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ÄÐÓÃÈÉ ÂÀÐIÀÍÒ ÏÎÁÓÄÎÂÈ ÎÏÒÈÌÀËÜÍÈÕ ÑÒÐÀÒÅÃIÉ
ÏÎØÓÊÓ ÇÀÏÈÑIÂ Ó ÏÎÑËIÄÎÂÍÈÕ ÔÀÉËÀÕ ÁÀÇ ÄÀÍÈÕ
Ó ÂÈÏÀÄÊÓ ÂÈÊÎÐÈÑÒÀÍÍß ÁËÎ×ÍÎÃÎ ÏÎØÓÊÓ

For different laws of distribution probability of request to records the efficiency of search in sequen-
tial files at using a block search method in the localized block of records, has been investigated

Äëÿ ðiçíèõ çàêîíiâ ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ äîñëiäæåíî åôåêòèâíiñòü
ïîøóêó çàïèñiâ ó ïîñëiäîâíèõ ôàéëàõ ó âèïàäêó âèêîðèñòàííÿ ìåòîäó áëî÷íîãî ïîøóêó â
áëîöi çàïèñiâ, ÿêèé ïîïåðåäíüî ëîêàëiçîâàíèé øëÿõîì ÷èòàííÿ i ïåðåãëÿäó îñòàííiõ çàïèñiâ
êîæíîãî áëîêó

Âñòóï. Ó [1, 2] äëÿ ðiçíèõ çàêîíiâ ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïè-
ñiâ [3] (ðiâíîìiðíîãî, "áiíàðíîãî" , Çiïôà, óçàãàëüíåíîãî, ÷àñòêîâèì âèïàäêîì
ÿêîãî ¹ ðîçïîäië, ùî íàáëèæåíî çàäîâîëüíÿ¹ ïðàâèëî "80-20") äîñëiäæåíà åôå-
êòèâíiñòü òàêèõ äâîõ âàðiàíòiâ ïîøóêó çàïèñiâ ó ïîñëiäîâíèõ ôàéëàõ áàç äàíèõ
ç âèêîðèñòàííÿì ìåòîäó ïîñëiäîâíîãî ïåðåãëÿäó, ÿê ïîñëiäîâíå ÷èòàííÿ áëîêiâ
çàïèñiâ â îñíîâíó ïàì'ÿòü i ¨õ ïîñëiäîâíèé ïåðåãëÿä òà ïîñëiäîâíèé ïåðåãëÿä
áëîêó çàïèñiâ, ÿêèé ïîïåðåäíüî ëîêàëiçîâàíèé øëÿõîì ÷èòàííÿ áëîêiâ çàïèñiâ â
îñíîâíó ïàì'ÿòü i ïåðåãëÿäó ¨õ îñòàííiõ çàïèñiâ. Îñêiëüêè ïîñëiäîâíèé ïåðåãëÿä
¹ íàéïîâiëüíiøèì ìåòîäîì ïîøóêó, òî ïîñòà¹ çàäà÷à äîñëiäæåííÿ åôåêòèâíî-
ñòi âàðiàíòiâ ïîøóêó ó âèïàäêó âèêîðèñòàííÿ áiëüø øâèäêèõ ìåòîäiâ, çîêðåìà,
ìåòîäó áëî÷íîãî ïîøóêó.

Ó ðîáîòi [4] äîñëiäæåíà åôåêòèâíiñòü âèêîðèñòàííÿ ìåòîäó áëî÷íîãî ïîøóêó
â áëîöi çàïèñiâ, ÿêèé ïîïåðåäíüî ëîêàëiçîâàíèé øëÿõîì ÷èòàííÿ áëîêiâ çàïèñiâ
â îñíîâíó ïàì'ÿòü i ïåðåãëÿäó ¨õ îñòàííiõ çàïèñiâ.

