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L&i n6i dau
TCVN 12741:2019 hoan toan twong dwong véi 1ISO/TS 28037:2010.

TCVN 12741:2019 do Ban ky thuat tiéu chudn quéc gia TCVN/TC 69
Ung dung céc phuong phép théng ké bién soan, Téng cyc Tiéu chudn
Do lvéng Chét lrong d& nghi, Bd Khoa hoc va Céng nghé céng bé.
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L4 gii thigu

Hi&u chuén 1a mdt phan thiét yéu clia nhidu quy trinh do va thwémng bao gdm viéc Iam khép dir liéu do
dugc véi ham higu chudn md 1a 1 nhat méi quan hé ctia mdt bién nay voi bién khac. Tiéu chuén nay
xét cac ham hiéu chuan duong thing mé ta bién phy thudc ¥ nhw ham clia bién dbc 1ap X. Méi quan
hé dwémg thing phy thudc vao phan chin 4 va db déc B clia dwéng thdng. A va B dwoc goi 1 cac
tham sé clia dwdng thing. Myc dich clia quy trinh hiéu chudn [a d& xac dinh cic woc lwgng a va b clia
A v B dbi v&i mot hé théng do cy thé dang xem xét trén co s& dir liéu do (x, ), i = 1...., m, cung cap
bdi hé théng do. Di liéu do cb @9 khdng dam bao kém theo, nghta la s c6 do khong dam bao gén véi
a va b. Tiéu chudin nay mb ta cach thirc a va b cé thé dwgc xac dinh dia trén di lidu va thong tin vé d§
khdng dam bdo kém theo. Tiéu chulin cling cung c&p phwong tién d& danh gié @6 khong dam bao kém
theo céc wére lwgng nay. Vide xir Iy 46 khéng dam bao trong tiéu chuin nay duge tién hanh theo cach

thire nhit quan véi TCVN 9595-3:2013 (ISO/IEC Guide 98-3:2008), D6 khong dém béo do — Phén 3:
Huéng dén trinh béy 66 khéng ddm béo do (GUM:1995).

Vi théng tin @ khéng dém bao kém theo di¥ ligu do, phurong phap thich hep ¢6 thé dugc quy dinh dé
x4c dinh cac wére lwgng clia tham s6 ham hidu chun, Thong tin v& d6 khéng dam bdo ndy cb thé bao
gbm hiéu (g hiép phwong sal dinh lrgng, lién quan aén sy phy thudc gitra mat sé hoic tat ca cac dai
lrgng lién quan.

Khi mé hinh dwémng thing da dugc khop vai dir liéu, cAn xac dinh xem mé hinh va di¥ liéu c6 théng
nhét v&i nhau hay khdng. Trong trrdmg hop théng nhat, mé hinh thu dwoc cb thé sir dyng dé di doan
gia trj x clia bién X twong (ng vai gid tr do dugc y clia bién ¥ cung cip bdi cling mét hé théng do.
Cling c6 thé sir dyng md hinh ndy d& danh gid do khéng ddm bédo kém theo cac tham sb ham hiéu
chuén va 0 khong dam bdo kém theo gia trj dy doan x.

Do @6, viéc xac dinh va st dyng ham hiéu chudn duwang thing cé thé duge xem 13 gdm ndm burdc:

1 Thu thép théng tin vé do khdng dam bao va hiép phirong sai gén véi dir lidu do - méc di phy
thudc véo linh vire do cy thé, céc vi dy dugc cung cAp trong tiéu chun nay;

2 Cung cap wdc kegng tét nhét clia cac tham sé dudmg thing;

3 Xéc dinh gia trj st dyng clia mé hinh, c& vé dang chirc ning (d fiéu cé phan 4anh méi quan hé
dudmg thing khdng™?) va vé& mit théng ké (46 trdi clia dir liéu c6 nhit quan véi 40 khong dam bao
ké&m theo ciia chiing khdng?) bang cach sir dung kiém nghiém Khi-binh phuong;

4 Thu duwgc d§ khdng ddm bao chufn va hiép phuong sai gén véi wée lwgng ciia cac tham sb
dwimg thing;

5 Sir dyng ham higu chudn dé du do4n, tirc 13, xac dinh wéc Iwgng x cla bién X va d9 khong dam
bao kém theo turong Umg véi gia trj do dugc y clia bién ¥ va dd khdng dam bdo kém theo.

