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On the Minimum Distance Conjecture for Schubert Codes*
XU Xiang

South-China Institute of Software Engineering
Guangzhou University, Guangzhou 510990, P. R. of China

Abstract

In 2000, S.R. Ghorpade and G. Lachaud presented a conjecture on the minimum distance of
algebraic geometric codes associated to Schubert varieties. In this paper, we use the structure and
properties of the exterior algebra to give an elementary proof of this conjecture, and provide a
construction of codewords of minimum Hamming weight.

Keywords: Projective Space, Wedge Product, Schubert Variety, Linear Code, Minimum Dis-
tance.

1 Introduction

Since the introduction of algebraic geometric codes by V.D. Goppa in 1970, many classes of codes associ-
ated to algebraic varieties have been considered. Among these, codes associated to Grassmann varieties
and Schubert varieties are of particular interest; these are known as Grassmann codes and Schubert codes,
respectively. Some good codes are proved to exist among the algebraic geometric codes which exceed the
Gilbert-Varshamov bound. Therefore the studies of algebraic geometric codes are mainly concentrated
on their parameters.

Let ao, a1, ..., a4 be a strictly increasing sequence of positive integers, & = (ag, a1, ..., aq), C(a)
be the corresponding Schubert code (see Section 2 for more details), and d(a) be the minimum distance
of C(e). In [1], S.R. Ghorpade and M. Tsfasmann gave some basic parameters of the Schubert codes; in
[2], L.Guerra and R.Vincenti proved a lower bound on the minimum distances d(a):

g% (g* — ¢%)... (g% —¢®*1)

da) > gLt +d ’

where ¢ is the number of elements of the base field F4 on which the code is defined. In [3], S.R. Ghorpade
and G. Lachaud conjectured that d(c) = ¢“(® where w(e) = E?:() (a:—12). This conjecture was supported
by the result that d(a) = ¢“¢*) holds under the hypothesis d = 1 (cf. [4] and [2], Theorem 1.2.).

In this paper we use the structure and properties of the exterior algebra to give a complete proof of
this conjecture.

2 The Schubert Code

Let Fg be a finite field with g elements, V' a finite dimensional linear space over Fy with dimV = r + 1
and denote P" = P(V)) the projective space of dimension r over Fy arising as the projective contraction
of V. The projective linear subspaces of dimension d in P” are represented by the Grassmann variety
G(d, r) which is a projective variety in P(A9+1V) whose support is the locus of decomposable non-zero
(d+1)-vectors up to proportionality. Ifw = agAay A- - -Aag where A means the wedge product of vectors
then the corresponding subspace is L(w) = P, ai,...,aq) that is the projective subspace generated
by &g, &1,...,04.

*This wark was supported by NNSF of China under Grant 60473017
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From now on we will not distinguish the (d+ 1)-vector w and the projective subspace L(w) so that it
will be usually written w to mean L{w).

Let aq, a1, ..., ag be a strictly increasing sequence of positive integers and let 4p C A; C -+ C Ag be
a flag of projective linear subspaces of P withdim 4; = a;, 1 =0, 1, ..., d. Denote a = (aq, a1, .-, aqg)-
A Schubert variety V(a) is a subvariety of G{(d, r) whose points correspond to the subspaces L such that
dim(LnA4;) >»14,i=0,1, ..., d.

The dual (A%+1V)* is the space of linear functions on A%V and it will be usually identified with
A%V, Let n(e) = #V(a) and V(a) = {w; |i=1, ..., n(a) }. For w; € V(a) we fix a presentation
w; = 25 Azh A .- Axh so that we have the Schubert code:

Cla) ={ F=(flwr), .-\ flwn@)) | flwi) = Fl@g Az A---Azh), fe (V) )

Up to code isomorphims ([5, Ch. 8, Sec. 5 ]), the definition of Schubert code is independent on the
presentation of the points of the Schubert variety ([2, Sec. 2]). For a non-zero codeword 0 # f e C),
the Hamming weight of f is _

W) =#{we V)| flw)+#0},

and the minimum distance of C(a) is

d(a) :=min{ W(f) | fe C(e)\ {0}}.

3 The Minimum Distance

For a decomposable w € A%tV and a decomposable f € AT"9V 22 (A9+1V)* | we have the following well
known result ([6], Theorem 3.3).

Lemma 1. [fw=20A --Azq € ATV and f =1 A Ayr_g € ATV & (ALIV)*, then f(w) =0
if and only if xo, ..., Ta, Y1, .., Yr—a are linearly dependent over F,.

Proof. Note that f(w) =0ifandonly if (i A-- - Ayr_a) AlZo A+ Azg) =0
If zo, ...,%4, Y1, -..,Yr—q are linearly dependent, without loss of generality we may assume that
To = Ele ciT; +Ez__d t;y; where ¢4, t; € Fq, i=1,...,d,3=1, ,7—d, then (1 A---Ayr_g) A{zo A
< Azg) = y1A- - /\y,._d/\(zz_ c,x,—l—zi_ t,y,)/\:z:ll\ Azg=0. Conversely, ifxo, ... Zd, Y1y -« s Yr—d
are linearly 1ndependent then {zo, ...,Zd, Y1, -..,yr—a} forms a basis of V, hence by the definition of
wedge product (y1 A -+ - Aypr_g) A (1:0 A Azg) 7é 0.
|

If V is a vector space and Vj is a subspace of V, for o € V we denote by {V3, o) the subspace of V
generated by V; and o.. Also, for x3,...,2m € V, by {z1,...,%m) we denote the subspace of V generated
by z1,...;ZTm.