Âðàõîâóþ÷è òå, ùî ìåòîä áëî÷íîãî ïîøóêó ¹ îäíèì iç íàéóæèâàíiøèõ, òî
ïðîâåäåìî äîñëiäæåííÿ åôåêòèâíîñòi âèêîðèñòàííÿ öüîãî ìåòîäó äëÿ ïîøóêó
çàïèñiâ ó áëîöi, ÿêèé ïîïåðåäíüî ëîêàëiçîâàíèé øëÿõîì ÷èòàííÿ i ïåðåãëÿäó
îñòàííiõ çàïèñiâ êîæíîãî áëîêó.

Ïîñòàíîâêà çàäà÷i. Ïðèïóñòèìî, ùî ôàéë, ÿêèé ìiñòèòü N çàïèñiâ, ðîçáè-
òèé íà n áëîêiâ ïî ms çàïèñiâ ó êîæíîìó i ïðîöåñ ïîøóêó çàïèñó âiäáóâà¹òüñÿ
òàê. Ñïî÷àòêó ëîêàëiçó¹òüñÿ áëîê, ÿêèé ìiñòèòü øóêàíèé çàïèñ, øëÿõîì ïî-
ñëiäîâíîãî ÷èòàííÿ i ïåðåãëÿäó îñòàííiõ çàïèñiâ êîæíîãî áëîêó. Ïiñëÿ öüîãî
ïîøóê ïîòðiáíîãî çàïèñó ïðîäîâæó¹òüñÿ â ëîêàëiçîâàíîìó áëîöi çà äîïîìîãîþ
ìåòîäó áëî÷íîãî ïîøóêó. Ïðè öüîìó ëîêàëiçîâàíèé áëîê çàïèñiâ óìîâíî ðîç-
áèâà¹òüñÿ íà s ïiäáëîêiâ ïî m çàïèñiâ â êîæíîìó. Ïðåäñòàâèìî ìàòåìàòè÷íå
ñïîäiâàííÿ çàãàëüíîãî ÷àñó, íåîáõiäíîãî äëÿ ïîøóêó çàïèñó ó ôàéëi, ó âèãëÿäi
ñóìè ìàòåìàòè÷íîãî ñïîäiâàííÿ ÷àñó, íåîáõiäíîãî äëÿ ëîêàëiçàöi¨ áëîêó çàïèñiâ,
ìàòåìàòè÷íîãî ñïîäiâàííÿ ÷àñó, íåîáõiäíîãî äëÿ ëîêàëiçàöi¨ ïiäáëîêó çàïèñiâ, i
ìàòåìàòè÷íîãî ñïîäiâàííÿ ÷àñó, íåîáõiäíîãî äëÿ ïîøóêó çàïèñó â ëîêàëiçîâà-
íîìó ïiäáëîöi. Òîäi ìàòåìàòè÷íå ñïîäiâàííÿ çàãàëüíîãî ÷àñó, íåîáõiäíîãî äëÿ
ïîøóêó çàïèñó ó ôàéëi, âèðàçèòüñÿ ôîðìóëîþ
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E = a +
n∑

i=1

it1

s∑

k=1

m∑
j=1

p(i−1)ms+(k−1)m+j+

+
n∑

i=1

s∑

k=1

kt

m∑
j=1

p(i−1)ms+(k−1)m+j+

+
n∑

i=1

s∑

k=1

m∑
j=1

jtp(i−1)ms+(k−1)m+j,

àáî
E =

n∑
i=1

s∑

k=1

m∑
j=1

(a + it1 + (k + j)t)p(i−1)ms+(k−1)m+j,

äå a = b + dms � ÷àñ ÷èòàííÿ áëîêó çàïèñiâ â îñíîâíó ïàì'ÿòü, b i d � äåÿêi
ñòàëi, t1 = b + d + t � ÷àñ ÷èòàííÿ çàïèñó â îñíîâíó ïàì'ÿòü i éîãî ïåðåãëÿä, t �
÷àñ ïåðåãëÿäó çàïèñó â îñíîâíié ïàì'ÿòi.