Céc buwérc trén day duoc trinh by bing so db trén Hinh 1.
Muyc dich chinh ctta tiéu chuén nay a dé xem xét céc buwdc tir 2 dén 5. Do d6, nhur mdt phan budrc 1,
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trwérc khi st dung tiéu chudn ndy, ngwdi st dung sé cin cung cip d6 khong dam bao chudn, va hiép
phwong sai néu lién quan, gén véi gia trj ¥ do dwgc va, khi thich hop, d6 khéng dam bao chuén, va
hiép phurong sai néu lién quan, gan véi gia tri X do duoc. Can tinh dén cac nguyén tac clia GUM khi
danh gia do khong dam bao ndy dira trén mé hinh do cu thé cho linh vire lién quan.

TCVN 9598:2013 (ISO 11095:1996) [14] lién quan dén hiéu chuan tuyén tinh st dung m&u chudn.
Nhirng khac biét so véi tiéu chudin ndy dwoc trinh bay trong Bang 1.

Phuong phap s0 dwoc cho dya trén Tai liéu tham khao [6].

Pau vao Dtr ligu do (x, 1), i = 1, ...., m, va ma trén higp
phwong sai U
md hinh
Y=4+BX
Hiéu chun '-
Uéc lugng aclia A va bclia B
Xac nhan Gi4 tri di cia m6 hinh va gi tr
Khi-binh phuong quan tric dugc
Xas
Banh gia do D6 khong dam bao chun u{a) va u(b) va hiép
khéng dam bao phurong sai cov(a,b)
Dy doan ' e
Gia trj do duwgre y clia ¥ va @9 khdng dam
bao chudn kém theo ()
|

Gia trj di doan x clia X va do khong dam béo
chuan kém theo u(x)

Hinh 1 ~ Tém tat cac bwéc trong viée xac dinh va ste dung ham hidu chudn dwong thing
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Bang 1 - Khac biét gitra TCVN 9598:2013 (ISO 11095:1996) va tiéu chuan nay

Dic diém TCYN 9598:2013 Tiéu chudn nay
{(1ISO 11095:1996)
D& cap cy thé aén miu chudn Cé Téng quat hon
X-gia tri gia djnh ia biét chinh xac Co Théng tin d§ khong dam bao
chung hon
- Tét ca céc gid trj do thu durgc mot cach déc Co Théng tin do khong &am bdo
I3p chung hon
Thut ngir théng nhat véi GUM Khéng (o]
S6 kidu clu tric d¢ khdng dam bao dugc Hai N&m, bao gbm trwémg hep téng
X Iy quét nhat
Chi 8% khéng dam bao gan voi sai s6 ngdu  Cé Théng tin do khéng dam bao téng
nhién quat hon
Kiém nghiém tinh nhét quan ANOVA Khi-binh phuong
D6 khéng d3m bio gin véi cac dy dodn  Diic biét Tuong thich véi GUM
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Xac dinh va st dung ham hiéu chuan dwéng thang

Determination and use of straight-line calibration functions

1 Pham vi 4p dung

Tiéu chuan nay d& cap dén ham hiéu chuln tuyén tinh, tirc ham hiéu chun dwimng thing, mé ta méi
quan hé gitra hai bién X va ¥, goi 1a ham cé dang ¥ = 4 + BX. Méc du co nhiéu nguyén tic 4p dung cho
cac loai ham higu chudn tdng quat homn, nhueng bat ky khi nao c6 thé, cac cach tiép can dugc mo ta déu
khai thac dang don gidn clia ham hiéu chun dwdng thing.

Gia fri clia cac tham sb 4 va B, dwgc xac dinh trén co s& cac diém di liéu do dwoc (x, v), i = 1,..., m.
Nhiéu trweng hep khac nhau dugc xem xét lién quan dén tinh chat clia do khéng dam bao kém theo
cac di¥ liéu nay. Khéng ¢é gia dinh nao dwgc dua ra vé sai sb lién quan dén y;1a phurong sai khong dbi
(¢ phuong sai bing nhau), va twong ty voi x; khi sai s 1a dang ké.

Uée ligng clia cac tham sé 4 va B dwgce xac dinh bing cach st dyng phwong phap binh phuong téi
thidu. Diém nhén manh clia tiéu chudn nay Ia viéc chon phuong phap binh phuong téi thidu thich hep
nhét cho loai dir lidu do, cy thé I3 cac phuong phap phan anh dd khdng dam bao kém theo. Loai ma
tran hiép phwong sai téng quat nhat gan véi div liéu do duwge xir ly, nhung nhimg tredng hop dic biét
quan trong din dén cac tinh toan don gidn hon sé dugc mo ta chi tiét,

Déi voi tht ca cac tredng hop xem xét, phirong phap xac nhan viée st dung ham hiéu chudn dwong thdng
va danh gia d§ khong dam bao, hiép phwong sai kem theo céc udc hegng tham sb sé duoc drara.

