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P-Segment Table and its Effectiveness to Programming Education
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Abstract  We will propose a new data structure called P-segment tables to solve a class of problems in compu-
tational geometry concerning lines and rectangles. P-segment table is such a one dimensional array as t, each i-th
element of which points to the end of segment (i, t(i)) having some property P. This paper describes P-segment
tables and their applications to several well known problems and to new problems developed by ourselves. The
data structure has been taught to students in our programming course to evaluate its effectiveness to students’

problem solving ability. Results of the evaluation are also described.
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f18 1 BGA P KEROHE [4]

HEHE R OB 1] T & 0 B s 2 RAEA P KRR
2PEERT 5. fof2L, t[i] oEEducEbS t]j] OfH
BHTS - CEHERA LTS (tn+1]=ni) .

t[i]=]ji=idn I

‘j <n+1and Q@,j) Hji'—‘t[j]"‘ril

return(j); l

22T, t[i] offi% i=n,...,1 OETHET BEICE
TFaNBHBEEE ct(i) EFT. T2 cands(i) ERD
XD ICERT 5. BB ] ETHIOE T, «i] i
4 2O ERICI DB A FEmEOR (AL i +1]
DEGE RN - CEETE 2EROMBE) THB.

cands(n) =1 &> t2O-1[i41]=0
lDEE
ct(i) < cands(i) (1)
cands(i~1) =1+ cands(i) — (ct(i) — 1)
= 2 + cands(i) — ct(i) (2)

3K (2) 3, ti] RO SN Eickh ZOFHEOR
hDE I t])] 28 x[i-1] OBEOLRE O
S ENI EAREHKS 5. B (2) &b,

Z cands(i—1)=2(n - 1)+ 211: cands(i) — th(i)

i=2 - i=2 i=2
cands(1) + Z cands(i)
i=2
=2(n-1)+ i cands(i) — En:ct(i)
L8 - T, = i=2
cands(l)=2n—1-— Zn:ct(i)
ok,

ct(1) < cands(1)

ct(1) Lm—1- ) ct(i)
i=2

#uc D et <m-1
izl
L7cds=>T, 2TOEMORERBRRYE 201, 37750
%5 O(n) TH5. BIEAIT ct(l) D amortized time bound

122Th3. k- THEP XREROFHERI O(n) B
WPOZAR—RTH 5.

& 2 FSEXRRIFR O

HEEE b % a B SXEAF AW - THID T, x[a] # x[b] &
BAHRET S,

(Db=a+1D&E, HopicXH [a b] i, REHX
Bich 5.

(2)b#a+1d&E, XE[a b] B0 DX [2, c]
Ele+1,bl it ond LRET 3.

[a,b] = [a,a] +[a+1,c]+ [c+1,b]
CoEE, x[a]=1&F2EHbOEMICEY x[at+1] =
1E55. koT, Kl [a,c] BSHEEXREITH 2701,
i [a+1,¢] I 0 DEEDS—D%  IRIFIUTIE ST
LU, b ORIk apblaE 22 TOXRHE (c ¥
) IBWTIR 0 OEL 1 OFEITTHB. LT,
XA [, c] REHXETRW. PLEXD, X [ab] 28
PRI TH B C LHFEIHE . Q.E.D.

fH 3 EE 1 OFEH [11]

HEEH £ & n O—HEE B U T, T ORKE» SHEE D
FE8E (E AN TRD 3BTRS OB RKEOE
HE% ed(n) &9 3.
9, x[i| BBAETE B E L, i OEFHAR (1~i-1)
EHEAAR (i+1~n) IHFTEZ 5. LERHK, HE
AOHFIHERLTIOTHERIZ TNEN, ed(i—1),ed(n—1)
EEITE. LT x[i] BRAETH B & & OB
DFIDBREDOFFI,

ED() 4 (i — 1)ed(i — 1) + (n — D)ed(n — 1)

n

®)
L12%. L,

edln-1)+1 :1<i<
ed(i-1)+1 :Blyi<i<a

ED(i) = {

42, 150 ETOIHELT (3) ROMERET
3 & ed(n) i,

ed(n)= %Z ED(i) + (i — )ed(i = 1) + (n = i)ed(n — )

n

i=1

1 1 3
=;+-n—;ed(n——1)

1 n - 9 n—1 )
+ > ed(i-1)+ =5 Y ded(i)

" i=-r';—1+1 . i=1

IR IC X D, ed(n) £ 1+ klogn &85 C
EEGEHT 2.

base)n =1 D& Xk,
ed(1)=1<1+klogn
k> 0 CEKDILD
induction step) 1 < n I LT,
ed(i) < 1 +klogi
MRS LD ERES S.



