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Abstract

Project Code : RDG5750068

Project Title : Development of Computer-Aided Design Module for Automatic

Gemstone Placement on Jewelry Ring

Investigator : Assistant Prof. Dr. Somlak Wannarumon Kielarova,
Department of Industrial Engineering, Faculty of Engineering,

Naresuan University

E-mail Address : somlakw@nu.ac.th; somlakwk@gmail.com

Project Period : 1 August 2014 to 31 October 2015
Abstract:

This research project developed computer-aided design modules for automatic
setting and arranging gemstones and diamonds on the body of jewelry ring such as head,
shoulder, and shank of ring. These modules are able to automatically set the center
stone, side stones, and accent stones by using a set of inputs from user. To develop the
mentioned modules, the author has studied several key parameters: sizes and cuts of
center stones, side stones, and accent stones, distances between stones, sizes and
shapes of prongs, including shrinkages and metal loss during production ‘process. Those
parameters were taken into account to derive their relationships in terms of mathematic
models. These mathematic models were further used in the development of the
computer-aided design modules on RhinoScript Platform in Computer-Aided Design
(CAD) software named Rhinoceros

The results of this research include five computer modules. The first module was -
developed for assisting CAD designers to automatically generate gemstone rings and to
set and arrange center stone, side stones and accent stones on parts of rings. This
module was extended from the previous research and enhanced its capabilities in such
a way of variety, and complexity of designs. The second module was developed for
assisting in generating three-dimensional models of diamond rings including automatic
gemstone settings and placement. The third module was developed to arrange
diamonds and gemstones on the area of the head of ring. The forth module and the
fith module were developed for arranging diamonds and gemstones on the areas of
shoulder and shank of ring. The forth one is used for the case of one size of gemstones
or diamonds, while the fifth one is used for the case of decrescent gemstones or

diamonds. The second module to the fifth one were developed by using the data and

v



information. of jewelry ring design of Christy Gems Company. The results and details of
the development of five modules and the development of the proposed generative

design system were included in this research report.

Keywords : Automatic Gemstone Placement, Jewelry Design, CAD, Gemstone Rings,
Diamond Rings



Executive sutmmary

This research project proposes a methodology of adoption of Computer-Aided
Design (CAD) system to be used in detailed design stage. Five different computer-aided
design modules for automatic setting and arranging gemstones and diamonds on the
body of jewelry ring such as head, shoulder, and shank of ring, were proposed. They are
aimed to support CAD designers for easily working on gemstone and diamond settings
and placement. In manual settings, CAD designers have to deal with rearranging
gemstones and diamonds when size of ring was changed and/or the center stone, side
stones and accent stones were changed whether in terms of cut, size or quantity. This
mention task is time-consuming.

With the developed modules, CAD designers can work more efficiently and are
able to manage their designs in digital or electronic formats. These modules are able to
automatically set the center stone, side stones, and accent stones by using a set of
inputs from user. The author has studied several key parameters: sizes and cuts of
center stones, side stones, and accent stones, distances between stones, sizes and
shapes of prongs, including shrinkages and metal loss during production process, to
develop the mentioned modules. Those parameters were taken into account to derive
their relationships in terms of mathematic models. These mathematic models were
further used in the development of the computer-aided design modules.

The first module was developed for assisting designers to automatically generate
gemstone rings and to set and arrange center stone, side stones and accent stones on
parts of rings. This module was extended from the previous research and enhanced its
capabilities in such a way of variety, and complexity of designs. The second module was
developed for assisting in generating three-dimensional models of diamond rings
including automatic gemstone settings and placement. The third module was developed
to arrange diamonds and gemstones on the area of the head of ring. The forth module
and the fifth module were developed for arranging diamonds and gemstones on the
areas of shoulder and shank of ring. The forth one is used for the case of one size of
gemstones or diamonds, while the fifth one is used for the case of decrescent
gemstones or diamonds. The second module to the fifth one were developed by using
the data and information of jewelry ring design of Christy Gems Company.