Tiéu chuin nidy cling md ta viéc sir dyung cac woc lwgng tham sé clia ham hidu chudn va @b khong
dam bao, hiép phurong sai kém theo clia chiing @& di doan gi4 tri cia X va @9 khdng dam bao chuln
kém theo dira vao gia tri do durge clia ¥ va d6 khodng dam bao chudn kém theo.

CHU THICH 1: Tiéu chuan nay khdng dwa ra cach xir y chung cac gia trj bat thwdng trong di liéu do, mac di
kiém nghiém hiéu lyc d3 cho cb thé sir dung 1am co s& dé xac dinh dir lidu khdng théng nhét.

CHU THICH 2: Tiéu chuin ndy mé ta phurong phap danh gia db khéng dam béo gén véi di lidu do trong truréng
hop 8 khdng dam bao chi dugc biét dya vao hé sb thang do (Phy fuc E).
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2 Tai liéu vién din

Cac tai lidu vién din trong tiéu chudn ndy rat can thiét cho viéc ap dung tiéu chuan. Béi véi céc tai lidu
¢d ghi ndm cong bd thi 4p dyng ban duwec néu. DI voi cac tai liéu khang ghi ndm céng bé thi ap dung
phién bdn méi nhat, bao gdm ca céc stra dbi.

TCVN 6165:2009 (ISONEC Guide 99:2007), Tir vieng qudc té vé do ludng hoc ~ Khai niém, thuat ngtr
chung va ce béan (VIM)

TCVN 9595-3:2013 (ISO/IEC Guide 98-3:2008), B8 khéng dam bao do — Phén 3: Huéng dan trinh bay
d% khodng dam bao do (GUM:1995)

3 Thuét ngir va djnh nghia

Tiéu chuén nay 4p dung céc thuat ngir va dinh nghia trong TCVN 8595-3:2013 (ISO/IEC Guide 98-
3:2008), TCVN 6165:2009 (ISO/IEC Guide 99:2007) va cac thuét nglr va dinh nghia duéi day.

Giai thich cac ky hiéu chinh dwgc néu trong Phy luc G.

3.1

Gia trj dai lwgng do dwgre (measured quantity value)
Gia trj dai lvong dai dién cho két qua do.

[TCVN 6165:2009 (ISONEC Guide 99:2007), 2.10]

3.2

B$ khong dam bao do (measurement uncertainty)

Tham s6 khéng 4m dic trung cho sy phan tén clia cic gia trj dai lugng durge quy cho dai lwong do,
trén co’ s& thdng tin da sir dung.

[TCVN 6165:2009 (ISOAEC Guide 99:2007), 2.26)

33
P§ khéng dam bao do chudn (standard measurement uncertainty)
D khéng dédm bao do duwrgc thé hién 14 o 1éch chudn.

[TCVN 6165:2009 (ISONEC Guide 99:2007), 2.30)

34

Hiép phwong sal gdn véi hal gié trj dai lwgmg (covariance associated with two quantity values)
Tham sé d3c trng cho st phy thude 1n nhau clia cac gia trj dai lwgng dwge quy cho hai dai lugng do,
trén co s& thong tin da s dung.

35

Ma trén hiép phwong sai do (measurement covariance matrix)

Ma tran hi¢p phwong sai (covariance matrix)

Ma tran kich thurée N x N gén véi wére lirgng véc to cla dai lgng véc to kich thuée N x 1, chira trén

10
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duong chéo clia nd cac binh phirong clia d8 khong dam bdo chuin gén véi cc thanh phin twong
(ng clia wére luong véc to cla dai lwong véc to, va, trén cac vi tri ngoai duwdng chéo cla nd, 1a cac
hiép phwrong sai gan v&i cac cap thanh phan clia wéc lrong vée to cla dai luong véc to.

CHU THICH 1: Ma tran hiép phtrong sai U kich thuwdc N x N gén véi udc lugng véc to x clia dai lwgng véc to X

cé dang
[oov(xuxl) W"(‘:s"ﬂ)}
U= K i ol

W"(Imxl} W"(J"Np-!nr)

trong d6 cov(x;, x) = u%(x) [& phirong sai (49 khong dam bao chudn binh phwong) gén véi x va covix, x) 14 higp
phuong sai gén véi x, va x. cov(x, x) = 0 ndu cac thanh phén X; va X,clia X |a khéng twong quan.

