KHOA HOC VA CONG NGHE MO

THUAT TOAN MONTE CARLO VA KHA NANG UNG DUNG
CUA NG TRONG LUA CHON PONG 8O MAY xUc-6 T
TREN CAC MO LO THIEN & VIET NAM

i&én nay, cac mé Io thién Ion & Viét Nam néi
rl chung va cac mdé than 1§ thién I&n ving

Quang Ninh noi rleng dang s dung céac
thiét bi mo voi sw da dang vé chung loai, tinh nang,
kich thudrc, cong suét,... da gay rat nhiéu khé khan
khi Iya chon ddng bo thiét bi hop Iy cho mé. Chi
xét riéng sw dong bo gitva khau xuc bdc va van tai
la hai thiét bi quan trong nhét trong déng bo ciling
da thdy duwoc sw phirc tap trong viéc Iwa chon
déng bo cac thiét bj.

Cung vé&i sw phat trién ctia cong nghé théng tin
trong nganh mé thi viéc nghién ctru cac thuéat toan
t6i wu va mo phéng céc qua trinh san’ xuat trén mo
16 thién hién nay cling dang Ia nhirng van dé dwoc
quan tam. Vi vay viéc nghién ciru kha nang (ng
dung mét sb thuat toan phu hop trong viéc Iwa
chon dong bd thiét bi cho mot sé mé 16 thién Ién la
hét strc can thiét. Trong bai bao nay, tac gia nghién
ctru thuat toan Monte Carlo va kha nang (rng dung
clia né trén cac md 16 thién dé lwa chon PBTB cho
mo va t6i wu héa sy phdi hop gitka may xtic-6 to trén
cac mé |16 thién & Viét Nam.

1. Téng quan vé phwong phap Monte Carlo

1.1. Cdc phwong phap Monte Carlo

Sau hon nira thé ky phat trién dot pha, phuong
phap Monte Carlo da gan nhw dwoc ¢ng dung rong
kh&p trén moi Iinh v cia khoa hoc, cdng nghé.
Cung voi do, rét nhidu bién thé cta phwong phap
nay dwgc xay dwng nham phuc vu cho cac nhu cau
tinh toan cu thé da dwoc ra doi. Mot sb phwong
phap Monte Carlo tiéu biéu nhw;

% Assorted random model: la thuat nglr duwoc
dung trong vat ly d& mé t& mot hé ddong hoc ma co
mot diém t&i han nhw 1& mét diém thu hat. Do vay
cac hoat dong vi md cla ching dwoc thwe hién
trong khong gian va thoi gian didc trwng bat bién
clia diém t&i han cho mét sw chuyén pha ma
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khéng can céc théng s6 dau vao dé dat dwoc gia tri
chinh xac. N6 dwgc (rng dung nhiéu trong linh vue
khac nhau chang han nhw dia vat Iy, vii tru hoc,
sinh hoc, sinh thai hoc, kinh té, xa hoi hoc,..

+ Phuwong phap mé phéng Monte Carlo trch tiép
(DSMC): dwotc dwa ra béi Gido sw Graeme Bird. bay
la phwdng phap str dung ky thuat mé phéng xac suét
dé gidi cac phwong trinh Boltzman, mé ta cac dong
khi lodng ma trong d6 quang dwéng tw do trung binh
clia phan ttr c6 cling béc (hodc Ién hon) thang chiéu
dai vat ly dac trieng clia hé;

< Phuwong phap Monte Carlo ddng lwc (DCM):
la phwong phap mé phéng cac trang thai clia phan
t&¢ bang cach so sanh ti 1& cla cac buwdc riéng 1é
vGi cac s6 ngau nhién. Phuong phap DCM thudng
dung dé khao sat cac hé thdng khong can béng
nhw: cac phan tng, khuéch tan,.

