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Thuét toan song song phan leing tuyén tinh toi
wu trén mang giao thong né rong

Parallel Algorithm to Divide Optimal Linear Flow on Extended Traffic Networks

Nguyén Pinh Lau, Tran Quéc Chién va L& Manh Thanh

Abstract: Sequential algorithm to divide optimal xay drng thuit todn tén tr va song song timuong
linear flow on extended traffic network has beeedus di ngin nHit tréndo thi mo rong. Dya vaods thi mo
in the project of Da Nang city, namely "Dividing rong chdng téidinh nghia mang giao théng & rong
traffic flow in Da Nang city". Furthermore, when ciing nhr tim duong di ngin nhit trong mang giao
sequential algorithms are applied to divide flow, athdng no rong.
problem arises as there are a great number of roads Trong thrc t8 thoi gian di qua nga & trén mang

and a growing number of the new routes built thagizo thong ph thusc vao hréng di chugn dia
leads to a huge number of variables (up to thousandphwng tien giao thong: & phai, di thing hay & trai,
of variables) on extended traffic network. So tqnhim chi co lrong b cAm. Vi vay cin xay drng mot
process faster as well as take advantage of multing hinh nang my rong dé cé ti &p ding md hinh

core architecture, to process data with large scaléyga cac bai toan tic € chinh xac va Bu qu hon.
with good results that requires the construction of

parallel algorithm [6,7,8,9,10,11,12]. In this pape
we build parallel algorithm to divide optimal linea
flow on extended traffic network. The results iis th
paper are basically systematized and proven.

Thuit toan phan ldng tuyn tinh i wu trén nang
giao théng ra réng duoc giai quyét s3 cai tién hon so
Vvéi [2,3,4,5,13], vi trong [2,3,4,5,13] thyiai quyét
cho mang giao théng binh tlong (khdng co kh nang
thong hanhtinh va chi phidi mdi dinh). Hon nira bai
Keywords: processor, algorithm, maximun flow, 1oanphan Iwng tuyn tinh i wu dugc phat trén tr
optimal, parallel. thuat toantim lusng arc dai tuyén tinhdong thvi chi
i ) phi asc tiéu, con trong [2,3,4,5,13] cac bai toanich
|. GIOI THI EU nghién @u ¢ mac cao nht 1atim luwng arc dai tuyén
Trong cac cong trinh [2,3,4,5)i& chung t0i va  tinh dgng thvi chi phi arc tiéu trén ming giao thong
cong trinh [13] d¢a Naveen Gatg, Jochen Kénemannpinh throng.
dé xay drng cac bai toanim luwng asc dai da hang
héa, tim léng arc dai da hang hdéadong thoi va tim
luong arc dai da hang héaiong thvi chi phi arc tiéu.
Cac cobng trinh nay ¢hxét trén nang giao théng binh
thuong, nghia la ming giao théng chxét dén kha
nang thdng hanhi@ anh va chi phi enh ma clra
xét dén kha nang thong hanhia dinh va chi phi i
mdi dinh.

Tuy nhién khi chang tdi thc nghém thuit toan
tuan ty phan lwng tuyén tinh Bi wu trén neng giao
théng n# réng ap ding cho cac tudn duong o thanh
phd Da ring (khao séat chhai Quin) thi thyi gian cho
ra két qua 1a gin 100 phatdiéu nay dy sinh cac én
dé la khi ching toi kho sat thém cac Q@un khéac, hac
cac tuyn duong ngay cangtuoc bd sung, hac ap
dung cho céac thanh phén hon thanh ph Pa Ning

Trong cong trinh [1,10] ching tdinh nghado thi  thi chic chin thoi gian xi Iy S8 rat I6n, tham chi tht
mo rong, trc lado thi c6 thém chi phdinh va tr d6  to4n tuin t khong xt Iy duoc.
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Van dé tréndoi hoi ching toi pli xay drng thuit
toan song song Bm giam di thoi gian tinh toan so
v6i thuat toan tan ty.

Bai bao ém 3 pHin chinh, thk nhit xay drng thit
toan tuin tr, thir hai la xay dng thuit toAn song song
twrong tng, cwi cung la Kt luan. Cac Kt qua trong
bai bao o ban dugc hé thdng va cliing minh.

ll. THUAT TOAN TIM LUONG CUC PAl
PONG THOI CHI PHi GIOI HAN

Trong phin nay ching téidinh nghia mang giao
thdng mo rong va xay dng thuit toan t@n tr tim
luong arc dai dong thoi chi phi arc tiéu.

[I.1. M ang giao thong nm rgng

Cho mang lado thi hon hop G=(V, E) Wi tap ndt
V va tip anh E. C4c gnh c6 tik c6 hrong haic vo
hudng. C6 nhéu loai pheong tién leu hanh trén ang.
Nhiing anh vé hréng biéu dién tuyén hai chéu,
trong d6 cac plong tién trén cung tu§n nheng
nguoc hedng hru hanh chia ékha nang théng hanh
cua tuyén. Trén mng cho cac ham sau.

Ham khi ning théng hanh enh cz: E-R’, voi
ce(e) la kha nang théng hanhanhe O E.

Ham khi nang théng hanh nit,: V - R’, v6i cy(u)
la kha nang théng hanh nat O V.

Ham chi phi enh bgE-R’, v6i be(e) la chi phi
phai tra dé chuyén mot don vi pheong tién qua anhe.
Luu y ring Wi nhitng tuyén hai chéu thi chi phi hai
hudng c6 tié khac nhau. Wi mdi natvOV, ky hiéu E,
la tap tit ca cac @anhdi vao nit v hac di ra tir nitv.

Ham chi phi niby: VXEXE, - R, véi by(u,e, €)
la chi phi phi tra @& chuyén mdt don vi phueong tién
tir tuyén e qua NGt sang tugn e’

Bo6 (V, E, cg, Gy, be, by) goi la mang giao théng mh
rong.