The modules were developed on the RhinoScript platform. Therefore, they are
able to directly integrate into design prototyping and manufacturing process. As a result,
it can shorten time in process. Reversely, the author can study design thinking from CAD

designers through the developed design system.
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2.1.2 5U914 (Shape of cutting)

sUsvessudiinasfinsalaaniduseusy wu usenay Anday ERRT

19 Hudy Jagduiisusreiitradessluldvhnsmnudsiuegunnineg susuiiddguasfuiien
Town

1) 3Usenau (Round Cut)

2) gﬂfﬂﬂ@%%u (Cushion Cut)

3) 3U743 (Oval Cut)

4) gﬂ'ﬁ'lﬂﬂ%‘umja (Princess Cut)

5) ‘gﬂéwmaﬂﬁw (Pear Cut)

6) JUININTAF (Marquise Cut)
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7) 3Us191a (Heart Cut)
8) jUsadmABILsAM (Emerald Cut)
9) 3Us9@1MeT (Asscher Cut)
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2.2 n1slednyual (Gemstone setting)
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1) asilanuununane (Prong Setting or Claw Setting)
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2) miﬂﬂtmuﬁu (Bezel Setting or Box Setting)
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gﬂﬁ 2.10 msilawuuviu (Bezel Setting or Box Setting)

2.1) msilsfufuvsanisilefunanun (Bezel Setting/ Rub-Over Setting)
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2ONUUUNNTINLS BB uISnluLR Tneiiswavidoadsi
1.1) wiheusyanananai (CPU) Intel® Core™ i7 4800MQ @ 2.70 GHz
1.2) nuwauIman (RAM) 8 GB 1600MHz DDR3L 1DM
1.3) nheausnsnve (Display Adapter) NVIDIA Quadro K2100M 2 GB
1.4) mgensadan (Hard Disk) 500 GB 7200 RPM
1.5) szuvufiinislulasgarsiuladioriu (Microsoft Windows Seven)
2) Tusunsuaauimwmestieluniseanuuu Rhinoceros 5.0 Educational License
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A1919% 4.2 uansuuAlAsEIUYeINYsFUSNau (Round Cut)

§19u | wum (mm) | dwiin (eFe) | ddu | owie (mm) | sl (ned)
1 1.00 0.0050 39 5.00 0.47
2 1.10 0.0060 40 5.10 0.50
3 1.15 0.0065 41 5.20 0.53
4 1.20 0.0080 42 5.30 0.56
5 1.25 0.0090 43 5.40 0.59
6 1.30 0.0100 44 5.50 0.62
7 1.35 0.0110 45 5.60 0.65
8 1.40 0.0125 46 5.70 0.68
9 1.45 0.0130 47 5.80 0.71

10 1.50 0.0140 48 5.90 0.75
11 1.55 0.0160 49 6.00 0.78
12 1.60 0.0180 50 6.10 0.81
13 1.70 0.0220 51 6.20 0.84
14 1.80 0.0250 52 6.30 0.87
15 1.90 0.0300 53 6.40 0.90
16 2.00 0.0350 54 6.50 0.93
17 2.10 0.0400 55 6.60 0.96
18 2.20 0.0450 56 6.70 1.00
19 2.30 0.0500 : 57 6.80 1.05
20 2.40 0.0600 58 6.90 1.10
21 2.50 0.0650 59 7.00 1.15
22 2.60 0.0700 60 7.10 1.20
23 2.70 0.0800 61 7.20 1.25
24 2.80 0.0900 62 7.30 1.30
25 2.90 0.1000 63 7.40 1.35
26 3.00 0.1100 64 7.50 1.40
27 3.10 0.1250 65 7.60 1.45
28 3.20 0.1350 66 7.70 1.50
29 3.30 0.1500 67 7.80 1.55
30 3.40 0.1600 68 7.90 1.60
31 3.50 0.1700 69 8.00 1.65
32 3.80 0.2000 70 8.10 1.70
mswalugaresfamefifielilunmsindedyuduuhiteurtenziunuloedaluli - - wh 31

