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1. Giéi thiéu

Cac dy an xay dung thuwong duoc tién hanh dwéi nhivng diéu kién rai ro khac nhau.
Trong thuc té, cac cong ty xay dung thwdng khéng lwu triv thdi gian chi tiét thwe hién cong
viéc mot cach co hé théng dé nang cao hiéu qua du doan thoi gian cho céng trinh méi. Thoi
gian nay thwong dwoc ngu’o’l lap tién d6 dwa ra dya trén klnh nghiém va thdéng tin co6 duworc.
Dé dién dat thoi gian nay, ho thwong dung cac thuat nglr “xap xi, “hon hay it”, “khoang
Hon nira, ndi dung dién dat “nam howp li trong khoang 5 va 10 ngay, nhwng cé thé xay ra
nhét trong khoang 7 hay 8 ngay”, da chi ra rang ho vira khong tin cay vao hai khoang wéc
lwong vira c6 mire dé tin twdng khac nhau cho méi khoang wéc lwong thei gian. Vi vay, mo
hinh hoéa tién d& ngau nhién sao cho cé thé dé dang rng dung trong thwc té va don gian sé
la muc tiéu cha bai bado nay. Bai bao nay trinh bay viéc mé phdéng tién d6 thi cong bang
phwong phap Monte Carlo, viéc 1&p chwong trinh tin hoc d& md phdng tién do, va ap dung két
qua nghién clru vao thwc té 1a D an dau tw xay dwng Bénh vién méi Pai hoc Y Duwoc
Tp.HCM.
2. Gi&i thiéu tom tat vé mé phéng Monte-Carlo

M6 phéng Monte Carlo 1a mét cong cu dé phan tich cac hién twong cé chira yeu td rai ro
nham rat ra |&i gidi gan dang. N6 con dugc goi l1a phuong phap thir nghiém théng ké. Mo
phong Monte-Carlo thwéng dwoc sir dung khi viéc thye hién cac thi nghiém hoac cac
phwong phap tinh toan bang giai tich gap nhiéu kho khan hoac khong thé thuwc hién duoc,
dac biét khi st dung cac may tinh s6 va khéng yéu cau nhirng cong cu toan hoc phuc tap.
Thwec chat cia mo phéng nay la lwa chon mét cach ngau nhién cta cac bién dau vao (risk
variables) ngau nhién dé& cé6 mot két qua thuwc nghiém cua dai lwong tdng hop can phan tich.
Qua trinh d6 dwoc lap lai nhiéu IAn d& cé mot tap hop da Ién cac két qua thwe nghiém. Cubi
cung x& li théng ké dé co cac dac trwng théng ké cda dai lwong tédng hop dé. Cac budc tinh
toan, thuwc hién cé thé tom tat nhw so d6 dwdi day:
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Hinh 1. Quy trinh mé phdéng theo phwong phap Monte-Carlo
Buwéc 1: M6 hinh todn hoc

M6 hinh nay xéac dinh cac méi quan hé dai s glwa cac bién sb hang sb. N6 l1a mot tap
hop cac cong thirc cho mét vai bién sb ma cac bién nay cé anh huwéng dén két qua

Buéc 2: Xac dinh bién rdi ro (risk variables) va bién két qua (result variables)

Phéan tich d6 nhay sé duwogc st dung trwéc khi 4p dung phan tich rdi ro dé& xac dinh
nhirng bién sé quan trong nhat trong md hinh danh gia dw an va giup nguoi phan tich Iwa
chon céac bién sb rii ro quan trong (nhirng bién sb nay giai thich hau hét cac rdi ro cha dw
an).

Buwéc 3: Xac dinh cac dang phén phéi cua céc bién sb

Khi Iya chon dang phan phdi, nguoi ta st dung dang phan phdi xac suéat da tri. Cac
dang phan phdi xac suat co ban nhu: phan phbi déu, phan phédi tam giac, phan phéi chuan,
phan ph0| dang bac thang. Phan phéi dang bac thang cé ich cho nhirng trwong hop co
nhiéu y kién chuyén gia. M6t loai phan ph0| bac thang dac biét la phan phbi “bac thang — roi
rac’ , né dwoc dung khi gia tri ciia mét bién sb co thé chi gia thiét nhirng con sO6 phan biét
trong mét pham vi nao do.

