui win/demo_pure/dem.tif -fel D:\appDevMaster\let_gui.
2023-07-04 14:48:08--PitRemove version 5.3.9

2023-07-04 14:48:08--Warning 1: PROJ: proj_create_from_database: Cannot find proj.db

2023-07-04 14:48:08--Warning 1: The definition of projected CRS EPSG:32651 got from GeoTIFF keys is not the same as the one from the EPSG registry, which may cause issues during r
2023-07-04 14:48:08—-Input file D:/appDevMaster/let_gui win/demo_pure/dem.tif has projected coordinate system.

2023-07-04 14:48:08--Nodata value input to create partition from file: -32768.000000

2023-07-04 14:48:08--Nodata value recast to float used in partition raster: -32768.000000

2023-07-04 14:48:08--This run may take on the order of 1 minutes to complete.

2023-07-04 14:48:08--This estimate is very approximate.

2023-07-04 14:48:08--Run time is highly uncertain as it depends on the complexity of the input data

2023-07-04 14:48:08--and speed and memory of the computer. This estimate s based on our testing on

2023-07-04 14:48:08--a dual quad core Dell Xeon E5405 2.0GHz PC with 16GB RAM.

2023-07-04 14:48:08--ERROR 1: PROJ: proj_create_from_name: Cannot find proj.db

2023-07-04 14:48:08--Processes: 1

2023-07-04 14:48:09--Header read time: 0.057937

2023-07-04 14:48:09--Data read time: 0.025648

2023-07-04 14:48:09--Compute time: 0.054168

2023-07-04 14:48:09--Write time: 0152460

2023-07-04 14:48:09--Total time: 0.290214

2023-07-04 14:48:09--sfs_done_PitRemove.exe

2023-07-04 14:48:10--sfs_start_d8flowdir

2023-07-04 14:48:10--Command: D:\appDevMasten\let_gui win\scripts\let001exe4reN\dsflowdir -fel D:\appDevMaster\let_gui win\demo\sfs\feltif -sd8 D:\appDevMaster\let_gui_win\d¢

B1 SUESTIEMS(LET) SEMERFAEDBEHIERT
Fig.1 Screenshot for the “Projects” tab of the landscape ecology toolbox desktop graphical user interface
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A1)

2 Source; X W, x Pc;
LWLI = - (1)

elevation, slope, distance m m

z Source; X W, X Pc; + 2 Sink; x W, X Pc;

o1t Source 1 Sink 43 U2 I BU AT SURAO TR I 4 1 1 11 B 20 P44 A 3 2 2 0
i A B R — VR, WA — SR IR 0T A (A DT S 2 ), Pe AR RIS 5 3t 388
R ET 3 LWL, e disanee T W B DR BR B S50 1] B 007 LU 8K, i), il ad 22 5K 2 313 5 Wl s 1) £
oy HLAE 5L,
LWLIdislance XLWLIelevalion
LWLI= (2)
LWLIL,,,

Kl 2 BT 38 TR R A0 46 U 38 ) 43 ( Watershed Delineation ) A48 %0315 ( SFS Based Landscape
Index Calculation) PR 1, FAsR R 433823 J& LA DEM s ABd | i 128 ] TauDEM F4 37 500 43 2 1F
17, E T 7 A/NPER TG DEM $0d8  SFE RN ) 7158 03 AR oA SOUC I B L 22 T i B A
VERGR I O 2HIR S 7 A/NETE, B DEM SR H 2 E MR s R AL T BoR e, A E A
MR . FEBO TR DU A BB IR S A A AN SR UEA T LS T A A 2 ik 1 A RE S
TR 2L 2R BRI S WA 2R A 2 SO B 52 (8] f ey LU 3R 80, ST ik e 26 i 2R 3R 4L T
WORIEIN, AT MMM R — D s T, BEAh XTI RS AR 2% th S R AR AL T I T
BRI, P AT A SR R CPU B ke iz S 3

Projects Source-Pathway-Sink Indices Path-Corridor-Boundary Indices About
‘Watershed Delineation
Setp 1. Select DEM Raster ‘
D:/appDevMaster/let guiwin/demo]|  Open Show
Step 2. Fill DEM Flow Direction
Step 3. Flow Accumulation & Edge Contamination
Step 4. Define Area Threshold | 14697 [Ha]
Step 5. Create Streams Show Streams
Step 6. Select Outlet |D/sppDevMaster/let_ gu, Open

Step 7. Delineate Watershed | Show |

SFS Based Landscape Index Calculation

to Outlet

For Sink Landuse [0/sppDevMasterfietsu|  Open

Step 4. Calculate SFS Based Landscape Index

Process: Finished displaying the raster file!