Çíàéäåìî ÿâíèé âèðàç äëÿ E ó âèïàäêó ðiçíèõ çàêîíiâ ðîçïîäiëó éìîâiðíî-
ñòåé çâåðòàííÿ äî çàïèñiâ i âèçíà÷èìî çíà÷åííÿ ïàðàìåòðiâ n, s i m, çà ÿêèõ ìà-
òåìàòè÷íå ñïîäiâàííÿ, çàãàëüíîãî ÷àñó, íåîáõiäíîãî äëÿ ïîøóêó çàïèñó ó ôàéëi,
äîñÿãà¹ ìiíiìóìó.

Ðîçâ'ÿçàííÿ çàäà÷i. Ââåäåìî ïîçíà÷åííÿ

E0 =
n∑

i=1

s∑

k=1

m∑
j=1

jp(i−1)ms+(k−1)m+j ,

E1 =
n∑

i=1

s∑

k=1

m∑
j=1

kp(i−1)ms+(k−1)m+j ,

E2 =
n∑

i=1

s∑

k=1

m∑
j=1

ip(i−1)ms+(k−1)m+j .

ßêùî ðîçïîäië iìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ ¹ ðiâíîìiðíèì, òîáòî

pi = 1/N, i = 1, 2, ..., N,

òî
E0 =

1

2
(m + 1), E1 =

1

2
(s + 1), E2 =

1

2
(n + 1).

Òîäi
E = a +

1

2
(n + 1)t1 +

1

2
(s + m + 2)t,

àáî
E = b + dms +

1

2

((
N

ms
+ 1

)
(b + d) +

(
N

ms
+ s + m + 3

)
t

)
.

Íà ðèñ. 1 íàâåäåíà ïîâåäiíêà ôóíêöi¨ E/d â îêîëi òî÷êè ìiíiìóìóó ó âèïàäêó
ðiâíîìiðíîãî ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ, b/d = 1000, t/d = 0.1
i N = 106.
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Ðèñ. 1. Ïîâåäiíêà ôóíêöi¨ E/d â îêîëi òî÷êè ìiíiìóìóó ó âèïàäêó
ðiâíîìiðíîãî ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ, b/d = 1000,

t/d = 0.1 i N = 106

Íåõàé éìîâiðíîñòi çâåðòàííÿ äî çàïèñiâ çàäîâîëüíÿþòü �áiíàðíèé� ðîçïîäië,
òîáòî

pi = 1/2N , i = 1, 2, ..., N − 1, pN = 1/2N−1.

Îñêiëüêè [2]

E0 =
m

2N
+

(
2− m + 2

2m

)
2m

2m − 1

(
1− 2−N

)
,

E1 =
s

2N
+

(
2m

2m − 1
− s

2ms − 1

) (
1− 2−N

)
,

E2 =
2ms

2ms − 1

(
1− 2−N

)
,

òî, íåõòóþ÷è âåëè÷èíîþ 2−N , ç äîñòàòíüî âèñîêîþ òî÷íiñòþ ìîæåìî ïðèéíÿòè

E = a +
2ms

2ms − 1
t1 +

(
2m

2m − 1

(
2− m + 2

2m

)
+

2m

2m − 1
− s

2ms − 1

)
t,

àáî
E = b + dms +

2ms

2ms − 1
(b + d) +

(
4 +

s− 1

2ms − 1
− m− 1

2m − 1

)
t.

