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TE AEWFEARAQ 2 G, ARSTAN S22 R 3Rk B R 7 4 2 0y T L e )12 R TR Y 1 R dplR 37 RSB T
ARSTAN (i EZERE, B R A B A TF P79 55 00 A0, AL GERR I 1 R AP b 58, AR SO AT B 22 10 5 18 5 42 ((Picea
Crassifolia) W58 TE LR, 7081 T ARSTAN Al dpIR HEATH AR AFACA 0 M AR A5 RG22 5 . 2R o, IAH AR P 31 30 42 gk
JERI— B [ AHSE R B 1R 22 09 0.005—0.008 , {HHA B 7 A F& 40 ¢ 2 5 WIRRE e A SR AT 1R) i 5 3 5B 4 1l 5 i 2k i 2
BOMIT , ST AR AR R AP H1R 25 0.002; 1005 B IR AL IR 22 S A0k, Ho v i dek b 2 900 22 (AR FR 16 30 4R 28 v B35 70
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A Comparative Analysis of ARSTAN and the dplR Package of R Language in

Analyses of Tree-ring Chronologies

ZHAO Shoudong, JIANG Yuan ™, JIAO Liang, WANG Mingchang, ZHANG Lingnan, LI Wenqing
College of Resources Science and Technology, Betjing Normal University, Beijing 100875, China

Abstract: Dendrochronology plays an important role in estimating past climatic conditions and predicting future climate
change. Detrending and chronology development are the fundamental steps of the study of dendrochronology. ARSTAN is the
most popular program used to accomplish this step, and it has played an important role in the development of
dendrochronology. However, ARSTAN uses the Fortran programming language, so users find it difficult to understand and
revise the algorithm of the source program to meet their needs. An emerging package of the R language named dplR provides
similar functions to ARSTAN. R and dplR’ s source code is fully open to the public; thus, it has numerous users. When
scholars from different domains communicate and share the methods and results of dendrochronology, it can help them
improve those chronologies. In addition, R and dplR have become a good supplement to traditional analysis software. This
paper compares the different dendrochronological analysis algorithms and results provided by ARSTAN and dplR with tree
ring width data from Picea crassifolia on Helan Mountain, Ningxia Hui Autonomous Region, China. The results show that
the two programs calculated exactly the same means and standard deviations. The mean error of the mean sensitivities ( MS)
and first-order autocorrelations (AC) were 0.005 and 0.008, respectively, but they had a clear conversion relationship.

When using the same method for detrending with both types of software, the parameters of fitting curves were generally
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equal, and the corresponding standard chronologies developed by the two programs had a mean error of only 0.002.
However, the residual chronologies were very different. In the time domain, a significant difference was observed in the
residual chronologies in the first 20—30 years. In the frequency domain, the residual chronologies created using ARSTAN
showed more low frequency information than that created using dplR. For example, the former showed periods of 32 years
with higher power than those of dplR. In the common interval analysis, ARSTAN gave a higher expressed population signal
(EPS) and signal-to-noise ratio (SNR) of chronologies than dplR. EPS error was 0.4% and SNR error was 30—40%. By
comparing the algorithms of the two programs, we found that ARSTAN and dplR have different initial value setting rules and
nonlinear fitting methods to choose the best fitting model during detrending. When fitting an autoregression model, ARSTAN
used a pooled algorithm to find the integral growing pattern and used the same fitting order for different sequences. However,
dplR directly used different optimal fitting models for different sequences. In addition, the two programs used different, but
similar, formulas for calculating MS, AC, EPS, and SNR. Although the absolute value of the results was different,
calculation results of the same program using different data were comparable. In conclusion, this paper offers two suggestions
for the meta-analysis of tree ring data from different sources. First, if the source data are available, researchers should
choose a single program for statistical calculation, detrending, and common interval analysis based on their needs. Second,
if the source data are not available, information related to the chronologies is sufficient; researchers should use only a single

program to calculate EPS and SNR chronological statistics to ensure that the results will be comparable.