CHU THICH 2: C4c higp phirong sai con gol 14 do khdng dim bao tuong hd.

CHU THICH 3: Ma tran hiép phtrong sai con goi la ma tran phurong sai-hiép phwong sai.
CHU THICH 4: Binh nghia Iy tir ISO/IEC Guide 98-3:2008/Suppl. 1:2008, dinh nghta 3.11 [13].
3.6 |

M4 hinh do (measurment model)

Hé thirc todn hoc trong dé tat ca cac dai lwong d4 biét lién quan dén phép do.
[TCVN 6165:2009 (ISO/NEC Guide 89:2007), 2.48]

3.7

M hinh ham (functional model)

M8 hinh théng k& lién quan dén cac sai s6 gan véi bién phy thudce.

3.8

M hinh cdu truc (structural model)
M hinh théng ké lign quan dén cac sai sb gén véi bién doc lap va bién phyc thudc.

3.9

Hiéu chuin (calibration) _

Hoat Géng, trong nhitng didu kién quy dinh, budc thir nhét 13 thiét 1ap méi lién hé gitra cAc gié tri dai
lwgng c6 dé khong dam bao do do chuin do ludng cung cip va cic sd chi teong (ng véi d6 khéng

dam bao do kém theo va bwde thir hai la sir dung thong tin nay thiét lap méi lién hé dé nhan dwgc két
qua do tir sb chi.

CHU THICH 1: Hiéu chudn c6 thé dién ta bang mot tuyén bd, ham higu chuan, bidu @ hiéu chuén, dwdng cong
hiéu chuln, hodic bang hiéu chuln. Trong mot sd trurerng hop né ¢6 thé bao gdm sy hiéu chinh céng ho3c nhan
clia sb chi v&i 4o khong dam bao do kém theo.

CHU THICH 2; Khéng dugc nhim 1&n hiéu chudn véi higu chinh hé théng do, thuromg goi sai 1a “tw hidu chuln”,
cling khong dwec nfidm 1&n véi kiém dinh cda hiéu chudn.

CHU THICH 3: Théng thirérng chl riéng burédc dAu tién trong dinh nghia trén duwee hiéu |4 higu chudn,

11
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[TCVN 6165:2009 (ISO/IEC Guide 99:2007), 2.39]

3.10

~ Phan bd xac suét (probability distribution)

<bién ngAu nhién> ham dwa ra xdc suat ma bién ngau nhién My gia tri bt ky da cho hodc thudc tap
hop cac gia tri da cho.

CHU THICH 1: X&c suét trén toan b tap hop gia tr clia bién ngu nhién bing 1.

CHU.THICH 2: Phan bd xé4c suét dugc goi 1a don bién khi né lién quan dén modt bién ngau nhién (vﬁl huéng), va
da bién khi n lién quan dén véc to clia cac bién ngdu nhign. Phan bd xac sult da bién con dug'c mo ta la phan
bd dbng thovi,

CHU THICH 3: Phan b x4c sut co thé c6 dang ham phan bd hodc ham mat a9 xdc sudt:

CHU THICH 4: Binh nghla va Chu thich 1 Iy tir TCVN 8244-1:2010 (ISO 3534-1:2006), dinh nghia 2.11 va
TCVN 9585-3:2013 (ISONEC Guide 96-3:2008), dinh nghfa C.2.3; Chu thich 2 va 3 [4y tir ISONEC Guide 98-
3:2008/Suppl. 1:2008, djnh nghta 3.1 [13].

KR L
Phén bd chudn (normal distribution)
Phén bd xac suat clia bién ngdu nhién lign tyc X ¢6 ham méat o xac suat

T [ _l(f;#]!
™ o 2\ o
VB =00 < & < 4o
CHU THICH 1: 214 ky vong va 14 88 léch chudn clia X.

CHU THICH 2: Phan bd chuén cdn dwoe goi 1a phan bé Gauss.

CHU THICH 3: Bjnh nghta va Chu thich 1 |4y tir TCVN 8244-1:2010 (ISO 3534-1:2006), djnh nghfa 2.50; Chd
thich 2 14y tir TCVN 9585-3:2013 (ISO/EC Guide 98-3:2008), dinh nghia C.2.14.