Buwérc 4: Xac dinh gi6i han pham vi cia ham phan phdi xac suét

Cac gIO’I han pham vi dwgc xac dinh b&i cac gia tri nho nhét va Ién nhéat. D6 1a cac gia tri
bién ma cac blen sO khong duwgc vwot qua. V&i nhitng phan phdi dang tam giac hay bac
thang ciing can xac dinh cu thé nhirng pham vi phy nam bén trong hai gi¢i han. Xac dinh
cac gi¢i han pham vi cho cac hlen s0 dv an la mét qua trinh don gian bang cach thu thap va
phan tich nhitng di¥ liéu co san tir qua khir ctia cac bién rui ro, tir d6 ching ta co6 thé tim
duwoc dang phan phoi xac suat phu hgp ctia né
Buéc 5: Tao ra céc sé ngdu nhién

Tim cach phat ra hay Iya chon mét cach ngéq nhién két cuc cua cac bién ngau nhién voi
yéu cau viéc lya chon phai dam bao cho cac ket cuc c6 thé co phan phoi xac suat giong
nhw phan xac suat ban dau cua cac bi€én ngau nhién. Trong thwc t€, ngwoi ta thwdng st
dung san bang so ngau nhién hay c6 thé lap cac chwong trinh phat so ngau nhién dé tao ra
cac so do.

Buwée 6: Van hanh mé phdng

~Giai doan van hanh mé phong la cong viéc kho khan nhat, mat nhiéu thoi gian nhat, vi
thé no duwoc dénh cho may tinh. Qué trinh trén dwoc lap di 1ap lai cho dén khi d}] nhirng két
qua can thiet aé X Ii thong ké. Bé c6 dwoc moét mire do chinh xac can thiét, can phai thue
hién mot sO kha Ion nhitng phép thi Monte-Carlo, c6 khi dén hang tram lan. N6i chung, so
phép thtr cang I&én, cac ket cuc trung binh cang 6n dinh. Chon s lan mé phéng bao nhiéu la
mot van de phire tap. Tuy nhién thong thuwdng so lan mo phong thuwdng nam trong khoang
5.000-10.000 lan.
Buwdc 7: Phén tich cac két qué

Cudi cung la phan tich va giai thich cac két qua thu dwoc trong giai doan van hanh mé
phéng. S dung cac phép tinh thong ké dé xac dinh cac dac trwng thdng ké nhw ky vong
(mean), phwong sai (variance)... cta dai lwgng tong hop can phan tich. Tlr ham phan ph0|
xac suat tich liy cua cac két qua, nguoi ta co thé quan sat mirc d6 mong do’l,cua két qua dw
an v&i tieng gia tri d& cho bat ky. Vi vay rdi ro cta dy an thwong dwoc biéu thi qua ham
phan phdi xac suat tich luy.

3. Tinh toan tién d6 theo phwong phap mé phéng Monte-Carlo

Phan nay sé trinh bay cac thu tuc tinh toan theo phuwong phap mé phéng Monte Carlo
nham phan tich tién dé. Cac thd tuc nay sé trinh bay cac bwdc khac nhau cho viéc phac hoa
so dé mang va wéc lwong cac dac tinh phan phdi xac suéat cho cac cong tac. Ngoai ra, cac
cobng thire tinh toan sé dwoc ap dung nham phan tich thi gian thwe hién phan phéi chuan.

Pé tao ra thoi gian phan ph0| chuén, ta sé tién hanh theo hai buwéc. Dau tién, phat sinh
cac bién ngau nhién phan ph0| déu, u; nam trong khoang (0,1). C6 nhiéu ky thuat dé thwc
hién viéc nay. Mot cong thire tdng quat cé thé dwoc sir dung



ui =1/ [(7 + uia)?] (1)
Trong d6: 7 =3.14159265 )
Ui.1:la s6 ngau nhién duoc tao ra trwedc hay dwoc Iwa chon tie dau tién.

Phuong trinh trén sé dan dén két qua mot tap cac sé co tinh chét thdng ké clia sé ngéu
nhién thwc. Cac s6 nay sé xuat hién lap lai sau mét s6 lan l1ap nao do.