% Phwong phap Monte Carlo d@ng hoc (KMC):
& phwong phap Monte Carlo dwa trén sy md
phéng may tinh @& mé phdng sw tién trién theo thoi
glan cua moét vai qua trinh xay ra trong tw nhién,
dién hinh 1a cac qua trinh ma ching xuét hién voi
mot ti 1é duoc cho trwée;

“ Phuong phap Monte Carlo Iwong t&r (QMC): la
phuong phap moé phéng cac hé théng lwong i véi
muc dich giai quyét cac bai toan nhidu vat thé. QMC
dung phuong phap Monte Carlo bang cach nay hay
cach khac dé tinh toan cac tich phan nhiéu chiéu:

%+ Phuwong phap Quasi Monte Carlo: 1a mét
phwong phap dé tinh toan mot tich phan ma dwa
trén co s& la cac day sé cd sw nhat quan thap. N6
trai ngwoc voi phwong phap Monte Carlo théng
thuong, dwoc dwa trén cac day sb gid ngdu nhién.

1.2. Nén tang ctua phwong phdp Monte Carlo

Phwong phap Monte Carlo dwoc xay dung dwa
trén nén tang

< Céc sO ngau nhién: day 1a nén tdng quan

A0

trong, gép phan hinh thanh nén “thwong hiéu” cla
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phuong phap nay. Cac sbé ngau nhién khong chi
dwoc st dyng trong viec md phdng lai cac hién
twong ngau nhién xay ra trong thwec t& ma con
dwoc st dung dé ldy mau ngau nhién cta mot
phan tlr nao d6, chadng han nhw trong tinh toan cac
tich phan;

% Luat sb Ion: luat nay dam bao rang khi ta
chon ngdu nhién céc gia tri (mau thi) trong mot
day cac gia tri (quan thé), kich thwéc ddy mau thiy
cang lén thi cac déc trwng théng ké (trung binh,
phwong sai,...) clla mau thl* cang "gan” voi céc
d&c trung théng ké cla quan thé. Luat sb 1&n rat
quan trong déi véi phwong phap Monte Carlo vi né
dam béo cho su 6n dinh cla céc gia trj trung binh
clia cac bién ngau nhién khi sb phép thtr dua lon.

Dinh ly gi&i han trung tam: dinh Iy nay phat biéu
rang dudi mét sb diéu kién cu thé, trung binh sb
hoc cua mgt lwgng da I&n cac phép ldp cla cac
bién ngau nhién doc 1ap sé dwoc xap xi theo phan
bé chudn. Do phwong phédp Monte Carlo 1a mot
chudi cac phép th&r dwoc I&p lai nén dinh ly gigi
han trung tdm s& giup chung ta dé dang xap xi
dwoc trung binh va phwong sai clia cac két qua thu
duoc tir phirong phap nay. Cac thanh phan chinh
cla phuwong phap mé phéng Monte Carlo gdm cé:
ham mat d6 xac suat (PDF); ngudn phat sb ngau
nhién (RNG); quy luat-lay mau; ghi nhan; wéc
lwong sai s6; cac ki thuat giam phwong sai; song
song hoa va vector hoa.

Monte Carlo ‘
Liy mau
; g6 -~ 3- Ghi nhan - ‘L_j Két qual
ngau nhién Udc luong sai s6 |
Giam phuong an sai :
Song song hoa va vector hoa |

+

Phén b
Xac suat

H.1. Nguyén tic hoat déng
cta phuong phap Monte Carfo

2. Co s® khoa hoc cua thuat toan Monte
Carlo va trng dung cua no6 trén cac mé 16 thién

2.1. Mé hinh hod todn hoc

Trong céng nghiép va kinh t&, viéc lap ké hoach
chiu &nh hwéng béi nhiéu cac yéu td bén ngoai s
canh tranh va thj trérng. Ngoai ra con phai ké dén
céac yéu té bén trong nhw phuwong phap hoat dong,
trang thiét bi va cach quan ly. Vi du nhw Iwa chon
hé théng van tai cho ma 16 thién, cac yéu té nhw vi
tri than quang, ham lwgng va ty 1& quang hoa mac
du rat quan trong nhung khéng thé thay déi. Tuy
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nhién thi cling ¢6 nhitng yéu té dé thay ddi nhw lwa
chon phwong phap van tai (6 t6,...) va vj tri twong
ing trong md. van dé chinh trong phan tich hé
théng mau do la lva chon tir toan bd cac nhan td
diéu khién duwoc va khong diéu khién duoc, sw két
hop cac nhan tb diéu khién dwoc dem lai hiéu qua
kinh té. van dé nay co thé bidu thj nhw sau:

Ham tbi wu:

Z=F(X; Y;) v6i: 1=1,2...M; j=1,2..N 1)
Trong do: Z - Panh gia hiéu qua (chi phi, lgi nhuan,
nang suét...); X;- Cac bién diéu khién dwoc; Y;- Cac
bién khéng diéu khién dwoc; F - Ham diéu khién.

