Transport and Communications Science Journal, Vol 70, Issue 4 (10/2019), 236-244

Transport and Communications Science Journal

SYSTEM MODELLING USING THE RESPONSE SURFACE
METHOD (RSM). ASTUDY APPLIED TO THE UNDERGROUND
WORK

Bui Duc Chinht
tUniversity of Transport and Communications, No 3 Cau Giay Street, Hanoi, Vietnam.

ARTICLE INFO

TYPE: Research Article

Received: 15/08/2019

Revised: 13/09/2019

Accepted: 14/09/2019

Published online: 16/12/2019

https://doi.org/10.25073/tcsj.70.4.11

* Corresponding author

Email: bdchinh@gmail.com; buiducchinh@utc.edu.vn; Tel: 0913525001

Abstract. This article introduces the results of research on system/structural modelling using
the response surface method (RSM). The article has analysed the techniques in design of
experiments (DoE), issues related to structural modelling using RSM, from which the
proposed sequence of structural modelling by RSM. Based on the software, Design of Expert
and TUNA, has conducted modelling a ground-underground system with the inputs change.
The results received shows that RSM is a highly effective tool in structural modelling. The
response surfaces found by the RSM is very convenient in the study of the uncertainty
quantification (UQ) of systems/structures.
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Tom tat. Bai bao nay gidi thiéu nhiing két qua nghién cau vé mé hinh hoéa hé thdng/két cau
bang phuwong phap mit dap tng (Response Surface Method - RSM). Bai bao da phan tich
cac ky thuat trong thiét ké thi nghiém (Design of Experiments - DoE), cac van dé lién quan
dén md hinh hda két cau st dung RSM, tir d6 dé xuét trinh tw mod hinh hda két cau bang
RSM. Dua trén cac phan mém, Design of Expert va TUNA, d tién hanh md hinh hda mot
cong trinh ngam (CTN) véi cac yéu t6 dau vao thay doi. Nhiing két qua nhan dugc cho thay
RSM Ia mot cdng cu ¢d hiéu qua trong md hinh hda két ciu. Cac mat dap tmg tim dugc bang
RSM rat thuan loi trong nghién cau lugng hoa do khéng chiac chin (Uncertainty
Quantification - UQ) cua hé théng/két cau.

Tur khéa: hé thong/két cau, md hinh héa, thiét ké thi nghiém, phuong phap mat dap tng,
thiet ké thi nghiém Box-Behnken, cong trinh ngam.

© 2019 Truong Dai hoc Giao thdong vdn tai

1. PAT VAN DE

Nhu d3 biét, mot hé théng/két ciu 1a mot tap hop nhiéu thanh phan, gitta chiing c6 mdi
lién hé va tuong tac 13n nhau. Viéc nghién cau/thi nghiém trén hé thong/két ciu thyc thuong
gap nhiéu kho khan, tdm kém va tham chi cé thé gay hu hong hé théng/két cau. Chinh vi vay,
trong nghién ciru thuong phai tién hanh mé hinh héa (modelling) céc hé thong/két ciu thanh
cac md hinh (model). C6 nhiéu céng cu dé md hinh hda hé thdng/két cau, trong d6 c6 RSM.
Trén thé gisi da c6 nhiéu cong trinh nghién ctu vé RSM va ting dung n6 trong md hinh hoa
hé théng/két cau nhu cua D.C. Montgomery va dong ‘nghiép [2, 8], cua K. Hinkelmann va O.
Kempthorne [4, 5] ... O Viét Nam, ciing di c6 mot s6 nghién ciu .ung dung RSM cho mat s6
dang két cau trong xay dung [12]. Nghién ciu nay nham lam rd vé DoE va cac ky thuat trong
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DoE, va c4c van dé lién quan dén md hinh héa hé thong/két cau bang RSM. Mot nghién ciru
ap dung cho mét hé nén - CTN duoc tién hanh nhu mot minh ching vé RSM.