Thong qua viéc ap dung phwong phap khéi tao cac sb ngau nhién phan phéi déu, ta cé
thé tao ra cac sb ngdu nhién phan phéi chuan bang cach s dung 2 realization phan phéi
déu cé phwong trinh nhw sau :

X, = M, +S*sint

s=0,4/—2Iny, (2)

t=2nu,
Trong §6 : .
Xk - realization chuan;
- gi4 tri trung binh;
ox - dd léch chuan cla x; o
U; va u; la hai bién ngau nhién phan phoi déu.

Céc realization s6 ngau nhién twvong quan co thé st dung trong phan phéi co diéu kién.
Vi du thoi gian thye hién cia mét cong tac d la phan phoi chuan va tvong quan véi mot bien
ngau nhién phan phoi chuan th hai x. Bién x nay c6 thé co6 thoi gian thwe hién khac cua
cong tac trén hay co thé la mét nhan t6 tach r&i, vi du nhw anh hudng cla thoi tiét.

Cho trwéc mét realization x, ctia x, phan phéi c6 diéu kién cta d van 1a phan phéi chuan
nhwng d la m6t ham cua gia tri x.. Pac biét, tri trung binh c6 diéu kién ( p4| X=xx) va do léch
chuén (c'y| x=x) cta mét bién phan phdi chuan dwoc tinh tlr mot realization cda bién thi
hai la:

{ﬂ'd|X=Xk}=de(O'd 1o)X = 1) + 1y 3)

{O-ldlxzxk}zo-d\ll_pdx

Trong dé pax 1&a hé sb twvong quan gitra d va x. Néu gia tri x, dwoc biét truwdc, tri trung
binh va do léch chuan cé diéu kién c6 thé dwoc tinh toan tr phwong trinh (2). Gia tri
realization dat dwoc bang cach ap dung phwong trinh (1). Hé sb twong quan chira mirc d6
hai bién khac nhau twong quan 1an nhau.

Khi da c6 mét tap cac bién phan phdi ngau nhién, ta c6 thé ap dung thuat toan cho ké
hoach héa tién d6 theo so d& mang CPM.

Dé don gian hoa cach tinh toan trong mé phéng tién d6 Monte Carlo, viéc sir dung phan
phdi dang tam giac sé thuan Igi hon so v&i phan phéi chuan Béta. Phan phbi dang tam giac
c6 thé manh hon so v&i phan phdi chuan dé la khdng xét dén thdi gian am. Ngoai ra ta st
dung phan phébi dang tam giac vi nhirng li do nhw sau:

- Phan phéi béta khong han la phan phdi thuc cha thoi lwgng céng tac va cho dén nay,
chwa c6 moét két qua nghién ctru nao khang dinh diéu dé6. Hon nira viéc lwa chon loai ham
phan phéi cho th&i lwvong cong tac khong phai la & dang phan ph0| xac suat ma cai chinh la
né phai dién td dwoc gan dang tinh chat phan phdi xac suét cia cong viéc va ‘muc tiéu moé
phdng. V&i muc dich dé, ham phan phéi dang tam giac déu thda man cac yéu cau nai trén;

- Phan phéi tam giac phi hop véi truong hop ma thong tin vé qua khr khdng day du dé
xac dinh phan phbi thuc cla cong tac. Ta chi can ba wéc lwong thdi gian: thoi gian thuan o
(a), thoi gian khéng thuan loi (b), va thdi gian binh thwéng (m) 1a c6 thé dién tad dwoc phan
phéi thei lwong cong viéc. Do d6 rat dé don gian tinh toan;

- Trong phuwong phap mé phong, chi can nhirng thong tin co ban cta phéan ph0| tam giac
nhwng théng qua qua trinh mé phong hang tram lan, thi theo luat sb 16n, két qua van rat gan
v&i thue té;



- Phan ph‘éi tam giac co khoang gi¢i han nhw phan ph;“Si béta. Do d6, n6 phu hop v&i nhirng
gi¢i han vé nang suat, thdi gian va chi phi trong thyc té;
- Tuong tw phan phéi béta, hinh dang cta phan phdi tam giac ciia n6é cé thé meéo léch tuy
theo cac th&i gian wéc lwvong. Do dd, né dién ta dwoc tinh chat clia cac yéu té nang suat,
th&i gian va chi phi.
Phan phéi léch v&é wdc  Phan phdi léch vé&
£ lwong lac quan woc lwgng bi quan

