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ÓÄÊ 004.632

Ì. I. Ãëåáåíà (ÄÂÍÇ ¾Óæãîðîäñüêèé íàö. óí-ò¿),
Â. Ô. Ãëåáåíà, Î. Ì. Ïîïåëüñüêèé (Çàêàðïàòñüêèé íàóêîâî-äîñëiäíèé
åêñïåðòíî-êðèìiíàëiñòè÷íèé öåíòð ÌÂÑ Óêðà¨íè)

ÂÈÇÍÀ×ÅÍÍß ÎÏÒÈÌÀËÜÍÈÕ ÏÀÐÀÌÅÒÐIÂ ÌÎÄÅËÅÉ
ÄÎÑÒÓÏÓ ÄÎ IÍÔÎÐÌÀÖI� Ó ÔÀÉËÀÕ ÁÀÇ ÄÀÍÈÕ.

The paper considers models of optimal organization of sequential database files. The case of a
generalized law of distribution of probabilities of access to records is considered. To determine the
optimal parameters of the model, methods of majorant type are used.

Ó ðîáîòi ðîçãëÿäàþòüñÿ ìîäåëi îïòèìàëüíî¨ îðãàíiçàöi¨ ïîñëiäîâíèõ ôàéëiâ áàç äàíèõ. Ðîç-
ãëÿíóòî âèïàäîê óçàãàëüíåíîãî çàêîíó ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ. Äëÿ
âèçíà÷åííÿ îïòèìàëüíèõ ïàðàìåòðiâ ìîäåëi âèêîðèñòàíî ìåòîäè ìàæîðàíòíîãî òèïó.

1. Âñòóï. Ãîëîâíîþ òåíäåíöi¹þ ðîçâèòêó ñó÷àñíî¨ iíäóñòði¨ iíôîðìàòèêè ¹
ñòâîðåííÿ îá÷èñëþâàëüíèõ ñèñòåì, çäàòíèõ îïðàöüîâóâàòè âåëè÷åçíi îáñÿãè ií-
ôîðìàöi¨ â ðåæèìi ðåàëüíîãî àáî ìiíiìàëüíîãî ìàñøòàáó ÷àñó. Ãîëîâíà êîíöå-
ïöiÿ ïðîåêòóâàííÿ òàêèõ ñèñòåì � çàáåçïå÷åííÿ ¨õíüî¨ âèñîêî¨ ïðîäóêòèâíî-
ñòi. Îäíèì iç íàïðÿìiâ ðåàëiçàöi¨ âêàçàíî¨ êîíöåïöi¨ ¹ óäîñêîíàëåííÿ òåõíîëîãi¨
îïðàöþâàííÿ iíôîðìàöi¨ â îá÷èñëþâàëüíèõ ñèñòåìàõ. Îñêiëüêè îñíîâó ñó÷à-
ñíèõ iíôîðìàöiéíèõ òåõíîëîãié ñêëàäàþòü áàçè äàíèõ (ÁÄ) i ñèñòåìè êåðóâàí-
íÿ áàçàìè äàíèõ (ÑÊÁÄ), òî óäîñêîíàëåííÿ òåõíîëîãi¨ îïðàöþâàííÿ iíôîðìà-
öi¨ ç âèêîðèñòàííÿì êîíöåïöi¨ áàç äàíèõ ïåðåäáà÷à¹ â ïåðøó ÷åðãó ðîçâ'ÿçàííÿ
ïðîáëåìè îïòèìàëüíî¨ îðãàíiçàöi¨ òà ïîøóêó iíôîðìàöi¨ ó ôàéëàõ áàç äàíèõ.
Òàêà îðãàíiçàöiÿ çàáåçïå÷ó¹ äîñòóï êîðèñòóâà÷iâ äî iíôîðìàöi¨ ÁÄ çà ìiíiìàëü-
íî äîïóñòèìèé ÷àñ i â çíà÷íié ìiði âèçíà÷à¹òüñÿ åôåêòèâíiñòþ ìåòîäiâ ïîøóêó
iíôîðìàöi¨ ó ôàéëàõ ÁÄ.

