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TOM TAT - Ly thuyét hang doi dd diea ra cde mé hinh todn hoc dé cé thé tinh todn mot $6 tham s6 ddc diém ciia hé thong,
tuy nhién cac mo hinh toan do thuong gap nhiéu han ché trong viéc tinh todn cdc tham sé trung gian trong quda trinh hé théng hing
doi van hanh. Pé gidi quyét vin dé dé, ¢ thé tiép cdn theo hiréng mé phong hoat dong ciia hé théng hang doi théng qua mot
chirong trinh mé phong, cdc tham s6 cia chwong trinh ¢ dau ra s€ cung cap nhiing thong tin theo kha nang va sw quan tam cua
nguoi ldp trinh. Trong bdi bdo nay, ching t6i sé nghién ciru vé cong cu mé phong GPSS va dwa ra quy trinh, cdch thire dimg cong
cu GPSS dé xdy ding mé phong todn hoc cdc bdi todn mé phéng hang doi.

Tir khéa - Ly thuyét hang doi, mé phong hé thong hang doi, cong cu GPSS.
I. PAT VAN BE

Hién nay, bai toan “Ly thuyét hang doi” hay “Ly thuyét phuc vu dam dong” [1] duoc tng dung kha rong rii
trong thuc té. Trong céac hé thdng hang doi thudng xuyén dién ra hai qua trinh: Qua trinh phét sinh yéu cau va qua trinh
phuc vu yéu cau ay. Song trong qua trinh phuc vu cua hé thong, do nhiéu nguyén nhan khéc nhau, thuong xay ra cac
tinh trang sau: Qu4 trinh phuc vu khong dap ting duogc cic yéu ciu dit ra va do d6 din dén nhleu yéu cau phai doi dé
duogc phuc vu; nguoc lai, 6 thé xay ra tinh trang kha niang phuc vu cua h¢ thng vuot qua yéu cau sir dung dich vu, két
qua la hé thong khong duoc sir dung hét phuong tién phuc vu. Yéu cau dat ra la phai danh gia dugc hiéu qua hoat dong
cua h¢ thong, tinh toan hay du bao dwoc kha ning kha ning phat trién cua hé thong dé co thé c6 nhimng dau tu mot cach
pht hop dé vira nang cao chit lugng dich vy, vira tranh lang phi do dau tu khong hop 1y.

Dé giai bai toan trén, ching ta c6 thé tim kiém va giai quyét bang cidc mo hinh toan hoc, hodc tim ra cac giai
thuét va str dung cac ngdn ngit 1ap trinh truyén théng (nhw C++, Pascal, Java,...) & xdy dung chuong trinh va dua ra
cac két qua can tim. Tuy nhién, viéc sir dung cac cong thirc toan hoc ma ly thuyét hang doi cung cép dé tinh toan, ciing
nhu md phong hé thong bang cach st dung cac ngdn ngit 1ap trinh truyén thong 1a kha phic tap, kho khan, vi khi lap
trinh chung ta phai quan 1y cac su kién theo mot mé hinh nhiéu su kién xay ra dong thoi va can xay dung cac ham ngau
nhién sinh céc su kién. Do d6, c6 mot sd cong cu mo phong (nhu GPSS, Petri Nets, MatLab,...) phuc vu cho viéc mo
phong va tinh toan trén cac md hinh hang dgi tré nén thuéan tién va tryc quan hon.

Ngon ngit 1ap trinh GPSS (General Purpose Simulation System) [3-6] 1a mot phan mém dua trén ngdn ngir ciia
may tinh mo phong ding dé mé phong céc su kién roi rac, dugc nhan dinh 14 hiéu qua nhat hién nay. GPSS du doan
cac hanh vi trong tuong lai cua cac hé thdng hang doi. Cac d6i twong ciia ngdn ngir nay duoc sir dung tuong tu nhu cac
thanh phan chudn ciia mot hé théng hang doi, nhu 1a cac yéu cau dau vao, céc thiét b phuc vy, hang doi... Vi tap hop
day di cc thanh phan nhu vay cho phép xdy dung cic md phong phirc tap trong khi van dam bao nhing thuat ngi
thong thuong cua hé thong hang doi.