A

2/(b-a)

a b

Hinh 2. Phan phdi thoi gian thuc hién dang tam giac

Hinh trén minh hoa phan phbi dang tam giac co thé léch sang phai hay sang trai va cé
gidi han xac dinh giong nhw phan phdi béta. Néu a la gioi han dudi, b la gi¢i han trén, m la
gia tri kha thi nhat, thi tri trung binh va d6 Iéch chuan cta phan phdi dang tam giac la:

a+b+m
T3 )

)

\/az +b®+m®+ab+am+mb
18
Ham x&c suét tich Ity (cumulative probability function) cho phan phéi tam giac la:

(b(x)—(a)Z) choa<x<m
F(x)= —-a m—za

1—& chom<x<h
(b-a)(b-m)

trong d6 F(x) la xac suit ma bién ngau nhién nhd hon hoac bang gia tri x.
4. Lap trinh m6 phéong Monte Carlo trén may tinh
- Buwéc 1: Nhap sb cong tac, sb 1an moé phdng va khoang thoi gian a, m, b cho tirng céng
tac.
- Bwéc 2: V&i mbi cong tac trong mbi lAn mé phéng, phat sinh mét s6 ngdu nhién u trong
khoang [0, 1]. Tl d6 tinh toan gia tri xac dinh cho méi céng tac.
- Buwéc 3: Voi mbi lAn moé phéng, xac dinh cac gia tri khéi som, két s&m, kh&i muodn, két
mudn va dy trir toan phan ctia mdi cong tac.
- Buéc 4 : Tir cac théng sb clia cac cong tac qua sé 1an mo phong, tinh toan gia tri trung
binh va d6 léch chuan ctia cac thong sb clia cac cong tac.

Céc tac gia da lap mét chwong trinh may tinh dé x( Iy bai toan mé phong tién do theo
lvu d6 dwoc biéu dién trong hinh 3 bén dwaoi.



Nhap sb 1&n mé phéng n
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Hinh 3. Lwu dé I4p trinh mé phdng tw déng trén may tinh

5. Ap dung vao cong trinh thwe té

Pé kiém ching két qua nghién ctu va hiéu lyc cha chwong trinh may tinh do nhém
tac gia thiét 1ap, mot cong trinh thwe té da dwoc ap dung. D6 1a Dy an dau tw xay dwng
Bénh vién mé&i Pai hoc Y Dwoc Tp.HCM. Cbng nang cia mét Bénh vién phu thuéc vao
day chuyén cong nghé hién dai va tinh chat phap li cia ciu tao kién tric. Dy an nay
dwoc hinh thanh tir ndm 1999, do cé nhiéu rii ro trong qua trinh thwc hién nén dén
thang 9/2005 dy an mé&i cé thé dwoc trién khai. Hon nira mat bang cla coéng trinh rong
va c6 nhiéu cong trinh ngdm & bén dw&i. Céng trinh dwoc phan nhém loai A, cip dac
biét, véi tdbng vén dau tw la 450 ty déng. Day la cong trinh trong diém cua Bo Y té,
nham xay dwng moét Bénh vién hién dai, mang chuan québc té & Viét Nam. Do dé viéc
Xac lap va mé phdng tién dd cho céng trinh nay 1a moét diéu tat yéu dé cé thé dua ra
mot tién do xac dinh. Cac cong tac chi yéu dwoc thiét 1ap trong mé hinh nhw sau :



=TT Ten cong tac CW truoc Theil gian
1 8] 0,000
2 B& i cdng trding 1 1,1,1,1
3 Thi cdng coc thi 2 1,1,1,1
4 Th#i glan ché dgl datcuding dd oda bewdng 3 3333
5 Kif€m tra sifc chiu &1 cla coc 4 2334
5] Thi eéng coc nhéi va nrdng vy 5 13,15,15,18
7 TC ting hdm cho t8i code 0,00 & 17,20,20,23
8 TC k&t cdu phén thin Block A T 859,10
8 TC k&t cdu tr 0,00 d&n 1du 4 Block B T 359,911
10 TC k&t cdv or 1v 4 d&n 1du 15 Block B 9 24,26,26,27
11 iy gach,td wit hodn thidn bén ngodl Block A g 9,10,10,12
12 | XAy gach,td it hoan thi€n bén ngoai oy 0,00 d€n l4u 4 Block B E 9,11,11,12

