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Toi uu hoa bieu do ciiay tau trong mang luoi duong sat 

• TS.LE CdNG THANH 
Vien Khoa hgc va Cong nghe Giao thong van tdi 

TOM TAT: Bai bao dua ra vi du tinh to in toi uu khi 
thiet lap bieu do chay tau tren duong sat v6i muc 
tieu giam thieu thdi gian chiem dung khi to chue 
chay tau giua cac ga Viec tiet kiem thdi gian trong 
viec to chue chay tau, trong nhieu trudng hpp se 
gop phan nang cao nang luc thong gua tren cac 
doan tuyen ma khong can phi i tang them kmh phi 
dau tu 

TL/ KHOA: Nang luc thong qua, do thi ch$y tau, 
bieu do chay tau 

ABSTRACT: The article gives an example of 
optimal calculation when setting up a train chart 
on the railway with the goal of reducing the time 
spent when running trains between stations. 
Saving time in organizing the tram operation, 
in many cases, will contribute to improving the 
capacity of passage on the sections without 
increasing the investment cost 
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I.DATVANOi 
Van de lap ke hoaeh giao thong dudng s^t luon 

dupe eac chuyen gia trong Nganh quan tam, dae biet la 
ve bleu do chay tau bdi vi bieu do chay t i u the hien g i i 
tri khdng the thay the duoc trong viee quan ly va sip xep 
lieh trinh ciia tau. Tren the gidi, d cac nude cd dudng sat 
phi t trien cung nhu d Viet Nam dieu n iy van ludn dung. 
Khong khd de nghien eUu he thong van tai hang hda d 
nude ta hien nay va thay rang, eac tuyen dudng sat can 
phai duoc phat trien ehiem vat trd idn hon va ehiem ti 
trgng cao hon trong tdng khoi luong van ehuyen hang 
hda cita di't nudc, Vdi mue tieu sif dung het cong sua't 
cic tuyen dudng hien co can giai quyet nhieu van de 
ph i t sinh trong phat trien mang ludi dudng sat eung nhU 
trong qu i trinh van ehuyen. 

Viee nhien cdu giai ph ip toi Uu bieu do chay tau eho 
phep khong ehi t r inh cht phi bo sung ma edn dat duac 
loi nhuan tdi da trong viec van chuyen hang hda, 

2. Ndi DUNG 
He thong dudng sat the hten nhu mdt mang lien ket 

CO cau true khdng dong nhat. Khi xem xet chi tiet ve cau 
true ciia toan bg mang ludt dudng sat, cd the ehia ra nhieu 

phan eiia mang ludi, khac nhau ve so lUpng dUdng ray, 
eau true ket noi vdt cac ga lap tau... NhUng vi'n de do ddi 
hoi can eac each tiep can khac nhau. Do do, cd the dUa ra 
phuang thdc hap ly gi i i quyet eae van de nay nhu sau: 

- Nghien eUu tat ca eae tinh nang va dae diem cua 
mang lUdt dudng sit tren cac doan cita no; 

- Xac dinh cie doan tren mang ludi dUdng s^t co cau 
true tuongtu nhau; 

- Chia tat c i eac khu gian thanh cac nhdm nhi't dinh; 
- Dua ra mot mo t i rd rang va dinh dang cong thUe 

to in hpe eho tUng nhdm; 
- De xuat cac thui t to in de glal quyet cic van de. 
Vdl each phin ioat tren cita mang ludt dUdng sat se 

ed mpt sd b i i toan, dupe cot la dan gian theo nghia la se 
cd mot djnh dang cdng thdc toan hoc ey the tdn tai va 
glal duoc (trong mpt so trydng hop cd the la edng thUc 
gandiing).Thoat nhin, dudng nhu moi bai to in nhuvay 
deu de d ing dugc giai quyet, nhUng thuc te tren dUdng 
sat Viet Nam khi xem xet bai to in dan gian nha't, chang 
han nhu b i i toan len do thi chay tau gida hai ga duoc ket 
noi bang tuyen dudng sat dan. se niy sinh van de. 