Te fhemans1913d asaudnual 2ssugua Awailsd




A15197 4.2 (sia)

¥

au | aum (mm) | dwidh (efe) | @y | awe (mm) | s (nz3n)
33 4.10 0.2500 71 8.20 1.75
34 4.50 0.3000 72 8.30 1.80
35 4.60 0.3500 73 8.40 1.85
36 4.70 0.3800 74 8.50 1.90
37 4.80 0.4100 75 8.60 2.00
38 4.90 0.4400
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4.3 HaN1SANYIVUINVDIUNAIY (Ring Size)

lasannsIvedl lalgnsaidnwiveausum asan wud 3100 Tun1sAnE1TuInve9I NI

NIDIUDTUIIU IﬂaﬁsummaawLmaw‘%aLU@%LLmu%aLﬂuﬁﬁamaqqnﬁwaw%ﬁw ASER LA
i Ainaglilumsdade Usenausie 2 wnsgiu laun wesgiuveansgowsni (US) uag
mmmu*um:yﬂu (Japan) Imalﬂmmamiﬂnmmﬂm's IUI?ﬁUiuUUSBﬂLLUULLa zAATed Nl

ﬁ]u‘l’l’lﬂ’]‘iW@lUﬂ‘UU ‘U‘Lﬂﬂ‘UB\‘J’NLLW]N‘U@QVNETENNWG]?%WH LLﬂﬂ\‘lﬂ\Wﬂ”ﬁ'NVl 4.3 uae 4.4

msed 4.3 waAUBTIIUIAT YL URugUENatrenwRunglumuasg eI
(US)
a1nu [wasuny wwndunugudnay @adwns)
1 1.00 12.39
2 1.25 12.59
3 1.50 12.80
4 1.75 13.00
5 2.00 13.21
6 2.25 13.42
7 2.50 13.62
8 2.75 13.83
9 3.00 14.04
10 3.25 14.24
11 3.50 14.45
12 3.75 14.65
13 4.00 14.86
14 4.25 15.07
15 4.50 15.27
16 4,75 15.48
17 5.00 15.69
18 5.25 15.89
19 5.50 16.10
20 5.75 16.30
21 6.00 16.51
© 22 6.25 16.72
23 6.50 16.92
24 6.75 17.13

o a o v & oo Yy o e o v @ v
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a9 4.3 (519)

a6 RIGEIT LY, sundurtugudnans @adiues) )
25 7.00 17.33 3
26 7.25 17.54
27 7.50 17.75
28 7.75 17.95
29 8.00 18.16
30 8.25 18.37
31 8.50 18.57
32 8.75 18.78
33 9.00 18.98
34 9.25 19.19
35 9.50 19.40
36 9.75 19.60
37 10.00 19.81
38 10.25 20.01
39 10.50 20.22
40 10.75 20.43
41 11.00 20.63 i
a2 11.25 20.84
43 11.50 21.05
a4q 11.75 21.25
45 12.00 21.46
46 12.25 21.66
a7 12.50 21.87
48 12.75 22.08
49 13.00 22.28
50 13.25 22.49
51 13.50 22.69
52 13.75 22.90
53 14.00 23.11
msﬁ'suu'ﬂuqaﬂauﬁaLmaitﬁa'l‘ﬁ'i,umiﬂ’ﬂL‘%ﬂaé't;ymﬁuuﬁ"aﬁautﬂéaqﬂisﬁ’uLLmu‘[maé'mImﬁ win 34
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A15197 4.3 (fe)

iy lait wasunu vundurugudnans @adiuns)

54 14.25 2331

55 14.50 23.52

56 14.75 23.73

57 15.00 2393

58 15.25 24.19

59 15.50 24.34

60 15.75 24.61

61 16.00 24.76

62 16.25 25.00
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177 4.4 uanaussmulasnnAduRuguEna1we A ElusIINAS LYY