No of CPU Cores used: | 1

B2 SWESIEM(LED) #METE-R-C"EXNENEEOTERZEE
Fig.2 Screenshot for the “Source-Pathway-Sink” tab of the landscape ecology toolbox desktop graphical user interface
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B bE2ESE 6 DEETHA, « _C” RN IZIEHON AR TR EL, © _L” FoR A8 O 502 IR 48 5, TR TN
TR NBEBZ IR R, %R % 00 TP TR AR BT PR AT F AR F 500 e BCR OL R (Tiff A% X)) I =4
FEOPIR, A AR A WoR T TR RS R R I 4R bR 2 B SCARHE P S B, [
I8 7 5 B, ibn 28 b P i 1 e e A BOH e 427 I 4 bR L

@ LET project: demolet et - o0 x
Projects Source-Pathway-Sink Indices Path-Corridor-Boundary Indices About
Recommended Indices (Under Development) Select All | Deselect All Save Selected Indices
D:/appDevMaster/let_gui win/demo_pure/landuse tif Select Landscape Tiff Calculate Process: running pGyrateRadius.exe |
Area and Edge Core Area Aggregation
® Use 8 Cell Neighbours Edge Depth [ 1 Shape 0 Euclidean Nearest Neighbor Distance (ENN)

O Shape Index (SHAPE) | [CJENN Stats CL

O Use 4 Cell Neighbours
{ Cell Centroid (Gyrate)

 Count Boundary (Edge, CA)

O Core Area (CA)
[JCA Stats CL
O Core Area Index (CA))

[ Perimeter-Area Ratio (PARA)
[ Fractal Dimension Index (FRAC)
[ Contiguity Index (CONTIG)

[ Percentage of Like Adjacencies (PLAD)_C)
O Interspersion&Juxtaposition Index (U1_C)

[ Aggregation Index (Al_C)

[ Cai Stats_CL

[ No of Core Area (NCA)
[ Total Core Area (TCA_C)
[ Core Area Percentage (CAPLAND_C)
[ No of Disjunct Core Areas (NDCA _C)

(2 Patch Area (AREA) [ Related Circumscribing Circle (CIRCLE)
4 Radius of Gyration (GYRATE)

[ Patch Perimeter (PERIM)

[ Landscape Shape Index (LSI_C)

[ Normalized Landscape Shape Index (NLSI_C)
[ Cohesion Index (COHESION_C)

[ Division Index (DIVISION_C)

[0 split Index (SPLIT_C)

[ Effective Mesh Size (MESH_C)

[ Patch Density (PD_C)

[ Clumpiness Index (CLUMPY_C)

[ Shape Stats CL
[ PARA Stats CL
[ FRAC Stats_CL
[J CONTIG Stats CL

[ Total Class Area (TA)
[ Percent of Landscape (PLAND)
O Largest Patch Index (LPI_C)
[ Total Edge (TEC)
1 Edge Density (EDC)
[ Area Stats_C
[ Perim Stats_C
[ Gyrate Stats_C

[ Disjunct Core Area Distribution (C)
[ Disjunct Core Area Density (DCAD_C)
[ Total Core Area (TCA_L)

[ Number of Disjunct Core Areas (NDCA L) Diversity

Max classes (RPR, >0) | 4
[ Patch Richness (PR _L)
[ Patch Richness Density (PRD_L)
[ Relative Patch Richness (RPR L)
[ Shannon's Diversity Index (SHDI_L)

[ Disjunct Core Area Distribution (L) O Percentage of Like Adjacencies (PLADJ_L)

O Interspersion&Juxtaposition Index (U1 L)

[ Disjunct Core Area Density (DCAD_L)
[ Aggregation Index (Al_L)
Entropy

Neighbours (4 or 8) | 4

[ Landscape Shape Index (LSI_L)
[ Cohesion Index (COHESION L)
[ Division Index (DIVISION_L)

[ split Index (SPLIT_L)

[ Effective Mesh Size (MESH_L)
[ Patch Density (PD_L)

I Number of Patches (NP_L)

[ Contagion (CONTAG L)

] Total Landscape Area (TLA L)
] Largest Patch Index (LPI_L)

] Total Edge (TE_L)

] Edge Density (EDL)

] Perim Stats L

O Gyrate Stats L

[ Patch Area Stats L

Entropy Base (2 or 10) | 2
[ Entropy (ENT_L)
0 Conditional Entropy (CONDENT L)
O Joint Entropy (JOINTENT_L)
O Mutual Infor (MUTINF_L)
[ Relative Mutual Infor (RELMUTINF_L)