13 | XAy gach,td trat hodn thign bén ngodi ot 14u 4 d&n 14u 15 Block B 10,12 26,25,28,29

14 M&i that -san, or¥ng, trn thigt bi ndi that Block A g 10,11,11,12
15 |MN&ith&t- san, nréng, trdn thi€t bi néi thd't or 0.00 d€h 140 4 Block B S 9,11,11,13
16 N&ithdtsan, nrdng, trdn thi€t b ndi thator 14u 4 d&¢n lu 15 Block B 10,15 26,28,28,29
17 Thi céng phdn MEPF va khi ¥ & Block A 11,14 8,9,9,11
18 Thi céng phdn MEPF va khi Y o2 Block B 13,16 16,18,18,20
19 LA p dat thang he théng thang mdy, thang cudn 17,18 9,10,10,11
20 | Téng kifm tra va vdn hanh thi¥, sita sai 56t hoan thign d€ ban glas 19 2,223
21 K&t thic 20 0,000

Thoi gian céng tac dwoc tinh theo tuan. Thoi gian nay duoc thiét l1ap dwa trén cac kinh
nghiém, trinh d® thi cong & Viét Nam, sy bién ddng gia ca thi trwéng va ca dinh mirc thoi
gian cua cac cong tac.

Dwa trén cac sb lieu da nhap. Cac thong sb cla cac cdng tac duoc tinh toan theo mo
hinh SDMM. Két qua tinh toan git)a mé hinh SBMM va Monte Carlo nhu sau:

w| Ket qua tmh toan theo SDMM

| STT Khoi som Ket som Khoi muon Ket muon Du tru toan phan PM Al
1 0.0,00 0,000 0,000 0,000 0 1 1
2 0,0,0,0 1.1.1.1 0.0,0.0 1.1.1.1 0 1 1
2 1.1.1.1 2.2,2.2 1.1.1.1 2.2,2,2 0 1 1
4 2.2.2.2 5. 555 2,222 5. 555 0 1 1
] 5.5.5.5 7.8.8.9 55.5.5 7.8.8.9 0 1 1
5 7.8.8.9 20, 23, 23. 27 7.8.8.9 20, 23, 23. 27 1] 1 1
7 20, 23, 23, 27 37,43, 43,50 20, 23, 23, 27 37,43, 43.50 0 1 1
a8 37.43, 43,50 45, 52, 52, 60 89, 95,95,102 97,104, 104,112 52 0 0
9 37.43.43.50 45, 52, 52, 61 37. 43, 43. 50 45, 52, 52, 61 0 1 1
10 45, 52, 52, 61 69, 78, 78. 88 45, 52, 52, 61 69,78, 78, 8B 1] 1 1
11 45, 52, 52, 60 54, 62, 62,72 97. 104, 104, 112 106,114, 114_124 52 1] 1]
12 4552 52 Bl 54, 63, 63. 73 60, 67, B7. 76 69. 78, 78, 88 15 0.4827586 0.2330559
13 69, 78, 78, 88 95, 106, 106, 117 69, 78, 78, 88 95, 106, 106, 117 0 1 1
14 45, 52, 52, 60 55.63. 63, 72 97. 104, 104, 112 107_115, 115,124 52 1] 1]
15 45, 52, 52, 61 54, 63,63, 74 59. 66, BE, 75 68, 77, 77. 88 14 0.5 0.2586207
16 69.78.78. 88 95, 106, 106, 117 69, 78, 78, B8 95, 106, 106. 117 0 1 1
17 55.63. 63, 72 63,72, 72.83 107_115. 115,124 115,124, 124,135 52 1] 1]
18 | 95,106,106, 117 111124, 124,137 95 106, 106 117 111,124, 124,137 1] 1 1
19 (111, 124,124,137 120134, 134,148 111. 124,124, 137 120, 134, 134, 148 0 1 1
20 120,134,134, 148 122136136, 151 120, 134_134_148 122 136,136 151 0 1 1
21 /122,136, 136, 151 122_136, 136, 151 122,136, 136, 151 122, 136, 136, 151 0 T T
Thai gian hoan thank du an: 122, 136, 136, 151 T, Close