Chop la duong di tir nGtu d&én natv qua cac anh
e, i=1,..,htl, vacacnut,i=1, ...,h, nhu sau

p: [ul Ql ulv eZv uZl reny %1 l*‘lv a’l+lv V]

binh ngha chi phi ku hanhmét don vi pheong

tién quaduongdi p, ky hiéu b(p), theo cong thc sau:

ap V-1, $ 11 (31), thang 6/2014

h+1 h

bip) = D be(8) + 2 b, (U.6.6.) (D)

11.2. Phéat biéu bai toan ludng arc dai tuyén tinh
ddng thai chi phi cuc tiéu

Cho mang giao théng @ rong G = (V, E,cg, 6y,
be, by). Gia thiét G cok cip nat ngén-dich (s, t),
mdi cap dugc gan nmdt loai phuong tién j, j=1, ..., k.
Ky hi¢u IM; la @p hgp cacduong di tu s dén t; trong

k
G,i=1,..kvadatn =M, Véi mdi duongdip
j=1
an,, j=1, ..., k ky hiéu bién x(p) 1a luong phrong
tién loai j luvu hanh dc theoduongdi p.

Ky hiéu M, la tip hop cacduongdi trong M di qua
canhe, OellE.

Ky hiéu I, la tp hgp cacduong di trongl di qua
natv, OvOV.

M3i loai phuong tién j c6 yéu éu lwu hanhd(j)
don vi phuong tién tir nGt ngwn s dén natdich t, Oj
=1, ...,k. Cho gbi han chi phi B. Nhiém wu coa bai
todn 1a tim mt sb A 16n nhit sao cho dn tai mot
lusng chuyn A.d() don vi phuong tién j qua lbng,
0j = 1, ....k. Bdng thvi, téng chi phi @a ludng khong
vuot qua B.

Bai toanduoc biéu dién bing md hinh qui hach
tuyén tinh nhr sau:

Tim hé {x(p)| PO, ] :L...,k} thoa

A —max N\
> X(p) < c(e) DeDE

pure

M
P
=
IA

c(v), OvOV P)

M

=

=
v

> Ad(), 0 =1, ...,k

pDI‘Ij
> b(p)x(p) < B
pn
Xx>0,A>0 %
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Bai toan qui hach tuyén tinhdbi ngau i (P), oi
la (D), dugc xay drng nhr sau: ndi canh edJE dugc
gan not bién dbi ngiu le(e), moi nat vV dugc gan
mot bién dbi ngau Iv(v), moi phuong tién j=1, ...,k
dugc gan nét bién ddi ngau z(j) va bén ddi ngau ¢
gan \6i rang bwc Vé chi phi. Bai toan (D) phat &i
nhu sau:

D(le, Iv, §)= ; c(e)le(e) + %cv (V)Iv(v)+B."

~min

> le(e)+ > Iv(v) +b(p) $=2()),Dj=1...k,OpIM §D)
élp

vip

Zd(i)-Z(J) 21

le, v, zp>0 J
Bay giv, chop la duong di tir nGtu dén natv qua
cac anhe,i =1, ...,h+1, vacac nat;, i = 1, ...,h,
nhu sau
P=[u, &, U, &, W ... & U, &, V]
Tadinh ngha do daiduongdi p, ky hiéu lengti(p),
phu thuc cac bénle, v vad theo cong thc sau:
h+1 h

length(p)= Z € @+ Z I W +b(p). ¢

h+l

(2)
Ky hiéu dist(le,lv,@) 1a d¢ dai duong di ngan nrit
tu § dén t; tinh theo hand¢ dailength(p), Uj = 1, ...k
k
Pt a(le lv.g) = > d(j).dist, (le,lv,9) .
=1
Xét bai toan:
= min] D0&.V.9)
a(e,lv,p)
Bo dé 1. Bai toan (D) tong duong Wi bai toan
(D) theo nghta ti t6i wu cia ching Bng nhau vatt
nghiém ti vu caa bai toan nay suy ra nghi i wu
cua bai toan kia va ngyc lai.

le:E -~ R,IV:V - R*,¢20} (Do)

=2 [pbe(e) +le(e)]+ X [eh, (u.g e +Iv()]

ap V-1, $ 11 (31), thang 6/2014

Viéc ching minh B @ 1 dwoc lap luan trong tr
nhu trong [2, 3, 4, 5, 13].

11.3. Thu 4t toan tim ludng arc dai tuyén tinh dong
thai chi phi cuc tiéu.

Ky hiéu fg(a) 1a lusng phrong tién j di qua @nh
a,j=1,..kalE.

fvi(u,a,a) 1a luong phrong tién j di trén @nh a vao
natura anha',j=1, ...k
ulVv, a,a UE,.

Thugt toan tim lwng

F = {fg(a), fvj(u,e,e)| DallE,
O(e,u,e)IBang by, j=1,...k}

Ludng F c6 th vi pham rang bdc vé kha ning
théng qua @ng nhr rang béc vé chi phi. Tuy nhién,
theo mic E & phan |l trong bai b&o nayjrtluong F ta
nhan duoc ludng Hi uu sau khi chia né chodhhing
s6. Khsi tao: fe(@=0 OalE, fv(u,e,e)=0
O(e,u,e)dBang by, j=1,...k

Chon £> 0va d> 0 (gia ti £va dxacdinh g phin
phéan tich sau).

Thuit toan duoc thrc hién boi mot s giai doan,
moi giai doan gom k vong kip (k 1a  phrong tién). G
vong Gp thr j, j = 1, ...,k, caa giai doan thr i ta
chuyén d(j) don vi pheong tién thr j qua lbng. Viéc
nayduoc thyc hién trong nét sd burdc.

vong kp thi j caa giaidoan i két thac sauq(i,j)
bugce, khi madﬁ?’” = 0. Téong ludng gri qua mng &
moi vong kp khong wot quad(j) va chi phig moi
budc khéng wot qua B. Giaidoan i két thic, khi
vong kp thi k cia giaidoan i két thuc.