Key Words: R language; dplR; detrending; common interval analysis; dendrochronology

AR AT AAE S A T R 25 1 S b A R ) 27 B EE S 3R DR A o S R 7 S ot 25 A
MAAAS A PP EEAE Y AT, SRR A B A KA WA AR RS R T 1 2%
R — 1E L ERAE BT AF 37T, Cook S84 5 1) ARSTAN 272 H AT feBUak 1 /34 T B FERTFEARAL
SRR AR R T ERAER . SR ARSTAN T Fortran 15 5405 , R B = R G5 R40 (0T8I SCRY , i FH &
AN PRI TR B SA: SR A oM it HU R R X e — e R BRI T A58 TR AR BRI 28 0

RIE T & Ml kKRB G THZ —  FEARZ W58 A5 2] 18k iR FH . Bunn 288
RIEFHME T dplR AL, SCBL T WA B0 B B e i RIS g ML Tt TR R IBS
Al dplR ZEAHICY AL ARSI 52 2N T, LA 5 B P58 38 v LR HE B B 75 B8 o el 9% 5 F2 5 ; TRl sk FH
HRZ WAt IX Tk A A T ARSI A B g i, I R 755 & dplR 97 40 /2& ARSTAN S8 (E5E 747 1)
RAFAN 7S, X TR AR 2 i — 20 R R A R L,

H RT7E = AMIFFE |, dplR Bl 12 B T2 a3 b BRI g S 4R 6 70 38 SUE AR N e i 4 0 T
W HE T VR PR IER SR et A a3 w7 pR B AT B sh S Ok R ALY R, 1%
W B T — B8R e B RSB A A AR &R i AE [ AR S AR R s, (T dplR R BT ik b
il F A D RE AR B— T A — AN A AF R /i T H dpIR AbBRZE I 5450y — 8516 B
S AN [ SRR I 08 10 T Fe e, PRt A BEXT ARSTAN il dplR 7B L AIZE R B fT Lo i,

ARSCAE B 22 1035 1 = A2 W5 T BB, 20 A5 B ARSTAN A1 dplR #4757 UG P9 G e 5 et
P ARRE ST I A S ARG NS AT R T B LA T P TR A R 25 7 O R Y
FAFERIT T 22 SRR, S RS AR AR B (B 5 40 I B th 17 75 B3 T i T R R 1 3,

1 HEERE

L1 R TE R SORH S U BORE

RS FH AR 8 GO N 221053 2 A2 (Picea Crassifolia) B8 B8RRI ) ) SRFE S T30 22 1 AR 3
AR, S B 25 BREE 50 ARFE IR 48 58 BE I 258 Bl O 0.01 mm, 1] COFECHA /7
R0 58 SRE A T, S5 SR R TP A B 83.9 a, P HUREE Jy 0.393 )75 I AHDC R A 0.83,
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1.2 ARSTAN Ab3#

ARSTAN 27 H 53 Windows XP JAT 0S X i, 4189 DOS JRE A EHr . AL FEZALH Windows
XP it ARSTAN #4725 88 kb B 8 57 4F 3, B P N 0 A 38 [ AR AR LU R B AR 4R 42 52 50 % ((www. 1deo.
columbia.edu/tree-ring-laboratory ) , IRAS 5Ky 44 BEFEAY L@ T MIEIE I A F8 8R40, B,

fli)=a xexp(—bxi) +d (1)

Hor G A RKEHAGTHE, i AAEM TR BOEARSIR d>0, G L5 BRI TE M2 R %L
ONFEIX RIS RE b BT A S0 35 5 A 0 ] ek ) S, B 1966—2009 4F-, ARSTAN 5% 28 4 57 b3 i 4F 3% ( standard
chronology, STD) | 2% {H 4F- 3 (residual chronology, RES) il B [[] 4 4F 3 ( autoregressive standard chronology,
ARS) ,JF4 IR I IEAGE T A SEIX R Hr a3
1.3 dplR 4bH

RIES FRFH dplR ¥R R ALZEA R YR ML (cran.r-project.org) , HH R 1B FH AN S8 3.1.1,dplR it
AR 1.6.1, (T rwl.stats” BREC T EAATAS S0 P I A4S Te BEFR AR IV EEA S T . ] detrend.series”
PRV RIS ST R 9138 — A T 25 RN IR AR TR 2583407145 ARSTAN ], (A48 R B nl
e, fdEH] rwi.stats” RSOV R RS S0 FEHE KUF 9 A T 8 LX) 23Hr , I () BE[RIAEBEE S 1966—2009 45, it 2 2
BROIARYATEIXE], T chron” BRECR R PRI N AR, I 4581 STD Fl RES 4£3%,
1.4 ARSTAN 5 dpIR 53855 e

e ARSTAN F1 dplR B35 4656 56 7 91 G 1Y 22 53¢ , ] Spearman AHSCRECE 2R 22 5 7 51K B2 1Y
KF . XTI ARSTAN Al dplR 406 4 KRt i S8 G 4551 ] Spearman AHOC R B0% 2P FE Y
I STD \RES AFZRAYMIZCHE, BL ARSTAN IR S HNHE, 115 dpIR FIAF R MAR DR ; £ 0 22 5 A RO Y
RES 43¢, flLH Morlet /MBS II AT PIRE T BT A RES AFRAEMI E 225 . fom HAA [RIRR P Ae AR gt
AL TR ER2E5e . AT, WK P8 0.05,