312
Phén bé t (t-distribution)
Phan bd xac suét cia bién nglu nhién lién tyc X ¢6 ham mét d6 xac suét

s il
i) 2]

v&i —o < E < +oo, vé&i tham s6 v, s6 nguyén durong, 13 bac tw do clia phan bé, trong d6
T(z)= [ ere-at, z>0,

la ham gamma.

[ISONEC Guide 98-3:2008/Suppl. 1:2008, dinh nghia 3.5).

12
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3.13

Phan bé Khi-binh phwong (chi-squared distribution)

Phan bé y2 (2 distribution)

Phan bd xac suét clia bién ngau nhién lién tyc X c6 ham mat dd xac suat

e R-
£elt)= e -£ )

véi 0 < & < +oo0, v&i tham sé v, s6 nguyén durong, trong d6 I 1a ham gamma.

CHU THICH: T8ng binh phirong clia v bién chudn chudn héa doc [4p 1 bién nglu nhign y2 véi tham sb v, khi d6
v duge goi 4 bac ty do.

3.14
Ma tran xac djnh dwong (positive definite matrix)
Ma tran Mkich thwére n x n ¢6 tinh chat z'Mz > 0 d6i véi moi véc to z khac 0 kich thuéde n x 1.

3.15
Ma trdn nlra xac djnh dwong (positive semi-definite matrix)
Ma tréin M kich thuérc n x n c6 tinh chat z'Mz > Q ddi véi moi véc to z khéc 0 kich thude r x 1.

4 Quy woére va ky hiéu
Vé&i muc dich ctia tidu chudn nay, cac quy wée va ky hiéu sau dwece str dung.

4,1 X dugc goi 14 bién doc lap va 7 [a bién phy thude ngay ca khi hiéu biét v& X va ¥ 1a ‘c6 thé hoan
dbi' vi dy nhw trong Bidu 7.

4.2 Dai lrong 4 va B dugc goi 1a cac tham sé clia ham hiéu chudn duong thdng Y =4 + BX. 4 va B
cdn duge ding dé ky higu cac bién (gia) trong biéu thirc li&n quan dén cac tham sé ham hiéu chuln.

4.3 Dailwgng Xiva ¥, dugc diing 1am bién (gia) dé ky hiéu cho toa 8 cia didm dir figu thiz /.

4.4 Cac héng sb 4* va B* 14 gia tri (chwa biét) clia 4 va B xac dinh ham hiéu chudn dwdng thing ¥ =
A* + B*X dbi v6i hé théng do cy thé dang xét.

4.5 Céc hing sb X7 va ¥, |4 toa dd (chwa biét) clia diém d( liéu thir i do hé théng do cung cép thda
man ¥’ = A"+ B'X].

4.6 x vay |4 gid tr] do dwoc clia toa d6 clia didm dir liéu thi /.
4.7 avab I3 cac wéc lwgng clia tham s6 ham higu chuin déi véi hé thong do.
4.8 x; vay] 14 cac udc lwong clia toa d clia diém dir ligu thir i thda man y{ = a + bx].

4.9 Véc to kich thwde m x 1 duoc ky hiéu la:

Jt:=|:-];E } xT =[xl ...x,,],
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v ma trén kich thuéc m x n durgre ky hiéu la:

Q... Oy, Ay e Gy
A=j: ol AT =] “w e i
Gut  vee Gl [ SO

Kich thuér ciia véc to hoic ma tran ludn duec quy dinh dé tranh nhim 12n c6 thé c6.
4.10 Tky hiéu cho chuyén vi.

411 Ma trén 0 dugc ky hiéu bang 0 va véc to don vi duge ky hiéu 13 1.

412 Mot sd Ky hiéu co nhidu hon mot nghia. Béi canh sé lam rd viéc st dung.

4.13 Cac s6 trinh bay trong cac bang téi s6 chr sé thap phan xac dinh 1a cac dai dién dugc lam tron
chinh x4c clia cac sb lwu gilr & 49 chum cao hon, vi dy nhie trong trvérng hep bang tinh. Do d6, c6 thé
nh&n thay sy khong théng nhat nhd gilra tdng cot hién thj va tdng cot cc sé hién thi.

414 Trong mt sb bang, sb diéu nhd & trén mét cdt hodic cac cot chi ra noi ma cdng thirc duge cho dé
xac dinh cac gia trj bén dwéi.