Hamdbi ngiu | dugc tinh nhr sau:

Hamddi ngiu bandau:

0 0
lel, = dce(e), De D E, IV = deyv), OvO V.

Hamddi ngdu & dau vong kip dau tién ca ndi giai
doan i bing hamddi ngiu ¢ cwi giai doan trudc (i-1)

0 a@i-1k) 0 q(i-1k)
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Ham dbi ngiu ¢ dau mbdi vong kip tiép theoj cia
giai doan i c6 gia ti bing hamddi ngiu & cudi vong
lap truéc (—-1) cia giaidoan i:

0 a(.j-1 0 a(.j-1
IeI’J = IQ,j—l y IV|,] = IV|,J_1 .

0 i-1k 0
Tuong ¢:LO =JB, ¢.% = ¢iq—gl,k )’ ¢i,j

AR
i,j-1

Suy ra
D(1e%,Iv%, 8% )= 3" 1e% () cc () +
dlE

> Mo, (V) +B.¢%,

_y_9 _o
2099 T 2 me M e

=m.o+n.o+ 0= (M+n+l)d
v6i mla $ canh,n 1a $ nat dia mang.

Ky hiéu le, Ivi, ¢, D(i), a(i) 1a ham gia frcacdai
lwong & cudi mdi giai doani. Thuat toan drng sau giai
doant, khi maD(t) = 1.

11.4. Thu 4t toan tim ludng arc dai tuyén tinh dong
théi chi phi cuc tiéu twa ngén ndi C.

Thuat toan naydd dugc trinh bay trong mrc 1.3 va
chung tdi trinh bayal nhung tra theo ngbn rig lap
trinh C nhr sau:

* Pau vaa
Mang mv rong G = (V, ECe, oy, b, by).
Nhu du (s, §, d), j=1, ...,k
Chi phi gbsi han B.
Hé sb xap xi w> 0.
* Pau ra:
1) He s A cuc dai: Amax
2) Luong thrc & {fe(a), fvi(u,e,e)| alE,
(e,u,e)dBangh,, j=1,...k}.
3) Chi phi thrc & B < B,

e Cac hréc:

ap V-1, $ 11 (31), thang 6/2014

IIKhéi tao céc gia ty bandau

_1
Dét£=1—31/ 1 ;0= Lnﬂ. E;
1+w 1-¢

le(e)= d/ce(e), De O E; Iv(v) = dlc(v), Ov O V; ¢ =
J/ B;
D = (m+n+1)4,
fg(a) = 0; alE,
fvi(u,e,e) = 0; 0ullV,O(e,u,e)00Bang b, j=1,...k
t = 1;//bién dém giaidoan
Bex = 0;// Chi phiam tinh
while (D < 1) // mixc giaidoan
{
fof = 1 tok do // mrc vong kp tng Wi |

{

d’ =d; // lugng phrong tién cin
chuyn trs dént
while d > 0 do // nkc cac lxéc
trong giatoan

®@i thi tuc timduwong di ngan
nkt tim duong di ngin nht
p tir 5 dén t; theo hamlength
cong tlirc

h+1 h

length(p)= Z € © +Z A

h+1

+b(p)p = X [pbe (@) +le(e)]

+ Z [¢Q/ (ui 6 ’ei+1) + |V(Ui )]

TinH =min{d’,ce(e),c\(Vv)|edp, vOp};
B" B(p)*f';
//b(p) tinh theo cbng tirc (1)
if B'>B{f =f*B/B’; B’ =B}
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/I héu chinh lwng
fg(a) =fg(a) +; Dalp
fv(u,e,e) =fv(u,e,e) +'; O(e,u,e)lp
/l tu chinh cac thamé&khac
d=d -f; ¢ =¢*(1+&B’/B),
le(e) = le(e)*(1+£*f /ce(e)); Oe Op
Iv(V) = Iv(v)*(1+e*f lcy(v));0v Op
D = D €*f'*lengthp);
Bx= Bex+ B
} //End whiled’ > 0
} //End for
t=t+1;
}/EndD <1
/I héu chinh lwdng thrc #

le@ V) ¢
dlc.(e) dlc,(v) d/B

¢’ = max{ ledE, vOVY;

Cex=10G+ C' ;
fg(a) = fg(a)/cex UalE, j=1,...k
fy(u,e,e) =fvj(u,e,e)/ce DullV,0(e,u,e)IBang
bu j=1,..k
B = Bex/Cex// chi phi thrc t
Amax= —— 31/ Ti 18 16n nhit
Cex
/I Hiéu chinh ludng trén céaioan tuyén hai chéu cé
ludng cung ngéin dich ngroc chiéu
foreJ E,e= (u,v) haichéu
foj = 1 tok do
if (fg(u,v)> feg(v,u)) and fg(v,u)>0)
{
fg(u,v) = fg(u,v) - fe(v,u);
8= Br— (be(u,v) + be(v,1)* fe(v,u);
fg(v,u) = 0;
}
if fg(v,u)>=fg(u,\) and (e (u,v)>0)
{

ap V-1, $ 11 (31), thang 6/2014

fg(v,u) = fg(v,u) - fe(u,y)
B= Br— (be(u,V) + be(v,u)* fg(u,v);
fg(u,v) = 0;
}
* Nhgn xét: Trong ¢—1) giaidoan thec hién thuat toan
trén, 0j = 1, ..,k tadad chugn (t-1).d(j) don vi
phuong tién qua lwng. Tuy nhién, lang d& chugn
c6 thé vuot qua kh ning théng quaia cac anh va
nat. B dé sauday gii quyét van dé trén.
t-1
Iogl+£ (1/5)
e B4 dé 3. Chow > 0. Khido tn tai € vad sao cho
lubng tim dwoc aia thuit toan, sau khi chia cho
log,., (1/9), 1a lwng arc dai dong thyi chi phi arc

eB6dé 2. \>

tiéu voi ti 1¢ xap xi 1a (1+0).