(Japan)
a6 LUBSUWIU . vuniuiugudnans @adiuns)
1 1 13.00
2 2 13.34
3 3 13.67
q 4 14.00
5 5 14.34
6 6 14.67
7 7 15.00
8 8 15.34
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ASEUUNIHER (Production) auddafufuaueie
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AN5197 N-1 YA LB TeRUNLLATEIUSERULMIUT WY 24 Tana AllunIsNAans

v - ANEN e
VUINANIDU C oy aflaanniusunsy
o w . UA (U3L) o FTNINUN
anu | gunss . U AU (13) . v . , Y
LUDIIY o y HRAULAS FIUIUNYTADY FEYSUNTENINUNYTADY
Tuea | wwau inean YU Y
“ . Y AU
Wingan | WaaaN N34 I g g g g
» us JP (1) it 1 Fufl 2 Bufl 1 Fufl 2
1 1 5 nay 35 S 2 1.5 5 14 ) 0.2 ]
2 1 55 Nau 53 1.4 1 1.8 1.5 5 14 - 0.22 -
3 1. 6 nau 4.8 1.5 1 2 1.5 - 5 12 - 0.26 -
a 2 9 naw 7 2 1 2.5 1.7 52 14 ; 0.2 )
5 2 10 nau 6 1.7 1 25 1.6 6 14 ] 0.2 ]
6 | 2 12 nau 8.5 1.9 1 2.6 1.7 55 16 . 0.23 )
7 1 5.75 nay 6.2 1.5 2 2 1.2 53 16 22 0.2 0.34
8 1 6.5 nay 4 0.8 2 2 2 5 16 24 0.26 0.29
9 1 7 Gy 55 1 2 22 1.8 5 18 26 0.23 0.23
10 2 7 " nay 3.8 0.9 2 2 1.4 4.5 14 22 0.35 0.31
11 2 14 nay 9 2 2 2.3 2 5 16 22 0.24 0.37
12 2 16 nau 8 1.7 2 2 2 6 18 24 0.2 0.33
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o AUES D dr e
YUIAAINITDU L, ﬂ'l“/l1ﬂmﬂ1ﬂﬂmill
o . WIa () . FENINUUN
AU | JUNSS . JUse MU (na.) . v , , o
LUBILLNIU o g LURIUNES MUIUNYTaDY FICUSNIITNMUNYTADU
Twea | wwau wingan i N
dingen | Wiadou e | v T
us Jp (a31) duil 1 | duil2 | duii1 Tuil 2
13 1 5 gty 35 1 1 2 1.5 5 14 - 0.2 -
14 1 55 Avdy 53 1.4 1 1.8 15 5 16 - 0.2 -
15 1 6 Aty 4.8 1.5 1 2 1.5 5 14 - 0.2 -
16 2 9 Ay 7 2 1 2.5 1.7 5.2 14 - 0.23 -
17 2 10 vy 6 17 1 2.5 1.6 6 14 - 0.23 -
18 2 12 Aty 8.5 1.9 1 2.6 1.7 5.5 18 - 0.2 -
19 | 1 5.75 Aty 6.2 15 2 2 12 53 16 24 0.21 0.21
20 1 6.5 i 4 0.8 2 2 2 5 18 26 0.2 0.27
21 1 7 auiu | 55 1 2 2.2 18 5 18 28 0.34 0.2
22 2 7 Aty 3.8 0.9 2 2 1.4 4.5 16 24 0.2 0.24
23 2 14 gty 9 2 2 23 2 5 18 26 0.2 0.2
24 2 16 A 8 1.7 2 2 2 6 18 26 0.2 0.2
naeg : sUiildanlusunsuldvinsiflevunausfumuiasilovinadusuy i 0.2 uds
maimnluganeufiunefiftelilumsdndusdyuduumiourensetuummilngsnluifm wih n-2
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o | Ao }'d aa J G 2/ . a : a [
A199N N-2 ﬂ'W]'Jﬂlﬂ’il']ﬂIiJLﬂa 3 4@ (now) wazAMINLAAINNISVINABINERTUITUITS (MAY)

