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I. M hinh toan hoc ctia qué trinh phuc vu ngudi doc & mdt thur vién

Qua trinh dén cia mot yéu cau cia ngudi doc tai mot thuvién 1a qua trinh ngau nhién. Gia si
. .- . . .Y e - A~ ’ ) .- R
ky hieu T,, 1a thoi diem dén cia yeu cau thir n sau théi diem ban dau Ty = 0.

Khodng thoi gian
tn =Ty —Tay, n=1,2, ... (1.1)

goi 14 khoang thai gian gitra hai yeu cau lién tiép. Ta nhan thay ring cac khoang thoi gian nay
la nhimg bién ngau nhién doc lap, khéng am, tuan theo cing mot quy luat xac suat nao dé. Ta
goi d6 14 qua trinh dén cua dong yeéu cau. 4 :

Gia st phong doc doc cia thu vién ¢6 mot kénh phuc vu. Néu tai thai diém ngudi doc dua
yéu cau kenh phuc vu rdi, thi yéu cau dwoc dap tmg ngay, con néu kénh phuc vu ban thi ngudi
doc phai xép hang doi. Ta luan gia thiét ring nguui doc duge phuc vu theo thir tu dén, khong
¢4 wu tién. '

Thoi gian can thiét d€ phuc vu mét yéu cau goi la théi gian phuc vu. Ta ky hiéu 2, la thoi
gian phuc vu ngudi doc thir n, n = 1,2,... . D6 ciing 1a nhiing bién ngiu nhién doc lap, khong
am tuan theo mot quy luat xdc suat nao dé. Khodng thaoi- gian gitra thai diém dén cda mét yéu
cau vi thoi diém yéu cau bit dau dwoc phuc vu goi 1a thoi gian doi. Thai gian doi cia nguoi
doc thir n ky hicu la w,. Néu khong con ngudi nac trirde thisi diém dén T, chua dlch phuc vu
th1 w, = 0.

Néu goi R, la thoi diém ngudi doc thir n nhan duge tai liéu va roi hé thi

Ro=Ts+w, +1n, n=1,2,... (1.2)
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Théi gian doi cia ngudi doc thir n 5 rang bing 6 néu anh ta dua yéu cau sau hic ngudi doc thir
n — 115 hé tai thoi diém R,_;. Vi thé ta cé

{ o, néuR,_1<Tn
Wy = .
" Ro-1—Tn néu Ry_y > T,. (1.3)

Téng thai gian doi va thoi gian phuc vu mét yéu cau goi la thoi gian hwu cda ngudi doc tren hé.
Ky hiéu d,, 1a th&i gian luu cda ngudt doc thir n ta c¢é

dn = wy + ty. ' (1.4)

Ta thay ring th&i gian doi cda ngudi doc thir n ciing bing 0 néu khodng thai gian giira anh ta
va ngudi dén trude 13 7, khong nhé hon khodng thai gian d,_; ma ngusi dé'n, truwge luu trén hé.
Vi vay ta ¢o

{ 0 néu d,_; < 7,
w, = .
dpo1~Tp  neuds_y > T, (1.5)

Ta ciing nhan thiy néu ngudi doc thir n — 1 r&i hé ma ngudi doc thir n chua téi thi hé réi. Ky
hiéu thdi gian 181 nay 13 f, thi ta 6

s _{T,,—R,, néu T, > Rn—1
"Tlo néu T, < Rn-1

_ { Tp—dn_y néurt,> R._i
“lo néu 7, < dp_1. (1.6)

Khodng thoi gian ma hé lién tuc ban goi 13 thai ky ban. Trong thoi ky ban c6 thé ¢é mot 0 ngudi
doc ¢6 mit & hé doi hojc dang duoc phuc vu. Ta ky hiéu s6 ngudi doc ¢ mit trén hé & thoi
diém t 13 z,. Khi d6 z, = 0 c6 nghia 13 hé r&i tai thsi diém ¢, con z, = n c6 nghia 1 tai th&i diém
t hé dang be},ﬂ va ¢6 n — 1 ngudi doc dang dgi duge phuc vu.

Ta ky hiéu v, 1a tong thoi gian phuc vu z, ngudi doc tai thai diém ¢ thi ta ¢6

_ 0 néuz, =0
'_{t’l+tz+...+t,, néu z, =n> 1. (1.7)
trong d6 t} 1a thoi gian phuc vu con lai cia ngudi doc dang dwge phuc vu tai thoi diém ¢, con
ta,...,tn 1a thai Vgian phuc vu cda n — 1 ngudi doc tai thoi di€m ¢.
Biéu dién d4 thi cia vy va z, dwgc trinh bay & hinh vé duwéi day cho ta hinh dnh minh hoa cdc
khai niém trén.