Viéc ching minh 1 dé 2, b dé& 3 duoc lap luan
teong tr nhr trong [2, 3, 4, 5, 13].
e B6 dé 4. Tong chi phi léng trong {-1) vong hp
khéng wrot qua Blog,,, (1/ J) . Ngha 1a, tng chi phi
cia ludng sau khi chia chéog,,, (1/J) khéng wot
qua B.
Chirng minh: Ta c6 ¢, = dB. Sau {-1) giai doan
dugc thyc hién, ta cdD(t-1) < 1, tirc la

Zlet—l(e) CE(e) + Zlvt—l(v)'cv (V) +B.g. <1l

Suy rag4 < 1/B. Hon nita, mdi khi chuyén ludng
qua mng ma éng chi phi ing lén B, thi¢ ting lén
mot thira $ khéng nlb hon (1+€). Vi vay, goi x la $
ln thuAt todn 1am ing chi phi 1&n Bdon vi, ta c6
¢1,o.(1+8)xS ¢t—l <1/B = x< |Ogl+£ (1/5) .

Vay téng chi phi éa qué trinh thc hién la
B. log,,, (1/J) . Khi chia lwbng dat dugc cho
log,,, (L/ J) taddng thyi co tong chi phi gim di thira
6 log,,, (L/ 9) , théa man yéu &u dat ra dia bai toan.
e pinh li 1. Thuat toan tinhduoc ludng Xap xi cuc dai
Véi ti 1€ (1+a) cOdo phac tap la
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O(w 2 (2k logok+m).logom.r?).
trongdo k 1a & phuong tién, m1a  canh do thi, n 1a
0 nGtds thi.
Chizng minh: Trugc tién, ching ta timésgiai doan
ma thuit toanda thrc hién. Theo 16 dé 2 va do

. B 1
:)\,t < :_lo +e &
yej acolsy -1 0, >
1 1
=>t<1+ /B-|091+53 =>1t= ’Vﬁ'loghsg-—"

trongdo, € va d phu thuoc vaow. Ngoai rat con phu
thuoc vaogs.

Y. de.I(e)
Nhin ki, 8= min 20) = _F
al) > d(j)dist ()

Ta c6 th tang haic giam S boi mot thira $ r bang
cach nhan cac(e) hoic cacd(j) l1én ot thira < r
trong tng (ma véc nhan nay&khonganh hrong dén
két qua cua bai toan, vi sado ta co té giam haic
tang A boi thira ).

Goi 7 1a ludng arc dai cua phrong tiéni, i =1, ...,
k. Pat z = minz/d(i). Khi d6 z chinh 1a phand&cua
C&c yéu &8u cin van chuyén cac plrong tign mot cach
doc lap. Tir 8=\, suy raz/k< B< z Ta c6 ti chia
cacc(e) haic cacd(j) cho ndt sb sao chaz/k = 1, dé
thoa man gi thuyét dua ra banddu 1a = 1. Ldc nay
ta ding cofB< k.

batT = 2.[Iogm%w tuong tng Wi = 2.

Néu thuit toan khong dng lai & T giai doan thuc
hién, thi chiang ta nhaddi tit ca cac d(j), (twong
duong Wi chiadéi B, nhung Van thoa 8= 1), i thuc
hién thuat toan tép T giai doan nira. Néu thuat toan
van chra ding, ta tép tuc giai phap tréndén khi thiat
toan drng va lru y IGc nay vn thea S =1.

ap V-1, $ 11 (31), thang 6/2014

Ta tthy mdi khi thuyc hién T giai doan thi B giam
di mot nira. Nu x 1a € 1an thee hign T giaidoan, thi
[ giam di mot thira $ 2. Ta co

1<B/2"= 2°<B <k = x< logk

Vayt=Tx= 2.Iogk.[|ogw%—‘ .

m ) ¢
Thayd = (—j vao taduoc

1 m
t= 2.Iog}<.[‘€ log,., 1= J

Mzt khac, ndi giai doan ta thrc hién k vong &p,
nén $ vong kp la k.t Hon thé, & mdi vong kp, ta
thuc hién mot sb budce. Tiép theo, tadi tim tong &
buéc thec hien caa thuit toan.0 mdi budc, trir budc
sau cung &a mbi vong kp, ta ting o dai dia it nhit
mot canh 1&n (1€) lan. Xét anh e bit ki, ta c6
lo(€)=dc(e) va l(e)<1/c(e) (do D(t-1)<1). Goi t1 1a
sb bugc thyc hien ma trongdé e la aanh cé kb nang
théng qua gc tiéu trénduong dugc chon trong tng,
suy ra

lo().(1+£)™ < Iy(e) < L(e) = t1 < log,,, (L/ )

Thayd = (iJ ’ vao taduoc
1-¢

1 m
t1<| Zlog,, 1 |.
[5 % 1—5—‘

Hon nira, vidd thi gdm m canh, ta c6dng $ budc
thuc hién, (tnr sb buéc sau cung i@ ndi vong kp,
con $ nay king $ vong kip), lamtl. Vay, tng $
budgc thyc hién la

1 m 1 m
m.| —log,,, —— [+2k.logk.| =log,,, ——
[8 9; 1—8—‘ 0 lrg 9; 1—8—‘

= (2klogok+m). Flogm iw
£ 1-¢
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log, m IIKhéi tao céc gia t¥ bandau
= (2klogok+m).| ———2—— N o
glog,(1-¢) on he SO xap Xi w> 0;
1 Clon hé s cyc dai ddng thyi gioi han A = 1.
voie<1l-3 1t = O(w), trongdd mdi buéc thec //Khai tao chi phi géi han B:
Vi+w