Trong bai bao nay, nhom tac gia s& nghién ciru vé cong cu mod phong GPSS va dua ra quy trinh, cach thirc dung
cong cu GPSS dé xay dung va mo phong toan hoc céc bai toan hang doi.

II. COSO LY THUYET
1) Ly thuyét hang doi

Ly thuyét hang doi 1a mot nhanh cua xac suit thong ké, duoc (mg dung trong nhiéu linh vuc khac nhau nhu:
mang truyén thong, hé théng ban vé, thanh toan trong siéu thi, lam thu tuc tai san bay,... Ly thuyét hang doi tap trung
tra 16i cdc cau hoi nhu: trung binh thoi gian doi trong hang doi, trung binh thoi gian phan hdi ctia hé thong (thoi gian
doi trong hang doi cong thoi gian phuc vu), nghia 1a sy st dung cua cac thiét bi phuc vy, phan phdi sé lwong khach
hang trong hang doi, phan phdi khach hang trong hé thong.

Mot hé thong hang doi gdm céc thanh phan co ban sau (Hinh 1):
- Tién trinh vao, tién trinh ra khoi hé thong;
- Phén phdi thoi gian phyc vu;

- SO céac kénh phuc vuy;
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- Kha ning cua hé théng;
- Qui mo (kich thudce) khach hang;

- Nguyén tic phuc vu.

6. Nguyén tic 2. Phan phdi thoi
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Hinh 1. M5 hinh céc thanh phin ciia hé théng hang doi

Van dé dat ra 1a ddi véi cong cu toan hoc, viéc cac dbi tugng c6 mirc d9 uu tién khac nhau thuong s€ chi dugc
xem xét nhu trén cing 1 hang doi ¢6 cing mot mire d6 wu tién v6i nhitng hé s6 ty 16 dé giai quyét van dé canh tranh
giita cac dbi twong, dé tinh duogc ty 18 nay 1a mot vin dé kho khin voi nhidu bai toan hang doi, vi vay viée sir dung
cong cu md phong dé giai quyét 1a mot cach tiép can phu hop.

2) Ngon ngir mo phong GPSS

GPSS (General Purpose Simulation System) 1a ngdn nglr m6 phong cdc su kién roi rac, duge Geoffrey Gordon
(IBM), phat trién chinh tir nhirng nam 1960. Vi tén khai sinh 1a GPSS - Gordon's Programmable Simulation System
sau duogc doi thanh GPSS - General Purpose Simulation System nhu ngay nay.

Céc blocks co ban trong GPSS:

A2

- Transactions: c6 thé xem nhu 1a mot “yéu cau”, hay mot “su kién” trong hé théng phuc vu dam doéng;
- Facilities: c6 thé dugc hiéu la cac “thiét bi”, co s¢ vat chat cia hé théng nhu 1a cac may phuc vuy;
- Queues: dugc dung dé luu giir thong tin trong qua trinh xir Iy cac “yéu cau’”;

- Built-in Probability Distributions: cong cu sinh s6 ngau nhién, hd trg sdn cac ham cho phép tao cic s6 ngiu
nhién theo cac quy luét phan bo khéac nhau nhu: Beta, Discrete Uniform, Exponential, Gamma, Poisson,...

Dé khoi tao mot Transaction trong GPSS sir dung block GENERATE:
GENERATE A,B,C,D.E

Tham bién A xac dinh khoang thoi gian trung binh xudt hién mot Transaction. Néu nhu khoang thoi gian nay la
hﬁ'mg s6 thi tham bién B khong duoc st dung, ngugc lai st dung tham bién B dé xac dinh d6 thay ddi cua khoang thoi
gian nay. Tham bién C x4c dinh thoi diém xuit hién Transaction dau tién. Tham bién D x4c dinh sé Transactions ma
Block GENERATE s& tao ra va do uu tién cua cac Transaction dugc thiét 1ap bdi tham bién E.