Lemma 2. Let V be a finite dimensional vector space over Fq. If V1, Vo, H are subspaces of V such
that Vi H=V, Voo H =1V, then

1) for any o € V, there exists up to proportionality a unique vector 8 € H, such that (V1, o) = (W3, B);

2) for two vectors a1, ag € H, if on is not proportional to as, then (Vi, a1) # (Vo, az).

Proof. 1) is obvious.
To prove 2) assume (V4, 1) = (Va, o). Then there exist 1 € V1 and ¢t € Fy such that 81 +tar = oo
Hence 81 = oo — ta; € H NV; = {0}, which means that oy is proportional to a2, a contradiction. O

The following Theorem 1 gives a construction of codewords with Hamming weight equal to the con-
jectured lower bound. A similar result has been proved by S.R. Ghorpade and G. Lachaud (cf. [3], Prop.
5.4).

Theorem 1. Let C(a) be a Schubert code with oo = (ap, a1, ..., aq) and wle) = Z‘il___o(ai —12). Then
there i3 a decomposable codeword f € C(a) such that

W(f) - qw(a)
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Proof. We prove the theorem by induction on d.

If d = 0, then L € V(o) if and only if L, = P(y) for some y € As. Suppose Ay = P(xq, T1,..., Zg,)-
Extend {zg, %1,..., Zao} t0 a basie {xg, %1,..., Tao, Tagy1s ---» Tr} of V. Define f =z, A--- Az, €
(A9t1V)*, then by Lemma 1 we have f(L) # 0 if and only if L = P(y) up to proportionality with y =
To+ Y2 tizs for ty € Fy, i =1,...,ap. Thus W(f) = g% = g*(®).

Suppose that when d = t—1 there exists a decomposable f € (A*V)* such that W ( f) = g“(®)_ Assume
d=t. Let o/ = (ap, ..., as—1) and

Vi)={L V() | PLL, z) € V(a) for some z € A, }.

By the definition of Schubert variety, it is clear that V(oe’ ) = V(&'). By induction, there exists a decom-
posable f =z, A ... Az, € (A*V)* such that W{( ) = ¢“@) in the Schubert variety V(a’), so that there
exist up to proportionality only g<(=) decomposable t-vectors w; = zi A ... Azl | € V(o) such that
flws) #0.

Let H = P{zy, ..., %r), then dimH = r —¢. Since f(w;) # 0 for some w; = zy A .- Azl , €
V(e'), by Lemma 1 we have (z¢, ..., z,) ® (2}, ..., zt_ ;) =V, hence dimH N A;_; = a,_1 — ¢
and dimH N A; = a; —t. Take yey1, ..., ¥ € {zs, ..., zy) lineatly independent over F, such that
dim]P’(y,,+1, ey yr) NAs1 = ae-1 — t and dixn]P’(yH_l, haey yr) NA;=a;—t—1. Thus HnN A4,_, C
Plystt, ooy %) Let g =yep1 A--- Ay, € (AIV)*. As H N A, is a projective subspace of dimension
a: — t and for each one of the above w; the set K = {z € H N Ay| g Aw; Az = 0} forms a hyperplane
(H M A) NPlyst1, ..., yr) in H N A, the number of i € HN A\ P(Yst1s oo Yry ST HN AL\ Apy
such that w; A z} # 0 and g{w; Az) #0is

qat-—n+1 -1 qa*_t -1

a—1 q¢q—-1 1

as—t

Let P(w;, x;) denote the point of V' (a) corresponding to w; A z,. Suppose that Pl{w;, x4, ) = Plw;, %4},
where zg,, x4, € H N A\ P{yeqa,..., yr). By Lemma 2, it follows that ¢, = cr,, for some nonzero
c € Fg. If w; # wj, then there exist ¥ € wy, y ¢ wi and, accordingly, z € wy,d € Fy \ {0} such that
y = z + dxy,. Hence z4, = ez, = y—c_,—z € Agq for wy, wy; € A,_j, a contradiction to the choice of xy,.
Therefore we get g% =% . g“(®) = g¥(®) different points w = P(zt, wi) € V{a) such that g{w) # 0.
Assume w € V(a) and g(w) # 0. Since H N A, is a projective linear subspace of A, of dimension a; — %
and w is a projective linear subspace of A; of dimension ¢, it follows that dim(H N 4;) Nw > 0. Fix any
ye (HNA)Nw. AsgAy # 0and g Ay C f where f is considered as a projective space generated by
vectors in f, then we have g Ay = c¢f for some non-zero constant ¢ € Fq. By the choice of g we know
that y € A; \ A;_1, hence w can be written as w = w’ Ay for some &’ € V(a'). Now f(u') = %g(w) #0
implies that w’ = w; for some é. Therefore W (§) = ¢“{®), which completes the proof of the Theorem.
O

Definition 1. Suppose that z, y € P and w C P” is a subspace. If there exist some z € w and0 #c € Fy
such that = cy + z, then we say that z = y mod w.