[ Simpson’s Diversity Index (SIDI_L)
[ Modified Simpson's Diversity Index (MSIDI_L)

[ shannon's Evenness Index (SHEI_L)

[ Simpson’s Evenness Index (SIEI_L)

[J Modified Simpson's Evenness Index (MSIDI_L)

B3 SWESTEMA(LET) FEFBIR-EE-ER" EXNE MBI EREEE
Fig.3 Screenshot for the “Path-Corridor-Boundary” tab of the landscape ecology toolbox desktop graphical user interface

L4 Friffa /b

AR IR AL T X S E DI RE SRk TR BT
A HEAF R
1.5 S Re AR

BRI SR N T 5 R P AT BT T &
1Y TR 8 R BN, S a5 & 98 X R
A SRR B0 T B A ok e TR, X 24 J2
HY c++3F 5 T R ik 8, PRt il AFE iy 47 A7 s
1. K4 J&R T 24T A BE I AR ( Patch Area)
IS o BRI AR A A JHC A 8 B0 i 2 18 WL AR P
Tk AR RE AT 2, I A BB R 28

#%4% \pArea.exe—patchfile F§42 \BEHHIE SO (i) —ofidx #842 \ii tH SCHF 44 K. esv

i, pArea.exe RFEA, HTFIE RS, 2T BRI, — A2 B S i« -patchfile”
PEIURBE 5 75— 12 him SO AL 38 -ofidx” PEWURBE

w o - o x
D:\appDevMaster\let_gui_win>scripts\leto@0@lexe64rel\pArea.exe |
-patchfile demo\pcb\patch_dir8.tif -ofidx pArea_demo.csv

LET version 0.0.1

Input file demo\pcb\patch_dir8.tif has projected coordinate
system.

Nodata value input to create partition from file: -1.000000
Nodata value recast to int32_t used in partition raster: -1
writing output: pArea_demo.csv

Number of Processes: 1

Read time: 0.134724

Compute time: ©0.013444

Write time: ©0.009104

Total time: ©.157272

D:\appDevMaster\let_gui_win>

B4 RAGSTTERRERTESE
Fig.4 Screenshot showing the calculation of the patch area index

using command line prompt

2 LET RIAITERETLE

HHTH SO 6L 45 Fratstats  Landscapemetrics Fll pyLandStats 55, X S0 HAETHAHE T BEHR-
JBR T -5 o Y X ) S U SRy PR A, DR BB AR SO DA L A e B4R, X6 R = AN LET (B R4 T X L, £
1 (1) A2 (2) Irtd & A SR (3) DHRERAESEJ7 T A RF RS EA T |

EAVEZ I I Fragstats Al LET &2t 7R TEOE M P FU0m . AR WA EROEES LI B R A BT Pt
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R HALEARF], Fragstats (9500 H S (fea) FE06E T TP B SCURAEO, B TR 8 T8 800 26 200 5% ) T LET
SN FEBBE T I E SO TR AR SRR TE AR L B SO T AR AR . AN PR BERAEER SR E T A A
FTaA TR, Fragstats BUAT A TIBA TR EAE B R 165, HF 25l 1A - S a0t B | 738 o A 247 1Y
R & 2 W HZ I H #1715, LET B ar 247317 W B B A LET A8 N 1995 B0 5 o 2 #4735
Landscapemetrics Fll pyLandStats >4 Fif Jf AR 42 (L H P B 1H, FZEAEMMN M RIFEARIE Fisfr, L R IBEFH
Rstudio {4 F1 python 15 F B pyCharm 4, FIIFHIX WA 3004 47 11580 3 2258 o 98 FH A 0 48 009 1w 2ok
£ 18

X DU AR e 2 S WA A R s A Bds . BRI LET {28 GeoTiff A% =X IS B4 . Fragstats SZRF
Z i S B , FL5T GeoTiff | Ascii SCHF (LA K 8 37 16 {31 32 ffy —i#F ] 3C1F, Landscapemetrics %
ABHERH R B Terra 1. 54330 352 BOME A& B8 , 2% T H AL SCHF 2 Foks 28 s A 8045 . pyLandStats T >R FH
python (%) Rasterio AeEA T A% £ s A1 B, 3 4 22 a0 o o A 4