2. THIET KE THi NGHIEM VA PHUONG PHAP MAT PAP UNG

2.1. Thiét ké thi nghiém (DoE) va cac k¥ thuét trong DoE

Muc dich ciia DoE va xu ly sb liéu 1a nham thu thap mot lugng thdng tin ti da bang
mét lwong toi thiéu cac thi nghiém/mé phong.

Trong Dok, cac khéi niém quan trong 1a “yéu t6” (factor), “diém thi nghiém” (design
point), “murc” (level), “nghiém thirc” (treatment), sé lan 13p caa diém” (replicate number of
point), “don vi thi nghlem” (BVTN). Vi mdi yéu té khao sat thuong tién hanh thi nghlem
Vi mot sb gia tri. Moi gia tri nay dugc gol la mot mac cua yeu t6. Doi voi cac yeu t6 kiéu co
hiéu s, mirc cao ng véi gia tri 16n nhat, mic thap wng vai gia tri nho nhat, mac & tam @ng
véi trung binh cua mc cao va mic thap. Dé thuan loi, cac gia tri cua cac yéu t6 thuong dugc
ma hoa (coding): muc cao 1a +1, mac o tam 1a 0 va muac thap 1a -1. S6 yéu té k, muac thi
nghiém L, s6 1an 13p r...cia mdi yéu té s& dan tai s6 nghiém thirc Nngt va s6 PVTN Npoe khac
nhau tuy theo c4c ki thuat DoE khac nhau [2, 4, 5, 7, 8]. C6 nhiéu cac ky thuat DoE nhu:

- Thiét ké thi nghiém kiéu két hop yéu té du (Full Factorial Design - FFD): khi d6 s6
nghiém thuc N, = L*;

- Thiét ké thi nghiém kieu chia khoi ngu nhién du (Randomized Complete Block
Design - RCBD): la ky thuat dya trén FFD va viéc chia khoi, thuong dugc su dung khi quan

tam dén mot hodic mot s6 yéu to quan trong, khi do N, = H; L ;

- Thiét ké thi nghiém kicu két hop yéu t6 mot phan (Fractional Factorial Design -
FrED): thich hop cho cac thi nghiém sang loc dé loai bo bot p yéu to khéng c6 anh huong hay
chi ¢6 anh huéng yéu, khi d6 N, = LP

- Thiét ké thi nghiém kiéu sao (Star Experimental Design - SED): gém cac diém truc
trén 2 truc cia mdi yéu td, cach thm maot khoang & va diém tam la trung binh cua cac yéu td,
khido N, =2k +1[7];

- Thiét ké theo phuong phap phdi hop c6 tm (Central Composite Design - CCD): la két
hop gitta mot FFD 2 mirc va mot SED, khi d6 mdi yéu t6 ¢6 5 mac va N, =2 +2k +1. Ty

theo gia tri cia & c6 thé cd cac tén goi khéac nhau nhu CCC (Central Composite
Circumscribed), CCF (Central Composite Faced) hoic CCS (Central Composite Scaled) [7];

- Thiét ké thi nghiém kicu Box-Behken (Box-Behnken Experimental Design - BBED):
chi dung khi k > 2, c6 thé xem céch thiét ké nay la su két hop gitra FFD cho b yéu to (b < k) ¢
hai muc (L = 2) va cach thiét ké chia khdi khong du, khi d6 N, =k* +k [3];