Íà ðèñ. 2 ïîêàçàíà ïîâåäiíêà ôóíêöi¨ E/d â îêîëi òî÷êè ìiíiìóìó ó âè-
ïàäêó "áiííàðíîãî" ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ, b/d = 1000,
t/d = 0.1 i N = 106.
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Ðèñ. 2. Ïîâåäiíêà ôóíêöi¨ E/d â îêîëi òî÷êè ìiíiìóìó ó âèïàäêó "áiííàðíîãî"
ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ, b/d = 1000, t/d = 0.1 i N = 106

Ïðèïóñòèìî, ùî éìîâiðíîñòi çâåðòàííÿ äî çàïèñiâ ðîçïîäiëåíi çà çàêîíîì
Çiïôà, òîáòî

pi =
1

iHN

, i = 1, 2, ..., N,

äå HN =
∑N

k=1 1/k � ÷àñòèííà ñóìà ãàðìîíi÷íîãî ðÿäó. Îñêiëüêè [2]

E0 =
1

HN

(m · Sm(sn)− (HN − 1)N) ,

E1 =
1

HN

(HN + s · Sms(n)− Sm(sn)) ,

E2 =
1

HN

((n + 1)HN − Sms(n)) ,

òî

E = a +
1

HN

((n + 1)HN − Sms(n)) t1 +
1

HN

(HN+

+s · Sms(n)− Sm(sn) + m · Sm(sn)− (HN − 1)N) t) ,

äå

Sms(n) =
n∑

k=1

Hkms, Sm(sn) =
sn∑

k=1

Hkm.

Âèêîðèñòîâóþ÷è àïðîêñèìàöiþ Sms(n) i Sm(sn) âiäïîâiäíî âèðàçàìè [3]

Sms(n) = n(HN − 1) +
1

2
ln n + C1,
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Sm(sn) = sn(HN − 1) +
1

2
ln sn + C1.

äå C1 =
1

2
ln 2π, ç äîñòàòíüî âèñîêîþ òî÷íiñòþ ìîæåìî ïðèéíÿòè

E = a +
1

HN

((
HN + n− 1

2
ln n− C1

)
t1+

+

(
HN +

1

2
((s + m− 1) (ln n + 2C1) + (m− 1) ln s)

)
t

)
,

àáî

E = b + dms +
1

HN

((
HN +

N

ms
− 1

2
ln

N

ms
− C1

)
(b + d)+

+

(
2HN +

N

ms
+

1

2

(
(s + m− 2)

(
ln

N

ms
+ 2C1

)
+ (m− 1) ln s

))
t

)
.

Íà ðèñ. 3 ïîêàçàíà ïîâåäiíêà ôóíêöi¨ E/d â îêîëi òî÷êè ìiíiìóìó ó âèïàäêó
ðîçïîäiëó çàïèñiâ çà çàêîíîì Çiïôà, b/d = 1000, t/d = 0.1 i N = 106.
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Ðèñ. 3. Ïîâåäiíêà ôóíêöi¨ E/d â îêîëi òî÷êè ìiíiìóìó ó âèïàäêó ðîçïîäiëó
çàïèñiâ çà çàêîíîì Çiïôà, b/d = 1000, t/d = 0.1 i N = 106

ßêùî éìîâiðíîñòi çâåðòàííÿ äî çàïèñiâ çàäîâîëüíÿþòü óçàãàëüíåíèé çàêîí
ðîçïîäiëó, òîáòî

pi =
1

icH
(c)
N

, i = 1, 2, ..., N,
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äå c � áóäü-ÿêèé ïàðàìåòð (0<c<1), H
(c)
N =

∑N
k=1 1/kc � ÷àñòèííà ñóìà óçàãàëü-

íåíîãî ãàðìîíi÷íîãî ðÿäó, òî [2]

E0 =
1

H
(c)
N

(
m · S(c)

m (sn) + H
(c−1)
N −NH

(c)
N

)
,

E1 =
1

H
(c)
N

(
s · S(c)

ms(n) + H
(c)
N − S(c)

m (sn)
)

,

E2 =
1

H
(c)
N

(
(n + 1)H

(c)
N − S(c)

ms(n)
)

.

Òîäi

E = a +
1

H
(c)
N

((
(n + 1)H

(c)
N − S(c)

ms(n)
)

t1 +
(
H

(c−1)
N + (1−N)H

(c)
N +

+ s · S(c)
ms(n) + (m− 1)S(c)

m (sn))t
)

,

äå

S(c)
ms(n) =

n∑

k=1

H
(c)
kms, S(c)

m (sn) =
sn∑

k=1

H
(c)
km.