Assume Ag C A1 C -+ C A1 C Ag is a flag of projective subspaces of P* of dimensions ap <
ar < - < gy < G, C{a) is the corres/pglding Schubert code and f is a non-zero codeword. Let
Ei={zcA |frz=0}, FF={zc A |[f A2 #0} and F! = F;n A;_1. Note that E, is the set of all
vectors z € A, such that for any w € V(a’), fAzAw =0. It is clear that E, is a proper subspace of 4,.

Lemma 3. Suppose that C'(a) is a Schubert code, f is a non-zero codeword and E, is defined as above.
If the codimension of By in Ay is € and £ = 1, then A, _, C E;.

Proof. Suppose x € A;_p and m # 0, then there exists w = P{xg, 21,...,%,—1) € V(o’) where
z; € A, 1 =0, 1,...,t— 1 such that f Az Aw # 0. Thus for any y € P{z, z¢—1,---,Tz_e) We have
f Ay # 0. Since the codimension of E; in A, is ¢, we have P{x, z;_1,...,%:-2) N E; # ¢ which is a

contradiction. This proves the Lemma.
O
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Lemma 4. Suppose that Ag C A1 C -+ - C Ay C Aq.%s a flag of projective subspaces of P” of dimensions
ap < a1 < --+ < ag_1 < ag on which the Schubert code C{a) is defined, f € C(a) is a non-zero codeword
and the codimension of E, in A, is £ = 1. Assume wy = P(zg,...,Te_1), wo = Plyo, ... ,yt—1) where
Ty, Y1 € A3, 2 =0, ...,t —1 and x, y€ A; such that fAx Awy #0, fAyAws #0. Then
1) ifz, y€ A\ As1, then Plz, w1) =Py, wa) if and only if w1 = w2 and P(z) = P(y) mod w1,
2)ifx, y € Ac1 and Pz, wi) = Py, wa), then P{xo, T1,...,%Te—2) C wo.

Proof. 1) If P(z, w1} = Ply, ws), then A,_1NP(z, w;) = A, 1NP{y, ws), that is wy = ws. Going modulo
wy, we have P(z, w;) = Py, w2) mod wj, that is, P{z) = P(y) mod w;.

The ”if’ part is obvious.

2) We claim that A;_¢NP(x, w1) = Ar_eNwi. Infact, if Ay eNwy G As_¢NP{z, wy) then there exist
u=cx+vE€ A ¢NP(z, wy) with 0+# ¢ € F; and v € w; such that u ¢ wy. Hence P{u, wi) = P{z, wy}.
By Lemma 3, we have 0 = f AP(u, w1} = FAP{(z, w1) # 0, a contradiction, which proves the claim. As a
result of the above claim we get P(zg, z1,...,Z¢-2) C Ap-pMNwy = A e NPz, w1) = Ao NPy, we) =
Ar_e Nwo C wa.

O

The following Corollary 1 is often used in the proof of Theorem 2.

Corollary 1. In case 1) of Lemma {, there are ¢* pairs (y, wa) such that P(y, wa) =Pz, wi) wherey is
considered as a point in the projective space, while in case 2) there are at most (g€~ 1 +¢*~24+.. -+ g+1)g*
pairs (y, wq) such that P{y, ws) = Pz, wq).

Proof. In case 1) of Lemma 4, P(z, w1} = Py, ws) if and only if ws =w; and

t—1
y=c:7:+Zc,—:r,~, O#c, c;ely, i=0,...,t -1

i=0

The number of choices of y is ¢°.
In case 2), if P(z, w1} = P{y, wa), then y can be written as

t—-1

y:ctx_'_zcixiv (Ct, Ct—l;---vct———l-i-l) 7é(0y 01""0)1 ci'qu, i=01 11--'vt-
i=0

The number of choices of ¥ (up to a non-zero constant multiple) is at most (¢~ + g2 4+ ...+ ¢+
1)¢* ¢+, By Lemma 4, there exist z;_1, 2;_2,...,2¢t_e41 € wp such that we = Plz,3, z-2,...,
#Z—e4+1) mod P{xo, Z1,...,%:—e), hence the number of choices of w, equals the number of choices of
Plzs 1, 26 9,---,2¢_e41)- If ¥ is fixed, from

P(l’, wl) = P(‘Is Tg1q--- yxt—f—l—l) mOd P(*’2:01 Z1y---, It—()
=Ply, wa) mod P(zo, Z1,...,Zt_¢)
=Ply, #t-1, #-2,-..,2—241) mod Plzo, Z1,...,%s-e)
we can take P{z;_1, zt—2,...,2c-e41) a5 a hyperplane in P{z, z; 1,...,Z;_¢+1) not containing y. Hence

the number of choices of ws is g°~1. Therefore the number of pairs (y, w,) such that P{y, ws) = P{z, wq)
is at most (¢ V 4+ ¢ 2+ ... + g+ 1)qt.
O

Theorem 2. If C(a) is & Schubert code, then for any non-zero codeword f € C(a) its Hamming weight

satisfies _
W (f) = ¢“©.

Proof. If d = 0, the Schubert variety V {a) coincides with the subspace 4y of P". If f € (AYV)* = A"V
defines a non-zero codeword, then f is a linear function on V. If V(f) denotes the hyperplane in P"
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defined by f, then 49 € V(f) so that

W) > #40 — #40 V()

qao+1 -1 qao -1

qg—1 T g—1

____qao.

Let f € (A*T1V)* be such that f # 0. Assume W(f) = ¢“(® holds for d = t — 1. We will prove the
inequality holds also for d = ¢. Since f # 0, there exists some z € A, such that m; # 0, i.e. there
exists w € V(¢/) where o’ = (ag, @1,-..,a,_1) that satisfies f Az Aw # 0. Suppose that the codimension
of Fy in A, is € and the codimension of F; M 4;_1 in A, 1 is m, then £ > 1 since f Ax # O.