2.2. Phwong phap mit dap ung (RSM)

Mot trong nhitng muc dich quan trong trong cac thi nghiém/mé phong, 1a tim céch téi
wu dap tng y, nghia 1a tim gia tri cua cac yéu td x dé y dat gia tri tot nhat (co thé 1 tdi da hay
t6i thiéu). Dé tim vy, c6 thé sir dung cac ky thuat thiét ké két hop yéu té du voi s6 muc thi
nghiém/mo phong pha hop. Tuy nhién, khi sé yéu tb tang thi s6 nghiém thic ciing nhu sd
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DVTN sé ting 1én dang ké, trong mot s6 truong hop 1a khong kha thi. Mot cach khac la chi
can lap dugc phuong trinh twong dbi don gian, biéu dién mot cach gan ding méi twong quan
giita dap ung y va céc yéu té x, dua trén mot sd lwong vira phai cac nghiém thac va céc
DVTN, tir d6 sir dung cac cong cu toan dé thu dwoc 16i giai. V& mat hinh hoc médi twong quan
gitta y va x duogc biéu dién bang mot “mat”, dugc goi 14 mat dap Gng (response surface).
Nhom cac phuong phap DoE theo hudng nay duoc goi la nhdm RSM [2, 7, 8].

Néu coi dap ung y nhu mot ham chua biét cua cac yéu té dau vao x, thi mat dap ung
f (x) duoc biéu dién nhu trong cong thic (1), v6i &(x) 1 sai sb cua dép Gng:

y:f(x):f(x)+g(x):>§/=f(x) 1)

V6i Nooe DVTN/mO phong trong DoE, thu dugc Nooe(Xi,Yi) cap, la thé hién cua yi tai
diém x; trong khéng gian thiét ké x. Bé tim mat dap ng, co thé dung nhiéu cong cu tbi wu
khac nhau nhu: phuong phép binh phuong nho nhét (Least Squares Method - LSM), phuong
phép mat dap tng t6i wu, phuong phap Shepard, phuong phép l1an can gan nhat (K - Nearest
method), hodc mang noron nhan tao (Artifcial Neural Network - ANN)...

V6i LSM, ham dép tng duoc dinh nghia 1a f (x.B), v6i B=[B,,.... B,]" 1a vecto ciiam
hé s6 chura biét can tim, x =[x,,..., X, ]" 1a vecto ctia k yéu t6 dau vao, tap dit liéu chira cac cap
(Xi, ¥i) (i = 1,...,NooF), Xi 1a cac yéu té dau vao & thi nghiém/mé phong thtr i ang véi yi. Céc hé
s6 chua biét p=[A,,..., 8,1  dugc xac dinh bang cach cuc tiéu héa ham S trong cong thic (2),
bang cach giai phuong trinh (3)

NDoE

S:ng; &=y —f(x.,B),i=1..Npe )

Npoe ~ f .
e LRI SR ®

Mt dap ung c6 thé dudi dang mat tuyén tinh va mat phi tuyén.

Trong bai toan tuyén tinh, dé dang tim duoc 16i gidi giai tich cua mat dap ng khi co
Npoe thi nghiém/md phong cua k yéu to:

n n k
f (XvB)::Bo +X B+t X B (Xi’ )::BO +in,jﬁj (4)

j=1
Trong bai toan phi tuyén, c6 thé ding cac thuat toan lip (nhu thuit toadn Gauss -

Newton) dé tim B, dau tién chon g, qué trinh lap & budc thir i nhan dugc:
B — O 4 ABO ©)
AB® =(307 30 )*1 JOT® ©)
Trong cong thic (6), J 1a ma tran Jacobi kich thudc (N x m).

Mt dap (ing tuyén tinh va phi tuyén c6 thé ¢ dang da thire du hodc khong du. S6 cac hé
50 di m cho da thirc bac n cua k yéu to dugc tinh theo cong thac (7):
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Mot céch tong quat da thirc béc n ctia mat dap tmg duoc viét nhu sau:
th
f»w(B)="1 . (xB)+cacsohangbacn (8)

Trong céc dang thurc toan hoc cua mat dap g, da thirc bac 2 dugc wa chudong hon ca vi
s0 lugng thi nghiém khoéng nhicu, dé xtr ly so liéu ma van dap tng day du cac yéu cau de ra
nhu c6 do chinh xac cao, dé tién hanh cac budc tiép sau do [2]:

1’:\1st (X B ﬂ0+2ﬂlxl’ fznd X, B)_ flst X, B +ZZﬂlj i) (9)

i=1 j=1
RSM st dung LSM gan lién véi phan tich phuong sai (ANalysis Of VAriance -
ANOVA). bé danh gia muc d6 phu hop cia mé hinh (Goodness of Fit - GoF), thu(‘mg dung

cac théng s6 nhu F-value, P-value, d¢ do ty so nhiéu Adeq Precision, R, Ri;, R pred,c [2, 7,

11]...Hé s R? duoc tinh theo cong thirc (10), R? nhan cac gia tri gitta 0 va 1, cang gan 1 thi
mo hinh cang phu hop:

2 z-’i(yi_yi)z I
RE=1-&L— — . y=="1y, (10)
Zizl(yi_yi) i

Do c6 nhiéu wu diém, CCD va BBED la hai ky thuat DoE thuong dugc sir dung trong
RSM [2, 3, 4, 5, 7]. bac biét la ky thuat BBED, do s6 muc thi nghiém it hon so v6i CCD, dan
toi Cung sb yeu t6 dau vao nhung sé6 DVTN/mé phong can thiét it hon nhleu so v6i CCD, nhat
la khi s6 yéu t6 dau vao 16n [3, 7]. Thi du nhu véi k = 7, ki thuat CCD can 143 nghiém thc,
trong khi d6 k¥ thuat BBDE chi can 56 nghiém thtrc, chua ké cac nghiém thuac o tam.

2.3. Cac budce va cong cu xay dung mat dap ung

Mot céch tong quat, dé mo hinh hoa hé théng/két cau theo RSM can tién hanh theo cac
budce chinh sau day:

- Budc 1: Tir hé théng/mé hinh thuc, lya chon cac théng sé dau ra mong mudn nhan
dugc 6 mo hinh thay the;

- Budc 2: lya chon k cac yéu té dau vao du bao c6 anh huong dén cac dap ung dau ra
da lya chon ¢ budc 1, lya chon | mac thi nghiém cua cac yeéu to;

- Budgc 3: su dung cac phuong phap thiét ke/mo phong thi nghiém da trinh bay & muc
2.2 dé xac dinh s6 lugng céc nghiém thirc Nigt, s6 cac DVTN Npor;

- Buéc 4: tién hanh céc thi nghiém/mé phong theo cac nghiém thue da xay dyng ¢ budce
3, sau khi xong budc nay sé cd bang thi nghiém/mé phong két qua dau ra theo céc yéu to dau
vao cua cac nghiém thuc;

- Budc 5: tir bang thi nghiém/mé phong két qua dau ra theo céc yéu té dau vao cua cac
nghiém thuc cua budc 4, tien hanh xay dung mat dap tng, kiém tra cac két qua ANOVA dé
danh gia mac d6 phu hgp cia mé hinh va hiéu chinh mé hinh.

Do khéi lugng phan tich va tinh toan rat I6n, RSM gan lién vai sy phét trién cia cong
nghé phan mém véi c&c ngbn ngir 1ap trinh bac cao...Co rat nhiéu phan mém thuong mai (co
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phi) vé RSM nhu JMP cia SAS Institute (Statistical Analysis System - SAS) [10], Design
Expert cua Stat-Ease Inc. [11]...Mot hudng khac 1a sir dung cac “goi cong cu” (tool packages)
da co trong cac ngdn ngir lap trinh nhu C, C++, Matlab, Python, R...C6 nhiéu “g6i” cong cu
vé RSM, vi du nhu “géi” RSM cta Russell V. Lenth trong R [9]; “go6i” pyDOE cua M. Baudin
trong Python [6] ... Trong nghién citu ndy str dung phan mém Design Expert ver. 11 cua Stat-
Ease Inc. [11].

3. MOT NGHIEN CUU AP DUNG CHO HE NEN - CONG TRINH NGAM

3.1. Cac thong sb ciia bai toan

Xét mot CTN bang thép dang dng tron duing van chuyén gas dat trong nén gom 4 I6p co
thdng so nhu trong bang 1, chiu mot tai trong tap trung F = 1500kG va mot ap luc phan bo
déu trong 10ng dng pi = 10kG/cm? nhu trong hinh 1.

