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p
S(2) = 2+1+2+5+7 =

17
p
S(3) = 4 + 3 + 2 + 3 + 5 = 17

p
S(5) = 7 + 6 + 5 + 3 + 2 = 23

p
S(6) = 9 + 8 + 7 + 5 + 2 = 31

`
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S(i) − S(i − 1)

=
∑i−1

j=0
(xi − xj) +

∑n−1

j=i+1
(xj − xi) −

∑i−2

j=0
(xi−1 − xj) −

∑n−1

j=i (xj − xi−1)

= (xi − xi−1) + (i − 1)(xi − xi−1) − (n − i − 1)(xi−1 − xi) − (xi − xi−1)
= (2i − n)(xi − xi−1){WM_

S(i − 1) > S(i)
SR

2i < n
h NO

S(i − 1) = S(i)
SR

2i = n
h NO

S(i − 1) < S(i)
SR

2i > n
`

�������� �
ccmrcrrcrc

`
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S → CSD | m | Cm | mD
p

C → cR
p

D → Rc

p
R → rR | ε

`
�������� � xM _WMSRT|PN YN Z WPQgRSZ N

φ
ONY qVN

φ(r) = ε
` s YWPS

φ(L) = {cp
mc

q | −1 ≤ p − q ≤ 1}
`vWRO

R
Y kNMSNZUYN TNS Z WOS SVP

{c, m}
TN YWM\VNVP RZQ[RPN ` vR

L
NSO P[ORWMMNY p [YWPS

φ(L)
Y kNSO [VSSR _[PRZ [\N Q[P Z WPQgRSZ N ` � O _WZZ N

R
NSO P[ORWMMNY p WM [

L ∩ R
P[ORWMMNY p QVRSqVN YNS Y[M\[\NS P[ORWMMNYS

SWMO _YWS Q[P RMONPSN_ORWM ` � [RS
L ∩R = {ci

mc
i | i ≥ 0}

` xM [ XV T[MS YN _WVPS qVN _N Y[M\[\N MN Q WVX[RObOPN P[ORWMMNY tYNZZ N TN Y k]OWRYNu ` {WM_
L

MN Q NVO bOPN P[ORWMMNY `
�������� � vWYVORWM NM

O(n)
QVRSqV kWM MN c[RO qV kVM SNVY Q[P_WVPS TN

s
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S(Y )

` vR VMN [YYW _[ORWM M kNSO Q[S WQORZ [YN p _NY[ SR\MRoN qV kWM
Q NVO _g[M\NP Y k[YYW _[ORWM T kVM SWVSyNMSNZUYN TN

X
NMOPN

xm

NO
x′

m

` sVOPNZ NMO TRO p Q WVP
Z = {xi1 , . . . xi`}NO

Z ′ = {x′

i1
, . . . x′

i`
}
p WM [ d
∑

xi∈Z

d(xi, xm) +
∑

x′

i∈Z′

d(x′

i, xm′) >
∑

xi∈Z

d(xi, xm′) +
∑

x′

i∈Z′

d(x′

i, xm)

�M QWS[MO
δ(x) = d(x, xm) − d(x, xm′)

p _NY[ PNXRNMO ^ TRPN
E =

∑

xi∈Z

δ(xi) −
∑

x′

i∈Z′

δ(x′

i) > 0

xP VM ]_g[M\N NMOPN
x

NO
x′

U[RSSN Y[ X[YNVP TN
S(Y )

SSR
δ(x) > δ(x′)

` { WM_ S kRY M kNmRSON [V_VM ]_g[M\NQ WSSRU YN NMOPN
X

NO
X ′

QWVP TRZ RMVNP
S(Y )

p WM [
E ≤ 0
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h(x) = max{d(x, y) + h(y) | y
SWVSy[PUPN TN

x
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he(y) = d(y, x) + max({he(x)} ∪ {d(x, z) + h(z) | z
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y
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