) Trong d6, nhom tac gia tap trung nhan manh dén diém wu viét cua viée sir dung ngén ngr md phong GPSS ma
néu chung ta khong sir dung cong cu md phong thi ching ta phai tu xay dung bang cac ngdn ngit 1ap trinh théng
thuong mot cach rat phire tap va ton nhiéu thoi gian, cong suc:

1) H& tro sin cdc ham cho phép tao cdc sé nglu nhién theo cdc quy ludt phan bé khdic nhau:
Vi du:
;****************************************************************************
GENERATE 1 ;ctr sau mdi 1 tick thi co 1 “yéu cAu”- transaction
ADVANCE 5 ;thue hién trong 5 ticks sau d6 chuyén sang block khac
TERMINATE ;yéu cau duogce két thuc
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GENERATE 100,40 ;tao transaction sau moi khoang thoi gian ngau nhién theo
;quy luat phan bd déu trong khoang [60;140]

- 3§ 3 sk sfe sk sk sk s sk sk sk st st st sk sk sk sk sk sk sk sk sk sl sk sk sk sk st ste sk sk sk sk ske sk sk sie sk sk sk sk sk ste sk sk sk sk sk sk sk sk ske sk sl sk sk sk st ste sk sk sk skoskoskoskoskokoskoskokokok ok
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GENERATE (Exponential(1,0,6.5)) ; sinh s ngau nhién theo ham mii

2) Cho phép dé dang mé phong cdc bai todn cé nhiéu tic vu véi d wu tién khdc nhau:

Vidu:
GENERATE 10,5,,,2 ; 5'=>15' phiit c6 mot may ha canh, c6 d6 wu tién 2
GENERATE 10,2,,,1 ; 8=>12'c6 mot may bay cAt canh, c6 do wu tién 1

Nghia 13, néu tai mot thoi diém vira ¢é yéu cau may bay ha canh, vira c6 yéu cu may bay cat canh thi duong
bang s& uu tién vi¢c cat canh dugc thuc hién trudge. Chung ta s€ hiéu ky hon ve van dé nay trong bai toan vi du vé san
bay ¢ phan sau cua bai bao.

I11. MO PHONG HE THONG HANG POQI BANG CONG CU GPSS
1) Cai dat cong cu GPSS

DPé md phong mot hé théng hang doi, ddu tién ching ta can cai ddt mot cong cu cho phép xiy dung chuong
trinh trén ngdn ngit GPSS. C6 nhidu phién ban khac nhau nhu GPSS World Personal Version, GPSS World
Commercial ~ Version, GPSS  World Student Version,... do céng ty Minuteman  software
(http://www.minutemansoftware.com) cung cip; trong d6 phién ban GPSS World Student Version 1a phién ban mién
phi; trong bai bao nay céc tac gia st dung phién ban nay dé mo phong cac hé théng hang doi.

Sau khi tai phién ban mién phi GPSS World Student Version vé, tién hanh cai dit nhu cic phan mém thong
thuong.

Pé mo phéng mot hé théng hang doi, vao menu File va tao mdt Project mdi, chon New model, GPSS World sé&
tao cho chung ta mot Model. Thuc hién viét code chuong trinh béng ngo6n nglt GPSS cho hé théng, thuc thi 1énh Create
Simulation tir menu Command dé GPSS World tién hanh bién dich code va tao mot mé phong méi. Va liic nay & menu
Simulation Window s& xuét hién cac ctra s6 nhu: Blocks Window, Facilities Window, Plot Window, Queues
Window,... cho phép theo ddi qua trinh mé phdng va tinh toan.

Trong menu Command c6 cac 1énh: START, STEP, HALT, CONTINUE,... & diéu khién qua trinh mo6 phong.
Khi qua trinh md phdng két thiic theo mac dinh cira s0 bao céo két qua REPORT sé xuat hién.