4.15 Trong cac vi dy, trong khi gia trj dir liéu dwoc cung cp véi d6 chum da cho thi cac két qua tinh
todn duge cung cap véi dd chym cao hon dé cho phép ngudi sir dung so sanh két qua khi thure hién
tinh toan.

§ Cac nguyén tac hidu chuan dwing thang

6.1 Khaiquat

5.1.1 Diéu nay xem xét hé thirc ¥ = 4 + BX md ta bién phy thugc ¥ (con goi I3 ‘dap (ng’) nhw ham clia
bién d6c 14p X (con goi 14 'md phdng’) c6 thé dugc xac dinh ti di lidu do nhw thé nao. Trong béi canh
hiéu chudn, de ligu do phat sinh khi phwong tién do dugc quy dinh béi cac gia trj 4* va B* (chwa biét)
clia tham 6 ham hiéu chudin dugc ‘mé phdng’ bang vat mau véi gia tri hiéu chudn clia Xi dugc cho
theo don vi clia chudn, clia tinh chét clia vat mau, va ‘dap (g’ trong tmg ho#c s6 chi ¥ clia phuong
tién dugc ghi lai. Hé thirc ndy cung clp dap tmg ¥ clia hé théng dyra vao vat mau co dai lugng dugc
hiéu chudn X. Qua trinh ndy dugc goi la ‘danh gia tiép’. Hiru ich hon trong thye tién 13 hé thirc nay cho
phép chuyén dbi dap (mg do dwoc y clia ¥ thanh wére lugng x, theo cic don vi clia chudn, clia tinh
chat X cla vat mau. Qua trinh ndy dugc goi 1 ‘danh gia nguerc’ hoiic ‘die doan’

5.1.2 Viéc hiéu chudn hé théng do can tinh dén dd khéng dam bao do, va, néu cb, hiép phuong sai
gén voi dir ligu do. DAu ra clia quy trinh hiéu chudn 1 ham hiéu chudn dwoc sir dyung cho dy dodn (va,
néu cin, danh gid tiép). DAu ra cling bao gdm dd khdng dam bao chuln va hiép phuong sai gén véi
wéc lwgng a va b clia tham sé mé ta ham hiéu chudn, dwec sl dung dé danh gia dd khong dam bao
chuan gén véi dy doan (va dénh gia tiép).
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5.2 Diu vio dé xac dinh ham hidu chuln

521 Dirligu do

Théng tin yéu chu dé& xac dinh ham hiéu chuln dwéng ihéng la di¥ lieu do va do khong dam bao
chun kém theo cling v&i hiép phurong sai. Trong tiéu chuan nay, di liéu do dwoc ky hiéu bing (xi, ),
i=1,..., m tirc 14 m c3p gi4 trj dai lrong do dwgc clia X va ¥, Gia dinh ring m it nhét bang hai va céc
gia trj clia x; khong bang nhau.

CHU THICH: B khéng dam bio kém theo cAc Léc long a va b thudng gidm khi m ting. Do 6, higu chudn cAn
hiréng t6i sir dung cang nhidu Gidm di liéu do duge néu kha thi vé& kinh té,

5.2.2 D khéng dam bao kém theo va hiép phwong sai

D6 khong dam bao chuan gan véi x; va y; dwoc ky hiéu tieong Ung 13 u(x) va u(y). Hiép phrong sai gan
véi x; va x; dwrere ky hiéu 1a cov(x, x). Twong ty, gia tri gin véi yi va y; va véi x va yduge ky hiéu trong
(rng |4 cov(y;, ) va cov(x, y). Phy luc D chi ra cach @ khong dam bdo va hiép phwong sai gén voi
bién dap (rng va bién mé phéng do dugc cb thé dwgc danh gia va dwa ra gidi thich v& théng tin 48
khong dam bao d6. Thdng tin hoan chinh vé dd khong dam bao dugc trinh bdy bing diy cac phan tir
(ma tran) Ukich thwée 2m x 2m chira cac phurong sai (dg khong dam bao chudn binh phuwong) 12(x) va
w*(y)) va céc hiép phurong sai:

Wiz ... ov(rndm) cv{EnLnl ..o COV[ELUm) ]

U= coviz,,.7y) ... hz{.rm}_ cov(Tn-yn) ... COV(Tp-Ym)
cov{y.ry) ... m[ﬁ‘xei’m) ”219'5} oo COVIYLe Ym!
| cov{Yme k1) oo COV(YmeTm)  COV(Umols) oo WP(Ym)

Dbi voi nhidu (rng dung, mét sé hodc tat ca cac hiép phuong sai dwoc Iy bing 0 (xem 5.3).
CHU THICH: Tiéu chudn nay lién quan dén cac van @& trong a6 u(x) hodc u(y)thurdng khac nhau.