Trong phan Idn eie b i i toan nhan dupe se phi t sinh 
eie ham mye tieu: tang kha nang thdng qua cita mot 
doan dudng sat, tdi da hda loi nhuin khi van ehuyen cac 
loai hang hda, giam thieu tien phat, giam thieu sUcham 
tr& ciia tau tren hanh trinh.,, 

De dat duoc eie mue tieu can phi i Ung dyng eae 
thuat to in mdi eho phep tim ra giai phap tot nhi't. Cie 
doan dudng sat cd so dudng han ehe l im giam khi nang 
thong qua, nhi't l i trong trudng hop chi cd mot dUdng 
nhutren dudng sat qud'c gia ciia Viet Nam. Cic doan nay 
ciia mang ludi dudng sat thuong l im giam kha nang 
thong qua, do do nd duoc goi la mpt niit that eo chai. 
Trong bai bao de xua't thuat toan de toi Uu hda ehuyen 
dpng eiia eac doan tau tren mpt doan dudng don ciia 
mang lUdi dUdng sit, Ung dyng de giai quyet b i i to in 
van tai tai eac nut that cd chai. 

2 .1. Cong thiJTc toan hoc ciia bai toan th^t co chai 
trong mang lUdi dUdng sSt 

Xem xet van de hinh thanh bieu do chay tau glQa 
eie ga duae ket ndt vdi nhau bang dUdng don. 

Gta sif rang d i biet eac tham sd sau day: 
N = N,u N^ - tap hop eae ehuyen tau; 
N, = {1,2, ...n] - tap hpp eae ehuyen tau den nha ga 

dau tien; 
N̂  - (1,2, ...m} - tap hpp cac chuyen tau den nha ga 

thUhai; 
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r' - thdi gian ehuyen t i u / (/eN,) den nha ga thd 
nhat de gifl den nha ga thd hai; 

r- - thdi gian chuyen tau j (j eN,) den nha ga thU hai 
de gifi den nha ga thU nhat; 

J ' - thdi ban den ehi thi eiia tau / tU ga thd nhat den 
gathUhai; 

cf^' thdi ban den chi thi eita tau j tU nha ga thd hai 
den nha ga thif nhat; 

Gia sif r ing d' = r" -<• p, se[1, 2), p - thdi gian van 
ehuyen cua tau cd t i l hang (gii sif r ing p - gia tri khong 
doi b ing ty le khoang eich giUa hai ga vdi tdc do chuyen 
dpng trung binh eiia doan tau). Khi cac doan tau di 
chuyen eung hudng giUa eae doan tau chay noi tiep theo 
cum, can tuan thii dieu kien ve khoang gian each 5 > 0 
don vi thdt gian. 

Can phi i sip xep thdi gian bieu v: bleu do ehay tau 
giUa hai nha ga, tUdo tinh to in khoing thdi gian 5', Ŝ  gifi 
chuyen tau i tif nha ga thU nhat tdi nhi ga thU hat va tUOng 
iirng ehuyen tau j tir nha ga thir hat tdi nha ga thd nhat. 

Bieu thj qua edng thUe C' = S^ + p, C^^S^ + p thdi 
gian den cita ehuyen t i u den vj tri ddn nhan tau. 

Can phai tinh to in khoing thdt gian khdi hanh tif 
nhiga 1 den nha ga 2 va nguae lai, tUdd haply tong thdi 
gian eham tre nhd nhi't eiia cic chuyen tau, 

Lua chpn ham mue tieu la tong thdi gian eham tre 
nhd nha't cita eie chuyen tau. 

Ham tong thdi gian eham tre ed lien quan den cae 
cong ty dUdng sit tham gia van t i i h ing hoa, vl trong 
trudng hpp khong dap dng dupe thdi han giao hang, 
cong ty hoan t r i tten phat, phat sinh ton that. 