2) Sir dung cong cu mé phéng GPSS trong bai toan thue té

Xet bai toan mo phong hoat déng tai mot san bay. O mét sin bay, luon luon wu tién cho cac may bay cat canh,
nhw vay trong tru’o‘ng hop cung mot thoi diém c6 mét may bay muon cdt canh va mét bay muén ha canh, thi duong
bang sé danh cho mdy bay cdt canh. Thoi gian cho mét mdy bay cdt canh hodc ha cdnh xuong dwong bang mat ding 3
phut. Ci moi 10 £5 phiit sé c6 mét may bay ha canh va 10£2 phiit thi lai c6 mét mdy bay dwoc cat canh. Khi ha canh,
néu duong bang “tw do” thi may bay sé duoc ha canh, con néu nhuw dwong bang “ban” thi mdy bay phai bay tiép theo
mét vong tron gan san bay, va sé tiép tuc doi hoi ha canh xuong san bay do sau thot gian ding 4 phiit. Néu nhw sau 5
vong bay trén khéng lién tuc, ma mdy bay d6 van khéng nhin dwoc swe dong y cho ha canh, thi mdy bay dé sé bay sang
mot san bay phu.

Mo phong hoat dong cua sdn bay trong thoi gian mot ngay (24 gio). Qém $6 mady bay cdt canh dwge, s6 may
bay ha canh dwoc, so may bay phdi thuc hién ha canh ¢ san bay phu. Tinh hé so su dung dwong bang cua san bay do.

¢ Tinh két qua theo phwong phap thong ké thong thuong:

10+ 2 phut. A
(May bay cét |~ u Puong
canh) O O D O D ———— | bang phuc
/ vu trong
10+ 5 phit. A 3 phat.
(Médy bay ha 2

canh)

Hinh 2. Phan tinh mé hinh hé théng hang doi san bay
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Theo 1y thuyét hang doi, bai toan trén thudc hang dgi M/M/1, véi cac thong sé (Hinh 2):
A= 1/10, A= 1/10, p = 1/3, do d¢:

. S6 lwong may bay ha canh thanh cong trong thoi gian mot ngay dém: 144 (=1440 phit / 10 phat mot chuyén
ha canh)

. Sb lwong may bay cét canh thanh cong trong thoi gian mot ngay dém: 144 (=1440 phat / 10 phut mot chuyén
cét canh)

. Heé sb sir dung cua duong bang cho viée cit canh - ha canh: 60% (p;=A/p = 0,3; p=A/u =03 =>p=p, +
p2= 0,6 = 60%)

Bing phuorng phap thdng ké thong thuong, ta khong thé tinh dwoc s6 luot may bay cit canh va ha canh khong
thanh cong, sd lugt may bay phai bay vong trudc khi ha canh thanh cong ciing nhu so lugt may bay phai chuyén sang
san bay phu.

e Tinh két qué bing cong cu mé phéng GPSS:

Mot sb cau 1énh chinh:

;segment 1 — Segment miéu ta cho may bay ha canh

;:DOWN

;block 1

GENERATE 10,5,,,1 ;5'=>15' phtit c6 mot may ha canh, c6 d¢ wu tién 1

SRR R R R R R R R

;block 2

Busy TEST NE *1,5,term :Néu tham sé 1 ctia kénh phuc vu hién tai bang 5
;thi di t6i khdi term, tirc 13 trong truong hop nay may
;bay ha canh s€ bay sang san bay phu

SRR R R R R R

;segment 2 — Segment miéu ta cho may bay cét canh

;UP

GENERATE 10,2,,,2 ; 8=>12'c6 mdt may bay cét canh, c6 d6 uvu tién 2

SRR R R R R R R

;segment 3

GENERATE 1440 ;1440 = 60*24: nghia la thoi gian 1 ngay dém tinh bang phut

TERMINATE 1

Két qua mo phong thu dugc:

= S6 lugng médy bay ha canh trong khoang mot ngay dém : 146

= S6 lugng méy bay ha canh thanh cong trong thoi gian mot ngay dém: 146

= S6 lugng méy bay ha canh khong thanh cong trong khoang mét ngay dém: 0

= S6 lugng may bay ha canh, ma phai thuc hién chuyén bay theo dudng vong : 79

= S lugng may bay cit canh trong khoang mot ngay dém: 142

= S6 lwong may bay cat canh thanh cong trong khoang mot ngay dém: 142

= Hé s6 st dung cuia duong bang cho viée cit canh - ha canh: 60%

Nhu vy ta thdy voi phan mém mo phong, két qua tinh toan cho ta s may bay cit canh va ha canh thanh cong
6 sai khac véi két qua tinh toan theo 1y thuyét thong thuong (146 va 142 so voi 144), ngoai ra con cho ta so lugt may
bay phai bay theo duong vong trude khi ha canh thanh cong (79 luot).

e Thay d6i thong s6 bai toan:
o Thay ddi thoi gian mé phong:
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Thay vi mo phong hoat dong cua san bay trong khoang thoi gian 01 ngdy, ta m6 phong hoat dong cua san bay
trong khoang thoi gian 10, 20, 30, ..., 100 ngay dém dé so sanh két qua thu dugc (Bang 1) (Hinh 3):

Nhin xét:

Khi thay d6i thong s6 bai toan tir md phong hoat dong cua san bay trong thoi gian 01 ngay dém sang mé phong
hoat d0ng cua sén bay trong cac khoang thoi gian tir 10 ngay dém dén 100 ngay dém, ta thay cac két qua thu duogc cho
ta cac sb lidu trung gian nhu sb luot may bay cit canh va ha canh khong thanh cong, s0 luot may bay phai bay vong
truée khi ha canh thanh cong ciing nhu sé luot may bay phai chuyén sang san bay phu; va hé sé sir dung duong biang
ngdy cang tiém c4n gan hon dén két qua tinh toan theo 1y thuyét thong thuong.

Bing 1. Két qua mo phong

Thoigian | S6 hacinh | S6 hacanh | S6 phaibay vong | So6 phiisang | S6 cAtcanh | Hé s sir
(ngay) thanh cong san bay phy thanh cong dunlgudu’(‘mg
ang

10 1.448 1.445 760 3 1.442 0,601
20 2.868 2.865 1.490 3 2.882 0,599
30 4305 4.299 2311 6 4322 0,599
40 5.752 5.743 3.093 8 5.768 0,600
50 7.197 7.189 3.922 8 7.204 0,600
60 8.662 8.650 4.682 12 8.645 0,601
70 10.099 10.084 5.484 14 10.092 0,600
80 11.536 11.518 6.256 17 11.539 0,600
90 12.963 12.944 6.977 19 12.981 0,600
100 14.408 14.388 7.759 20 14.416 0,600

0.602 W Thai gian mé

phong (ngay)

0.601

0,600

0,599

0,598
10 20 30 40 50 60 70 80 90 100

Hinh 3. D6 thi mé ta két qua md phong
o Thay déi thoi gian phuc vu dé giam thiéu s6 lrgt bay vong, tiét kiém chi phi:

Nhu ta da thdy, v6i thoi gian mo phong tir 10 dén 100 ngay cho ta sb luot may bay phai bay vong la tir 760 dén
7.749 luot; s6 lugt may bay phai chuyén sang san bay phu la tir 03 dén 20 luot. Nhu vay chi phi tién xing dé may bay
bay vong va tham chi phai chuyén sang san bay phu 1a rat 16n.