Ó áiëüøîñòi ñèñòåì îïðàöþâàííÿ iíôîðìàöi¨ òèïîâèìè ¹ âèïàäêè íåðiâíîìið-
íîãî ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ. Ó ðîáîòi ðîçãëÿíóòî ìîäåëi
îïòèìàëüíîãî äîñòóïó äî iíôîðìàöi¨ ôàéëiâ áàç äàíèõ ó âèïàäêó óçàãàëüíåíî-
ãî çàêîíó ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ. Äëÿ âiäøóêàííÿ îïòè-
ìàëüíèõ ïàðàìåòðiâ ìîäåëi âèêîðèñòàíî ìåòîäè ìàæîðàíòíîãî òèïó îïòèìiçàöi¨
ôóíêöié îäíi¹¨ òà äâîõ äiéñíèõ çìiííèõ [1,2].

2. Áëîêîâèé ïîøóê ç îïòèìàëüíèì ðîçìiðîì áëîêiâ. ßêùî çàïèñè
ôàéëà âïîðÿäêîâàíi çà çðîñòàííÿì ÷è ñïàäàííÿì çíà÷åíü êëþ÷à, òî äëÿ ïîøóêó
çàïèñó íå îáîâ'ÿçêîâî ïåðåãëÿäàòè âñi çàïèñè, ùî ïåðåäóþòü øóêàíîìó. Çàïèñè
ôàéëà ìîæíà ðîçáèòè íà áëîêè i ñïî÷àòêó ëîêàëiçóâàòè áëîê, ÿêèé ìiñòèòü
øóêàíèé çàïèñ, ïåðåãëÿäàþ÷è îñòàííi çàïèñè áëîêiâ. Ïiñëÿ òîãî, ÿê áëîê çàïèñiâ
ëîêàëiçîâàíèé, ïîøóê ïîòðiáíîãî çàïèñó â öüîìó áëîöi ìîæíà ïðîäîâæèòè çà
äîïîìîãîþ ìåòîäó ïîñëiäîâíîãî ïåðåãëÿäó [3,4].

Íåõàé óñi çàïèñè âïîðÿäêîâàíîãî ôàéëà ðîçáèòi íà n áëîêiâ ïî m çàïèñiâ ó
êîæíîìó (N=nm) i pi � éìîâiðíiñòü çâåðòàííÿ äî i -ãî çàïèñó ôàéëà. Çà êðèòåðié
åôåêòèâíîñòi ïðèéìåìî ìàòåìàòè÷íå ñïîäiâàííÿ êiëüêîñòi ïîðiâíÿíü, íåîáõi-
äíèõ äëÿ ïîøóêó çàïèñó ó ôàéëi. Ìàòåìàòè÷íå ñïîäiâàííÿ êiëüêîñòi ïîðiâíÿíü
çàïèøåìî ó âèãëÿäi ñóìè ìàòåìàòè÷íîãî ñïîäiâàííÿ êiëüêîñòi ïîðiâíÿíü, íå-
îáõiäíèõ äëÿ ëîêàëiçàöi¨ áëîêà, ÿêèé ìiñòèòü øóêàíèé çàïèñ, i ìàòåìàòè÷íîãî
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ñïîäiâàííÿ êiëüêîñòi ïîðiâíÿíü, íåîáõiäíèõ äëÿ ïîøóêó çàïèñó â ëîêàëiçîâà-
íîìó áëîöi. Òîäi ìàòåìàòè÷íå ñïîäiâàííÿ êiëüêîñòi ïîðiâíÿíü, íåîáõiäíèõ äëÿ
ïîøóêó çàïèñó ó ôàéëi, âèðàæà¹òüñÿ ôîðìóëîþ

E =
n
∑

i=1

i

(

m
∑

j=1

p(i−1)m+j

)

+
n
∑

i=1

m
∑

j=1

jp(i−1)m+j. (1)

àáî

E =
n
∑

i=1

m
∑

j=1

(i+ j) p(i−1)m+j. (2)

Çàïèøåìî âèðàç äëÿ Å ó âèïàäêó óçàãàëüíåíîãî ðîçïîäiëó éìîâiðíîñòåé
çâåðòàííÿ äî çàïèñiâ. Ïðèïóñòèìî, ùî éìîâiðíîñòi çâåðòàííÿ äî çàïèñiâ çàäî-
âîëüíÿþòü óçàãàëüíåíèé çàêîí ðîçïîäiëó. Òîäi, äëÿ Å îäåðæèìî âèðàç

E =
1

H
(c)
N

(

H
(c−1)
N − (N − n− 1)H

(c)
N + (m− 1)S(c)

m (n)
)

, (3)

äå

S(c)
m (n) =

n
∑

i=1

H
(c)
im .