• Giai bdi todn 
Bieu do chay tau dUOc chap nhan trUdc tien se dupe 

lua chpn nhu sau. 6 bude dau tien, eae ehuyen tau den 
tif nha ga thif hai se duac giri eiing mot liic v io thdi diem 
Sj = H , dong thdi eo do tre ban dau eCia tat ca eac tau tai 
gathdha\F^(S^),vd\: 

Khi dd, cic tau ciia ga dau tien dl khdng cham tre 
neu r' <S^-p hoac r' > 5, -H p. Mat khac, tong do tre ciia 
cac tau eiia ga dau tien se bang nhau F^iS), vdi: 

Tiep theo, xet khoang thdi gian tsT. i> S^. ChonS/ 
khi dat gia trj nhd nhat cua ham mye tieu F^(t) - /^'(f) + 
F,'(/).Vdi7t| -Ijch trinh thu duoc trong trudng hop nay. 

d budc thiJ hai, sifa thdi gian khdi hanh tau m trong 
trang thai S', cdn de eho m-1 ehuyen edn lat dat trong 
khoang S'. H , < S.< S', khi dat dupe gia trt nho nhat 
eiia ham myctieu. 

Gia SLf d i xae dinh cae thdi diem 5 '̂ < S|, < ... 
< S,' < S' gdi ehuyen tau tif ga 2 (khi do chuyen dau 
tien {m-k-i-1) duoc gifi trong khoing thdi gian 5/). Dat 
r* < Tj < . , < r*_, < r' khoing thdi gian gift chuyen tau 
eiia ga dau tien, tuong iirng vdi lich trinh \ , duac sip xep 
d bude k. 

d budc k-l-1 ehinh sUa thdi gian giri ehuyen tau S^ 
< Sl_^ < ... < S/, S/ ciia ben thd hat va danh cho m-k giijr 
lai thdi gian khdi hanh, sap xep khoing thdi gian cd the 
' e T. rj_, < I < sl. Tong dp tre eita cac tau eua ga thiJ hai 
trong trudng hop nay duoc tinh theo edng thUc: 

".;,(').tK-d,.,)+|('-'y) 
CJ day ta thay dUOc ring, lieh trinh eac chuyen tau 

ciia nha ga dau tien thay doi nhu the nao trong trUdng 
hap niy. Bieu thi bang j ' " ' (0 = !( :(-;>< r,* <i + p] bp thdi 
gian khdi hanh eho cie chuyen tau eita ga dau tien, phai 
thay doi khi eae chuyen tau khdi hanh tU ga thir hai tai 
thdi diem t. Xac dinh lich trinh tau mdi cho ga dau tten 
nhusau: 

ir^.khi^iiJ'O)-

r''' =\t + p,kM_i ^J''{l),Sl -l>2p-, 

[r,'.,,itfi;_/£y'(0,5;-/<2p, 

Vdi, = max{/',ey*(0}. 
Tong dp tre eiia eae tau eiia ga dau tien duoc tinh 

theo cdng thde: 

*̂:'ti(') = J(r,'"'(0-';') 

Trong nhdng khoing thdi diem t^T,rl_^ -'-^l 
ehgn mot g i i tri, trong do de dat duac dp tre nhd nha't 
cho ehuyen tau ^^,,(0 - /v',|(()+f"ui('). Ket qu i la, chitng ta 
cd duac mot chuoi eie g i i trj khong tang eita ham muc 
tieu eua bai toan / j > F, >. > F„^_, > F^, moi trong so do 
tyong Ung vdi mot lieh trinh tot Uu. 

2.2. Vi dutinh toan 
Xem xet mgt vi du minh hoa tien trinh eita thuit 

toan. Trude het, ehung tdi gidi thieu djnh nghia sau: 
*Dinh nghia; 
Batch(k,i) - tap hpp cum xe ehUa k ehuyen tau, khdi 

hanh tU ga xie dinh (1 hoic 2) trong cung mpt khoang 
thdi gian 5^ vdi: 