TET SCRESOMAR O T, 38 1 R 7 VN BE T B A T H A A S5O SRR B R X L . TETTHEAE 557
NIA Jry $6 K005 T, Fragstats 7] LA A 48 805k 4 11, LET | Landscapemetrics A< $& (340 45 XF HE BE 1l 0T B2 A7 2L
I EAEEEIR PRI pyLandStats WRRAETIAR-I 2% TR T LU | SR 4 BE I 22 6 B 38 406 B AN A O THT
RO BT A 48 bro X T80 2% 09 6 45 28 A OC 19 48 A5, Fragstats A 4 1 AH ¢ (9 3+ 53, T 78 LET,
Landscapemetrics Fl pyLandStats HARA $24I, BR 7 HANEFR I THEE, & DR SR A 1 B R R bR e
FFI SR B RS {E . LET  Fragstats fil pyLandStats ZREEAE T BT BE T 38 FR 1 FX{E i AUMABGE Y 47
e AR FriE2E AE SRS SHE, M Landscapemetrics WISRAE TS Arifl 22 Fids 5 250,

R1 EMESTITEM(LET) Fragstats, Landscapemetrics 1 pyLandStats Fr & & BIPIHL KRN S MK T W& BIEH T

Table 1 Comparison on available indices at the patch, class, and landscape level in LET, Fragstats, Landscapemetrics, and pyLandStats

SR

FEATR(T0)

SOWAESF THA

Landscape wF Indices name *Eﬁﬂ/a%( A0 . Landscape ecology Fragstats LandscapeMetrics ~ PylandStats
properties Level (Chinese) Indices name (English) toolbox
TGN % BEHR (LA Area . . . .
Area edge JAK Perimeter . . . .
A Radius of gyration . . .
KR/ FW BIER Total area . . . .
ﬁ% ARRERE Percentage of landscape . . . .
RS Largest patch index . . . .
MAGKE Total edge . . . .
NG Edge density . . . .
AN 2353 JK R Perimeter-area ratio . . . .
Shape RSB EL Shape index . . . N
Vi3 36t Fractal dimension index . . . .
FRAMER Related circumscribing circle . . .
AR Contiguily index . . .
FAE/FM FRKEFSIEYERE  Perimeter-area fractal dimension . . D
AN InEEA BE ZANIpA Core area . . .
Core area Bl B Number of core areas . . .
B HREE Core area index o . o

o
=
<
pual
=

BT
Bl i S AR
ot

Total core area

Core area percentage

of landscape
Number of disjunct core areas

Disjunct core area density
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FE Hek ¢ y L AR Jot
f;fgf;i k¥ 1:?5?2 fifn'fi) *Eﬁ% OB . T:ii;jif;yﬁ Fragstats LandscapeMetrics ~ PylandStats
ropetic Level ( Chinese) Indices name ( English) wolbox
X B UE SUNIA % ¢ Edge Contrast Index .
Contrast R/ jﬁ th B A 2 & Contrast-weighted edge density .
BB CETRE  Total edge contrast index .
B4 B R A Eglhf)dt‘ . . . .
Aggregation K Proximity index o
HRALEE Similarity index .
RE/FW WU 5 .Imers‘mion & japosition . . .
index
DL 42 L 1] 2 Percentage of like adjacencies . . .
RAEIREL Aggregation index . . .
P Sk Clumpiness index . . .
B ARFE L Landscape shape index . . . .
Ao Nm’fld‘“a“"" . . .
JESN R 1 e H Patch cohesion index . . .
B Number of patches D . . N
PEH Patch density . . . .
SO E Division index . . .
SR AL Splitting index . . .
AR AN Effective mesh size . . . .
SO PR Connectance index .
SR AREL Contagion index . . . .
ZREE M PR Patch richness . . .
Diversity SRR R Patch richness density D D .
FR B E Relative patch richness . . .
R LA Shannon's diversity index . . . .
FEREFEIRE Simpson's diversity index . . .
BIEFERLZHME  Modified simpson’ s . . .
EiR diversity index
BRI ER Shannon’s evenness index . . .
BIEFEHRIYLE  Modified simpson’s . . .
a4 evenness index
i S il Entropy o . o
Entropy R Conditional entropy . . .
WA Joint entropy . . .
HFR Mutual information . . .
A HAF B Relative mutual information o . o

o RFHMF AL AT EZAEBUNRE ST ; Fragstats /2 1 36 [ D51 M L K19 Dr. Kevin McGarigal SF#UE A IF A 14 FHF 50004307 5 I 1 23 ] 40 W 401 4k
PR J7 354 hitps :// fragstats. org/index. php ; LandscapeMetrics /2 1 3% [ % BOHRUH 37 K 24#Y Dr. Maximilian H.K. Hesselbarth 25T R 355 350 & 0 F T 5040 Hr
BFFIRER A4, DRI I 47 htps ;. //r-spatialecology. github. io/ landscapemetrics/index. html ; pyLandStats /& Fi i 135 58 K220 Dr. Marti Bosch 3:F python 155 £ FTF A
19 TS AT A FF IR AR P, B 5 ik https -/ pylandstats. readthedocs. io//en/latest/ 5 3 =M1 44 57 B T30 A 6 B AOBESC AR SO Rk P SOl %