5.3 Xac dinh ham hiéu chudn

5.3.1 DAu vao @& xac dinh ham hiéu chuln Ia dir liéu do, 46 khong dam bao kém theo va cac hiép
phuong sai c6 thé ¢d. Cho trwrde cac tham sb 4 va B, d4u vao cd thé sir dung dé cung cip thudc do
sai léch clia diém di¥ liéu thr i (x;, ») so v&i dudng thing ¥ = 4 + BX. Céc wdc lwgng a va b duge xic
dinh bang cach téi thiéu hda tdng binh phurong cac sai léch nay, hodc thuée do chung hon khi moi
hiép phwong sai khac 0. Diéu nay dat dwoc nhw thé nao tiy thude vao ‘cau tric o khong dam bao’
gén voi di¥ liéu do. CAu tric nay lién quan dén cau tra Idi cho cac cau hdi sau day:

i) Db khéng dam bao gén véi gia tri do dugre x; 14 khdng dang ké?

ii) Hiép phwong sai gan véi ciip gia tri do duwgc 4 khong dang ké?
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5.3.2 Trong tiéu chudn nay xem xét cac treomg hop sau ddy, dugc cho theo thir ty phirc tap tang dan
va tly thude vao cau fra |&i cho céc cau hdi & 5.3.1;

a) Chico dd khong dam bao gén vai gid tri do dugc y: va tht ¢ cac hiép phurong sai gin véi d liéu
dwoc coi 13 khéng dang ké (Didu 6);

b) D3 khdng dam bdo gén véi gia trj do duwgc x va y va tat cd cac hiép phuong sai gén véi dir liéu
dugc coi 13 khéng dang ké (Bidu 7);

c) D§ khdng dam bdo gén véi gia tri do duc x; va y; va chi cac hiép phwong sai gén véi cap (v, )
(Didu 8);

d) Chico d9 khang dam bio gan véi gid tri do dwrge ; va chi cac higp phuwong sai gén véi y; va y (i £ /)
(Didu 9);

) Trudng hep chung nhét trong dé ¢o dd khdng dam bao gén véi gia tri do dugc x va y va higp
phuwong sai gén voi tAt ca cac cap gia trj clia x,, x;, yx va y (Didu 10).

5.3.3 D4i voi timg trdng hep trong 5.3.2 dwgc cho
a) der lidu do va cAu triic 46 khong dam bao quy dinh,
b) mb hinh thdng ké twong ing,

c) vAn @& binh phwong tdi thidu nhém dén,

d) cac bwdc tinh toan,

e) tinh chat clia m hinh thdng ké,

f) giatrj sl dung ca md hinh,

g) td chirc tinh toan cho may tinh, khi thich hp,

h) thut todn s, khi thich hgp, va

i) mt hodc nhidu vi dy thyc té.

54 Xirlysd

Phy Iyc C dwa ra cach tiép cén chung cho tredng hop téng quat nhét I3 e) trong 5.3.2. N6 ¢6 thé sir
dyng d& xdr ly tat ca céc tredng hop khac va st dyng cac phwong phép tinh vi, 3n dinh vé s6 hoc. Tuy
nhién, céc truémg hop tir a) dén ¢) trong 5.3.2 ¢6 thé dwere xtr Iy bing cach sl dung cac thao tac co
ban, vi dy, c6 thé thyc hién trong bang tinh. Cac trwéng hop d) va e) trong 5.3.2 ddi hdi mét sé thao
tac ma tr@n, dé ap dyng theo ngén nglr may tinh hd tre s6 hoe ma tran, nhung khéng phi hep [@m cho
tinh béng bang tinh.

