JAIST Repository

https://dspace.jaist.ac.jp/

BT 5 - TEDINE RO CHERL W REAAR ) Y AED

Title o

Author(s) LI, HAO

Citation

Issue Date 2026-03

Type Thesis or Dissertation

Text version

author

URL https://hdl.handle.net/10119/20515
Rights

o Supervisor: B B, Jeln Bl Bl st &+ (1
Description

HELF)

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



27T A BV EHEORTHEARRER R Y 7 Ru D L¥|%

LI HAO

EHREHE FF BT

S e S PN TN
SRR
CRHRRE)

SM84E3 H



Abstract

DLy FRZUE, BROZAE (T¥—2) 2N 3) %, HWIERS
BRWEOIWKEEL, fFEXIN2—7y MER vy b) 2EODHT LT
H3. zOREFE LT, FEFEED TR 7T 41 L HAFEED NEDNSHIE
DR T oNE. ZALIFIRICEAEE TO20Y—RICHEILTESN, H
T TRL, BT 200REX DB ETHERIC—ET 5 &\ RMZEN
HERERD. L L, ZOMKEEN (RE)) 0ERIOVWTEX, ZhETHE
AL WS RE SN T L 2Em SN T IR D o7z, Wang & Hsiung (1942)
R Y77 L 1IBEEOMZATE 2R AIRETH S Z & 2/~ L, Fox-Epstein &
(2016) 1ZEDNSHIEDORD 16 MEEMIKTRETH 2 Z e 2R LIz, RIFRET
X, ZobtiE kiR RAEIRTH S [RY 7HKa (Polyabolo) | NEHERL,
FHERE W= 2F282 X - THZE ORMFNRIE T 2 EBNICHHET 22 %
He L.

AFETIE, RV 7R Ru% InlOERREM ZEFLI =ML NI THER L7
M) CEFRL, RV I LHEDRINE — RPN =AOES (n=16) ¥
LTCETFTMEL. FBIROFIZEICH T > TlE, FlifE - KEELTER S D DIEFE—
LAKRL, IEMZBABSCZEEMMNE (RO XN dfRe Lk, RN
Y EFEBET 2720, 208 v FETOD 4y b~RITFEL) FiEx
BELE, 2, 7Yy Fero&d (EEATR) KB 2EAZEL=MF
DECEREZ 4Ly POBKETEM T2 FETHS. ZHUuckDh, ¥—RHL
DEZEHERHE U 2 mEE L vy MER Gl HHupsmEmz ) B =
iz 2 Z e DA[REL 12 o 7z,

BR7 L) X402, Bl eftERR Tz <, #SEMEIcEo BRI
EEWRHLE. SRRV — 2oL, BFEORRICH L THL Y
Y — R BB — VI > TBIML TWL FETH 5. n =16 &\ 5 KB
RN T 2728, KRR TIEATNO BB RdE LI 2 EA L=, H—Ig,
VI =X 2 EE ST 2 Z e THRROTUEMEZHRR Uz, B, RISz
AR U CTIE#E( L 21T, [AEEIRE BENCEX D Uz, =i, BNy~
T4 YT Ry 7 2 HWT, FilY— X DR EGER A Z R 72 8P RE L, #
BRRERZHIR L 72, B, Bk —2 (BB7E—2R) OBIMERICENT, F
MU M eNnSTEEGEREY P eBET 2 TEEFANK 2EAL, XEV
HE ZHHI L 7.

FIEELET7LTY XLDIESMER, LRI D W 16 o BN =A% v
TR X - THEEE Nz, ZOME, EREN/Tzn=16DRV 7Ke D
AR 28,616,815 FfH Y 72 b, * ¥ T A VEEFIKER (OEIS) D#F A006074
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Abstract