B=0;
forj = 1tok do

hién chinh la timdudng ngin nhit gitta cac ap nut
trong ang. Viéc tim duong ngin nhit dugc thre hién

quak lan thyc hién thuit toan timduong di ngén nhit { timduong di ngan nhit p tir s dén't;

trén mang mo rong c6do phic tap 1a OQ°) [1,10], suy theo ham chi pHi(p);

ra d6 phic tap cia thdit todn la B = B +d*b(p);}

O(w2.(2k Jogk+m).logom.r?). do{

. THUAT TOAN PHAN LUONG PA PHUONG Thre hién chrong trinh tim léng arc dai

TIEN TUYEN TiNH TOI UU TREN MANG GIAO ddng thoi chi phi arc tiéu v6i tham $ dau

THONG MO RONG vao B vaw, va cho k& sb cuc dai Apax
Thuat toan nayduoc xay drng dra trén ¢ & sr if Amax <Ain){ B =B/ Anax} }

dung thuit todn tim lédng tuyén tinh arc dai dong thi
chi phi arc tiéu da trinh bayé muc Il. Vi day la
phuong phap #p xi, nén muc tiéu thdt toan l1a tim

while Qmax < Ainr)

//Hiéu chinh ludng ®i vu va chi phi gc tiéu

ludng Bi wu VoI hé sb cuc dai dong thyi A xap xi 1, if (Amax> 1)

lén hon ke sb cuc dai gidi han A = 1. { fe(a) =fg(a) / Amax JaE, j=1,...k
Y twong thuit todn thrc hign thuat toan tim lédng fv(u,e,e) =fv(u,e,e) / Amax

cuc dai déng thyi chi phi arc tiéu voi chi phi gbi han OuOV,O(e,u,e)0Bang by, j=1,...k

bandau tam tinh. Neu he 5 cuc dai df)ng thoi A nho Bnin = Bt/ Amaxe// Chi phl’ thrc té }

hon hé sb gidi han Ay , thi ting chi phi gbi han va
thuc hién thuat toan tim léng arc dai ddng thyi chi

phi arc tiéu vsi chi phi gisi han msi. Qua trinh nay
lap lai chodén khi dat duoc hé sb cuc dai ddng thyi A

lén hon haic king ke sb gidi han Ay

Sauday la vi di nho minh hpa thuit toan. Cho rang
giao théng nmy rong & Hinh 1. Mang ¢6 6 nat, 6 anh
c6 hréng va 3 anh vd hréng. Chi phi enhwe chod
Bang 1 va chi phi natw, cho ¢ Bang 2. Kh niang
thong qua ¢a nbi canh 1410, kha ning théng quaia

« P4u vaa mdi nat 1220. C6 3 @p nat ngén dich (1, 5), (1, 4)
Mang mo rong G = (V, ECe, 6, be, by). va (3, 6) wi lugng phrong tién twrong tng d(1) = 15,
Nhu (ﬁu (S’ tj, q),J =1,...k d(2) =8 Vad(3) = 25. Cl’bn h'é 5] Xép Xi w=0.1.

Chuong trinh cho Et qua phan lwng $i uu cho
phuong tién di tir ngwon 1 dén dich 5, ngédn 1 dén
dich 4 va ngan 3dén dich 6 cho rongtng & Hinh 2

He sd cuc dai dong thoi giGi han A = 1.

He sd xap xi w> 0.

* Dau ra Hinh 3 va Hinh 4.

1) Luong ©i uu {fe(a), fvi(u,e,e)| alE, (e,u,e)(IBang Téng chi phi 8i uu 1a 692.
by, j=1,...K.

2) Chi phi @rc tiéu B,

» Cac heoc:
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Bang 1. Chi phi

canh

Bang z. Chi phidinh

Canh

We

(1,2)

10

(1,3)

9

(2,3)

10

(2,5)

10

(3.4)

15

(3,5)

11

(4,6)

10

(4.5)

10

(5,6)

10

NUf Canh 1|Canh 2 wy
21 1,2)| (2,3) 1
2|1 (1,2)| (25| 1
21 3,2)| (2,5 1
31 1,3)] (34)] 1
31 1,3)| (35| 1
31 1,3)]| (3,2 2
3] 63| 3,2 1
3] 63| 34 1
3] 23)| 34| 1
31 (23)] (35| 1
41 (34)| (46)] 1
41 (34)| 45| 1
41 54| 4,6) 1
5/ 25| 5,3 1
5/ 25| 54| 2
5| (25| (5,6)] 3
5| B85 | 54| 1
5| B85 | 66| 1
5| (4,5 5,3)| 1
5| (4,5 5,6)| 1

e‘:n:.-@

Hinh 1. Mang giao théng @ rong

ap V-1, $ 11 (31), thang 6/2014

5.07

Hinh 4. Phan léng ngwn 3dén dich 6

« Dinh ly 2. Gia thiét ton tai phuong an phan kbng
dapung nhu du di lai cua tt ca cac @p ngwn dich
V6i chi phi Bua,. Gia thiét hé sb curc dai ddng thyi gisi
han Aips < 1 va 18 s Xap Xi w > 0 thva A < 1/(1+0).
Khi d6 thuit toan Kt thic sau it s hitu han vong
lap thec hién chrong trinh tim léng arc dai dong
thoi chi phi arc tiéu. o phic tap thut toan la
O(r.w™.(2k logk+m).logom.r?).
trongdoé k 1a $ cap ngbn dich, mla  canh dé thi, n

la & nutdd thi, r=10g, +1 va B la chi phi

Bmax
giéi han dau vaod vong kEp dau tién.
Chizng minh Theo clitng minh B dé 2, Wi