We distinguish two cases. _

1) If £ = 1, then by Lemma 3 follows A;_1 C Ex, so Fe\ A1 = Fy and #(F\ Ac_1) = #F; = ¢
For any z € F,;\ A; 1 by induction there exist at least g tvectors w € V() such that f Az Aw #0.
By the first part of Corollary 1 we can get at least E%' - g% - q“’("‘l) = g“(@ elements L = Pz, w) € V(a)
where z € F;\ A,_1 C A;\ A;_1 and w € V(') such that f AL # 0, so that W) = g,

2) If £ > 2, then two cases occur.

i) ffa; —as-1 2 2, then ¢*~1 > 1+g+q*+---+g*-1, hence

F(F\ A1) = (g% + % 4 g ) — (g% 4 g™
= g™,

For any € F:\ A; 1 by induction there exist at least g t-vectors w € V(a’) such that fAzAw # 0.
By the first part of Corollary 1 we can get at least q% g% - q¥@) = g“(@) elements L = P(z, w) € V(o)

where z € Fy\ A;_1 € A;\ A¢—1 and w € V(a') such that f AL #0, so that W(F) = ¢°®.
i) Ifa; —at—1 =1, thenm=¢—1o0orm =~
Ifm = €—1, then #F! = q* 1 4 g%~2 4 ... g% ¢+1, therefore

#(F\ Asy) = (g™ +qac—1 FEUS qae-l+1) _ (qae—l + qae—2 T qae—e+1)
= qae’

so that by induction and from the first part of Corollary 1, we get W(f) > g@@,
Ifm =€ then #F! =¢% 14+ g% 24+ ...+ ¢%—¢ and

#(Ft\ At—l) — (qae +qa¢—1 4 qae—tu) _ (qae—l + qae—2 4o +qae—£)
— qag - qa¢ —8.
By using induction, from the second part of Corollary 1 we can get at least

qag—l_}_qat—? 4+ .. ‘+qat—-£ ()
(1 +g%+ - +g+ 1)g°
elements L = P(z, w) € V(@) where x € F} andw € V(o/) such that f AL # 0 and from the first part of

Corollary 1 we can get at least 9”—‘;‘1?: . q¥¢@) glements L = Py, w) € V(a) where y € Fy\ A;_1 and
w € V{a') such that f A L # 0. Hence we have

P S R OV S St ot’ it sols s’ SARIH OV
> :
W)= q° 4 +_(q£—1+qe~2+...+q+1)qt q

= g¥(@)

Ftom Theorem 1 and Theorem 2 follows
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Theorem 3. Let C(a) be.a Schubert code witha = (ag, a1, ..., ad). Suppose that the minimum distarce
of C(a) is d(a) and that w(c) = 3L (a;s — i). Then d(a) = g“(®.

Acknowledgements

The author would like to thank the referees for pointing out that a similar result as Theorem 1 has
been obtained by S.R. Ghorpade and G. Lachaud in [3] which I indirectly cited. I am very indebted
to the referees and the Assaciate Editor for their many valuable suggestions on the improvement of the
original manuscript and many many corrections on the grammatical, linguist and stylistic errors of the
original manuscript.

References

[1] S.R.Ghorpade & M.Tsfasman, Schubert Varieties, Linear Codes and Enumerative Combinatorics,
Finite Fields and their Applications, 11(2005), 684-699.

[2] L.Guerra & R.Vincenti, On the Linear Codes Arising from Schubert Varieties, Designs, Codes and
Cryptography, 33 (2004), 173-180.

[3] S.R.Ghorpade & G.Lachaud, Higher Weights of Grassmann Codes , Proc. Int. Conf. on Coding
Theory, Cryptography and Related Areas, Springer-Verlag, Berlin/Heidelberg, (2000), 122-131.

[4] H.Chen, On the Minimum Distances of Schubert Codes, IEEE Trans. Inform. Theory 46(2000),
1535-1538.

[5] F.J. MacWilliams and N.J.A. Sloane, The Theory of Error-Correcting Codes, Elsevier, 1977.
[6] S.S.Chern, Differential Geometry, Beijing University Press, (1982)(in Chinese).

X FSchubertfiB &/ EEERYTE T
V=3
MR SRR SR LR AT

%5 F . 7E20004F, S.R.Ghorpade M G.Lachaud BALEJLFETFEFESchubertiRABM NHSchuber thOH & /NE BRI T —
AR A X BA TR BSMUBE A S VA0 B8 Rz R A — AN e 2B, 5 A IR — M BE 8/ MEMTSE FiE.



FAWR CHERR ) FIUH

éﬂqul\ﬁl SN \‘ iSF'

ZEFI ]
KRR RE R AR

WE: MEHREBIEHICLART O E UMD, 1870 UL, 2AERME. K. P AMKL 30 £24,
AEFIRTAIAAGERSELYS, ST HERIIL AT EATH. ARPOITERY, 2B EHAT 49
RREESNZERN, FAREEIR, MELMALLHGNRT, Lo eBL L5125 M.