Silhouette puzzles are geometric puzzles in which a set of polygons (called
“pieces”) must be arranged to form a specific target shape (silhouette) without
overlapping. Representative examples include “Tangram,” which originated in
China, and “Sei Shonagon Chie no Ita,” which originated in Japan. Both puzzles
consist of a square dissected into seven pieces. They share remarkable geometric
similarities: not only is their total area identical, but the total length of their
constituent edges is also exactly the same. However, the difference in their combi-
natorial expressiveness has primarily been discussed only within the limited scope
of convex polygons. Wang and Hsiung (1942) proved that Tangram can form
13 types of convex polygons, while Fox-Epstein et al. (2016) showed that Sei
Shonagon Chie no Ita can form 16 types. The objective of this study is to extend
this comparison to “polyabolos” —general geometric shapes formed by connecting
isosceles right triangles—and to quantitatively elucidate the geometric expressive-
ness of both puzzles through exhaustive computational enumeration.

In this study, a polyabolo is defined as a geometric figure formed by connect-
ing n congruent isosceles right triangles edge-to-edge. We modeled the pieces of
Tangram and other puzzles as sets of unit triangles (n = 16). In the enumeration
process, shapes that coincide after rotation or reflection are considered identical,
and the scope includes not only convex polygons but also non-convex and mul-
tiply connected (holey) shapes. To achieve efficient exhaustive enumeration, we
proposed a “4-bit mask encoding” method on a 2D integer grid. This method
manages the placement state of isosceles right triangles at each edge (left, top,
right, bottom) of a grid cell using a 4-bit integer. This representation allows geo-
metric operations, such as collision detection and piece integration, to be replaced
by high-speed bitwise operations (e.g., OR, XOR).

For the search algorithm, rather than a simple brute-force placement approach,
we adopted a “connectivity-based sequential construction” method. This approach
starts with an arbitrary initial piece and sequentially adds remaining pieces to the
existing shape according to edge-adjacency rules. To handle the massive search
space of n = 16, we introduced the following key optimization strategies. First, we
fixed the initial piece to eliminate search redundancy. Second, we applied canoni-
calization to generated intermediate shapes to prune isomorphic duplicates early.
Third, we used a dynamic bounding box to restrict the candidate positions for new
pieces to a local range, thereby reducing invalid searches. Fourth, we implemented
a “direct insertion strategy” for the final step (adding the 7th piece), which checks
generated signatures directly against the final result set without storing them in
an intermediate list, significantly suppressing memory consumption.

The correctness of the implemented algorithm was verified through an exhaus-



tive enumeration experiment using 16 unconstrained unit triangles. The result
showed that the total number of unique polyabolos for n = 16 is 28,616,815, which
perfectly matches sequence A006074 in the On-Line Encyclopedia of Integer Se-
quences (OEIS). This result demonstrates the accuracy of the proposed framework.

Using this verified framework, we exhaustively enumerated the polyabolos con-
structible by Tangram and Sei Shonagon Chie no Ita. The results revealed that
Tangram can form 5,583,516 distinct polyabolos, whereas Sei Shonagon Chie no
Ita can form 10,889,227. This quantitative evidence proves that Sei Shonagon
Chie no Ita has approximately 1.95 times the generative capacity of Tangram,
indicating a significantly higher level of geometric expressiveness.

Furthermore, to identify the factors contributing to this difference, we conducted
similar enumerations and comparative analyses for seven variant puzzles, includ-
ing four variants proposed by Fox-Epstein et al. and three originally designed
in this study. The analysis revealed three geometric factors that determine the
expressiveness of a puzzle. The first factor is the “constraint of large-area pieces.”
Puzzle sets containing large pieces (e.g., large triangles) tend to have a reduced
number of configurations due to their limited ability to fill fine gaps. The second
factor is “piece shape diversity.” Higher diversity in the shapes of constituent
pieces reduces symmetry-induced duplicates and increases the degrees of freedom
in combination. The third factor is the “effectiveness of asymmetry.” It was shown
that including asymmetric pieces (like parallelograms) yields a greater number of
configurations compared to highly symmetric pieces (like squares) because asym-
metry allows for more distinct states through rotation and reflection. This study
quantitatively clarifies the previously unexplored difference in expressiveness be-
tween silhouette puzzles through the generation of tens of millions of shapes and
provides the geometric grounds for these differences.
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D Eontriciko s, AR THEL 2YFEOUHFIEZ 7 LTV XA 112
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AB: B¥—RBEE P ={p1,...,ps}, WAL —R Py