AU N13IATUIN Tuna 1  Taa 2 Tuwna 3 Tuna 4 Tuwa 5
i (nihe: dadwns) dou | uds | wasne | fou | wde | wadre | deu | wde | wadns | dou | wAS | masie | fou | wde | wass
(1 ‘ummé’wjﬁuquénmwamlu 3.86 394 | -0.08 5.4 548 | -0.08 | 491 | 503 | -0.12 | 732 | 7.42 -0.1 6.28 | 6.37 | -0.09
2 QUAVTNULIULAY S 6.86 6.65 0.21 9.2 8.99 0.21 8.9 8.68 0.22 | 1232|1213 | 0.19 | 10.68 | 10.48 0.2
(3 ‘UW\G‘Iﬂ’J’lNﬂ%’N‘U@x‘ILﬁ@IﬂWS 1.5 1.355 | 0.145 1.9 1.755 | 0.145 2 1,825 | 0.175 2.5 12355 0.145 22 | 2055 0.145
@ | mwneldvanvesSyudidinden 0546 | 037 | 017 | 073 | 054 | 0.19 | 0.87 | 0.66 | 021 | 097 | 0.74 | 023 | 0.83 | 0.61 | 022

yunaduiugudnatsdmiviladyudl
dindau (Aunireginneivndans
(5) 197Y) 0.8 091 | -0.11 | 112 | 1.22 -0.1 1.2 1.31 | -0.11 | 1.55 | 1.66 | -0.11 | 1.46 | 1.54 | -0.08

g o Y & a d v
mmanmmumsﬂaazgummmaau

6 | (mwdngdnimeindimsiang) 065 | 08 | 015 092 | 1 | 008|098 | 11 |-012 | 106 | 1.2 | -0.14 | 091 |} 11 | -0.19

(M ’umwmumﬂé'zgmﬁl.ﬁﬂaaﬂ 08 | 0.75 | 0.05 1 095 | 0.05 | 095 | 09 0.05 | 1.17 | 11 0.07 | 1.06 1 0.06
AugewestaIed MUyl

(8) gon 319 | 3.01 0.18 3.4 3.2 0.2 34 3.19 0.21 352 | 333 | 0.19 441 | 424 | 017

%) m'mqaswzhmihLLmuLLazr’huLLmu 52 502 | 0.8 521 | 5.01 0.2 522 | 501 0.21 543 | 524 | 0.19 6.28 | 6.11 0.17

(10) YUINWIULUIU 16.1 | 15.68 | 0.42 | 1651 | 16.1 041 | 1692 | 1653 | 0.39 16.1 | 15,69 | 0.41 16.34 | 15.88 | 0.46
(11 AUNUNUDINULRIU 1.7 1.51 0.19 1.71 1.48 0.23 1.71 1.49 0.22 1.88 1.66 0.22 1.78 1.57 0.21
(12) ANUNI9VRIN UL 2.21 2 0.21 2 1.79 0.21 2.2 2.02 0.18 2.7 2.49 0.21 2.72 2.5 0.22
(13) | avmnveseulansyihumu 182 | 1.7 | 012 | 173 | 162 | 011 | 1.82 | 1.71 | 011 | 273 | 262 | 011 | 241 | 231 | Ol
msﬁ'oumiuqaﬂauﬁ'sma%Lﬁa'l'z'ﬂumsﬁ’ﬂf%uaé’mmﬁuuﬁ’aﬁaum‘%mﬂizﬁuLLmuImﬂé’quﬁ’a Wi on-3
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15199 N-2 (s1a)