Âèêîðèñòîâóþ÷è àïðîêñèìàöiþ S
(c)
m (n) âèðàçîì

S
(c)

m (n) = nH
(c)
N +

N1−c

1− c

(

c− 1

2− c
n+

α(c) (n)

n1−c

)

,

äå α(c) (n) = H
(c−1)
n − 1

2−c
n2−c; (0 ≤ c ≤ 1) � ïîâiëüíî çðîñòàþ÷à ôóíêöiÿ, à

H
(c−1)
n =

∑n

k=1
1

kc−1 ; H
(c)
N =

∑N

k=1
1
kc
, òîäi ç äîñòàòíüî âèñîêîþ òî÷íiñòþ ìîæåìî

ïðèéíÿòè

E =
1

H
(c)
N

(

H
(c−1)
N +H

(c)
N +

(m− 1)N1−c

1− c

(

c− 1

2− c
n+

α(c) (n)

n1−c

))

, (4)

àáî

E =
1

H
(c)
N

(

H
(c−1)
N +H

(c)
N +

(

N

n
− 1

)

N1−c

1− c

(

c− 1

2− c
n+

α(c) (n)

n1−c

))

. (5)

Ìîäåëü âèçíà÷åííÿ ïàðàìåòðiâ îïòèìàëüíîãî áëîêîâîãî ïîøóêó äëÿ óçàãàëüíå-
íîãî ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ ìîæåìî çàïèñàòè ó âèãëÿäi

E =
1

H
(c)
N

(

H
(c−1)
N +H

(c)
N +

(

N

n
− 1

)

N1−c

1− c

(

c− 1

2− c
n+

α(c) (n)

n1−c

))

→ min . (6)

Òàêà ìîäåëü áëîêîâîãî ïîøóêó íàçâèâà¹òüñÿ áëîêîâèì ïîøóêîì ç îïòèìàëü-
íèì ðîçìiðîì áëîêiâ.

Ôóíêöiÿ E ¹ îïóêëîþ, òîäi äëÿ çíàõîäæåííÿ çíà÷åííÿ ïàðàìåòðà n, çà ÿêîãî
ôóíêöiÿ äîñÿãà¹ ìiíiìóìó, âèêîðèñòà¹ìî àëãîðèòì âiäøóêàííÿ åêñòðåìóìó äëÿ
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Òàáëèöÿ 1

N ñ =0.2 ñ =0.4 ñ =0.6 ñ =0.8

103 33 35 38 43
104 106 114 126 144
105 335 362 405 476
106 1060 1150 1297 1556

a

á

â

ã
Ðèñ. 1. Ãðàôiê ïîâåäiíêè ìàòåìàòè÷íîãî ñïîäiâàííÿ Å â îêîëi òî÷êè ìiíiìóìó

äëÿ N = 106 i ñ = 0.2(à), ñ = 0.4(á), ñ = 0.6(â), ñ = 0.8(ã)

ëîãàðèôìi÷íî âãíóòèõ ôóíêöié [3]. Òîáòî çàñòîñó¹ìî ìåòîä ìàæîðàíòíîãî òèïó
äî çàäà÷i −E (n) → max.

Çíà÷åííÿ îïòèìàëüíîãî ïàðàìåòðó n äëÿ ðiçíèõ c òà N íàâåäåíî â òàáëèöi 1.
Ãðàôiê ïîâåäiíêè ìàòåìàòè÷íîãî ñïîäiâàííÿ Å â îêîëi òî÷êè ìiíiìóìó äëÿ

N = 106 i ðiçíèõ çíà÷åíü ïàðàìåòðà ñ çîáðàæåíî íà ðèñ. 1.
3. Äâîðiâíåâèé áëîêîâèé ïîøóê ç îïòèìàëüíèì ðîçìiðîì áëîêiâ i

ïiäáëîêiâ. Ó âèïàäêó, êîëè âñi çàïèñè ôàéëà ðîçáèòi íà n áëîêiâ ïî m çàïèñiâ
ó êîæíîìó, à êîæíèé áëîê çàïèñiâ, âiäïîâiäíî, − íà l ïiäáëîêiâ ïî s çàïèñiâ ó
êîæíîìó ïîøóê çàïèñó ó ôàéëi âiäáóâà¹òüñÿ òàê: ñïî÷àòêó ëîêàëiçó¹ìî áëîê,
ÿêèé ìiñòèòü øóêàíèé çàïèñ, øëÿõîì ïåðåãëÿäó îñòàííiõ çàïèñiâ áëîêiâ. Ïiñëÿ
öüîãî â ëîêàëiçîâàíîìó áëîöi øóêà¹ìî ïiäáëîê, ÿêèé ìiñòèòü øóêàíèé çàïèñ,
øëÿõîì ïåðåãëÿäó îñòàííiõ çàïèñiâ ïiäáëîêiâ. I, íàðåøòi, ó ëîêàëiçîâàíîìó ïiä-
áëîöi çàïèñ øóêà¹ìî ìåòîäîì ïîñëiäîâíîãî ïåðåãëÿäó.