2.2. Mé phéng hé théng

Mé hinh dwoc dwa ra co thé dwoc dwa trén
co s& ly thuyét hodc phan tich di¥ liéu trwc tiép
tlr hé théng. O phwong phap tht hai nay cac dir
liéu dwoc ghi nhan lai tir cac hé théng dudi cac
diéu kién hoat dong khac nhau va moi quan hé
thwc nghiém céac yéu té dau vao va dau ra duoc
mo td qua phwong phap théng ké. Mau dua ra
ciing c6 thé dung tlr sy két hop gita ly thuyét va
thwe nghiém tim théay.

Cac md hinh toan hoc cla cac hé théng két
hop rat khé khéng chi viéc tim ra ma con ca vé
gidi quyét chang. Véi viéc nghién clru 1 hé théng
van tai riéng, gia st xic boc va db thai dwoc gan
v@i nhau véi ty Ié san lwgng, Z dwoc xac dinh ia
toan bd chi phi van tai, X; 1a bién diéu khién
dwoc (dang van tai, sb lwong kich thwdc thiét
bi..) Y; la cac bién khong diéu khién duoc (san
lwong dé ra, cac ddc diém, cac vi tri xtc bbc, dd
thai..). Viéc lap ké hoach quan tam t&i viéc giam
mdrc tbi thiéu chi phi van tai véi san lwong xac
dinh qua cach Iwa chon tét nhat hé théng, van
tai, kich c&, sb lugng thiét bj hé théng.

Viéc dwa ra mét hé théng méu voéi cac cong
cu va phuong phap thé so la kha phirc tap. Tiéu
biéu trong hé théng van tai may xtc-6 to, thoi
gian nhan tai cia mét xe va khéi lwong tai dwoc
théng k& khac nhau. Trang thai cda xe va khdi
lrgng tai dwoc thdng ké khac nhau. Trang thai
cia xe trén dwong la ham cla cac yéu td nhuw
dang dudng, diéu kién dwdng, khéi lwong van
téi. Thoi gian di chuyén cla xe cling la ham cla
lwong xe va loai xe.

2.3. Chu ky lam viéc

Chu ky lam viéc cta 1 thiét bi van tai co thé
dwoc thé hién nhu sau:

To=Tons Tnt Tt Trgt Ta+t Tt Trns phl]t (2)
Trong do: T,- Thai gian chu ky cda thiét bi, phut;
Tmn- Thoi gian tai noi nhan tai, phat; T, - Théi gian
nhan tai, phat; Te - Thoi gian di chuyén (cé tai),
phut; Tmg- Thei gian tai noi d& tai, phat; Ty- Théi
gian d& tai, phat; Ty - Thoi gian di chuyén (khéng
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tai), phat; T, - Cac yéu t& nhw che doi, di cham
trén dwong, phut.

Ta c6: T,=V/Q,, phat (3)

Trong d6: V - Dung tich clia xe, tAn; Q;- Ty 1&
chat tai clia may tan/phat.

Véi hé thong may xuc-0 t6;

T,=[V/E]**T, phut. 4)
Trong dé: E - Dung tich gau xuc, tan; T.- Thoi gian
chu ky mét 1an xudc, phat; [ ]* - Gia trj trong ngodc
dugc lam tron 1én.

Te=Lo/Ve, phit 5)
Tktz Lka, phl]t (6)
Trong dé: L - Khoang céch tr vi tri xtc dén noi d&
tai, km; v, - Toc dd xe khi c6 tai, km/phtt; v - Téc

do xe khi khéng co téi, km/phut.

Gia tri T, ¢ thé xac dinh qua cac div liéu thoi
gian dwoc ghi nhan hodc co thé tinh duoc tir viéc
phan tich hg théng hoat dong Gia st khdéng co cac
yéu t6 gay tri hoan toi viéc db thai hay trén dwong
di, thi s6 xe can thiét co thé tinh dwoc d& dam bao
nhan tai tot nhw sau:

N=|— v |, chide. (7)
Ton+Th

[]* - Gia tri trong ngodc dwgc lam tron 1én.