&, Ketqua tinh toan mo phong Monte Carlo

STT) Khoi zom Ket zom Khoi muon Ket muon Du tru toan phan Do lech chuan
1 1] 0 0 1] 0 1]
2 1] 1 0 1 0 1]
A 1 2 1 2 1] 1]
4 2 5 2 5 1] 1]
13 L 8 5 8 0 0.4
B 8 23.28 8 23.28 0 0.99
7 23.28 43.25 23.28 43.25 0 1.25
g 43.25 52.23 94 57 103.56 51.32 0.4
9 43.25 h2.54 43.25 52.54 0 0.61
10 52.54 78.2 h2.54 78.2 0 0.6
11 52.23 62.56 10424 114.56 52.01 0.61
12 5254 63.22 67.52 78.2 14.98 0.61
13 78.2 106.9 782 10659 1] 0.61
14 5223 63.24 103.56 114 56 51.32 0.41
15 5254 63.55 67.24 78.26 1471 0.81
16 78.2 105.85 78.26 1059 0.05 0.61
17 63.24 7255 114.56 123.88 51.32 0.63
18 1059 123.88 105.9 123.88 0
13 123.88 133.89 123.88 133.89 0
20 133.89 136.22 133.89 136.22 1]
21 136.22 136.22 136.22 136.22 0
MhapwaosaM [Eop e
Thai gian hoan thanh du an: 136,22
Do lech chuan: 4.674878E-03 Cloze
wi. Danh sach 3=
STT Cac duong di Thaoi gian Pk Al
1 1.2.3. 4.5 6.7. 8. 11.17.19. 20. 21 ¥3.83.83. 97 0 0
2 1.2,3. 4.5 6, 7.8 14,17,19, 20, 1 74,84, 84,97 0 0
3 01,2.3. 4,5 6,7,.9.10, 12, 18,19, 20, 21 122,136, 136, 151 1 1
4 01,2345 6.7 910, 16181920, 21 122_136. 136, 151 1 1
5 01,2, 3. 4.5 6,79 12,12,18,19, 20, 21 107,121, 121,136 0.4827586 02330559
B [1.2.3. 4.5 6.7.9.15.16.18.19. 20, 21 107.121.121.137 0.5 0. 2586207

T két qua trén ta nhan thay c6 chi co 2 duwong gang 3va 4 (caz2 duo’ng nay déu co chi
s6 PM va Al déu bang 1). Do dé ta chi can quan tam den 2 duo’ng nay. Thoi gian hoan
thanh dy an dwoc md phéng la (122, 136, 136, 151) tuan. Néu mé phéng bang phuwong
phap Monte Carlo (sé 1an mé phéng la 500 Ian) thi ta c6 thdi gian hoan thanh dy an trung
binh 1a 136 tuan. Dwa trén bang so liéu cua ket qua mod phong bang phwong phap Monte
Carlo va SPMM, ta nhéan thay cac sb liéu vé cong tac cua 2 phwong phap nay déu gan
gibng nhau. Nhw vay, mo hinh mé phéng SBDMM dua ra gan giébng véi mo phong Monte
Carlo. Tuy nhién, vAn can nhiéu thoi gian dé kiém ching cho sy dang dan cia mé hinh
SDMM théng qua cac dy an thuc té khac.

Két qua tinh toan mé phdng thdi gian hoan thanh dy an la (122, 136, 136, 151) tuan.
Xéac suat dé hoan thanh dy an trong 142 tuan la:
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Xéac suéat hoan thanh dy an véi théi gian xac dinh 142 tuan la 60%. Nhw vay khdng cé nghia
la thei gian hoan thanh dy an trong vong 122 hay 151 c6 xac suét 1a 0%. Ta c6 thé hiéu don
gian la xac suét tin cay trong khoang th&i gian bi quan la 60% so v&i mic do chac chan
nhat ma dw an sé hoan thanh. Tuy nhién néu nhu ta coi ca 4 théng so cua thoi gian hoan
thanh dy an c6 m&c do xay ra nhw nhau thi khi d6 tat ca cac thong sbé nam trong khoang
can trén va can dwdi cla thdi gian hoan thanh dy an sé cé cing xac suat hoan thanh dw

an.
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