Íåõàé pi − iìîâiðíiñòü çâåðòàííÿ äî i -ãî çàïèñó ôàéëà. Çàïèøåìî ìàòåìà-
òè÷íå ñïîäiâàííÿ êiëüêîñòi ïîðiâíÿíü, íåîáõiäíèõ äëÿ ïîøóêó çàïèñó ó ôàéëi,

Íàóê. âiñíèê Óæãîðîä óí-òó, 2018, âèï. �1 (32)



64 Ì. I. ÃËÅÁÅÍÀ, Â. Ô. ÃËÅÁÅÍÀ, Î. Ì. ÏÎÏÅËÜÑÜÊÈÉ

ó âèãëÿäi ñóìè: ìàòåìàòè÷íîãî ñïîäiâàííÿ êiëüêîñòi ïîðiâíÿíü, íåîáõiäíèõ äëÿ
ëîêàëiçàöi¨ áëîêà, ìàòåìàòè÷íîãî ñïîäiâàííÿ êiëüêîñòi ïîðiâíÿíü, íåîáõiäíèõ
äëÿ ëîêàëiçàöi¨ ïiäáëîêà, i ìàòåìàòè÷íîãî ñïîäiâàííÿ êiëüêîñòi ïîðiâíÿíü, íå-
îáõiäíèõ äëÿ ïîøóêó çàïèñó ó ëîêàëiçîâàíîìó ïiäáëîöi. Òîäi ìàòåìàòè÷íå ñïîäi-
âàííÿ êiëüêîñòi ïîðiâíÿíü, íåîáõiäíèõ äëÿ ïîøóêó çàïèñó ó ôàéëi, âèðàæà¹òüñÿ
ôîðìóëîþ

E =
∑n

i=1

(

i
∑l

j=1

∑s

k=1 p(i−1)ls+(j−1)s+k

)

+
∑n

i=1

∑l

j=1

(

j
∑s

k=1 p(i−1)ls+(j−1)s+k

)

+

+
∑n

i=1

∑l

j=1

∑s

k=1 kp(i−1)ls+(j−1)s+k,

(7)
àáî

E =
n
∑

i=1

l
∑

j=1

s
∑

k=1

(i+ j + k) p(i−1)ls+(j−1)s+k . (8)

Çàïèøåìî âèðàç äëÿ E ó âèïàäêó óçàãàëüíåíîãî ðîçïîäiëó éìîâiðíîñòåé
çâåðòàííÿ äî çàïèñiâ. Íåõàé éìîâiðíîñòi çâåðòàííÿ äî çàïèñiâ çàäîâîëüíÿþòü
óçàãàëüíåíèé çàêîí ðîçïîäiëó. Òîäi, äëÿ E îäåðæèìî âèðàç

E = 1

H
(c)
N

(

(n+ 1)H
(c)
N − S

(c)
sl (n)

)

+ 1

H
(c)
N

(

H
(c)
N + l · S

(c)
sl (n)− S

(c)
s (nl)

)

+

+ 1

H
(c)
N

(

s · S
(c)
s (nl) +H

(c−1)
N −NH

(c)
N

)

,
(9)

äå

S
(c)
sl (n) =

n
∑

k=1

H
(c)
ksl, S(c)

s (nl) =
nl
∑

k=1

H
(c)
ks .

Âèêîðèñòà¹ìî àïðîêñèìàöi¨ S(c)
sl (n) i S(c)

s (nl), âiäïîâiäíî, âèðàçàìè

S̄
(c)
sl (n) = nH

(c)
N +

N1−c

1− c

(

c− 1

2− c
n+

α(c) (n)

n1−c

)

,

S̄(c)
s (nl) = nlH

(c)
N +

N1−c

1− c

(

c− 1

2− c
nl +

α(c) (nl)

(nl)1−c

)

,

äå

α(c) (n) = H(c−1)
n −

1

2− c
n2−c, (0 ≤ c ≤ 1) ,

α(c) (nl) = H
(c−1)
nl −

1

2− c
(nl)2−c

, (0 ≤ c ≤ 1) ,

H
(c)
N =

N
∑

k=1

1

kc
, H(c−1)

n =
n
∑

k=1

1

kc−1
, H

(c−1)
nl =

nl
∑

k=1

1

kc−1
.