Gia sCf mpt tap hop cae yeu eau ddn tau tai ga dau 
tten A ' j={ l , 2, ,..n} v i t ap hop eac yeu cau ddn tau taiga 
thU hai A'',={ 1,2, ...mn}. Chung toi sip xep tat ea eac yeu 
cau nay theo cic thdi dtem nhan tang dan r va bleu thi 
day dii eae yeu cau d6 trong Hmh 2.1. Hinh ve se dai dien 
eho nhieu hinh ehU nhat giong het nhau, vl thdi gian 
tac nghiep la tuong dUong nhau. Su khae biet gida cic 
hinh ehU nhi t la ehung thude ve eae ga khac nhau, do 
dd ehung ed the duoc phan biet mot cich ed dieu kien 
bang mau sac. 

c ^ Batch (n.i) 



Hinh 2.1 eho thi'y rat nhieu yeu cau 1,2,.. .,n den ga 
2va nhieu yeu cau i-1, i...,m, denga 1 va 8afch(n,t)-cau 
trite, dd ia mpt hinh chd nhi t xep Idp cd n yeu cau den ga 
2. Chi so dau tien trong djnh nghia cho biet so luong tau 
trong 16, chi so thd hat eho biet vl tri tuong ddl eita cae 
tau ciia ga dau tien i. 

Vidy: 

Gi i sir cic die diem tau sau day ed sin: 
4 - 0, rj' = 1. r^ = 3, r- =l,r; = 2, rj" = 4, p = 3 (Hinh 2.2) 
Hinh 2.2 cho thay khoing thdi gian khi tau den ga. 

Hinh tren mo ta cic doan tau cita ga 1. Htnh dudi - cac 
doan tau cua ga 2. 

1 2 3 4 5 6 7 8 9 

-•-•-
0 1 2 3 4 5 6 7 8 9 t 

2 2 2 
' l ' 2 ' 3 

Hinh 2.2 
Bude dau tien can tao mot Batch, bao gom tat ea cae 

tau cua ga thif hai - Batch (3,2). Xac djnh thdi diem khdi 
hanh 5 = 4. Batch nay ed chi so 3 va 2, do la 3 t i u va nhan 
vi tr i sau ehuyen tau thir 2 cua ga dau tien (vdl dieu kien 
p la 3 dan v\ thdi gian). Ham mue tieu khi do se bang 9. 

r>' 
0 

' 

n' r,' 
1 2 3 

s^ . 

4 S 6 7 8 9 

i Batch(3,2i 
W 

t 

0 1 2 3 4 5 6 7 8 9 t 
S={0 ,1 ,7}S={4 ,4 ,4 ) F=9 

Hinh 2.3 

d budc thU hai hinh th inh Batch, bao gom tat ca cae 
tau ga thir hai - Batch (3,3). Xac djnh thdi diem khdi hanh 
ciia no S = 6. Botch ed ehi so 3 va 3, do la 3 tau va nhin vj 
tri sau chuyen tau thir 3 cua ga dau tien (vdi dieu kien p 
la 3 ddn vj thdi gian). Ham mue tieu bang 11. 

r,' 

0 

1 — 

Ti Ts' S ( 3 , 3 ) 

1 2 3 4 5 6 7 8 9 
B a t c h ( 3 , 3 ) 

4 

t 

—>• 
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S={0,1,3} S={6,6,6} F = l l 

Hinh 2.4 
6 bude thif ba, tien hanh tif eae ket qua thu dUOc 

bang each chpn gia tri nhd nhat cita ham mye tieu (gii tri 
9). Do do, sira vl trf eiia chuyen tau mdi nhat tCf tap hap 
cua nha ga thU hai d vj tri cd g i i tri S ̂  4. Tiep theo ta xem 
xet Batch tao nen tU hai ehuyen tau cua nha ga thU hai.Ta 
ed duoc Batch (2,0). Batch eo ehi so 2 v i 0, vi nd bao gom 
2 t i u va nhan vj tri sau chuyen tau thd 0 cita ga dau tten 
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(vdi dieu kien p la 3 dOn vi thdi gian). Ham mue tieu khi 
ddcd g i i tri bang 18. 