Trwdng hop chi coé hai xe, thoi gian chd (W)
dworc tinh:

2T+ To)tW=Tmna Tra Tert Trgs Tae The (8)

W=(Tere Trgs Tas Tit)-(Tmn+ Ty, phut _

Vé&i n chu ky van tai thi tdng thdi gian ché trong
truvd'ng hop co 2 xe la:

TW=0,5.(n-1)[Tcts Tng+ Ta+ Tke-(Tmn+ Tn)], Phiit (9)

Vé&i N 6 to:

W= (Tt Trgs Tas Tie)-(N=-1)(T o To);pht (10)

TW= [(FI 1)"”] [(Tct+Tnd+Td+Tkt) QN 1)(Tmn+Tn)](11)

Khi tang gia tri N thi W cé thé g|am xuéng. Néu
N qua 1&n thi khi d6 W cé thé dat gia tri am, diéu
d6 co nghia xe thir nhat da hoan thanh chu ky lam
viéc clia minh trwdre khi cac xe khac dwoe nhan tai.

2.4, Kich thwdc di xe

MGt chi tiéu quan trong trong viéc lya chon thiét
bi d6 Ia kha n&ng san sang cla cac thiét bj van tai.
Co6 thé thiét 1ap nhw sau:

Kich thuéc ddi xe=n/a; (12)

Trong do: n - Sé xe yéu cau trong hé théng; a -
Kha nang san sang ciia 1 xe:

a_P-d.
p
Trong dé: p -
gian can nghi.
MGt cach t6t hon 1a s& dung nhi thiec phan bd
duwoc dwa ra bai Connel.
Trong do: p, - Xac suat chinh xac n phan tlr san

$aNg; Pa- Xac sudt ma mot phan t&r don sdn sang;

(13)

S6 gio ¢6 thé hoat dong; d - Thoi

Pra - X4c suat ma mot phan tr don khéng sdn
sang, Pra= 1-pa; N - Tong phan t&r trong hé thdng;
N, - Két hop cla N, Iay n trong 1 lan (n<N).

PH_NCH (pa) (pna) (14)

Péng thoi:
N
Pin= D Nex(Pa)(Fra™ (19)
xX=Nn

Tai day: P,y - Xac suét téi thiéu n phan t& co thé
san sang. Khi N tang va n tang, rét thich hop cho
str dung 1 chwong trinh tinh toan.

2.5. Mdu Monte Carlo

_Thuat toan Monte Carlo trong viéc nghién ctru
mau dwa trén (rng dung clia xac suat va théng ké
dugc s dung kha thuan lgi. U’ng dung phuong
phap nay sé dién ra theo mét qua trinh nhw sau:

a. Tinh xac suat cla toan bé ham F(x) clia bién
X trén mién (hrnh H.2).

y=F(x)= j f(x)dx (16)

Trong dé: f(x) - Ham tan s6 cla x.

b. Chon mét s6 bét ky, r gitva 0 va 1 tir bang sb
ngau nhién.

c. Tlr xac suét toan bd ham F(x), tim gia tri x
twong tng véi y=r.

Gia tri md phong cla x duo’c phan ph0| theo tan
s6 clia ham bién x. Cac sb liéu cho thay ré rang
xac suét cé gia tri mo phéng gitra x4 va x4+dy co
theo ty 1€ f(x4)dy.

P(x4 < gia tri m6 phong < Xq+dx)=dy1=1(x1)dx

Trong tru’ong hop bién bj gian doan, khi do:

F(x) = jf(u) (17)
u=0
Glé!a'gngéu S ‘F(")
nhién
0 X L
rdyl -
y =F(x} :
dyl = Fx1)dx
/r = f{xl)dx
[ 5
0 xl  xl+dx x1 xl+dx

H.2. Mién bién thién ciia mau Monte Carlo
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Bang 1. Cac bién sb ngadu nhién tim duoc theo cac phan phbi co ban