Cac yéu t6 chinh tac dong lén qua trinh phuc vu ngudi doc & mét thu vién la:
- Quy luat dén cia dong yéu cau cia ngudi doc. '

- Quy luat veé th&i gian ph uc vu mét yéu ciu.

- Quy luat vé thai gian doi cda ngudi doc.



Mé Phéng Qué Trinh Phuc Vy Ngudi Doc ... ... 21

ry \[(t)

Re ¥
t
T S
— =
L ! ! ! ' L ' ! : L
° N BT Rg
Lo thdi KG bdn —— AT ! !

de_t A
k= VO = thd! Ky ban—x

Hinh 1

N6i chung ngwdi ta can quan tam dén téc doéng cia hai yéu t6 dan dén yéu td thi ba vi dé 1a
thuée do tinh hiéu qud cia mét hé thong phuc vu.

Ngudi ta chimg minh dwge ring s yéu cau cda ngudi doc xuat hién trong mét khodng thai
gian ¢ 12 mét bién ngdu nhién N tuan theo quy luat Poisson va xdc suat dé€ ¢6 N = n yéu cau
trong khoang thoi gian ¢ la '

Palt) = (M) €™/l BT

trong dé
A= E(N)/t

chinh 13 s8 yéu cau trung binh cda ngudi doc trong mét don vy thai gian.
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Néu dong yéu cau 1a dong Poisson véi trung binh A thi khodng thg2wh i gian giira hai yéu ~iu
lién ti€p la bién ngau nhién 7 tuan theo quy luat phan phéi mi véi tham s6 A, tirc 1a ham phan

phoi x4Ax suat cda né ¢é dang

Ft) - { néut <0
O 1—e* néut>0 (1.9)

va -

E(T) = l/A

1a trung binh cda khodng thoi gian giita hai yéu cau.
Con véi thai gian phuc vu mét yéu ciu, ngudi ta ciing chimg minh dugce ring dé 13 mét bién

ngau nhién T tuan theo quy luat phan phéi mi véi ham phan phéi la

0 néut <0

F(t) = .
7 ®) {l—e"’” néut>0. (1.10)

Ky vong toan hoc cia T'1a -
E(T)=1/pu.

Do do
= l/rE(T)

chinh 14 s6 yéu cau trung binh dwoc phuc vu trong mét don vi thai gian.

DGi vé6i bai toan dit ra, phuong phap mo phdng dem lai nhi¢u loi ich. Nh&s d6 ta ¢ thé phan
tich danh gia dwoc hién trang hoat dong cua hé théng phuc vu, va xdc dinh duge phaong 4n phuc
vu tot hem.

2. Mé phong qué trinh phuc vu ngudi doc.

Trong [8] chiing toi da trinh bay cac két qua didu tra chon mau va nghién ciu hoat déng phuc
vu & phong doc cia thu vién Khoa hoc k¥ thuat Trung wong, ching t6i da thu dwoe cac két qua
sau day:

- Dong yéu cau cia ngudi doc la dong Poisson véi trung binh la A = 0.08 yéu cau / phat. Khi
dé khoang thoi gian giira hai yéu cau la bicn ngau nhién 7 tuan theo quy luat phan phéi mi véi
trung binh 1a E(7) = 1/A = 1/0.08 = 1.25 phuit.

- Thoi gian phuc vu T tuan theo quy luat phan phéi mii véi trung binh 1a E(T) = 1/ = 6.72
phit va jo=1/6.72 = 0.15 12 s8 yéu cau trung binh duoc phuc vu trong-mét phuit.

Ta biét ring néu x Ja mét bién ngau nhién lién tuc, ¢6 ham phan phéi F(z) va u 1a mét thé
hien cta bi€n ngau nhien U tuan theo quy luat phan phdi déu trén khodng [0,1) thi z = F~!(u)
12 moL thé hién mo phdng cda bién ngau nhién X.

0 day ham phan phoi cia thai gian phuc vu T ¢ dang

voit <0

0
F(!)-={ L Taits
1-e véit > 0. (2.1)
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Ham nguge cda F la
F~l(u) = =1/p.In(1 - ). (2.2)
Do dé véi -sé' ngiu nhién u; thi gid tri mé phdng cda thai gian phuc vu T' la
T = —1/pdnuy = 6.72(—Inuy).

Tuong tw véi sé ngau nhién vy, gid tri m6 phdng cda khodng thoi gian giira hai yéu cau lién tiép
Tla
1 = —1/Alnvy = 12.5(-Invy).