AU N15INIUINA Tuwna 6 | Tna 7 Tuina 8 Tuea 9 Tuea 10
i (mie: adiuns) fou | wds | wadne | deu | wds | wasine | feu | wag wade | feu | wds | wadne | feu | wde | nasng
(1) [ wnkiurhugudnaarasnsly 86 | 873 | -0.13 | 668 | 674 | -006 | 41 | 421 | 011 | 56 | 558 | 002 | 39 3.99 | -0.09
2 Yuanihunulnesiy 134 | 1321 | 0.19 148 | 1461 | 0.19 9.4 9.19 0.21 11.69 | 115 0.19 9.56 9.37 0.19
(3) wummmni’wmmtﬁfﬂawz 24 | 2.24 0.16 4.06 13935 0.125 | 2,65 | 2.49 0.16 3.05 | 296 0.09 285 | 269 0.16
@ | swnldvarvesdyudidadon 0951 075 | 02 | 075 | 055 | 02 | 041 | 035 | 006 | 0.47 | 037 | 01 | 0as | 038 0.1

o =

nauRUgUdnaed Uiyl
Windeu (Anuntsgininesudems

5 | wwe) 145 1.56 | 011 | 1.2 | 131 | -011 | 064 | 074 | 01 | 08 | 091 | 011 | 077 088 | -0.11
anuandmsumsiledyudidadoy

) | (mudngAvimesudnisiaiy) 098 | 11 | -012 | 099 | 1.1 | -011 | 053 | 08 | -027 | 066 | 08 | -0.1a 048 | 0.8 | -0.32

(M | wsvunuwmedyudidineen 133125 | 008 | 111 | 1 | 011 | 086 | 075 | 011 | 102 | 095 | 007 | 083 | 075 0.08
ANNGIBsYRIIdmSullsdyudidia

® | ean 3791 358 | 021 | 414 | 396 | 018 | 281 | 263 | 018 | 317 | 299 | 018 | 312 | 296 0.16

©) | enugesewhandumusasfinuu | 58 | 559 | 021 | 55 | 532 | 018 | 52 | 502 | o1s 521 | 503 | 018 | 471 | 455 | 0.16

(10) JUINNUNIU 17 11692 | 008 | 1672|1628 | 0.44 | 17.33 1691 | 042 |17.74 | 1732 | 0.42 | 1534 | 14.88 | 0.46
(11) ATUNYBIMUUIY 1.86 | 1.66 0.2 1.4 1.19 0.21 221 | 201 0.2 201 | 1.81 0.2 159 | 151 0.08
(12) ANUNINVDINULIY 282 | 26 022 | 221 | 2,01 0.2 221 | 201 0.2 242 1 219 | 023 | 221 | 199 | 022
(13) AMUUIYBUBU A T W 263 | 252 | 011 183 | 1.74 | 0.09 122 | 111 0.11 1.39 | 1.28 | 0.11 1.57 | 149 | 0.08
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A1519% n-2 (519)
AU N15IAVUN Tawma 11 Tuwea 12 Tuea 13 Tuwna 14 Tuna 15

d 1 a =) 1 as 1] 1 o 1 U o 1 (] s 1] 1 at []

l (‘WLI')E]: uaamm) nay Ua NEIFINY AU WRY NERNY nsuy ag NS nau Wag NEIFY nauy el NERAY

6h) wnaduriuguinansendy 9.1 92 | -01 | 872|883 | -011 | 36 | 373 | -013 | 584 | 595 | -0.11 | 52 | 528 | -0.08

@ | vwnanihumulaesn 1918 | 19 | 018 |17.62 | 1741 | 021 | 66 | 639 | 021 | 963 | 944 | 019 | 9.19 9 0.19

) &
(3 | weananinveaielans 500 | 49 | 014 | 445 | 429 | 016 | 15 | 133 | 017 | 1.9 | 1745|0155 | 2 1.86 | 0.14
t s o o v