L 1 &
ed(n): I_[+ n—z- E ed(n——i)
i=1

1 n 9 n-1
+= Z ed(i—1)+ n—EZied(i)
=l =1

rn'!

< % +t Z(l + klog(n — 1))

+—- Z (1+ klog(i—1))

i=t [“1 +1

E i(1 + klogi)
i=1

LY

2

logn+— Z logn
i=5+ r"1+1

=1
+n { ( +k21log1}
k -1
- + —logn + e
n n
9k rg1-1 n—1
+n—2-( Zl ilog-Q— +.2r;]ilogn)
1= i=[
n-—1 [g1-1

< l+%+1{—logn+%(zllogn— Z i)

k(n —2) ~ y =

<3+k
n

< 1+logn— e
k=4&9nid, n> 2L
ed(n) < 1+ 4logn A8EK D 7.

&£-T,0(ogn) Th 3 LFHE NI QED.
8% 4 SEHE 3 DIFIF [2, 8]

A R & 0 O—BRELEuCH LT, BAKRIERE R
17X [eler] OEGEA s(n) &4 3.
9, x[i] WR/METH B &4 5. x[i] ZR/IMEE TS
R, (1] &30, <) <i-175 x[j] 2B/MEE
THXM, BRUiI+1<j <03 x[j] 2B/MEET
AXR, 1 2SR
F T, i OFEFHK (1~mi—1) EFHHK (i+l~n)
WCHITEL 5. IEHAAR, HHHARDOXR] [eler] DF
MEIRZENEN, s(i-1),s(n—1) LB S. £-T, x[i]
WBR/METH 5 & & DX [el,er] DFHE,

n+(i~-1Ds(i—1)+(n—i)s(n—i)

n
L7325, x[i] 25 x[n] DT NHIEIME & 13 BHER
REWRTH B0 5 s(n) i,
)= 1 i n(i— Ds(i—1) + (0 —i)s(n — i)

n

1—1

—1+-—221s(1

i=1

KICHFHIR R IC & 0,
T 5.
base) n =1 D& X,
s(1)=1<1+klogn
k> 0Tl
induction step) i < n T L T,
s(i) £ 1 +klogi

s(n) <1+klogn &5 &

R AL &:{E{ﬁ‘é‘ 3.
s(n)= 1+—ZIS()
i=1
< 1+£nz_:li(1+klogi)
i=1
< 1+112 {n(n +k2110g1}
< 2—%+i—];(r§;1ilog5+i=2r;ilogn)
n-1 Mg1-1
< 2—%+%(Zilogn— > i)

i=1 i=1
k
<2--— +klogn— —(1 + klogn — g)
k=4 &;mi s(n) £ 1+4logn

&£»T,0(logn) ThH 5 Z EMFHE NI, Q.E.D.
18 5 BE¥ ¢ DEFH
M (1) {(s,g(a+1)) 2 1 D& &,

fla,gla+1))=1f(a,a+1)+f(a+1,gla+1))~1
>f(a,a+1)+f(a+1,d)~1
> f(a,d)

2)f(agla+ 1)) <1DE %,

i(a,d)=1(a,a+1)+f(a+1,d) -1
<f(a,a+1)+1f(a+1,ga+1))—~1
<f(a,gla+1))<1

f(a,d)< f(a,a)

f15% 6 BEEEGIicxtd BAg: 2 B 4 L EIRRIC, XA
EREXEEBOTEXMc R 5B niEEzh i nigE
THUTBZEXBIREE LBV, Lich- TRETEXMD
BE max i3, FEEOTNVTY ZAIICEDRDE &M T
&5 (BEL LNV —F 4 Y IBRERC LICER) .

Q.E.D.

i:=1; max:=g[i]; j:=i+max; l

IiSn and j<n }— flat(i, g[i]) orj>n IHj::g[i];
!ma.x::i—j+1; I

ji=i+max; i:=i+1; |

max<i—j+1<