Tir mé hinh todn hoc cia qua trinh phuc vu ngudi doc trinh bay & trén ta cé thé xay dung duoc
thuat todn mé phdng qua trinh phuc vu ngudi doc & thu vién Khoa hoc Ky thuat Trung ung.
Gid st T, = 0 13 thoi diém dén cia yéu cau thir nhat. Thoi diém dén cda yéu cau tiép theo
duoe tinh theo cong thirc
T; = 71{—1 + 7, 1= 1)2)'"
\trong dé 7; 1a khodng thoi gian gitra hai yéu cau lién ti€p thir i — 1 va i.

Tir bdng s8 ngau nhién, ta lay ra mot s6 ngiu nhién, ching han lay tir dudi lén ta duogc s6
v = 0.69. Khi d6 khodng thdi gian dén giita yéu cau thir nhat va thir hai ¢6 gid tri mé phéng 1a
T2 = 12.5(—1n0.69) = 12.50.37 = 4.64 phut.

Lay ti€p s6 ngiu nhién theo thi tu tir trén xudng, ta duoc s6 u; = 0.10. Khi dé gid tri mé
phdng thoi gian phuc vu yéu cau thir nhat 1a t; = 6.72(—=In10) = 6.722.3 = 15,47 phut.

Thdt gian dgi cia yéu ciu thir nhit 12 w; = 0 nén thoi gian lwu va thai di€m yéu cau thir nhat
roi he la :

dl =uw + tl = 0+ 15,47 = 15,47
Ry=T1+w +t =0+0+ 15,47 = 15, 17.
Vi yéu cau thir hai dén vao thai diém
T2 =T1 +T2:0+4,64_—‘4,64

truée thoi diém R; nén yéu cau thi hai phai x€p hang va thdi gian doi la

we = Ry — Ty = 15,47 — 4,64 = 10,83
Lay s6 ngau nhién tiép theo up = 0.09. Thoi gian phuc vu yéu cau thir hai ¢6 gia tri mé phdng la

ty = 6.72(—In0.09) = 6.722.41 = 16,18

yéu cau nay rdi hé tai thoi diém
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Thoi gian luru cda yéu cau thir hai la
dy = we +t2 = 10.83 + 16.18-= 27.01
Lay s’ ngau nhién ti€p theo vs = 0.07, khodng thdi gian gifra yéu cau thi hai va thi ba duge mo
phong béi
3 = 12.5(—1n0.07) = 12.52.66 = 33.24
Thai diém dén cda yéu cau thi ba 13

T3 =Ty +713 =464+ 33.24=37.88

Ta nhan thay yéu cau thir ba dén sau lic yéu cau thi hai roi hé (73 > Ra) nén trong khodng thai

gian nay hé réi va thdi gian réi trude lic y—6eu cau thir ba dén hé 1a
f3=T5— Ry =37.88—31.65=16.23

Trude lic dén hé rdi, nén yéu cau thir ba khéng phai dgi (w3 = 0). Th&i gian phuc vu yéu cau
thir ba, dng véi s6 ngau nhién uz = 0.73 duge mé phdng bdi

t3 = 12.5(—In0.73) = 2.11
Do d6 yéu cau thit ba rdi hé vao thoi diém
Ry=Ts+ws+'s=37.88+0+2.11 = 39.99
Thoi gian lru cda yéu cau thi ba la
ds =ws+13=0+2.11=211

Ti€p tuc qua trinh trén ta drge bang tinh sau day mé phéng qua trinh phuc vu cho n = 10 ngudi

doc lién tiép

yéu ~ong. Kt.ggivaThéid. S6 ng. Tg ph. Tgd. Tudr. T, T.g. roi

o
cau nhién 2 yéu caudén T;  nhién vul; = w;= hé R; d; = fi =
i vy n=125=Ti_1 u; 6.72In( R;-1 =T; uy T;

(-Inv;)  +7 —u;) -T; +w; + b+t Ry
1 0 - 0.10 15.47 0 15.47 15.47 0
2 0.69 4.64 4.61 0.09 16.18 10.83 31.65 27.01 0
3 0.07 33.24 37.88 ° 0.73 2.11 0 39.99 2.11 6.23
4 0.49 8.92 46.80 0.25 9.32 0 56.12 9.32 6.81
b} 0.41 11.14 57.91 0.33 7.45 0 65.39 7.45 1.82
6 0.38 12.09 70.13 0.76 1.84 0 71.97 1.84 4.74
7 0.87 1.74 71.87 0.52 4.39 0.10 76.36 4.19 0
8 0.63 5.78 77.65 0.01 30.95 0 108.60  30.95 1.29

9 079 295 8060 035 705  28.00 11565 3505 0

10 019 2076 101.36 0.86  1.01  14.29 11666 1530 0

) $=95.77 C=53.22 =Q P=149.99L=20.89
' 0 (f) (8) (0
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- Téng thai gian phuc vu la

S =54; = 95.77 phit.