HA: 28 7 ReBRES Siua
1: Spinal < 0
2: for all permutation 7 of P do > TR TONEFNIZH LT
3: Lewr < { Pt }

4 for step < 0 to 5 do
b Prext ¢ T[step)
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7 for all S € L., do
8 Candidates < GENERATENEWSHAPES(S, Prext)
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10: 0 < GETSIGNATURE(C)
11: if step < 5 then
>BERATY T PRV M ZER
12: if 0 ¢ L ey then
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14: end if
15: else
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18: end if
19: end if
20: end for
21: end for
22: Leowr < Liext

23: end for
24: end forreturn Sg,.
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BIXERE ARINS. LrL, TOMEIRBITZ p D=ZAFEA T C OBHF
RATH, BNTHTRERICH 2856 (B 0 £ 1100, &G 0011,), WEXE
28T, MEINTRELBMESE (1111,) 2HEET 2 AT, ZOBEZ
EY (Valid) THhH, »oMEFEZNETRLZIE L THEET 2729, d#iEto
TS BEIRICH - XN 5.

2.3.4 HpBO7ILIY) X LEgh
AR DiREmIC I D  FHRIRER O BRI 2 FIEEZ, 713 ) XL 2 ITRT.

2.4 FARDIERE CFEEHE

AR NTIEARDRAIZINC R —TH 2 02 HIET 2720, FATHEHE) - [lEL - 2
D HHEZHPR L 2 — B XBIER 2 ERT 5.

2.4.1 MEWEEAZEIC & BIERL

SEATRENANE 2R T 2720, TRIR S 2T 27 ny JEHOMEEY, 20D
N YT 4 TRy 7 ADELZFERE T 2HEMEERANEERT 5. BIK S O
INEEAREZ (Toin, Ymin) £ FT D EE, K70y 7 OFERE (2;,1;) FLLTFD X 5 I2EH#
I3,

Ti=2; — Twin +0, Y=Y — Yumin +0 (2.1)

TZT 0, FEELEOEFIERRICBWTA v Fy 7 ADIEANERIT 272D
F 7%y VEBTHE. REBETIETI=2 L7

CITERLIA 7Ry FER S =2 DIEMMEIZE, RO FIZBWT, 1
DDOY—RAZBL7ZBRCAE U 2 BEIEHO R KEIZEDWT WS, ZDRMY
PRI RDED TH 5.

&1 7Yy R Lo
EE X NHEEZFFOE—AD, ETEORFICHR D EEMT ZHEICIE, 200
RE—=UDET 5. F—F, B =AEZ —FNIERSEE (K2.328) TH
5. ZO%E, E—AOHBEN 2 OOHMA =M I LICRIN 1 EMT 25 %
.
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FILO) XL 2 FHBIRER 7 v 3V X 2 (GenerateNewShapes)

A R=2k €, BIME—Z p
HH: BEBHTEIRES S

1: Syatia < 0

2: V <= GETVARIANTS(p)
3: for all V € V do

4:

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:

for all anchor point (x,y) in C’s bounds do
IsValid < true
IsConnected < false
for all block b € V do

(', y") < (v + by, y + by) > 0B 2 E R

texist < Cl2'][y]

hlock <= Diype

Check 1: &HZHE

if texist 7 O A texist 7 COMPLEMENTARY (tp100c) then
IsValid <+ false
break

end if

Check 2: EFEMHHIE

if texiss = COMPLEMENTARY (fpjock) then
IsConnected < true

else if CHECKNEIGHBORSLUT(C,2', v/, tpiock) then
IsConnected < true

end if

end for
if IsValid N IsConnected then

Shew  COMBINE(C, V, z, 1)
Shorm < NORMALIZE(Syew )
if Shorm ¢ Svana then

Svatid <= Svatid U { Snorm }
end if

end if
end for

31: end forreturn S,.iq
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X 23: ¥—RXDERDELIEMTIEESSZ -1

X 24: ¥—XDERDBELILEMTIEE X —2 2
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X, B =AEEREEIR (79 2) ICBilE S 2757k (K242 TH5.
ZOEETIE, ¥—AOHRTHAZAEIBINENS Z i, MAmE X T
MO X ANEEENNC 1 B 2T 5.