KA 2% shxea

YEMEHE — B, FiSE G KB & TS “IMHE—E” , RIARR “—EhdEME” . 4%
EEIRHEMBUAEFE RN EEHS . 1870 ELUE, FMBMIRTE ., Bl AT KBKIE 30 E2A, &Y
HEFTIVFFANEXSFLY, HhEERIZ LS4 T EEW. EKB kS, FmEE
BT B AR E S E,

—. FHESZ BRI

C o) “HR” RTFBESEICESMHAR S, FUE 57 “37 WiE N

FEWEINA, “HR” 5REABBEMIG, “ERATEMET ERLRE, WHAFATANE.” x5
SRR IR, Al VLI A A AR E SIS RVIE. R, TS ERTX
B L, FRETE T ASAMAESEE, LTFhx A7 <87 Qs shomSn TRk, 2
WEE ARG RA TR 2 H BRI ERE . PRI T4 T 1) B A5 A o S50 05 37 30 344 A R
VFAERFFE A L RR i i - a5

PR R T7 S AN ORGS0 T A L B DU R 2 4 T30 52 24 G VR I 2 R0 A0 I A 5K R B S R A
BRI, R T A TR, H5REGEISNEERE. BT 1873 £ 9 AMRARKSLEL
A, EREWEH. BAEELHEER BIXEYy, SUT (P AFEFHITHEL).

DHEMHEAARZRAEEREXEFENBTE 2N, A E 2 6 #2735 70 R H X AL
BEL HPRIRIEMEA ST, BAREBHERA. AW, AXENBET, BB ICTTEERS R
ik, EESETTIHRATE N FREK, BIREMIEARERR “DREEITHE”. EENHEZ UL
BEEETIMEE, FEREASMENIE QR GHENRADS HE, AERmE “GemE&RE, Ml
FEMENS, WMHHTREER, LURMRKE, iAotz AR g%, EEMR.” 2y
RAHNER, WﬁEﬁ%%“%"Zﬁm,-“ﬂ”sz$TW TP NEE “HT AR, B,
ﬁ%ﬁ#ﬁﬂ,imﬁﬁmﬁ”%%%?. Vi “UHEZRE, &z, Tiske, hEeEl.”

,dﬁmmwﬂﬁ$%M$ﬂowm&sHTﬁmuuﬂﬂ%zM,E&M,m@szLE@ﬂt
ﬁﬁﬁimﬁ%,ﬁﬁ%%m%m%wﬁw%%%ZW%ﬁﬁﬁiw§MWWé¢%mﬁﬁ“#%ﬁ%i
A R R R s e B, S D 7 RIS BURF I 8 42 T 3038 2 1) [ 9 8 (K Bk & R AR I A i
JIREFHNER, A LA TFIOIAL. HIRAATE T AR, EWEARNIEX L, TR
EAFEFEARAR T HLZROOBEE. Rif, FHLMNRK, OHEEL) MEITHERFERT “FHit R
AZE” #HM.

R R S B AR R H KM RA Y, FWEdAE <8 “1” 44, WEL%, BSMHEREN
ZEMP. Rill, CEEBOREILLES, BLRMMARERA, —HZNRiE,



(KRR BIUH FARAWR

() 1857 “W” FREME -BRFM IS R

FHEAGGEFENFEPRRIIN L 2R ‘WL, LREEUARGE, EEEEIKA.”
FCREEE 2 IRB0 R LLRANEF T 558k HKIEIE 30 SEMIAMATSEREAT X “ik” AEM NRRR:

1. MifFEEAN. MBMFHEGEELEEMREATRE, MELPEEBECKBEEISR, LR,
M 1863 FE4E(TH 1911 FIEEBELBILE KL 48 FEZ A MULEIHER TR AB E XEET
ESEAN, MHAREFEBUFR RN EFREE T RIS . BT HHEAEE, KL AERPSIZ
1%, FEFLENMEKRILERL.

2. BAT4% . REAMENRT - EEATAMAHIT, AERENFEENLK, ERFIEE AN
ARG . RTHBHRAME, YH A BEEEa%Z, AHAMNARMNYUMEIRSE XE R KK
HHEH, MR, ARRIATHARA K2R HITE LG LA BT A gk A X - - HHRE R EHHE
LB AR, FARTHBITEANTFERAMTHNE “X&7.

() “GRER7 BEMBITIZT BT EEHRY

SR TIER “REMRF” MHEK, TUAERIENE, ERTUERREN S L BB T,
HEETHE (1876), HAUSHRZ K, ROFHUEE. PEEHFGEERIENELBRER, BEmEL
WA TTIEEIRETE, WA “PIHBR, REOH, FkLlR? ”

HEEEFES, FEMER “QETAY “RENR” BEEEATAMK. A TMHEFFEN “AE7, R
IR 0 E PR, PR EFIRGL. EhHREREHERATFRIES F, fbEiRAE L0 -8
iR, ZTHiske, BT THRANTFRARIAEEEL, LERMORHLERRPELRAELS TR, ¥
REEMCT, YRGS TR

() “LAZEHIFE” 2285 RS H S T SRR

H AR IQASERNT RN SRR LS, 2503 [ s RIM M o s st “UURHBIE" Mgk,
“HhEHzat, PEERHA.” “FREXERELECE, MIERHA, FHATHBRAZ R, mRIRe
BAEGFR, - WE—EARLGELZE, RaUdEdE, A9IEE, MEmK, KHARBIERR.”
i Z AR ILTRE T EHEEER, FAENES- -SHELIRPHFE, EAEHXTH
FE.