Vién dé dat ra la tim cac ham dap ung cua hé nqn - CTN trong qua trinh thi cong va khai
thac theo cac yéu té anh huong dugc xem nhu thay doi.
3.2. Thiét ké bang thi nghiém/mé phéng theo RSM

Lua chon céc thong s dau ra can khao sét: vdi bai todn nay c6 rat nhiéu cac dép ting
ctia hé nén - CTN can khao sat. Trong nghlen ctiru nay lua chon 3 théng sé dau ra 1a: omaxnen -
g suét chinh 16n nhét trong cac 16p Nén; cinnera - tNG SUAt & thd bién trong cung tai diém A
VA Gouters - NG SUAt & thé bién ngoai cling tai diém B cua CTN trong giai doan khai théac.

Bdng 1. Cac thong so cua céc lép nén.

A £ A Ky Pon . , . . Chua
Thong so nén higu vi Lépl | Lép2 | Lép3 Lép 4 thich
Chiéu day 16p H cm 500 300 116 120
Trong luong thé tich ”n kG/cm® | 0,0020 | 0,0020 | 0,0022 | 0,0023
Heé s ap luc dat tinh Ko - 0,40 0,40 0,35 0,31
Modun dan hdi nén En kG/cm? 230 230 250 300
Hé s6 Poisson nén Vi - 0,30 0,30 0,30 0,25
lF = 1500 kG
TR K] K XX Bl
= |
Lop 1 g
s ! T XA, P, =10 kGlom?
: .:‘;..T"a' c’. DémB
| Lp2 = '
D 3 ¢
| )
qf CTN ! |
| Lop4 = 763 cm
! ?E % CHITIET CTN
|

Hinh 1. Mdt cit ngang CTN trong nén dat.
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Lya chon c4c yéu t6 anh hudng: ¢ rat nhiéu yéu t6 dau vao can khao sat nhu déc trung
cua cac 16p nén; dac trung vat li¢u va kich thuéc CTN, cac tai trong tac dung. Trong nghién
cau nay chon 7 yéu t anh huong thay doi gom 4 yéutd cua Iop dat nén sé 3 (trong luong the
tich yn, hé sb ap luc dat tinh ko, modun dan hdi En va hé sé Poisson wn); 1 thdng so cua bng
thép (chiéu day ong t); 2 yéu t6 tai trong (tai trong tap trung F va ap lyuc trong 6ng pi). Gia tri
cac muc cua cac yéu td duoc lya chon dua trén cac két qua nghién ctru da c6 trinh bay trong
bang 2.

Dua trén bang 2, tién hanh thiét ké thi nghiém/mé phong nhu d4 trinh bay trong muc 2.
O day sir dung ki thuat BBED dé thiét ké bang thi nghiém/ mé phong véi: k = 7; 1= 3; np =
7. Két qua bang thi nghiém nhan duoc nhu trong bang B1 (Phu luc), gdm 57 nghiém thic véi
63 DVTN/mé phong can thiét. S5 thu tu sip xép dugc chuan héa (std. order) theo cot 1, thir
tu thuc hién cac DVTN/mé phong & cot 2, tir cot 3 dén cot 16 chi gia tri cac yéu té khao sat
ciia DPVTN/mé phong theo ma hda (coded) va cac gia tri thuc (actual) cua cac yéu to.
Bdng 2. CAc muc cia cac yéu to khdo sat.