Âèêîðèñòîâóþ÷è àïðîêñèìàöiþ S
(c)
ms(n) i S

(c)
m (sn) âiäïîâiäíî âèðàçàìè [3]

S
(c)

ms(n) = nH
(c)
N +

N1−c

1− c

(
c− 1

2− c
n +

α(c)(n)

n1−c

)
,

S
(c)

m (sn) = snH
(c)
N +

N1−c

1− c

(
c− 1

2− c
sn +

α(c)(sn)

(sn)1−c

)
,

äå
α(c)(n) = H(c−1)

n − 1

2− c
n2−c,

α(c)(sn) = H(c−1)
sn − 1

2− c
(sn)2−c,

ç äîñòàòíüî âèñîêîþ òî÷íiñòþ ìîæåìî ïðèéíÿòè

E = a +
1

H
(c)
N

((
H

(c)
N − N1−c

1− c

(
c− 1

2− c
n +

α(c)(n)

n1−c

))
t1 +

(
H

(c−1)
N +

+ H
(c)
N +

N1−c

1− c

(
c− 1

2− c
N +

s · α(c)(n)

n1−c
+

(m− 1)α(c)(sn)

(sn)1−c

))
t

)
,

àáî

E = b + d
N

n
+

1

H
(c)
N

((
H

(c)
N − N1−c

1− c

(
c− 1

2− c
n +

α(c)(n)

n1−c

))
(b + d) +

(
H

(c−1)
N +

+ 2H
(c)
N +

N1−c

1− c

(
(N − n)

c− 1

2− c
+

(s− 1)α(c)(n)

n1−c
+

(
N

sn
− 1

)
α(c)(sn)

(sn)1−c

))
t

)
.
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Ðèñ. 4. Ïîâåäiíêà ôóíêöi¨ E/d â îêîëi òî÷êè ìiíiìóìó ó âèïàäêó
óçàãàëüíåíîãî ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ, c=0.5, b/d = 1000,

t/d = 0.1 i N = 106

Íà ðèñ. 4 ïîêàçàíà ïîâåäiíêà ôóíêöi¨ E/d â îêîëi òî÷êè ìiíiìóìó ó âèïàäêó
óçàãàëüíåíîãî ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ, c=0.5, b/d = 1000,
t/d = 0.1 i N = 106.

Ó òàáë. 1 äëÿ ðiçíèõ çàêîíiâ ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ
i äëÿ äåÿêèõ çíà÷åíü b/d, t/d = 0.1 òà N = 106, íàâåäåíi îïòèìàëüíi çíà÷åí-
íÿ ïàðàìåòðiâ n, m òà s (îá÷èñëåíi iç âèêîðèñòàííÿì ôóíêöié ïàêåòó Wolfram
Mathematica 7.0), çà ÿêèõ ìàòåìàòè÷íå ñïîäiâàííÿ çàãàëüíîãî ÷àñó, íåîáõiäíîãî
äëÿ ïîøóêó çàïèñó ó ôàéëi, äîñÿãà¹ ìiíiìóìó.

Òàáëèöÿ 1.
Çíà÷åííÿ ïàðàìåòðiâ îïòèìàëüíî¨ îðãàíiçàöi¨ ïîøóêó

Ïàðà- Çàêîí ðîçïîäiëó
b/d ìåòðè c = 0 c = 0.2 c = 0.4 c = 0.6 c = 0.8 c = 1 �Áiíàðíèé�

n 425 450 490 561 715 1140 307862
101 m 49 47 45 42 36 26 3

s 49 47 45 43 39 34 1
n 141 149 162 186 237 378 162035

102 m 84 82 78 72 61 43 2
s 84 82 79 75 70 61 2
n 445 47 52 59 75 120 105904

103 m 150 145 137 125 104 73 2
s 150 146 141 135 127 114 4

Ó òàáë. 2 (ç òî÷íiñòþ äî 0.1) íàâåäåíi îïòèìàëüíi çíà÷åííÿ âåëè÷èíè E/d
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äëÿ ðiçíèõ çàêîíiâ ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ äëÿ äåÿêèõ b/d
i N , t/d = 0.1.