foilt, EEFFHIRB IR “BRESIH 7 K& PHRE4RFLGE, ZFMER “BEHH” kb
Ja BRG fAABTIEL A5, AT, EERMSGENERRE? 1896 4£ 6 AKITH ChR®EL) LIS
FHAGE T H “LIREIR” SRR . T AESLARIEXE T2, S FIHREZ bR E 3
A R EEER BN “NARSKSHARBEZR” —h§ “sK50ARBZE” LT,
SO XA “TIARR. AR, $MEEAFMZLRIE, EMRHRES 7RI, XA
I A B AHIIN T ERN

Z. EMESAZ BT

(—) A B AR = B R A

1. B4 AR B S SIE BT IR BUR S DA 9%

TR U NFEARERENHETREE, N2 S EENEREZW, XEh0H R
AR E ZBIFERE. Mhxr ZRR VAR, SHEEEN IR, s Rt R R Y
HREGIR SRR SMBOR B AES 0 . 1870 4 LLE, N4ESEH ERNEXSNETHIT SHd, &
Mt T LGSR, 2 R AT 2 A8 93T T AR UG h B M BURF X S BUR . R ER Y 5
WHInTF R “EEREZIE, RRKTHEBEEINE. ” XIRWSWEEIIEE S, FUREGEBIT
EENER.

8



FAHR CEER ) BN
2. FEEAHE AR T S ) EEERIAR
[P A E SR AR IF TP EM X ATRKRTT, HEED R, FmEE A gz u
WA T ARNTRIZER, BTANTERSEARK &Y, 08 R AR HHE L, BRES”.
fXIMEREF T, BFREREFEAM, BATRERERREN, HFFRARAIMIAOER, mH,
ik, PHESS, PEFANEAMRSEESRBERBHITT. RN, FHEXNEXTEFER
BARKES, AN AR, UBESAEREENFRERT, —B2ERE, ZHERE. HasrER
BEERBSNR, TERSEL, ARPERKIEZHEEMHK, ZHRE T 2020 S8 R EE A A 4
ERZ RN
3. FEALF LERIERFAEFTINRKER
FIEEIINES AR RE D, RS BESS A ELR CRETIRE, MRS X HFRE
G ZEMEREEIN A TALRS o o R R FUE R A E], AR ASENEREGAR, 7 4TGHER
IHERESHEH AR —m. RN, £FBPUREATEHINPRATILN, 285% T BEEFHHAE, 4
MR & EFE AL T RN . B2, FEEEHEFESITREFIRETFE. G345, A
XA AKIS N TR (UUREBUT) L5 EXT AR, MMEIE F s T &
HERAEW . Fla, 1879 4, HEHEMEBNNSEENE T NAR SPSENEREY B, SR
BUTAEMILS, HATER SRS Exaiby, TUaEHOA, & “UFHERE, UBEHRIE” .
4. TR WHEF X4 = AL
WEVIERWRE T DGR, MATREERTERNMINIRER LS. 20 50X oF & fdtR!,
KX S A X R I HHIANER. A TREFFERFERNL S, AT HEEREAENER, it
ISP EREAZB L Z HE: LT RREDTHARFERAE RIS, $EEERLEGSHA %
£ AN B
b ATk, 2R BRI KSE N, 5SS R8RS 35Kk FRBGREE 75T, 8 —HfiE,
M AR S B LI Bfa, AEFIERT, FEEIEIRLBARIHNT. TR, ANEStbs
EVSESLER A SN R
19 148 70 “FAR,  “HgBF” “ZERH” WEER. ZARE K HERT BT B SR LRI
Hiol, TR, EFMTERNAHMR U MEABEE N LRER, RREMRENASEE, HIEMARR
NN B, Ak, RRATK “EB” MEX, EEREBFTE.
5. ZFEFAN ANRISMIKF R i FRBIEEA IR
FEFE AP FO L P EAELN R E, SRR EXERNBOG. 25, FH. 58 i,
HOFRERER Z IR T, RPN B AR & P A L M E K 2 AR B JE R4, BURAbA 10k i )
NEEFHOELABAERAT, KL & EEREE TP, EbRHT “LURRR" fxsssk. 7
WMENE ZF AR MRS TF B, (HZ R A ME— W SR INE, TOXT SR B E B
B Z A RIRAR, AR B R AR XK T .
FEMERSOKPNE, AANNPETUEEE—RAT, E “EZHFNETFHE" . it
FEEAT AN AT BEAS L ABAR B Al AR A Ft oA AR A IR =i B
(2) FHESBEMIFM
FRERSIZEBEACNKRE LTI RFE R LG, 8RR E T hESRBUE. £5F
BB S Lo dim DU R PR A 3 SGBUA . P RIR R AL, RIBT “SMUMR, ASURE” KIS BN,
Xt g BARRAME. BFRS, PELHAKE “RK¥PLE” BEREE, THEITERESR,
B ESMREEAENT, H A - EIPEIRMARETESMEY . XEANBIEEHE TR S, A
9




(B CIE) SBIYH FARWR
S B X,

AR CFR7 BAAKTHLEE), HEFENESARNER B SHRNEDS, BoET 5
XA SRR AR, “HZEWM TR, HZHTR.” GENBCRESE N RE LM TR,
RIEHLAHRTIR. R, FEEAMSREERS, FWEMTHBARL B, BUTHERORKR
E. M ERSLIEREROER. 28, AMNHYEEFHIZFNERN, F EREIAR” HE
BREREEE, “EARBEER N, EAMPTAAH.” XS HEE K ERNRKA DA RARIGE
RKR%R.