Yéu th Ky Pon Mlirc o Mic Miic Chl]
hi¢u vi tam thap cao thich
Cic yéu t6 16p dat nén sb 3
Trong lugng thé tich n kG/cm® | 0,0022 0,0019 0,0025
Heé s ap luc dat tinh ko - 0,35 0,20 0,50
Modun dan héi nén En kG/cm? 250 225 275
Hé s6 Poisson nén Vi - 0,3 0,2 0,4
Cic yéu to vat liéu ong thép
Chiéu day 6ng |t [ em [ 170 1,53 1,87
Cic yéu to tai trong
Tai trong tap trung F kG 1500 1350 1650
Ap luc trong ong pi kG/cm? 10 9 11

3.3. Thue hién cic thi nghi¢m/mé phéng bang phan mém TUNA

Budc tiép theo 1a sir dung cac phan mém dia ky thuat dé phan tich hé nén - CTN nham xac
dinh céc phan ang caa hé nén - CTN dudi su thay doi cua cac yéu té khao sat. Hién nay c6 nhiéu
phan mém dia k§ thuat dang thuong pham nhu PLAXIS cua Delff (Ha Lan), MIDAS GTS NX
cua MIDAS Information Technology Co., Ltd. (Han Quéc)...pbé phan tich hé nén - CTN nhu
trong hinh 1, da st dung phan mém thuong pham TUNA (TUNnel Analysis Program) Version
7.0 (2019) cua Comtec Research [1]. TUNA la mot phan mém phan tich CTN theo phuong phap
PTHH theo mé hinh 2D, so d6 blen dang phang, xét dong thoi tuong tac glua hé nén va CTN.
Pau vao cua TUNA la cac thong s6 caa cac 16p dat nén, dic trung hinh hoc va vat li¢u cia CTN,
céc thong sb tai trong. DAu ra la bién dang, ung suét, chuyén vi ciia nén; noi lyc, tng suat, bién
dang va chuyén vi cia CTN...Chi tiét vé TUNA xem trong [1] va Phu luc A.

Tién hanh 63 phan tich hé nén - éng véi cac DPVTN/mé phong d trinh bay trong bang
Al (Phu luc A) bang TUNA, c4c gia tri nhan dugc cua ba dap ung khao sat duoc trinh bay
trong céac cot tir 17 dén 19 cua bang Al (Phu luc A). Trong hinh Al (Phy luc A) trinh bay so
d6 ludi PTHH va céc bléu d6 Gmaxnen, CinnerA, Couter8 CUA nghiém thac MP17.

Tién hanh xu ly bang thi nghiém nhan duoc bang phan mém Design Expert ver. 11 [11],
tim dugc cac mat dap ng clia Gmaxnen, Ginnera VA Goutera. DO khudn khé bai bao o day chi trinh
bay mat dap (tng cia oinnera, CAC Mat dap ung khac phan tich tuong tu. V6i k =7, n = 2 (bac
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khao sat 1a bac hai), mat dap ung du bac 2 c6 m = 36 s6 hang theo cong thirc (7). Phuong
trinh mat dap tng tim dugc theo cong thac (11).

Két qua ANOVA cho thidy mé hinh theo cong thirc (11) c6 F-value la 4186,35; P-value
< 0,0001; R? = 0,9998; R2. = 0,9996; R? . = 0,9987; d6 do ty s6 nhiéu Adeq Precision =

adj — predic —

271,580 16n hon rét nhiéu so véi 4; nhu vay d6 phu hop (significant) caa mé hinh nay kha
cao.

O = 1764,81+ 27500y, — 856,94k, —12,46E, +876, 25v, + 370,10t
+2,26F +49,21p, —19444, 4y k, —33,33y,E, —4166,67y,v, +7,17*10 " y,t
—2,78y,F +416,67y,p, + 0,77k E, +208,33k,v, +98,04k t —0.01k,F
+1,77*107°k, p, +8,95E, v, +2,47E,t —0.002E, F —0,005E, p,
+1176,47v,t —2,62v,F —1,25v, p, —0,14tF —14,71tp, +0.001Fp,
+1,39%10° 2 +5,56k: +0,01E? — 88751 —415,23t* +2,22*10°F* - 0,13p?