Pé giam thiéu chi phi tién xing phat sinh khi may bay phai bay vong hay phai chuyén sang san bay phu, ta co
thé nang cao kha ning phuc vu, tirc la co the giam thoi gian mdy bay lan banh trén duong bang, hodc tang s6 luong
duong bang phuc vu. Dé dat hiéu qua kinh té, ta phai tinh toan va can ddi chi phi gitra viéc giam chi phi tir giam s6 luot
may bay bay vong v6i viéc ting chi phi khi nang cao kha ning phuc vu. Phuong 4n nao c¢6 hiéu qua kinh té tot hon thi
ta lva chon dé thuc hién.
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_ Vi bai toan ndy, gia su thoi gian mdy bay lan banh trén dudng bang c6 thé giam ti da xubng con 2 phit cho
moi lugt cat canh/ha canh. Nhom tac gia thuc hién moé phong hoat dong cua sén bay voi thoi gian phuc vu la 2
phut/lugt véi thoi gian mod phong tuong ty dé so sanh két qua thu duoc (Bang 2):

Nhan xét:

Véi két qua md phong thu dugc, ta thay rang sO lugt may bay phai bay vong da duoc giam xubng con khoang
gan mot nira (=43%), va da hoan toan loai bo s6 luot may bay phai chuyén sang san bay phu. Nhu vay, véi viée su
dung cong cu md phong ta dé co thé lwa chon thong s6 dau vao hop 1y (giam thoi gian phuc vu tir 3 phut/chuyen xudng
con 2 phat/chuyén) dé loai bo két qua trung gian khong mong mubn (s6 luot may bay phai bay vong va sb luot phai
chuyén sang sin bay phu) dé dat hiéu qua kinh té cao hon.

Bang 2. Két qua mo phong

Thoigian | S6 hacinh | S6hacinh | S6phaibay | S6phiisang | So6citcanh | HE so sir dung
(ngay) thanh cong vong sian bay phu thanh cong dwong bing
10 1.448 1.448 302 0 1.442 0,401
20 2.868 2.868 648 0 2.882 0,399
30 4.305 4.305 1.004 0 4322 0,399
40 5.752 5.752 1337 0 5.768 0,400
50 7.197 7.197 1.693 0 7.204 0,400
60 8.662 8.662 2.031 0 8.645 0,401
70 10.099 10.099 2.378 0 10.092 0,401
80 11.536 11.536 2.720 0 11.539 0,401
90 12.963 12.963 3.049 0 12.981 0,400
100 14.408 14.408 3.394 0 14.416 0,400
IV. KET LUAN

Nhu vay, balmrg cach s dung cong cu m6 phong GPSS World, ta co thé d& dang hon trong viéc m6 phong cac
bai toan trong thuc te, thu dugc cac thong s ma bang phuong phap thong ké thong thuong ta khong the coé duogc.

Vi thoi gian md phong it, két qua thu dugc c6 nhiing sai khac kha 16n so vai két qua tinh toan theo 1y thuyet
Khi thay doi thong s6 bai toan dé mo phong véi thoi gian 16n hon, ta thy cac két qua thu duoc ngay cang tiém can gan
hon dén cac két qua tinh toan theo 1y thuyét thong thuong, nghia 1a cong cu mé phong cang phan anh sat véi thuc té.

Dua trén 92’10 théng S(A’)q trung gian do, ta cp’ thé diéu chinh céc gia “tri dau vao sao cl}o hé théng hang doi hoat
dong dat hiél{ suat cao nhat dé c6 thé c6 nhiing dau tu mét cach phu hop dé€ vira nang cao chat lugng dich vu, vira tranh
lang phi do dau tu khong hop ly.

_Trong khuén khé bai bao, nhom tac gia méi chi thuc hién mé phong véi bai toan hang doi mé hinh M/M/1 dé
lam noi bat diém wu viét cua viéc stir dung cong cu md phong GPSS so voi phuong phap thong ké thong thuong. Tuy
nhién, hoan toan c6 thé sir dung cong cu GPSS d€ mo6 phong céc bai toan hang doi phirc tap hon nhu M/M/n v6i cac
thong s0 dau vao ngau nhién theo cac quy luat phan bo khac nhau va c6 nhi€u do wu tién phuc vu khac nhau.
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