Òàáëèöÿ 2.
Oïòèìàëüíi çíà÷åííÿ âåëè÷èíè E/d

Çàêîí ðîçïîäiëó
N b/d c = 0 c = 0.2 c = 0.4 c = 0.6 c = 0.8 c = 1 �Áiíàðíèé�

10 488, 4 461, 5 425, 8 377, 1 311, 2 231, 3 25, 9
104 100 1575, 3 1495, 0 1389, 0 1245, 1 1051, 6 817, 9 209, 0

1000 5980, 0 5745, 4 5439, 4 5028, 7 4479, 7 3813, 9 2012, 3
10 1508, 4 1423, 1 1309, 0 1149, 0 919, 6 625, 0 25, 9

105 100 4652, 1 4395, 3 4052, 1 3571, 5 2884, 9 2004, 8 209, 0
1000 15660, 0 14859, 3 13795, 9 12317, 3 10218, 8 7536, 3 2012, 3
10 4732, 2 4462, 6 4101, 0 3587, 2 2819, 6 1776, 3 25, 9

106 100 14378, 8 13565, 5 12474, 9 10926, 5 8615, 6 5478, 0 209, 0
1000 46261, 6 43706, 3 40284, 1 35436, 9 28225, 9 18456, 3 2012, 3

Ó òàáë. 1, 2 çíà÷åííþ ñ = 0 âiäïîâiäà¹ ðiâíîìiðíèé ðîçïîäië, çíà÷åííþ ñ =
1 � çàêîí Çiïôà.

Íà ðèñ. 5 ïîêàçàíà çàëåæíiñòü îïòèìàëüíîãî çíà÷åííÿ âåëè÷èíè E/d âiä
çìiíè çàêîíó ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ äëÿ äåÿêèõ b/d,
t/d = 0.1 i N = 106. Iç ðèñ. 5 âèäíî, ùî çi çìiíîþ çàêîíó ðîçïîäiëó éìîâiðíî-
ñòåé çâåðòàííÿ äî çàïèñiâ ñóòò¹âî çìiíþ¹òüñÿ îïòèìàëüíå çíà÷åííÿ âåëè÷èíè
E/d.

Ðèñ. 5. Îïòèìàëüíå çíà÷åííÿ âåëè÷èíè E/d äëÿ ðiçíèõ çàêîíiâ ðîçïîäiëó
éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ äëÿ äåÿêèõ b/d, t/d = 0.1 i N = 106
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Âèñíîâêè. Ïðîâåäåíî äîñëiäæåííÿ åôåêòèâíîñòi ïîøóêó çàïèñiâ ó ïîñëi-
äîâíèõ ôàéëàõ çà âèêîðèñòàííÿ ìåòîäó áëî÷íîãî ïîøóêó â áëîöi çàïèñiâ, ÿêèé
ïîïåðåäíüî ëîêàëiçîâàíèé øëÿõîì ÷èòàííÿ i ïåðåãëÿäó îñòàííiõ çàïèñiâ êîæíî-
ãî áëîêó, äëÿ ðiçíèõ çàêîíiâ ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ. Äëÿ
êîæíîãî çàêîíó ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ âèâåäåíi ñïiââiä-
íîøåííÿ äëÿ âèçíà÷åííÿ ïàðàìåòðiâ îïòèìàëüíî¨ îðãàíiçàöi¨ ïîøóêó. Ïðîâå-
äåíèé ðîçðàõóíîê îïòèìàëüíèõ ïàðàìåòðiâ äëÿ ðîçãëÿíóòèõ çàêîíiâ ðîçïîäiëó
éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ äëÿ äåêiëüêîõ êîíêðåòíèõ âèïàäêiâ.
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