42 F—ROBRAER
KL THRE TERZANVLDE—REFITBVWT, ROV — RHEBEIXHA =
EaflnThs.

ING20DFUERET DL, NREBRZE—ZADWHLRZRLBIK - BEE & -
72 LTd, BHFOMRIRICHT S 2 BEEDEMHIEIX, BH—77Md 250 2,y WA
WBWTHRAKT2ICHEEZZLDERTES. LEDoT, §=2 L&RETBZ
2T, EHILBOWHLZBEIRBINIBNTS, TRTOEENED XU E
e RAEE NG,

2.4.2 BRNEZDEH
A58 & ORI & 2 BEA PR T 2720, UFOFIET - ERB454ERT 5.
1. ZRBOREME : TRk S icfl, 2—2 Vv RZH (A#E438D x
KEZ23 D) ZWAL, 8 OOBAENERL y b {Vi,..., i} BHERT 3.

2. F7OvISDEY| . FEME V, NEICBWT, Mo m v 7 OMIERIC X
ZAMEEHZHERT 2720, 7ayv 7 OEEY X4 SO xT— X% FIE
Y —F3 5.

3. RIFIDEIR . BHNXN=8 DDA — 7 v A RFEIRTHEL, &/hE
BB —r U RAERINERE LTHAT 5.

ZOFIECED, F—BREER T 2P E Bl TR TH—DBL

FoZehtRitEnsg. b, BXHODO Ny ¥ 2 LB XTRINICIE, EZERHEKL
IR R POV FNV-1a 713V X 4 [4] Z Wiz,

13



£35 RBRER

3.1 RERIRIR C REFM
e CPU : Apple M2 Pro
e XE!Y 16 GB Unified Memory
o RKEHE C++ 14
e /N1 Z: Apple clang version 17.0.0 (clang-1700.6.3.2)
o AVNAIATIa>: -03 (Bt L XL 3)
e OS: macOS (Sequoia 15.7.3)

o HAOF—2FR  EHHERIEITFRA M7 7 A AMVERTRIF L. BI71213,
L ODIERERK T 2T XTDEALD ) v FEE (1, y) BXU Type %
A= RXYIHTHZELTWS., ZOFMARERICE D, BIROTRZRIE TS
X ORHLAIRETH 5.

3.2 ERLIFDHER

AR EHFE 7 LTV X LIZH D E, KRR TIE n=16 DRV 7 Rue s,
BXUOX YT L - BV EHEORZ &AM XL DR TREZ IR D 251128
PR .

3.2.1 ZIJdVXLEHMDRIE (n =16 7KV 74H0)

¥, 73V X LD EMEEEMREES 5729, 16 O L HA =
AmiEE A1 L, BRI Z&T 3R L 7.

AFEOER, n =16 IZBIF3RY 7 Runo—ELRBIRKRET 28,616,815 ¥
2otz ZOHEIZ, OEIS D% A006074 128173 n =16 OfHE [5] £ 5ERIC
—%7 5.

I THHETANELE, OEIS ® A006074 DREFE T — X IZF I A FITHEERIC
HOLKHBYETH Y, BRPRERABIRO T —& Ly b LTERIATORD -

14



K 3.1 R¥ 7T L IEDNEAEDRDMERATRER IR D LLig

NXIESE BRI RERZIRKS R MBS
& > 2" I (Tangram) 5,583,516 1.00
BN EHIE DI (Sei Shonagon Chie-no-Ita) 10,889,227 1.95

7omTH5. REBOHERIIFGFORY e —BLTED, ZDIEL X ZFHIENIZ
MRTER., ZOFEERZ, AETRHRRELEZ Yy AR EEIER7 L2 Y X4
DEWIEHEETEEL TWAZ e 2R BEfMITE2DTH 3.