£<1- 31/ 1 ta cOA/A <(1+w),
1+ w
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suy rad > f/(1+w). Ky hiéu Bnax la chi phi da
phuong an phan lbng daptng nhu éu di lai cua tt
ca cac @p ngwn dich theo gi thiét. Ky hiéu A(B,w)
la he sb cuc dai phu thupe tham é diu vao B vaw.
Nhu vay bai toan léng arc dai ddng thyi chi phi arc
tiéu voi moi chi phi B> B S cho 1§ sb cuc dai
ddng thyi A(B,w)=1/(1+w). Suy raA(B,w) = A

0 B = Bax (*).

Ky hiéu B 1a chi phidau vao @a vong fip tha i,
i=1,2, .... Gi sir dén vong Eip thr g ta \in c6 B, <
Bmax VaA(Bq ,0) < Ajyr. Theo cach tinhua thuit toan,
ta co

By = Ba-/A(Bg1 ) = BgafAint = By (Ain)* > ... = By/

()\inf)q_l
Suy ra B/ (A\in)*™ < Brayx kéo theo
og B
q <109, +1=r. Vay, két hop Vi (*) suy ra
Bmax
Vo

g =r thi A(Bg ,w) 2 Ajy¢ Va thuiit toan arng.

Theodinh ly 1 d6 phic tap cia ndi vong kip la
O(w™.(2k logk+m).logm. ). S5 vong Ep khéng qua
r, tr dé suy radd phic tap thuat toan la

O(r.w™.(2k logk+m).log,m.r7).

IV. THUAT TOAN SONG SONG PHAN LUONG
PA PHUONG TIEN TUYEN TiNH TOI UU TREN
MANG GIAO THONG MO RONG

Do phic tap thuat toan tan t 1a:

O(r.w2.(2k Jogk+m).logm.r?).

Vi do phic tap nhr vay thi thoi gian chiy tuan ty
chottng ding a1 thé 1a rat 16n (duung ding dé la
nho). Biéu nay ding da duoc ching minh king thrc ¢
la chang toéidéa cho chy thyc nghém va Chrong trinh
dugc ar dung dé phan lwng giao théngdi uu cho
mang giao théng trung tam thanhépba Ning — Viet
Nam. D liéu mang giao théng nay bacdm 120 nit
giao théng chinh, 211 tég giao théng va 99%p nat
nguwon dich Wi luu hrong gin 50000 xe con quioi.
Thoi gian chy & gin 100 phdt.

ap V-1, $ 11 (31), thang 6/2014

Véi thoi gian nhr vay doi hoi chung téi pli xay
dung thuit toan song sondé giam bét thoi gian tinh
toan va thrc hién duoc cacting ding ma d liéu dau
vao kn ma thdt toan tén ty khéng tié thec hién
dugc.

IV.1. Y twéng thuat toan song song

Ta xay drng thuit toan trén ¢ & xir ly Py,...,P..
Trong ¢ & xt ly do6 ta clon by xti ly chinh R déng
vai tro trung tam, tic hién quan ly dir liéu, phén chia
cbng vic, gri dir liéu dén c-1 B xu ly phy P,...,P..
Bo xu ly chinhddng thyi thuc hién cdng véc gidng
cac I xir ly phu.

B¢ xir ly chinh R s8 chiadéu k b nhu @u (s,t,d),
j=1,....k cho ¢ b xt ly. Tuy nhiéndé tan dung hét
kha ning aia cac b xir ly thi ta chia cac ®nhu du
cho ¢ B xu ly sao cho d(lugng phrong tién qua
(s,t)) gan king nhau dia cac b xir ly.

c-1 by xir Iy phu nhan cac b nhu du ma I xi ly
chinh gri dén va thrc hién nhan gp c n nhu éu d
roi thuc hién tinh toandoc 1ap trén cac b nhu du dé.
Két qua tinh dugc trén c-1 b xu ly phu s giri vé bo
xtr Iy chinh, 1§ xir Iy chinh § cong cac Kt qua nay hi
va chia cho c va

Ao =min{A__ 12 -

maxl?? 'max2?** " 'maxm

CAc tén trinh trén cac dxu Iy phu P,..., P. bit
dau thec hién bueéc 2 ch khi nhan dugc yéu éu tir
P.. Tién trinh trén P thuc hién bedc 3 ch khi da
nhan da Amax tir cac b xa ly P, (i=1,..., c).

Trong ptin B sauday chiing t6i thit ké thuit toan
song song trén colxir ly Py, P,,... P.

IV.2. Cac budc thuc hién cia thudgt todn song song
* Pau vaa

Mang my rong G = (V, ECe, Gy, be, b).

Nhu éu (s, t, d),j =1,... k.

Hé sd cuc dai dong thoi gidi han Ay = 1.

He sd xap xi w> 0, ¢ I xir ly.

e Dau ra:
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1) Luong ©i uu {fe(a), fvi(u,e,e)| alE, (e,u,e)(IBang
by, j=1....K.
2) Chi phi @c tiéu Bup,.
Buoc L Bo xtr ly chinh R thuc hién céng véc sau:
- Nhan di liéu dau vao.
- I/Khéi tao céc gia tr bandau
Chon h¢ sb xip xi w> 0;
Clon h¢ s cuc dai ddng thyi gisi han A = 1.
- [/Kh¢i tao chi phi gbi han B
B=0;
forj = 1tokdo
{ timduongdi ngan nhitp tir s dén't;
theo ham chi pb{p);
B =B +d*b(p);
}
- Chuyén mang G, B,w, A\inr dén c-1 [ xtr ly phu.
- P,chia k nhu éu ($.4.d), j=1,....kchoc b xt ly
P, Py ..., B
Céch chia nlr sau:
Pau tién ta chia & (s.t1, dy) cho [ xir ly P, (.15,
dy) cho B,...,(st;, &) cho R
sumpi=d, (bien chra ©Hng $ phuong tién d, cua R)
sumps=d, (bién chra tHng $ phuong tién d, cua R)

sumpt=d.(bién chra tng $ phuong tién d. cia R)
For t:=c+1 to k do
{
h:=1; min:=sumpt
fori:=2tocdo
If min> sumpthen
min:=sumpt

h:=i;
Panh du dé chia B nhu du (s t, d)
cho R,

sumpt=sumpf+d;

ap V-1, $ 11 (31), thang 6/2014

Buoc 2: ¢ by xir ly Py, Ps,...,P. thuc hién dong thoi
céc cbng ic sauday:

Thyc hién chrong trinh tim léng arc dai dong
thoi chi phi arc tiéu v6i tham $ dau vao B vaw, va
cho he 5 cuc dai Amai, Blex -

Chu y #ing viéc thee hién tim lwng arc dai dong
thoi chi phi arc tiéu chi thyc hién trén $ bd nhu éu
ma R nhan & budc 1 (5.t,0), ji=1,...,k, dong thoi
cac nhu &u phrong tign d; phai duoc nhan 1én ép ¢
lan (s, t,c*dy), ji=1,...,k

c-1 b xit Iy phu gifi Ama (I=2,...,) 180 B x Iy
chinh R.

Budc 3 Bo xir ly chinh R thuc hién:

)\maX:min{)\maxL )\maxz-----)\maxt);

Bex= (Blex+Bze><a +1""+ B:eXa)/C;
Budéc 4 Bo xtt ly chinh R kiém tra, Bu Amay < Ains thi
gan B=BA, gui B d&én cac b xu ly phu, quay hi
buéc 2 Nguoc lai, sangbudc 5.
Budgc 5: B xur ly chinh thrc hién hiéu chinh lwdng Bi
wu va chi phi gc tiéu nhr trong thit toan tan tu,
nhung tt ca gia ti déu phai chia cho c:

if (Amax> 1)

{ fg(a) =fg(a) / c*Amax UalE, j=1,...k
fv(u,e,e) =fvj(u,e,e) / c*Apax
OudV,0(e,u,e)Bangb,, j=1,...k
B=Bex/C*Cex
B = Bi/ C* Amax// chi phi thrc €

}

Két thac.

Trong phin sauday ching t6i & dién giai thuat
toan ma c b xu ly thyc hién song song budc 2 dia
thuat toan song song muc 1V.2.

IV.3. Cac bwéc thwc hién thuat toan ¢ bwéc 2
trong muc IV.2 ciaa P, bd xir ly (i=1,...,c) dé tim
)\maxla seny )\maxc

T=1,

Bex=0;
While D<1 do
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{
For ji=1 to kdo
{
d=c*d;; /inhan cin lrgng phrong tién
an chuyn tir s dén
While d >0 do//mirc cac Ixge trong giai
doan
{ , , .
Goi thu tuc tim duong di ngan nhat p' tur
s dén t theo ham length cong tb:
length(p) theo cong thc tan tr & trén.
Tinhf = min{d',cE (e),c, V)|eO p',vO pi}
B=b(g)*f ;//b(p)tinh theo cong trc (1)
If B>B {f =f *B/B’; B=B};
// Héu chinh ludng

fe, (a) = fe, (a)+ f;0a0 p';

iji (u,e, el) = iji (u,e, e') +
f';0(eu,e)0p'
/Hiéu chinh cac thamé&khac
Edf; ¢g=¢*1+c*B/B);
Iv(v) =Iv(V) * @+&* f /g, (v); OvO p'
le(e) =le(e) * L+ &* f'/c.(e));Del p'
D'=D'+¢&* f *length(p');
B B'ex +B
} /lend while d>0
Y/ End for
t=ti+1;
} //End D<1
//Hiéu chinh ludng thrc t
= le(e) v(v) . ¢
olc.(e) dlc,(v) 5/B
Cex = Iogl+£ C' ;
t;
Apaxi =——

maxi
Cex

e E,VDV};

O vi du trén, khi thrc hién song song trén 2okt
ly thi bo xir Iy PLnhan 1 B nhu éu (1, 5, 15)con &
xt Iy P,nhan 2 % nhu d@u (1, 4, 8), ): (3, 6, 25)idng

ap V-1, $ 11 (31), thang 6/2014

thoi 2 by xir ly nhandbi luong phrong tién i tinh
toan.
e binh li 3. Thuit toan song song kng.
Chizng minh: Viéc chrng minh dra trén that toan
tuin tr. Thuit todn song sonduoc thuc hién qua 5
budc. Budc 1, B xtr ly chinh kioi tao cac bén gidng
nhu trong thidt toan tdn tr, chia $ bd nhu éu cho ¢
bo xir Iy va gri d&én cac b xu ly phu. Budc 2, ¢ 1§ xi
ly thuc hién song songté tim Ay (i=1,...,¢), saut6
giri vé bo xir ly chinh. Bréc 3, b xir ly chinh & tim
)\maX:min{)\maxL )\maxz-----)\maXC);
Bex= (Blex+82ex- +..F Bcex-)/C;

Budc 4, kiém tra tinh Kt thac dia bai toan. Béc
5, by xtr ly chinh thrc hién hiéu chinh ludng ®i vu va
chi phi arc tiéu

Trong thudt toan song sondiéu kién rang béc
cia bai toan la&bo nhu éu k phii 16n hon ¢ B xur
ly. Viéc chia $ lugng phrong tién d cho c Iy xa ly
phai tuong ddi bang nhaudé tranh cac & xu ly qua
nhan Bi. Vi du néu cé 2 1 xur ly, bo xir ly thir nhit
nhan 100 lrgng phrong tién, con [ xi ly 2 nhan 1
lwong phrong tién thi thuit todn song songeskhéng
cai tién nhdu vé mit thoi gian, thim chi thyi gian con
nhiéu hon so i thuat toan tén tr. Theo céach aimg
minh d6 phic tap cia thujit toano dinh ly 1, ta c6 th
taing haic giam B béi mot thira $ r bing cach nhan
cacc(e) haic cacd(j) 1en mot thira  r twongeng (ma
viéc nhan nay & khénganh hrong dén két qua caa
bai toan, vi sadé ta c6 thk giam haic ting A béi thira
so ).