S(2,01 S , ' s i s i 

I ' I 
0 1 2 3 4 6 7 8 9 t 

-•— -̂
0 1 2 3 4 ; 5 6 7 8 9 t 

S={7,7,7} ^^ S={2,2,4} F=18 

Htnh 2.5 
Thue hien thii tye nhu vay de dat duoc Batch (1,0), 

ta se tim thay tap hpp gia tri cita ham mue tieu tuong 
irng vdi cic vt tri khie nhau va cic tau eo dinh khae nhau. 
Bang each chpn nhd nha't trong tap hpp tren, ta chpn 
duoc ra hch trinh toi Uu nhat. 

Tim thay lieh trinh toi Uu: 
75'=0,rJ=l,r;=7,r,-=4,r/=4,/-3--4,F = 9 
Thugt todn nghich dao: 
Dieu quan trpng can lUu y la quy trinh duoc md t i 

hoat dpng vdi cie tau ciia ga thU hai. Bay gid, khi tao ra 
eie 16 t i u , bao gom eae tau eua ga dau tien, ta se v in 
hanh vdi cac tau cita ga dau tien, trong mot sd trudng 
hap, nhin duoe g i i trj thap ban cita ham mye tieu. Mpt 
bd sung can thiet nhu v iy se duoc goi la nghjch dao ciia 
thuatto in. 

Vl vay, trong vi du 1 trong bUde dau tien ehung ta 
se hinh thanh "Batch", bao gom tat c i cic tau ciia ga dau 
tien - Batch (3,0). Xic djnh thdi diem khdi hanh cita nd S 
= 3. Batch cd ehi sd 3 va 0, tUong dng vdi 3 tau va nhan vj 
tri sau tau thU 0 cita ga thd hai (vdi dieu kien p la 3 don vj 
thg\ gian) (Hinh 2.6). 

• . 6-
0 1 2 3 4 5 6 7 

. • — • » • • • 

8 9 
—̂  

t 

>• 
1 2 3 4 5 6 7 8 9 

Hinh 2.6 

6 bude thur 2 ta hinh thanh Batch, bao gom cac tau 
eita nha ga thuf hai - Batch (3,3). Xae dmh thdi dtem khdi 
hanh S = 7. Batch ed cie doi so 3 va 3, vdi 3 t i u nhan vi 
trt sau t i u thU 3 cita ga thU hai (vdi dieu kien p la 3 dan 
vi thdi gian). 

So luang Batch la n^ vt vay dp phUc tap eiia thuat 
toan la O(n )̂ hoat dong. 

r,' 

O 

r^ 

1 2 3 

T j ' 

4 5 

Bll Ich (3,3) 

6 7 8 9 t 

1 2 ^ * 4 5 6 7 8 

Hinh 2.7: Thi nghiem tinh toin 
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Sdng 2.1 cho thay ket qua eiia mdt th i nghiem 
tinh toan so sanh ket qua ciia thuat toan true tiep va 
nghich dao. 

Bing 2.1.50 sinh cac gia trj cua ham mue tieu khi sudung 
phuong phip true dip vi nghich dio cua thuat toin 

S6 ctiuyen t6u 
ta nhi ga thu' 

5 

10 

IS 

20 

25 

30 

SO 

S5 ctiuyen 

gattiiltiai 
s 
10 

15 

20 

2S 

30 

50 

tau ciia ntiigatliil'tiai 
9 

44 

64 

34 

110 

134 

202 

GtiitTicOah»mmucli«u 
khi "ket hop" cic chuyl!n 
tilucaanlii>gathitnh3t 

n 
38 

65 

3B 

108 

12B 

21S 

3. KET LUAN 
Cd the de dang nhan thay tif bang rang eae g i i tri tdl 

thieu cita ham mye tieu (gia tri so dyoc In dam) dat dugc 
khi eac tau eitaga thd nhat vathi> hai duoc "ket hop" vdi 
nhau. Hon nUa, can xem xet dong thdi e i hai hUdng vao 
ga. LUu y rang, trong mpi trudng hop deu cd the cd duoe 
gi i i phap toi uu. 
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