(11)

Phan tich chi tiét hon nhan thay, trong md hinh theo c()ng thire (11) c6 15 sb hang chira
C4C Yéu t6: yn, Ko, En, vn, t, F, pi, Envn, Ent, ExF, vit, voF, EZ, v?va t? c6 P-value < 0,0001; day
la cac yeu t6 c6 anh huong Ion dén md hinh. Céc s6 hang con lai c6 P-value > 0,100 1a it hodc
khong anh hudong dén mo hinh co6 thé bo qua. Mot so két qua phén tich mat dap ang xem
trong Phu luc B.

Tién hanh xir 1y lai bang thi nghiém vai viéc bo qua cac sb hang it hodc khong anh
huong, nhan dugc phuong trinh méi cia mat dap tng gom 16 so hang:

. =2212,80+11111,11y, — 483,33k, —12, 28E, +930,23v,
+56,82t +2,09F +22,25p, +8,95E, v, +2,47E,t —0.002E, F (12)
+1176,47v,t — 2,62v, F +0,0099E? —8879v2 — 416,801’

Két qua ANOVA cho thdy md hinh rat gon theo cong thic (12) c6 F-value 1a 12225,5;
P-value < 0,0001; R? = 0,9997; R% =0,9997; R? . = 0,9993; Adeq Precision = 455,7565 I6n

adj predic —

hon rat nhiéu so véi ciia mo hinh day du. nhu vay d6 phu hop (significant) cua mé hinh méi
nay cao hon so vdi mo hinh day du.

4. NHAN XET VA KET LUAN

Bai béo da phan tich cac k¥ thuét trong DoE, cac van dé lién quan dén mo hinh hoa két
céu str dung RSM, tir d6 dé xuat trinh ty mo hinh hoa két ciu bang RSM. Duya trén cac phan
mém, Design of Expert va TUNA, di tién hanh mo hinh héa mot cong trinh ngam (CTN) v&i
cac yéu té dau vao thay doi. Tir két qua nghién ctru c6 thé rit ra mot sé nhan xét va két luan
sau day:

- RSM la mét cdng cu c6 hiéu qua khdng chi trong linh vyuc thiét ké thi nghiém (DoE)
ma con rét hiéu Qua trong mo hinh hoa hé thdng/két ciu. Véi cac cong cu toan va phan mém
phan tich két ciu, c6 thé tim duoc cac dap ung cua hé thdng/két cau dé phuc vu cho viéc
luong héa d6 khong chic chin (Uncertainty Quantification - UQ) cua hé théng/két cau, mot
linh vic dang thu hut rat nhiéu cac nghién cuau.

- Khi 4p dung RSM, do phai xay dung phuong trinh tuong quan giira y va X nén cac yéu
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to va dap ung phai la 6. Phuong trinh todn hoc cua mit dap ing tim ra chi mo td mot cach
gan dung mbi twong quan glua y va x nén thuong chi tuong thich tbt trong khoang gia tri dugc
khao sat caa cac yéu td, vi thé trudc khi tién hanh, can biét khoang gia tri hop Iy cua cac yéu
t6 thong qua kinh nghiém, tai liéu tham khao hoic dua vao két qua caa mét sé thi nghiém
tham do.

- Cac yéu t6 dau vao c6 thé chia thanh hai nhém chinh: cac yéu té khdng chic chin c6
tinh may rui (aleatory uncertainty) thuong khong kiém soat duoc va céc yéu té khdng chic
chan do thleu tri thirc (epistemic uncertainty) thuong kiém soat duoc. Trong vi du minh hoa
cho h¢ nén - CTN, da Iya chon céc yéu t6 dau vao co tinh may rui (cac thong sb dét nén) va
cac yéu t co thé kiém soat dugc (cac thong 30 CTN va tai trong) dé chitng minh cho RSM.
Vi cac cong trinh thyc té, viéc lya chon cac yéu té dau vao va cac gia tri ciia nd can c cac
nghién ctru dua trén s liéu cu thé.
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