Vi vay viéc chia $ bd nhu éu cho ¢ I xx ly va
nhan c4n d(j) dé cac 1§ xu tinh toandoc 1ap vin dam
bao tinhdingdén aia thuit toan.

Hon nira, viéc chia k B nhu du phii thoa
Ki+kot ... +ke=k, Vi k; 1a & bd nhu éu aia R, k; 1a
s6 bo nhu du cia B, ..., k. 1a $ bd nhu éu ca R.
Goi kyla s bd nhu du cia b xa ly Py, ta c6 RS
nhan cac nhu au (S,t1,0y), j1=1,...,k. Goi k, 12 &
b6 nhu du cia b xir ly P,, ta c6 Bs3 nhan cac nhu
CAU (2.5 0h), [2=ket1, k+2..., ktke. Goi kold 85 b9
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nhu du cia B xir ly P, nhan, ta c6 Rs3 nhan céac nhu
CAU (Sotic,Oe), JC = ktkot...+Kogtl, ktkot.. 4k
112,..., ktkot+...+k.. Thoa man k+k +...+ k=K.
IV.4. Phan tich dg phirc tap

Do phac tap tan tir
T=O(rw™.(2klogk+m).logm.rf). Trong d6 m $

canh, n la é dinh. Khi thrc hién song song chia k nhu

cau cho ¢ Ib xtr Iy nén thi gian aia thut toan song
song la®

T, = O(rw™.((2k log:k)/c+m).logsm.n’)+T

Trongdo Tla thoi gian truyén thdng
IV.5. M6 hinh thuc nghiém

Hé thong thrc nghém ¢ day la mang LAN, cac
may tinh c6 &u hinh théng dng trén th truong va
chuong trinhduoc xay drng bing ngén ng Java i
hé quan tri co so dix liéu My SQL. M6 hinh c6 cdxur
ly, bo xir ly trung tdm Rduoc goi la Server (Hinh 5)

: I

o &=

— —
I

Pl =

e

Jm

Server (R)

|u

Hinh 5. M6 hinh phan tada by xu ly
(M6 hinh mang LAN)

Cho mang giao théngy thanh plb Ba Ning nhr da
gidi thiéu & muc IV, thi thyi gian chuy trén 1, 2, 4, 6,
8 bo xur ly cho Kt qua dugc biéu dién & Hinh 6 trén
(T, la thyi gian chy tudn tu, Tpla thoi gian chay song
song, HT, la mic do taing ¢ (speedup.

IV.6. Két qua thir nghiém

Két qua trén Hinh 6 cho tly mac d6 tang ¢ o 2
bo xir Iy 14 ¢in 1.5; 4 B xir ly 1 gin 2.1 va nac do
nay &ing l1éndang K khi ta dung 6 hic 8 b xu Iy.

ap V-1, $ 11 (31), thang 6/2014

biéu nay chirng i rang thoi gian chry song song trén
2,4, 6,80 xu ly s3 giam so i thoi gian chiy tuan
tu. Bang 3 béu dién thyi gian tinh toan, &1sd cuc dai
dong thyi va & vong Ep trén cac b xir ly.

S

w
wn

w

ra

-
wn

Mic d¢ tang ¢ (TJT,)

=1
wn

o

S6 bo xir ly
Hinh 6. Biéu dd biéu dién mirc do tang e

Bang 3 Biéu dién cac tham&thuc hién song song

S5 bo | Sb buse Gid tri \ Thoi gian
xitly | lap(ty) PAmax | tinh (phat)
1 24.8976| 1.0120 99.26745
2 19.0123| 1.0122 74.37825
4 10.3427| 1.0123 46.72799
6 7.32456| 1.0132 33.31926
8 5.67601| 1.0134 27.51636

Nhin vao nirc d6 tang thc va Bing 3 trén, ching ta
thiy rang viéc dong by hoa céac tin trinh song song
trén nhéu bo vi xir ly doc lap do visc traoddi dir liéu
va chy tit ca cac B xir Iy tim xong Ca\ may. Diéu
nay lam suy gim dang K hiéu ning aia thiit toan
song song.

V.KET LUAN

Trong bai bdo nay chung td@a xay drng duoc
thuat todn tén tr va song song phandng $i wu
tuyén tinh trén mang giao théng r rong. Thut todn
song song aly trén cac b xu ly khac nhauté phan
ludng cho mng giao théngy thanh pld Ba Ning Wi
dir liéu mang giao thdng baodgn 120 nit giao théng
chinh, 211 tu§n giao thdng va 999ap nat ngwn
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dich wi luu lwong ¢in 50000 xe con quytoi. Khi

thuc hién thi thyi gianda giam di cu thé 18 voi 1 b xur

ly thi thoi gian thrc hién hon 99 phuat, 2 & xi ly thi

thoi giam xuong con kn 74 phat, 4 & xir ly thi thoi

lai tiép tuc giam con ton 46 pht, 6 & xtr ly thi thoi

gian gam con ton 33 phat va 8 dxir ly thi thoi gian

hon 27 phat (th hién & Bang 3). Thdt toan song
song xay ¢ng giup chung téi cly cacung dung Wi

quy md dr liéu lon £ thuc hién dugc ma thidt toan
tuan tr cho rat lau hdic tham chi »x ly tuan tr khéng
thuc hién dugc. Cac Kt qua co ban duoc hé thdng va
chirng minh.

CO SO THUC HIEN/TAI TR @ CONG TRINH
NGHIEN CUU

Truong PH Su Pham Pa Nang, UBND TP ba
Ning, $ Giao thongba Nang, Gic duong b 3- Bo
giao thdng \n tai.
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