3.2.2 AVISLEBEIVMEMEDHRD LR

AWFUNI R > 7T b - [BOWNS FIEOWR CTREATRER R Y 7R e 2252 L T-.
RHNZEDOMERIX, ZOWRENICHEEREZREND S Z e 2L L. BAAR
REFHERE R 311 T

RI1DHERELD, HOMWEHEDORDERATREIIRBUI X > 77 2D 1.95
fEI1ET 5. BIRIIZIE, n=16 DRV 7K (28,61681558) 055, &7
7 L DOHEFERDH 19.5% ICHE 2 DI L, [EPNEHEOHRITH 38.1% 2K
ARETH 5. MiF TR 16 ORI —ZERBEREZFROICH b 5T, E
BUIIEHE W ER D 5. ZOHEEZ, BEPWSHEORIBAFHMRRIE X
CHEETHBHERZBWT, 27702 K& EH->TW3 Z & 2 EEMNICEN
35D TH 5.

323 T2tV rBELUWebE2—7DLH

KRERCTERSNIZ Y 77 L LIEBPWEHEOREYET—X Ly b, B
Un=16 DRV 7R 2REONEERFA L. X612, BIRT— X 2R TE
5 K512, EHD Web XR—ZR[HALY — V2K L. LMFOURL2LT 71
AHHETH %.

o VTS LEBVNENBORLINET—FEY

https://leeono8.github.io/polyabolo-viewer/

e n=16 DKUY TROLEST—2tEv

https://leeono8.github.io/nl6polyaboloviewl/

https://leeono8.github.io/nl6polyaboloview2/
https://leeono8.github.io/nl6épolyaboloview3/
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K32 X277 L, BOMENEDORE XOCEMEAALDa Y R—F ¥ MR L
ENDE SRS T

E—2%247 (B8) T S Sp.A  Sp.B Sp.C Sp.D Sp.E Sp.F Sp.G
1. B =ATE (u,1) 2 1 3 2 2 1 2 2 2
2. IEN5TE (2) 1 1 - - - - - - -
3. F=ATE (2) 1 2 1 2 2 2 1 1 1
4. AT (2) 1 1 - - 2 2 - -
5. BB (3) 1 1 - 2 1 - 4 3
6. R=A (4) 2 - - - - - 2

7. RVATIIE (4) - - 2 2 1 1 -

8. FHHETE (4) - 1 - - - - - - -
9. NEATE (3) - - - - - - - - 1
SHHEERR () 1600.14 9879.57 1733.72 4241.49 7710.09 11252.9 1703.17 1754.82 9565.51

R T7ROERKE 5.58M 10.89M 6.42M 5.12M 10.15M 14.37M 7.08M 9.99M 17.96M

3.3 ERDH

Y — 2 DA EIRER DS S XNV DRI E 2 258 % X D 3EICHGEES 5729,
AFETIER V7 F L e EPHESHEORITMZ, 51 7EEOZER XL (Special
Puzzle A-G) IZDOWTHARICEHNEZITo 7z, WRE LALEE XX, Fox-
Epstein & [3| R U7 4 1 N9 FEEHOMZ ML 2 W ATREZR. 4 D DERGEL 7 H D
tv ] (Sp.AD) TH3. IMALEEDDICAHFETHEICKT L7235 (Sp.E-
G) XL (K3.1Z8R).

INSDERT — X2 O LR, &AL DRY) 7R aERBUTIEEE
FEir BRI, ZOHEFEIE, WATRERIBIROBED, BRI E—X0D
BOHBO A TIER L, FE—XORMANFHE (DEIRESNERE) 12
BSFELTWE LB RBT2HDTH 5.

ENRANDAYR—=—3Y MK, BEURY 7R BoOEHHEREZR 321
AN

3.4 fERDh I BHBZEEA T 3EELRAFHNER

F— RO OFER, N2 ayR—3 2 s OEBAENEE D EBREROBEIC
PHE R ER B2 5 Z e RENz. AFETE, TO50EERDITD3O0FE
FRNCENT 5.