@ | naldivaessyudidndon 098 | 061 | 037 | 086 | 061 | 025 | 047 | 039 | 008 | 069 | 049 | 02 | 074 | 052 | 0.22
naLFurugudnatsdmiuiledtyud
Windou (Anuniegdnimesndanis

) | @) 14 | 152 012 | 119 | 1.3 | 011 | 08 | 092 | 012 | 112 | 121 | 009 | 12 | 131 | -0.11
Aanuandusunmsiladyudidado

6) | AIUANFANABIVANISAY) 107 | 12 | 013 | 091 | 11 | 019 | 066 | 09 | -0.24 | 092 | 1.1 | -0.18 | 098 | 1.2 | -0.22

s =

(7) | VWINRUULAZBQNALINYDA 138 | 1.3 | 008 | 127 | 119 | 008 | 079 | 07 | 009 | 099 | 09 | 009 | 093 | 0.85 | 0.08
agvastasindmiuiidudiin

8) | wom 302 | 289 | 013 | 402 | 383 | 019 | 316 | 294 | 022 | 342 | 318 | 024 | 3.14 | 296 | 0.18

) AVUFIERINAUWIIURASIIUUAIN | 505 | 512 | 013 | 6.23 | 6.04 | 019 | 521 | 499 | 022 | 521 | 497 | 024 | 521 | 503 | 0.18

(10) | WU 17.67 | 17.13 | 054 | 1834 | 17.95| 039 | 16.09 | 1569 | 04 | 1651 |16.11-| 04 |16.92|16.49 | 0.43

(1) | EWNTRATIUUWIY 221 1202 | 019 [ 218 | 2 | 018 | 171 | 151 | 02 | 171 | 148 | 023 | 1.71 | 1.49 | 022

(12) | ANHNYNTBINMULAIU 25 | 232 018 | 22 | 198 | 022 | 221 | 198 | 023 2 1.8 0.2 22 | 203 | 017

(13) AU TYBITeUlauE UMY 269 | 257 | 012 | 24 | 23 | 01 | 139 | 128 | 011 | 1.73 | 1.82 | -009 | 1.82 | 1.73 | 0.09
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A15199 n-2 (519)

ALY YPRELTRT Tuina 16 Tuaa 17 Tuna 18 Taaa 19 Taa 20
il (vue: fiadiuns) fou | wis | wade | rou | wds |wadne | rou | wde | wadne | riou A | wasne | flau | wde | wasng
(1) | swaduiugudnanseaidly 71 |72t |01 61 1622 |-042 905 | 946 |-041 |63 |64d |-014 |46l |a6o |-008
2 Yuanthuvulng s 12.09 { 119 | 0.19 10.49 | 10.31 | 0.18 13.83 | 13.63 | 0.2 14.38 | 14.17 | 0.21 947 19.25 1022
(3) mmﬂmmniﬂwa%ﬁa‘l}am 25 234510155 | 2.2 2.045 | 0.155 | 2.4 223510165 | 4.05 |3.865|0.185 | 266 | 228 |038
@ | weldvavesdyudhindon 092 066 |026 |079 058 |021 |085 |0.61 |024 |065 |048 | 017 |038 |035 |003

=]

ywadurugudnansdmiuilesoyud
inden (rrunfregfnneivdenis

(5) 1972) 1.7 182 [-012 |144 |156 |-012 |146 | 156 |-0.1 1.2 131 |-0.11 | 064 |0.75 |-0.11
Anudndmsumsiledyudifindoy

(6) | (mudngAvmeiudanisians) 107 |12 |-013 09 |11 |02 [102 |12 |-018 [097 |11 |-013 |053 |08 |-027

) TIRIURESuiSiagen 117 1105 1012 |1.05 {094 [0.11 |[132 |12 012 108 |1 0.08 |0.85 |0.77 |0.08
ANgeIaaydmiuileyudisia