Phan ph0t o Tham | Trung Bién doi ~ Gia trj x theo bién Ghi
_ | s binh S _hgau nhién r chu
_ Phan phoi dang ham: lab | ap (b;é)z x=a+(b-a) r 10<r=<1
f(x)= [1!(b—a)]a<x<b 5 = : :
1.=0 nhung s0 khac -
'Phan phdi dang ham mi: a 1 1 = O=<rs1
f(x.)=u'e-at = i g:—ainr.
a>0, x=0 P o’ o
Phan phoi chuan: o 1 b 12 0<r<1
oy o c 2 : X'=Ux+cx{z1ri"6:| : '
- _ o 2| X—Hx =
f(x)_oxJQﬁe [ - J
0 <X <o :
Phan phoi kép: n, p np np(1-p) I < Pi, XX+ 1 0srs1
f(x)=nc,Px(1-P)"™* ' b,
x=0,1,2..n.P20,P=<1,0 . . o oix=0
Phan phéi Poisson: Ao bk A _ X1 0<sr<1
ApX ' ' t =n D fisas Dt
f(x)== : x=012..:A20 o Z Z

Néu thuat toan Monte Carlo dwa ra mot gia tri
I&n ctia mau thi trung binh cdc mau sé t6i gan gia
tri trung binh tiéu chuan. St dung thuat toan Monte
Carlo dé dung trong nghién ctru md phéng duoc
toém tat lai nhw trong Bang 1.

3. Ung dung thuat toan Monte Carlo trong
Iwa chon dong bd may xtc-6 té trén mé 16 thién

M3au mé phdng hé théng may xic-6 td co rat
nhiéu ng dung nhuw trong Iwa chon thiét bi, phéan
tich hoat déng cla thiét bi, ké hoach san xuéat va
thiét ké dudrng van tai.

V@i cac mod 10 thién Ién v ap dung thuat toan
Monte Carlo ta cé thé giai quyét ngay van dé xay ra
kha phd bién dé giam toi mirc téi thiéu nhirng gian
doan trong van tai dé la sw phu hop gitra sé Iucyng
xe tai v&i sé may xUc xe tai sao cho giam toi thiéu
mrc tdi da thoi gian ché doi cla may xuc déng
thoi gidm chi phi trong thdi gian ché doii.

Goi M va N 1a s6 may xUc va xe tai trong hé
thdng, Cs la chi phi trong théi gian may xic che
(d/ph), C; la chi phi thdi gian xe tai chd (d/ph), Wr,
thi gian cho tich 0y clia may xic, W, la thoi gian
ch& cla xe tai. Ta co:

Wn=F1(M,N); Wr=F2(M,N);Ct=Wr,*Cs+C;
Trong dé: F4, F2 - Ham hé thong, Cr-
thoi gian cho.

Ap dung thuat toan Monte Carlo tinh toan mé
phong DBTB may xuc-6 t& cho cac mé 16 thién
duwoc thwe hién qua cac budc nhu sau:

(18)
Téng chi phi

N cone neniee mo, si 2 - 2016

< Buwdc 1: gan cac théng sbé dau vao: M, N - Sé
may xuc, sb & t6 trong t6 hgp BBTB; T,,;- Thoi gian
chét tai clia may xuc thir i, phut; AT, - D6 l&ch thoi
gian nhan tai, phut;Ty - Thoi gian van tai tr khi di
ra khdi ché may xtc cla xe 6 td thiv j; AT, - D6 léch
thoi gian van tai, phat; RN - S6 ngau nhién thi k.

% Budc 2: tinh thdi gian chét tai cho may xtc
To=ThiRN*AT

< Buwéc 3: tinh thoi gian di chuyén cla cac 6 té
ttr khi ra khoi Vi tri nhén tai T|-, =Thj+RNk*ATh;

<% Buwdc 4: tinh toan, phan tich trang thai phdi hop
clia may xtc va & t6: M - S& may xuc trong t6 hop
PBTB, chiéc; N - S6 6 16 trong t6 hop DBTB, chiéc; Ty
- Thoi gian chay clia may xuc the i, i=1, 2,..., m; Ty-
Th&i gian chay cla 6 t6 the j, j=1, 2, 3,..., n; T -
Khoang thei gian dé wéc luong (thang, nam...).

Qua trinh tinh toan dién bién nhw sau:

+ Budc 4.a. Chon 6 to véi thdi gian hoat ddng
nhé nhat (Tom). Pat 1a 6 t6 ther k v&i: Tom=Te. Néu
Tox>T thi thwe hién buéc 4.h.