Òîäi ç äîñòàòíüî âèñîêîþ òî÷íiñòþ ìîæåìî ïðèéíÿòè

E = 1

H
(c)
N

(

H
(c)
N − N1−c

1−c

(

c−1
2−c

n+ α(c)(n)
n1−c

))

+

+ 1

H
(c)
N

(

H
(c)
N − N1−c

1−c

(

l·α(c)(n)
n1−c − α(c)(nl)

(nl)1−c

))

+

+ 1

H
(c)
N

(

H
(c−1)
N − N2−c

1−c

(

c−1
2−c

+ α(c)(nl)

(nl)2−c
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,

(10)
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àáî

E =
1

H
(c)
N

(

H
(c−1)
N + 2H

(c)
N −

N1−c

1− c

(

c− 1

2− c
n− (l − 1)

α(c) (n)

n1−c
+

α(c) (nl)

(nl)1−c

)

+

+
N2−c

1− c

(

c− 1

2− c
+

α(c) (nl)

(nl)2−c

))

. (11)

Òîäi ìîäåëü îïòèìàëüíîãî äâîðiâíåâîãî áëîêîâîãî ïîøóêó äëÿ óçàãàëüíåíî-
ãî çàêîíó ðîçïîäiëó éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ, çàïèøåìî ó âèãëÿäi

E =
1

H
(c)
N

(

H
(c−1)
N + 2H

(c)
N −

N1−c

1− c

(

c− 1

2− c
n− (l − 1)

α(c) (n)

n1−c
+

α(c) (nl)

(nl)1−c

)

+

+
N2−c

1− c

(

c− 1

2− c
+

α(c) (nl)

(nl)2−c

))

→ min . (12)

Òàêà ìîäåëü íàçèâà¹òüñÿ äâîðiâíåâèì áëîêîâèì ïîøóêîì ç îïòèìàëüíèì
ðîçìiðîì áëîêiâ i ïiäáëîêiâ.

Îñêiëüêè ôóíêöiÿ E ó âèðàçi (12) ¹ îïóêëîþ, òî îïòèìàëüíi çíà÷åííÿ ïàðà-
ìåòðiâ n òà l, çà ÿêèõ E äîñÿãà¹ ìiíiìóìó, áóäåìî øóêàòè, âèêîðèñòîâóþ÷è àëãî-
ðèòì ïîêîîðäèíàòíîãî ïiäéîìó âiäøóêàííÿ åêñòðåìóìó ëîãàðèôìi÷íî âãíóòèõ
ôóíêöié äâîõ äiéñíèõ çìiííèõ [4]. Òîáòî îäåðæèìî çàäà÷ó −E (n, l) → max.
Îïòèìàëüíi çíà÷åííÿ ìàòåìàòè÷íîãî ñïîäiâàííÿ êiëüêîñòi ïîðiâíÿíü, íåîáõi-
äíèõ äëÿ ïîøóêó çàïèñó ó ôàéëi, äëÿ ðiçíèõ çíà÷åíü ïàðàìåòðà c òà N íàâåäåíî
â òàáëèöi 2.

Òàáëèöÿ 2

N c nîï lîï sîï Eîï

100000 0.2 50 45 44.44 68.16
0.4 54 44 42.09 63.92
0.6 62 42 38.40 57.22
0.8 77 39 33.30 46.15

500000 0.2 86 76 76.49 115.66
0.4 95 73 72.09 108.66
0.6 110 69 65.87 97.46
0.8 135 66 56.11 77.89

1000000 0.2 108 96 96.45 145.40
0.4 120 92 90.57 136.69
0.6 139 87 82.69 122.73
0.8 173 82 70.49 97.85

3. Âèñíîâîê. Ó ðîáîòi ðîçãëÿíóòî ïîáóäîâó ìîäåëåé îïòèìàëüíîãî äîñòó-
ïó äî iíôîðìàöi¨ ôàéëiâ áàç äàíèõ ó âèïàäêó óçàãàëüíåíîãî çàêîíó ðîçïîäiëó
éìîâiðíîñòåé çâåðòàííÿ äî çàïèñiâ. Âèêîðèñòîâóþ÷è ìåòîäè ìàæîðàíòíîãî òè-
ïó çíàéäåíî îïòèìàëüíi ïàðàìåòðè ìîäåëi ïðè ðiçíèõ çíà÷åííÿõ N òà c.
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