2 #HR

2.1 JRIRE SRS gei

BEXF 50 M EERFE 90751, ARSTAN il dplR 158 45 X (E R AR 1 22 56 4 A 5% 5 T dplR T 451 34 B0 2
(mean sensitivity, MS) Fl—F B A 5¢ 2 2L (first-order autocorrelation, AC) #JH&/NTF ARSTAN i35 5, Hirp
MS 351822 0.005, AR1EER D 0.0002, AC FY-F-2JER 220 0.008 , FRiELR N 0.0003, 1 1R 22 5 17 51 K
FETE R E UAHDC R (P<0.05) , #E—P 15 & B, ARSTAN Fil dplR /% MS Fl AC i /2 .

-2

MS, =MS, x " (2)
n-1
n—-1

AC, = AC, X (2)

Horp MS A dplR i1 MS,MS, A ARSTAN fiif% MS,AC, A dplR fiffd AC, AC, A ARSTAN fiif$ AC,n HFHIHE
B, BEAE PSR RIS N, ARSTAN 5 dplR FIrfs45 00 22 A4 2 Wi/ Iy | 2417 I BEAE 100 4F LA I AR XT
WEA VISR 1%L T,
22 FE R T IREUER

ARSTAN F1 dplR #5185 A8 BOR A SHL a (b 58 2R, 280 d (IR 257 0.0003 LhN, T4 RS
e oM, EBFEIFEFES PR T S AR 22 53 AR O AN 10 48 HiR2E497E 0.003 LN,
TEMCIERN b, IR A ST Y STD 4EFMIDER BN 0.999 (P<0.05) , XF IREAE 73 55 FE 15 K525 7E 0.05 LAWY, 14
2R 0.005, FRAERH 0.0010 , A AR LK DEAHF (F 1) .

TEHEST ZE (AR RIS , ARSTAN Xf #ARHEAL S 4005 S — B A Il AR | B 22 87 510 5 e 91 B2 AR
S50 dpIR LG BB 45045 S 14 ImTUABEAY | A0 45 29 A>— WS RLRT 17 4> B sl B A, 17 81 ) i 4t Ok
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PR B S R N RO S5, A 4 AR ARG B TR 45 R0 5 4 25 (8 )7 91 18] 19 - 343% 22y 0.
034, FRifEIR A 0.0011, PFRST #5719 RES 4F 3R [ AH5C R ECH 0.987 (P<0.05) , 7 1914 41 ( BPJF 511 30
AR E AR50 0.048  FRUELR N 0.0096; 7 1914 4EJ5 , P& FHi% 25 4 0.028, R ifEiR 4 0.0021, B4
RES 4ERANFEAL LR 1 10 4F NAFTEA A — S 050, 1 4n 1887—1889 4FE (Kl 1)

XA RES 4ER 50547 Morlet /NI H (18] 2) o Z525R BRI RES 485 1Y @ M5 B AEAHA TR,

—— ARSTAN --- dpIR

1.5
1.0
0.5 L

—— ARSTAN --- dplR

WEFEEL Tree-ring index
=)
Wi
T

02 - —— STD --- RES
0+
—02 - L 1 | 1 1 1 ]
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44y Year
El 1 ARSTAN #0 dpIR Fr{ShisL3E B8 ER

Fig. 1 Tree-ring chronologies produced by ARSTAN and dplR
(a) AARESER ; (b) WZEHAER; (o) AR R AR Z 2
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Fig. 2 Wavelet power spectrum of the residual chronologies
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BIERPE L 1940 01 2—11 AEREMR G e B/, AR I i 78 1940 4R )5 2—11 A R YRR RE 1Y 5
JERAZS Ak 535 T A AR5 77 T, ARSTAN 257 (1) RES 4E R 1E 1940 4EJ5 R @ fE7E % 32 AR e A 1 R, i
dplR #3711 RES 4F3 32 AR 224 W A IR W e i i 48/
2.3 FREIHEMA LXK NS