% Budc 4.b. Chon may xuc co thdi gian hoat
dong T,m nhé nhat. Pat la may xdc the g véi:
Txszxg;

% Budc 4.c. Dat w=(Tyg-Tok). Néu w<0, thi thuc
hién budc 4.d. Néu w>0, thi thuc hién budc 4.e.
Néu w=0, O t6 c6 thé dwoc an dinh ngay cho may
xUc. Thuwe hién budc 4.1;

% Buwéc 4.d. May xuc g dang doi 6 6, th&i gian
chd doi cia méay xuc la ws: We=(To-Txg). Cép nhét
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trang thai Tay cla may xic g: Tg=Tx+tWs. Thue hién
buoc 4.f;

% Budc 4.e. O t6 k dang chd nhan tai, thoi gian
ch& cia 6 t6 k 1a wy wi=(Txg-Tok). Cép nhap trang
thai Tox cho 6 10 K: Tox=T ok tWy;

< Buwdc 4.f. Dua ra thoi gian chat tai cho 6 t6 k
bang may xtc thir g, dat 1a Ly.

Cap nhap trang thai T, cia may xuc va 6 to:

Tug=(Txg+Lgk)i Tok=(Tok*+Lgk); .

% Buwdc 4.g. Puwa ra thoi gian di chuyén cla 6
to thir k tlr noi nhan tai. Dat |a ..

Céap nhap trang thai Ty, cta 6 t6 thr ki TS Toxt Tk
Thwe hién budc 4.a.

 |cansowomgotobandiuN|

[ Tih thaa thif glan clso a0k ciie cie (KA B |

[ Tin toin cac chi phi |

L l‘hinﬁ"g“é‘gﬁ o

[[Cic phuong an duge tao va |

1
[ Fhw duoe done bo i |

H.3. So dé khdi mé phdng qua trinh Iura chon 6 t6

< Buoc 4.h. Két thic md phéng két thuc, xuét
ra két qua: tbng khdi lwong san pham, tan; sb
lwong chuyén van chuyén, chuyén; thdi gian chéd
ctia mbi 6 6 & tirng may xUc, phut; thei gian ché cla
may xuc voi tieng 6 t6, phut.

Qua trinh tinh toan lwa chon BBTB cho 6 t© ap
dung thuat toan Monte Carlo dwgc md ta & hinh H.3.

4. Két luan

Thuat toan Monte Carlo da ra doi tir rat 1au va
dwoc (ng dung rat nhiéu trong nhiéu Iinh vee khac
nhau. V&i sy phat trién cta nganh than thi viéc
(rng dung mét thuat toan nhw Monte Carlo vao viéc
tinh toan DBTB cho cac md ciing la diéu tat yéu.

Thuat toan Monte Carlo c6 rat nhiéu wu diém dé
trng dung trong viéc tinh toan BBTB trong mo:

% Pua ra 1 gia rj I&n clia mau ngéu nhién do vay

trung binh cac mau sé téi gan dén gia tri tiéu chuan.

% Tinh toan th&i gian chu ky van tai, cho phép
phan tich cac giai phap thay doi tuyén van tai;

% Wéc tinh sb lwong 6 t6 voi cac thiét bi chat
tai bat ky nén thuan tién dung dé lap ké hoach
ngan han;

+% Lwa chon cac thiét bi co kich thuwéc phit hop nhét;

< Tbi wu kich thwéc doi xe.

V6&i cac wu diém va kha nang (rng dung cla
thuat toan Monte Carlo ma tac gid da phan tich ¢
trén, co thé thay rang thuat toan Monte Carlo hoan
toan c6 thé (rng'dung dé tinh toan lwa chon DBTB
trén mo 16 thién va téi wu hoéa sw phdi hop gitra

.. may xUc-6 to trén mé 1 thién, nang cao nang suét
 lam viéc cua thiéet bi cling nhw hoat ddng san xuat

cla toan mo.0d
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SUMMARY

The article presents research results of |
~ Monte Carlo algorithm and usability of this |
algorithm in the selection for machines

synchronization and optimization of coordination
between excavator-automobile for surface
mines in Vietnam.
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