WA EIEAT “RI” SMERIEIRE, HHAKR, MAEKTE. higEd “LHatE—BZOBeEA
SEZ " TURBE R RS . hETEAESTT —RIKY, KPRT CPHEEER. b
WA BRI ALY SO EEAS, JLbEN (BXELY. CTHEFA). GFHEL) FHRERFE
RIART-45 44y, XU E & LbR S E WS E R RT3, AU ERSEEE
P AR — R e AU B SM St R B 15 i 2 R E AT A g e e xd e 104% .

R PRI E G “ AR BARZEFEANE X E Ak R B LS, AT R I “W”
FIRN R LR RSN BRI, FEXRUM ARMREREBLER, BERIEAER.

ET “Lik%iR” B8, CREERUHENR EAMRENS AT, TEMERAE—FTHEX
MK SRR, RIEH S —WHE ERORE, REAEPEEAANENHRIEN HRIBEER .
SR, PR I Rh SRS AN T A BHE ISR £ RIS IOBCE, MRt R & FEERN R E R 3HF.

BMEZ, YONSMIEMAITER, Kbk “AR” #ek. &7 “W” TR “REMF”. “ELRH
K7, HEATERTMKAE . ZRME, DUREAURR S . BRFMERNSICEEFANRE
BUFH R EREABESANES, SR M ERIEASHEBORRRN I L, HIERMTHAZ Y
68 ) R B R PO R 2RSSR AR 25 Mt S, A b I 1) AU B S B AR AR 2 s R Y, A+ B R B
R FUE SN, WK, 2T BA Ry T AR A A T A —E P EX, A
B, ZmBEmEsE AR 30 TS S IE ERE N — R I E RSN IE BN L5 R xRS LTS
ZE XA E R B BT R I AT, ASANIE R T 20 E AT AL SRR R

25

(1] B/REE. RELRE «» FWEL M. bl PR, 1977

[2] FEZER, T3 {EHscprtM]. Jbnd: 3511 ceklfiest, 1987,

[3] TH4R. PRXRLIBMN « WFEHHMSMHERL M. AR HAE:, 1981
[4] Bl EARITGRFEFM M. 1983 £4(05).

(6] ERE. MWEEM. dox: Pe4i)y, 1987.

(6] #B#B. HukEHHEM]. dbst: S5, 1989

(E#E 13T
p LB

[IEFFXC], dbnt: PRAaFREHREL, 1984(17)
(215, I A HERAIM] dbnt: #6SEN-150, 1985

10



FARAMR QUSRS Ay Y

R “HELHEMN” HTN

IR AR R P2 B A

BE. s hs “FEAAATH QRAFLTIRELELY, ERMRIRLEF LXK —FRAA T4, KX S AMNERF
RE—GHMAELABRLENE, TR RERG AL, FTLIAHNTEAHTY TR,
KB Bk FE AAT, AHE; EFA

“$%%W%ﬁ”%&%%%ﬁ%mAuﬂ,m&@mﬁ%ﬁwmﬁﬁomﬂﬁwﬂ,ﬁﬁﬁﬁﬁﬁ
ot R AT T 2 NZ A NKIRA, R TUHZLAGERGEBARME. GANN: Bl “FH
KEMFN” X —dr B EME T E e T Al 2B 2R, R R FiEsh s
i HE AR R CHERMFNL X - FHAURAOCHEEE, EETEHREMEZIRAOH
KEMBM: HHEE, LHRE “FRLMHFL” X -GEERRITHE TR L TE R AR
FEAH, ERZFAEMBAT — MR HERRZMFT R, Bk, FUELEERYSERRY
YEROUPEY: “BRARFATAEEME TAEN XS, AURIMETERMIAEE.” AT, RIOIAHE
KL, ERFAIPRNAEE 2K R EX &8N, ETX -aEAS O NRmE, f
ABRHEAEEARNEAN. i, BERREN LS, FEAERHAA. AR

RegE “Hi e BN ENL” MANBRIATE? SIRiTELZ SR, EPERIFIMMEN. B— FEHBR
MBREARZEN BATIE, HpE S LTRFIL” M “R” BRI E & LA, RE AL
- MEEREYNAELREAY, € “RBERATRACLENXNMREE B4k, MAZRFX
BYMAEAE.....” VIREREE PR RERRER DR EE, AR R HE LA T . &R
BRI, ZXEMEFRTXSRMFE, XFFRY, HEAFENRNEFE, MEFE - MMTFH%R
1R NG TR AT RIKRIBE SRS AR “ RN FI”, EREEXR, HEHFYNERRE
ABAGE. BEMTFRE, W B WT RN R RIS EE, XML SEERERL
ARIDRIFTR, XA LG, MW HHERREHT T ANERAR. FifEay MR
ARBRAFAE . WRE K TIAWKEANE, BLXMNBENLE -FEAREOME, HNTAEE
AR RS MAE, WEEARERME ERR, RARBRTEIRME, XMMED LT EWNAE, Eiff
AARHFRAET . KR - HiiH R ARG ANM B I, REAEHRIEA kX
B SE R ENE, MSE AR — K. R EBRRAZ T, BAMAAN RER RN
CHRSBGEE 5RATFR, T HEICIERMEF RN R TEAMER T LA X 4.