- Teng thai gian roi cda hé la

L =3 fi =21.20 phit.

- Th'i gian hoat dong cda he la

hay la

Q=L+S=9577+20.8) = 116.66 phit.

Q =Tio +dyo=101.36 4+ 15.30 = 116.66 phat.

- Téng thoi gian doi cia ngudi doc 1a

C = E w; = 53.22 phat.

- Téng thai gian hiru cia ngirdi doc trén la

P=54C=9577+53.22 = 148.99 phat.

- Thoi gian doi trung binh 1a

C/N =53.22/10 = 5.32phiit.

- Thai gian luu trung binh 12

P/N =118.99/10 = 14.89phiit.

- Ty 1é gitra th&i gian roi va thai gian hoat dong cda he 1a

L/Q = 21.20/118.99 = 0.18.

25

Sau day ta xay dung mot so d6 khoi the hien thuat toan mé phdng qué trinh phuc ngudt doc

da dugc trinh bay & tren.

Ta su' dung cac ky hifu sau day

7 - khoang thoi gian giwra hai yeu cau lien ticp.

t - Thoi gian phuc vu mot yéu cau.

I— . . 3 N N K
w - Thot gian dgi cua mot yéu cau.

f - Thai gian 101 cida hé trude lic yéu cau don.

e gea? 3 < -~ ~ A
T - Thai diem dén aiia mot yen cau.

R - 'Thé&i diém yeéu cau ot he.

S - Tong thai gian phue vu N yeu cau.

C - Tong thoi gian doi cia N yeu cau.

el .- . v
P - Tong thai gian hra cda N yeu cau.

Q - Tong thai gian hioat dong cua hé.

A .. . . -
L - Tong that gian roi cia le.

Ta ¢ cac gqnan hé sau

P=S+C, Q=S+L.
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Dua vio céc diéu da trinh bay trén day chiing t6i da viét chuong trinh mé phdéng qua trinh phuc
v ngudi doc & mot thu vien Khoa hoc va Ky thuat trung wong. Chuong trinh duoc viét Ling
ngdn ngir BASIC. Hoat déng cda chuong trinh duoc t8 chic theo ché d6 menu. Cac thy chon la

nhir sau:

1 - M6 phdng s6 yéu cau cia ngudi doc.
2 - M6 phdng théi gian phuc vu.

3 - M6 phdng qua trinh phuc vu.

4 - Ra khéi chuong trinh.

Chuong trinh con 1 va 2 hoat déng nhw nhitng chuong trinh déc lap, cung cap cho ta nhimg
théng tin vé dong yéu ciu va thai gian phuc vu nhu: sd yéu cdu trung binh trong khodng thoi
gian dinh trude, khodng thii gian trung binh gira thoi diém dén cda hai yéu cau lién tiép, thdi
gian trung binh phuc vu mét yéu cau. Nhung khi chuong trinh con 3 hoat déng thi chuong trinh
con 1 va 2 cun cap cac tham sé A va g cho chwong trinh con 3. Khi chay chrong trinh pay, ta chi
can dua vao s6 yéu cau N can mo phdng. .

Két qua mé phdng sé cung cap cho ta nhimg thong tin sau day vé qua trinh phuc vu N yéu
cau cia ngirivi doe & mot thu vi én:

- Tong thoi gian phuc vu.

- Tong thoi gian r6i.

- Tong th&i gian sap hang.

- Tong thai gian hoat déng cua hé.

- Ty lé gitra thoi glan 161 va thoi gian hoat dong cda hé.

- Trung binh cia thai gian doi.

- Trung binh cda trh&i gian luu.

DG 1a nhirng tham s6 d&c trung cho mét qua trinh phuc vu.

Nhung dir lidu ban dau cho chuong trinh nay c6 hai loai:

- Ph2n phéi thuc nghiém cia sa yéu cau.

- Phén phéi thue nghiém cia thoi gian phuc vu.

Khi tién hanh cho chuong trinh chay vé6i nhirng dir liéu khac nhau, phén tich céc kél qua mo
phéng nhan duoc, ta ¢é the xéc dinh duoc mot hinh thirc t8 chire phuc vu thich hop theo yéu

cau dé ra.
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Abstract
Simulation of the process of service in a library

This article prescnts an application of queuing theory in order to establish a mathematical model
for the process of service in a library or in information center.

On the basic of the model mentioned and applying the simulation method of Monte - Carlo with
properties of random numbers, the author proposes an algorithm and a flowchart for writing a
simulation program of this process. The input data of this program is composed:

- Distribution of the number of andience’s requests.

- Distribution of the service time.

After running, this program will give the following information on service system: Total of
service time, total of writing time, total of free time, average of service time, average of writing
time...

Thus are sharacteristics features of the service system.

an