TEYIRERFAETT T, B T HEATREE SR PRI Z 00, & N H © — 2855 i, LET B4R @ IR AETT
PR R e A RS ARG 1], AR AR R B O B R R B B AN BERAER SN IE T — > A AR
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TR0 FH TR BB ) 8 SR [RI A 8] b i SREER B G —— X W . 7E Landscapemetrics i H24E T ] K DI BE
ELAF A ) P S s e FH a7 i A P S AN B 25 () L, Fragstats A1 pyLandStats 24 fij AN $2 45 5EHe 43
MBI 2T DIRE . Fragstats BTN REAF G DN BE 2 —SETTIE 2D SOOI HARFE 8, HoAl =3R4 500
FI AT Bl iy 2172k L, 554, Fragstats F1 Landscapemetrics W AR AL T 38 12 5 sh T 10 >k A g2 A0 fn
SOWLKF-A Ry R 111 RS EE ) D BE .

3 LET kEWERBARSKAGS

i b A R SR G £ 0 AR EE AT T LR Y LET ANUAL T T X8 F SRS SR 8 50 1150, iR 440t
TEFER S AN e S ATE AT 2 P B RSB AT AR . BRIKZ A LET I I e B R A, S —1
SR BEHOKE 8 SR O TR 25 R R BB —— X0 RS (] 40 A ] 28 A R T -
-1 JE A SR R e 2R . RN, LET AT — ST 9R T 2 el i J T

AR SEH R FOUS SR A S BRI DIBE . LET B9 50L& 24 5 2 DL BES bR IR-5- 48 Oy 32 A7 4 ] o3 A1 181 2
[, 1M Landscapemetrics W24 {155 09 BEHR K P B9A% SRy 8 BOE R AT 25 8] 70 A (R 25 ) o 306 79 o 2 ol SEL Bt 110 22
SIAET, LET 28 5 K5 R i A B i) 23 (B B 751 T —— X7, 1 Landscapemetrics 2 5t XU Jmy 48 ) 25 [H]
G3A%, FEASRERS UL 1A BRSBTS B R . SROUE A A2 BB TE S BRIV ] TP 7 K
SV, SO 2 (RIS Jr TS R | A8 PR A2 3 5 5oL 2s (] 43 A1 R AR B 1, A 3 2 1 i A BUH s B3 e T
SOWAR R RN, A, BEHOKF I R 48 B0 5310 2 S BRSO - AR DA% Jay 18 B0 T3 1 R At
I B BRI TIE— AR TE I B T 5O AS RIS R A A B, 76 205 T & v LET A0 38 ma )= 5 5y
23 [ 431 Pl 2], LIS T Wl BB TS AR DG TAR R

AR SE N T PRI YE A FOUAS SR AR BT DI RE . TSR RRAS AU B T SOWAS [E] £ A L
FEE T, P TR IR0 RS R — 5 T I B T R A v P RS 22 50k
AT FOME R B AR B, 765 T A FF A& B0 AT AN [m] SO 8 B 5 B2 O 3t S Th g, o0 — T
T, PR -1 JE R 1 A e SEHR- AR - BE B S = b 1 A% Sy R R X — IR & e R 1, OB AR
SRR R R 2 Ao PR AR 2 HOGF 7 () 5 RV 5O 5 AT A% - B R A A . B, TR IS ST kv
WAL IAKHLFE SRS BB R AR IR A8l A R S R E IR EO TR S
A, 38 5 H R B SIS B QR AR - PRI R R

TEHERCE b R4 LET SRHAT e++VE AR 5 SEA T 10T, C R 38 m IS sl i 5 68 ) (HAETT
B WG B 1 AT B AR A AR AR BT, T RE AT ARARAR I A AR R S T S ) TR T Y I A R X
S AT HE— 2D AT G b 17 RS s X6 25 £ i iy 8 ) 5K

FER 5 T AR 3228 AR X A SO AE SR A R S — Ty TR oW AR A
PRSI TR AR DG R T A R R E R T B BT . D — T DR R T, A
HEAH OGS 58N B AEIT S OB B e AT 2 i A 500 A0 282 B 1Y K e LU B R A ] - Sl 11
TR E A 2R HRER T UR- - A A B0 7R T IR UR B R AT BE PR S-S B Y AT 4R
BOH A YRR B R T
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