B, WRMBEMFAEDNRTE TR, FEFIRN “ANRERETEAF N 4k” REREFE
MBPRAGH MR T HE R TR, BRRAE, FYRARRRT “B” BHEABMAREE, f5Ha0 B
SCEIEBIER . Fk b, WRMNEAMTHEREMA X, MAESHESLRILFKREY. AEHK. &M
FEAANERIZERES R, &, L. AUKASTIRLE. KHSEE -5 ARSSBRIEF)H ER#X
%, MAARKEBRESIRE T ARTEERNRMFE. FIRANIEE K. BASEITENSR, A
BEBEHNE CHHXGUR, ZKRLHT LM, BTl BATATLUZF UL, ARREBIE)N NG KT F
KU, MEEMB T ARKREFEAERE . S EX A SEERERE, Milh, BEFERRhaEst
%, ARTRAABRESR (BAHIREKRBRTHSHLLBEENNRERTES) ALERAHBA,

11



CEHAR ) TP FATR
HEMA.

B, RE “HRLAFEE" W ERe, TR ELAZIM LS, HENERE TANHEAL.
X BT Se TS R T A A m A HIN A4, (NERIRERX — Bz B R EE K —Frafii XAk F LR
Wo MAMTHER MEFEEMEUSHENES, BOHLENHFAGEERT RO, 5TFE
B R HEAESI LR, TRSHMFENEE, FENAFHEDRMAN, HFEEXSEIANER; &
KA, FREFRKENOHBSHRBENRER. Ba, FE “HLLHEN" HEXREER? BREKE
HCOHEE.

B, MNHRE, KR, FIEX=ABSELTNAE. RAFETXSEELGE, ARREETH
FHILHEN. rEFXEMETERM. BR. FE. HESSMHOEIGRMELES). XEFEERHEE
R, MRBUBAFERZN4EN, REFEFUTTEGSABREEEMG EIP. 275 REHAN,
T RBREBE R PR, RERPH—NES) “F7. TR, TREERLBURERSNKERE. SR
FIZEESME, B TFRERELHE, SERIASE LETE. AMASHEXEE, AEAEMARSMME
LMm. NIBEERMKRE, METSN: REHLYRFENHEHENTEE. NLRIEsIRE, ToN
HEFRSRERNS. NERXKRE, TS ARRNESEERAE. WRANGGRE R =S
B, M, BE CHETMENR” X—GANSRIEFART, BE “TERRES” REERNTR
T, XA ZAETHRR T HREBETHBREAERAERR, XRETELGFEELRLRN.,
MM, AN T HEZRM, EFREERBE EENTEAEEACHEERR, 2—MullE
AR S, EATEREER), FERIBSEBRAMHRE, RBIELYRFIEX R Z8E T R
me. RAK, FERBNELHEER, ANBEATEEIRE, TEMN, FRFADZEHEBKRIIHL,
XA RGBS EHRTEMMEW, MM ERIR LR ER. UL, FEFHREFELR P, X
M ERU M LS RAEREEEFRRZZY, EMEFREAN S FRRAZEREHREN, i
EERSBELMELR D X EREHE PO FRERE LR P . MHERPEEXEREF
T, HRIFAXTEEXNRAITHEEARR, #HLTNANEGHEMFHIER, BRLHRYERNS
AR NBREI PR, (OARM A2 THL, Mk L. O LA EARZIIK QRNE 5 AN
BRAE S, MR EG, B AEREY, SRR, ZFRABENERS, XRA AR
AR ARSI, (AR THAEE. BHA, XBEFHMEXRRMN. Frl, FEFELT
2P, HRAMAFALEHEHFEMNBNIRERR, HENERBLEEZNERE, B8N EEHLRM
MR SRERR, BRHERN (KR BEREFERRZSIN, BAHETRHAERMEFROERMEE.

i G B i R L HE R XS X AL 068, 1 RSB R imsh R B AR E. Fik, &
I AR EREE “ i SE R EME” X -— A IEAR K. SR 26 1k — B S (A R, IR g a3
SEMEL. AT ERE R SR — i, W W E R R SRR T

E—RAEK, HEHERKE (ZARER) 2—BH, REMESHNREMEK. K, WENE
AMRRWHER. ZAREZMBMENRATHEEZIRINE, ZRAESIANESTE . B, $BE
AETHERZ, HEESEFEES. HEEZREFRBNERE, FHRIA> Rl tinERR
B, EREREZNZC. MEREZREHEMAT RS, WMRRAXANFA, WEAREZHAELLE
TR, M, BRAHEREZINNR, ZREZFHENRSFIL. RESREZEUN REZ VTR,
HEART K&, B, SREESHRMNRES), irEBRELLEE, BELTUHREN.
[Mith, R “H£TLHHEME” MRS RBFXREZINCHEN S, AFELEX, XMFEEZIMANER
RERAFER (AMRRK), MKERNRENEZARES, BAELSRFEESZHRAIN. HAZREZTN
Berm A W R BRI REOS ML, T HRE AR, B, TREEFRENES, SHEZERS
12