ERGE T LA LI E T 85 R W3R 1, fEAER G5 1, ARSTAN 1) STD \RES 4EK I dplR Y STD
SRR PR IEAFAER, 1 dplR /9 RES 4F3R 53X = AMFERA /> —4 (1884 4F) . Wi STD 4ERMIE r
HEZEIRE 22 0.001 ; MS AH22 0.003 , FHXHRZLN 1% ; AC A2 0.005, FIXHR2Z AN 1.5% . i #4> RES 4£4%
WG IR ZE KT STD 438, Hirf dpIR 9 RES 4E3 MS o ARSTAN 1K 4%, i AC [O46XHEAIK 36%

TESFLIX ] 4347 5 T, B STD 4F- 36 59 B A3 BR8240 ¢ R %X (all-series Rbar, Rtot) B N4 R
H (within-trees Rbar, Rwt) B [H]SF24H ¢ 22 %0 ( among-trees Rbar, Rbt) FI4E £ A 55 (effective chronology
signal , Reff) ¥J58 2405 Il ARSTAN [ RES 4F3RAEX L4845 1530 % & T dplR (9 RES 4E38 . dplR % STD
1 RES 4E R IREAR BRI R ME (expressed population signal, EPS) o ARSTAN 155 45 521K 0.004 , A XF 1R 22 24
M 0.4% , {51 L ( signal-to-noise ratio, SNR)Z55HAIK 30 2247, MIXT iR 2 ik 30%—40% .,

R1 ERFHERQAXRESTER

Table 1 Chronologies statistics and common interval analysis

FRg Program ARSTAN dpIR
AEF I Chronology STD RES STD RES

JFFHKE Time span 1884—2010 1884—2010 1884—2010 1885—2010
Mean 0.966 0.986 0.967 0.993

ﬂ‘:%éﬁﬂ“i. . SD 0.308 0.283 0.309 0.280

Chronologies statistics
MS 0.298 0.348 0.295 0.333
AC 0.312 -0.137 0.317 -0.087
AFEX ]
. 1966—2009 1966—2009 1966—2009 1966—2009

Common interval
FERS/BEILS Trees/ Cores 25/50 25/50 25/50 25/50
Rtot 0.674 0.728 0.674 0.725

AR

“ ,Elj)ﬂ:ﬁ . Rwt 0.808 0.850 0.808 0.843

Common interval analysis

Rbt 0.671 0.725 0.671 0.722
Reff 0.743 0.784 0.743 0.784
EPS 0.990 0.993 0.986 0.989
SNR 103.477 133.745 72.125 90.525

7 : Mean 9 F-1448 50 (mean indices) ; SD AR 1E 22 (standard deviation ) ; MS ¥R FE (mean sensitivity ) 5 AC 9 — B [ FH 35¢ 22 % ( first-order
autocorrelation ) ; Rtot i T BEISF- A & 228X (all-series Rbar) ; Rwt A PISF-2I4H 5& 228X (within-trees Rbar) ; Rbt S 8] 5721 3¢ R %X (among-trees
Rbar) ; Reff HAEFEAT 555 (effective chronology signal ) ; EPS SR BAI 0 (expressed population signal ) ; SNR {51 LE ( signal-to-noise ratio) ,

3 Tt

3.1 ARSTAN 5 dpIR iHR 7541w Ak 2 5
AR LA 56 T8 FF 91 G 1Tk L 345 5 ARSTAN 5 dplR 76 MS #l AC W5 A7 7645 8 i 8 e 5 56
Z,XAR AR TR TARAEAR, dplR 35 MS i9AR K,
2 s lw - w,,

MS = D (4)

n-15 w +w,_,

Lrpon P AR w, 05 IR D0 . AR ES RHED , ARSTAN 7E 35 MS B K A n—1 a1
-2,
dplR JAH R < act” BRI AC, H TR AT kR 17

\

S
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z"2<wi—w> izwi—m

AC == PEETY (5)
Z, (w; - W)Z "
Hodr s SMFPSbREZE . ARSTAN 7E11H5E AC I, T K s AbBERY T B bRl 2s
s = (6)

JUETHR I AT, T PIS AR AT n (9 BUE EA SR v, PR ] — AR 159 235 SR A o] B, A [
P TR A R AT LA A 5 A P AH EL L
3.2 ARSTAN 5 dplR T AEREILE L H