3.4.1 ER1: KERE—XICLDEEFHK

BT — &%, KEEOIYR—32 COEFECERBORBICE&DBEE®ZD
Hdr VO HAERL 7.
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(a) Sp.A (b) Sp.B
(c) Sp.C (d) Sp.D
(e) Sp.E (f) Sp.F

N

(2) Sp.G

3.1: ZR X)L (Sp.A - Sp.G) DIEIKR—E

17



o BIRER  AREDDNTN—T (B> 75 4, Special A, B, E72¥) 13,
WINDEE 4 ORER Ty 7 (REABSCEHTWAE) 2 208AT
W3, IRBDIZIL—TFOERENZ 800 FEEEZ . wIRNC, AR
MEZ2NWTIL—T (BPMEHIEDIR, Special D, G722 ¥) X, K&EXk7uy
%D 1OHRL, avR—3Y bOINZE=RLEEHLTW3.
s RToRk7ay 7 2PEER L7 Special G 1%, ARED 1,796 FHIZ
LU 7.

o DHEER: ZOMRIZ, HRKaVYK—3> MOHENTE 0 21281}
% FREOHDRT X ] ZHIEBLTWE I ERET S, SALT AT AN
WRHEBED 7 v v 703 ET 5255, D OZEMNITH U TRLES 217 5 B,
X D BVRAANHEIN 2 Z T3 Z 2 ick 3. Wi, /he—2 (HE <3) 2
VAR—=2 Y ME, EHELRPRESION U TRIICEETE 2728, [E47%HE
DL EEL S ERXHES.

3.4.2 EF2:E—AWRKROZIHEENH-5THEEDIENM

Special F ¥ Special G D7 — X Z 3 % ¥, E—XRAROZS ML B ZER
DILKICEETZ e bbb,

o BARKER | Special F 134 DDEL IR —REABE» ORI (FEEI
EIEAL), ARRENEIH 998 HHETH 3. —77, Special G X F OFHDEME
1o%, HEEZELWHERPERL 2EREFICERL 27210 T BRD
ZREMEDEA), BN 1,795 FHEA L 7.

o DIHELEBLR | ZOHRRIMUERDIIROZHMEDE X 2 Z & THMMEDE
MU, RALAINCEM e A% X025 BEERCENHD L 28I & o> THAT
5. FAE{ENZAYR—F2 ML, ERICBWTHIMEICE S EREZE
LT, BRIEETH > THRMANCF ML ARSI T Ve, f§
NEDRDHIREND. —75, Rixd x4 TORIRDZHEEZEANT 3 &,
COEEPHIN, & SRGRMAIMESR AR SN S 720, BT
M7t R & — o DRRE 5.

3.4.3 E[A 3 : IBRBRAROBEME

FEIZ X AUL, FERFRRIEIRE, SEICHHRRIZIR LT, XD 2O
e b AT IEE 2D Z L SRR S 7.

o BE|ER | WHMMDF—0 GLizk=AaF2zaL) HEEHIIE VT,
Special B GERFRZ-FATINLE 2 /) LR (707 5fF) &, x> 275
L (BNFRRIE 2R, 558 1) XD L ITZ 0.
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o PMEER | LR RERRBESSHEZRD, 77V vy FNTIEFEERIC1
O L DRV, —)F, HTIIRIEIERTME 2 5D, RIRHE
(FERL) Lo TRRZGANEZERTES. ZoTMOARME, &M
FHIHIRIZRER L, & D2 < ORDITRIRIENFRIRESA AN DI G % Al RE
29 5. ZOMER, IEXMRBERRDENT 5.
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%ﬁétﬁi %ﬁamtiﬁigg

4.1 #5iR

AL TIE, T2 277 5 eTEDWSHEORDRMZIRIIDOER ) 2w
HHAZENCH L, n=16 DRV 7R IlEIL RFIFHEIL—L V-2 %
ML, EEBMNRFMZITo72. BRRNCIE, 48y F 2V v FEFB(LETFT L DK
it, BIIANT T 4 YRy 7 R K BHERZEMOBND, B XUORARMEICE
VB E R ARG DEA B LT, B0 EMERE N OB A ORMIEIR
DA & I L T=.