(8) gan : 352 334 (018 4.41 ]418 |0.23 379 1359 |02 4.1 388 |0.22 283 | 259 |024

9) ﬂ'}'mq\‘liswj’l\‘mﬁ’lLLWJuLLa&’ﬁ"IULLWJu 545 | 527 |0.18 6.24 |601 {0.23 577 | 557 02 549 |527 |0.22 521 497 |0.24

(10) YUINWUNIUY 16 15.68 | 0.32 16.34 | 15.89 | 0.45 17 16.49 | 0.51 16.72 | 16.31 | 0.41 17.33 | 1691 | 042
(11) AUNUIVDINMUUIIY 188 | 1.66 | 0.22 1.78 | 1.54 | 0.24 188 | 1.66 | 0.22 141 | 1.18 | 0.23 221 (201 |02
(12) AMUNTINYDIMULIY 27 251 {0.19 27 249 1021 2.8 261 |0.19 221 (202 |0.19 221 |2 0.21
(13) ANUVIUITaNBUlaviEutiumI 2.7 259 | 0.11 242 1232 |01 262 |252 |01 179 [ 186 |-007 |122 |112 |01
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shuiviﬁa ' N3INAUIN Tuea 21 Tuea 22 Tuna 23 Tana 24 Anade ©
i (vith: Hadiums) flou | wds | wasg | Aoy | wae | wase | deu | was | wadae | flou | wAY | wasns | Wasns
(1) | wnduiugudnatswendly 56 | 572 | 012 | 393 | 4 | -007 | 951 | 9.63 | -0.12 | 817 | 829 | -0.12 | -0.10 | 0.03
2 | awanthumulagsa 11.68 | 11.45 | 023 | 9.65 | 9.41 | 024 | 19.77 | 19.53 | 024 | 17.12 | 1693 | 0.19 | 020 | 0.02
3) | suneanunirsveaielans 3.05 | 2865 | 0.185 | 2.86 | 2.705 | 0.155 | 514 | 4.95 | 0.19 | 4.48 | 432 | 0.16 0.16 | 0.05
@ | awnalduavsssyudidades 044 | 0.4 | 004 | 042 | 037 | 005 | 083 | 059 | 024 | 071 | 052 | 0.19 | 0.18 | 0.08

AU uguInasdmiuiladyud
indou (A1uniregineeivdsns

(5) 191%) _ 0.8 0.92 -0.12 0.7 0.81 -0.11 1.72 1.83 -0.11 1.3 1.41 -0.11 -0.11 0.01
ANnuBndmSunsiedyudiinde

6 | (mudngfmaiudimsiany) 065 | 08 | -015| 047 | 08 | -033 | 106 | 1.2 | -014 | 091 | 1.1 | -019 | -0.18 | 0.07

(7 ‘umwmmmé’muzﬁtﬁmﬂaﬂ 1.01 0.91 0.1 0.82 0.75 0.07 1.38 1.24 0.14 1.27 1.15 0.12 0.09 0.02
Anugerastaridmuildnyudidia

(8) yon 3.15 2.85 0.3 311 294 0.17 3.06 2.96 0.1 4.05 3.89 0.16 0.19 0.04

©) | anugsseviathuusasfuuvau | 52 | 49 | 03 | 472 | 455 | 017 | 524 | 514 | 01 | 622 | 606 | 016 | 019 | 0.04

(10) YUINIWNIU 17.75 | 17.34 | 0.41 15.34 | 1482 | 0.52 17.67 | 17.15 0.52 18.34 | 17.94 0.4 0.42 0.09
(11) ATHUNUITDINULAIY 2.01 1.82 0.19 1.58 1.37 0.21 2.18 1.97 0.21 2.18 1.99 0.19 0.20 0.03
(12) AUNTIVRINTULIIY 241 2.22 0.19 2.2 1.99 0.21 2.5 2.28 0.22 2.2 1.97 0.23 0.21 0.02
(13) ANURUIYBIaUlaviE NI 1.39 1.28 0.11 1.56 1.45 0.11 2.71 2.6 0.11 2.4 2.29 0.11 0.09 0.05
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