ARSTAN Al dplR ¥#JHA ZFh LRIk, W XTI OC R ANER 2 iR, Hod e 306 748 550 ok S0 2 )7 52
PO, i BA KA, 7R ARSTAN i F] Fritts 5% 4 U B R 8O BTy sk i%or
o2 BB A ER B 2R, 1 e AT R M DI RR b, Sl Y b MR TR, T dplR Bk
fliTE y IR o AL d BIRIERME, b BRI AR (E AR S 2650 ELEE R 0.01, PR A R PN E A9 “ nls” pRERIEA T
ML SHAh T, WNRANBEE LI AT, W5 50 B P 9 1) R A 6 S 6 B8 R B 2 I, T o 3 2 E A4 31
R LA 485 5 5 1T S48 8B P 91 () R G LT BRI, d R (i, 3 dpIR A4 s (138 7™ L Al 25 e
fiff, FEOEACIT R, , e M L M R BTG . ISR E A d>0, ARSTAN B Je /e384 Ui
L FHR S SR B AEATTHE , SR 5 S B AL A BEAT R, A0SR AATF & SR AR 45 106 67 48 5500k
B, A et R 1T dplR WL AE “nls” sREUH 4 /NS EBUE G F, A UA 1R 2 S50 /il s Ui
MAUE TR IS ) 2SI AR R A B K 25 5 AR SCEE#RE 5 2% ARSTAN [Wis 174558,
dplR X R AR O Bl 2 R A i DR 2l FH 1) 25 e 35 07 YA AR TR

JRUEHLA A K BB A0 R, ARSTAN Al dplR 57 FOAREAE FAFAE— 8 22 57, X 5 B E A A #L5
KA XK, M IRE B A AT RE A ES R, dplR K57 51 A B A (—ERME S 0) #9588 5 0.001, A I dplR
PR A FRIEAL T 9 A AETE 6 SEEEFE BN 0 BB M0 3 1 ARSTAN Ff oA Xt ke 2 {8 HEA T ARk A0 B, R H A v AL 5 91
HISFELE O fH

# 2 ARSTAN #0 dpIR E## 55 HIX R X &
Table 2 Corresponding relationships between detrending methods of ARSTAN and dpIR

PN ARSTAN #£35 IpIR RS 2401
F£#43J57 1k Detrending methods . = J P EPZI#I TSBIE .

Detrending options Functions and parameters in dplR
BT

6 d d hod = “Mean”, ---
Horizontal line (arithmetic mean) etrend (metho ean”, -+
B IE R SRR 2
Modified negative exponential curve
VG S

%,’]%mﬁ: 3 detrend ( method = “ModNegExp”, -+)
Unconstrained
BRI AUA SO R FH AR IEIE 1 B Lk 2 detrend ( method = “ModNegExp”,
Constrained, or a line with a negative or zero slope constrain.modnegexp = “always”, ---)
LR GA BAA IO R AT B R e 4k | detrend ( method = “ModNegExp” ,
Constrained, or a line with any slope constrain.modnegexp = “always” ,pos.slope = TRUE, ---)
BRI A S e
Regional Curve Standardization B
K FTFINKFE n%EES
LRI IIRIE nHIRE -n detrend ( method = “Spline” , nyrs = n, ---)

Spline (n% of the series length)
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224 BASFHR 45 ARSTAN R FP Al R 5 dplR 4 EALHEA TR FE AR R 1M 9 LU ACE 5 7

AT ZE R, T B R BRI SRR B AL T S 8 A TETE 4 . ARSTAN B 5 T A b o AL 7 51 40
B p BB A SRR RS AR AR AR T A M Rr st R K i P AR AR T 5143 L&
BRE A p B E RAR R A0S (A R B A A RN MR I RS A K i K R 22V N 22 (H P 91, (8
FARUS S #4930 57 RES 4F36 WK B A Rpae e AR K B[] 31 RES 4R 1 A3 8 ARS 4E£) . dpIR
K R ) A R TR BB AR AL T 51 43 B LA 1 A BEAS  OR TR] e 37 A B A8 T LA AR TR] 9 B
B, PR R 2R 22 ()P A ST RES 4R, SXTA SO AR , dpIR A TH 50 B XA RE AT I Rt K
S BRAT T AR (A (5 B AR B AR /D | R 25 S e Ak TR W (&1 2)

PUA p B A AR 255 iP5 R p A4S S8 BEFS UM . BE XX — 1550, ARSTAN i FH T 51 1 {0
PRAEAL B ) BT AE K p 40 DI [ TR0 DR R 8 A AL (B 81 S5 TR B A4 b f T P 37 K B8 L 4 it
&, T dplR R XFHTEEAF A S R A TR R AL B, IR L B4 RES 4F R A7A16 1022 A X STD 4E R K, Ju 2
BEA BN I TAF . ARTEASCES R i GR (A B 2R3 i 22 5 578 2 30 ARG TH R IR % 51 2 5
RIS~ S BT B0 AR 2 IX AL B/ TAE R MK R R IR A S 55 2200 0T, W BR4E6
TR Ak By 2 e 2 SRR M A /N0
3.3 ARSTAN 5 dplR #7AFEX M A pr i 5k 22 5