AR DOFRER E FamdT AT O@EY TH 5.

1. TR DREM AHFICENTHID T, n =16 RV 7 Ru 285 (28,616,815
) OIRERZSE T L, OEIS ® A006074 5D F 41 % FaF 7T — &2
HOWTHEFL 7-.

2. RIFADEERIRA | 2RI DR, HOMEHE DI DM ATREZIREL
(10,889,227 f8) 1%, X277 4 (5,583,516 F) D 1.95fF ISET L L
DHER SNz, ZDT =R, WMiEIEHELRI LTy b (BESHEYR )
ZRUATABICREEVEHHEZRODD, ZORMFHHRIMLZ IS 2
5HDTH5.

3. ¥R REERDIFE | ZHAINLZHWENBEERZELE, E—20H
A ZRERR, ZHEVE, TEARDOMFMED AN ORI 2 RET 2 30D FERF
ThHhdZrerHL2ICL. FC TREEZ v v 7 08R) ¢ Te—BIR
DEAEMEDEA | 1%, R ERAET 27006 REBIKRTHZ e
NENT.

4.2 SEOEE

ARETIE n =16 ORFNIEEEH LD, RV 7RnBIUI LTy b XLD
BOERRIRRNTICE, AR U CIAEIRIEERORHA D 5.

1. FoRRD b ROS —S-D 53 - BAEDOHIZEIIEIRD TR OFfiEHTHE % -
TWa. SRIZBIRD TE), FIZIZSEERBRA; (NHIHAK) OB

20



Eoifiate, AR MICESIBROa Y 7 P 200§ 2 R/M035 5.
CAUZ RN DA 2R 2 & D ZARNCHEE T 2 7-DICEHETH 5.

. EDERX (n > 16) ADHLEE : n OEIMHEY, RV 7R o ORI TEEEIE
FNCHERT 5. AIZETIE n =16 DRY 7RaZ2WR e L, XhEX
DRIZBT 2 2HNEDAREHICOW TS 5. Bkl LT, TH2b%k
5 19 F—0L) (M4.1) BTN, —HT2L, ZORINLDRE
HAE IS = AFBE T n =20 HHICR X 5. L2L, BERFICEENS
WNR=AF (EFBXUA RO —RR2Y) ZH/NEA Y U THERICESR
T5Y, ZORMEMEIE n =40 IZ3ET 3. n =40 DRI, FHEEOH N
POBIRDY Y — A TIIRETH 3.

X 4.1: 7 v F—r8Z)L

FZoFR—NZAMZHELZTV v YA XB X SERCEEADRT X —&
FEERATV, RTu 75 L X2 T EERFM L 72, ZOME, £FIZI
B 2BRAIDOERIEFICBWTIZ, FIBETTTHIENTERDP- .
BARANZIE, 6 RED Y — X2 BLE LU 7= B cHEIRAE 23 2,690 g ICE
L, Hi TREDOEE 70t 2BV TXEYBLIOEEXEY OREIC X
DIar o LAPERERT L., RTEROXEVHHREIZ0GBZBATEH
D, ZOBRRIEFZFITH VL 3EED U EOHAEDENEFEET S
CHEHIEN .

P EO#ERD S, BITO7ALTY RLADABTT v F— LD RY|ZERSE
RT3 THEETH D, 5HBITX SR IFEMRDNE EoH-77
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Ta—F DEANRA]RTH 5.

. NXIERETORE GERIEADIGA) AR THE L BRI ER) ©
MRIWCED = FERINC TRV A T T 4 <A H) OEPIFFINS. §
bbb, BiEr 323y MRS (—RINBREOIVIRIZ YY) BEZ6h
T & ZNOERDZLHIN—TE2 L T E—RDHAEDE | 2
RT3, T, NXLVKETE—HOBEELY L TERMLT 3 ATH 3.
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