N FE IR B A3 AT e R ) TS R A s i 3 41 T AR 3R A5 5 TN B R T 54 3R X 2R
MR A K AR, P AR AR SR 7 91 i A & B SR R AR (R A BT . DOS i ARSTAN 7E 5 A
SRS o 2 B S — AR 1) 28 DX TR P, LR R o A 2 1 X[ A 15 R AT B 22 1 0 o (B0 A2 DX ]
SERRE RS X ) K R AU A K (H ;1T Windows XP Jiit ARSTAN AFRRALX —Z5 58 dplR H Bl 48 ik
112 a3 detrend” pRER, FLBR DA 6 X TR1E B A AR 64T A 2 S X 32 X ) 4 B — fB /N T DOS it
ARSTAN 42 2 H X A BE . dplR Y common. interval” BRECAT 25 H 4% FivbR X 7 (14 Fisf 18] 915 F

FESEA TN SEIX RIS AT IS, e 7 25 0 A AR A5 S A AR T J5 R AR 9% 2 B4 A 56 4 o b, ]
DIASTHERAF S MR/ DT 8 a] 1 7354056 2240 (mean series intercorrelation, Rbar) 104 2055 (1
TR, AT LUE S8 EPS H1 SNR SRITEM4EFR A HE

x Rb
EPS = rx Koar (7)
t X Rbar + (1 — Rbar)
t X Rbar
SNR =——— 8
(1 - Rbar) (8)

Horbr e R ECE  X T IR AR IR AR A AR T — AR ES ) ) Rbar HYER{EA Rbt; MR B AR FEA i 22
HRFEES, W] Rbar FYHUER 44 Rbt 5 Rwt ITACE345 5 | B Reff, Q22475 DL Rbt A MAERAF 5 W S RfEHEA
AERPY

HR A 12 45 R, ARSTAN AT Reffi AR .S 4T m T Riot 15 EPS Fl SNR., 3% F 3324 i 3 4 008 2 )
B, BCA SRR — R B R R RS & E I AE B AT RE Sl TAER &, EPS BR T T IR 4ESR
AR, 0 TR FREAE 598 2 (subsample signal strength, SSS) ' 1fij EPS Fl SSS 4 & i - 4F & nf
SEREMEZEIEIR, T ARSTAN 1545 H 1) EPS fh &, Al B84 EPS 1 SSS & T BIH (— Mk 0.8 1
0.85) i e/ IMEEAS St AR I , 328 0 428 T S K B I il

H AT A AR A I8 o, — R A A R AN L 2R, BRIIE dplR SR Reff 315 EPS F1 SNR, i1
WEEREF A IS, LT Reff 19 X F B P42 S0 ARSTAN #5743, ] STD 42 3% EPS 4
0.986,SNR & 72.276, 1fii RES 4E3¢ EPS Jy 0.989,SNR Jy 90.741 , iX #4544 5 dplR FFfS4s Fedir .
3.4 X AN [R]A YR 25 SR Asf 7 22 A ] A

SR = o N B B T € = R T S N1 = W AN £ O DI Sl s e i 2 1 R N i R o X e 2 AN -
FRMOT T A BRA AR AR A MR S S0 A £ B 98 Rk 22— 22 AR AR SCRTAS 45 1L, 76 A A AR SR IF 5T v A R
it A [ 2 Ak 38 500 | T A4 3 S L o 1 PP 5 2 SR B0 25 S T RS B 2R, FERRIEAR RS Ty
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i, I ARSTAN 55 dpIR 044 KR S0 et A 45 R T Re 22 AR, xS T2 (HAE 3=, fE Ak
I, ARSTAN #5719 RES 4E [b dplR EA 2 W IE B 7RI T GBI AE Oy kb 31 )7 B[R] | 8 BUAFE R TR
I 20—30 SAENAFTE I BN S . ARIFRFAE MS AC 2545 bR b Al BEAEAE T 7 2% 5 ; ARSTAN fii [
Riot 1144 EPS I SNR 254545 , MAXH T SCHk 3T Reff (OB LM, AT AE MM TAER P A S LG R,
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