5.5 D& khong dam bao va hiép phwong sal gén véi tham sé ham hidu chuin

5.5.1 Déi voi tat ca cac trromg hop xem xét, cac uéc lugng clia tham sb ham hiéu chudn cb thé dugc
thé hién (16 rang hodc ham y) nhur ham clia d¥ liéu do. Cac nguyén tic clia GUM [TCVN 9595-3:2013
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(ISO/IEC Guide 98-3:2008)] c6 thé dugc ap dyung dé lan truydn dé khéng dam bao va hiép phuong sai
gén véi dir liéu do thong qua cac ham nay dé thu dwoc gia tri gin voi cac wédc lugng tham sb nay.
Theo céch nay, dir liéu do dwgc st dung dé cung cip wdc lugng a va b clia tham sb ham hiéu chudn,
va dé& danh gia dd khong dam bao chuin u(a) va u(b) va hiép phuong sai cov(a,b) gén véi cac ude
Iwgng nay. Bdi voi trrdng hop a) va d) trong 5.3.2, sy lan truyén 1a chinh xac vi udc Iwgng tham sb co
thé duwge biéu thi nhu t& hop tuyén tinh clia cac dAu vao y. Ddi véi cac trudng hop khac, trong dé wée
[wong tham s6 khong thé biéu thi nhw vay thi lan truyén |3 gin ding, dyra trén tuyén tinh héa v& wéc
Iwgng tham sb. Vi nhigu myc dich, gia tri gan ding thu dwoc bing phép tuyén tinh héa sé dd chinh
Xac.

CHU THICH: Khi lan truyén 66 khong dam bdo 12 gan dlng, va dc biét néu do khong d3m bao lién quan Ién (vi
dy, trong mét sé finh vize do sinh hoc), thi 6 thé sir dyng cach tiép c&n dya trén lan truyén phan bé. Cach tiép

can nay [ISO/NIEC Guide 98-3:2008/Suppl. 1:2008] sir dung phwrong phap Monte Carlo (khong d& cap trong tiéu
chuan nay).

5.5.2 Cac d4u ra chinh trong mé t3 ham hiéu chudn duéng thing Ia véc to wéc lwgng tham sé a kich
thudre 2 x 1 vama trén hiép phwong sai U, kich thude 2 x 2 dwge cho bdi
_|a . ul(a] cov(a,b)
A o s i
trong d6 ufa) va u(b) 1a 49 khdng dam bao chuin gén véi a va b, twong (mg, va cov(a,b) = cov(b,a) Ia
hiép phwong sai gan véi a va b.

5.8 Xac nhén gia tri str dung cia mé hinh

5.6.1 Trong viéc xac dinh wéc legng a va b clia tham sé ham hiéu chuén dwéng thang, gia dinh ring
mé hinh ¥ = 4 + BXa hop Iy va dd khdng dam bao gan véi dir liéu do dwa ra thudce do tin cay vé do
léch clia di liéu do so véi dudrng thing. Khi a va b da duoc xac dinh, d6 léch thyc té cla didm dir liéu
so v&i ham hiéu chudn khop tét nhat co thé dwee danh gia dyra trén dd léch du doan, So sanh nay lién
quan dén thude do tdng hop a8 léch biéu thi bing tdng c4c binh phirong 22, ciia m phan du 6 trong
sb, phan du ¢6 trong s6 thir 1 thwée do @0 léch clia diem dir liéu thir i so véi dwdng thang, hodic, khi
hiép phurong sai gén véi diém dir ligu thir i (x, ) 12 khac 0 so v&i mét dang tdng quat hon. Néu 22,
I&n hon nhiéu so vé&i dy kién thi frén co s& théng ké, co Iy do dé dat ra cau héi vé hiéu le clia cac gia
dinh md hinh.

5.6.2 T quan diém thong k&, di¥ liéu do ¢é thé dwge col nh cac thé hién clia bién ngdu nhién. Néu
@4 biét phan bb xac suat dic treng cho cac bién ngiu nhién nay thi v@ nguyén tic cé thé xac dinh
phan b xac suét cho thudc do tong hep dé Iéch trong 5.6.1. Khi d6, xéc suat c6 thé dwgc tinh 1a 2,
col nhr duge 1y tir phan bé tdng hop nay, viret qua phan vi cu thd bat ky clia phan bé. Tuy nhién, vi
théng tin vé& cac dai luwgng nay thwéng gidi han & ban than cac gia trj do duwgce va phureng sai kém theo
(lAy i ky vong va phuong sai, twomg (rng, clia bién ngdu nhién d3c trung bdi céc phan b nay), nén
khéng cé dl thong tin d& xac dinh phan bd cho thuwére do ndy. Thay vao do, viéc danh gia hiéu le
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dugc thuc hién véi gid dinh rang phan bd clia cac dai lwgng 13 phan bb chudn. Vi gia dinh ndy, duy
tri tir gitr vé sau, it nhét 14 cho myc dich xac nhan gia trj s dung, phan bé cho thuréc do nay 1a 22
V&i v=m -2 bac ty do. Theo do, xac sudt ma 2, vurot qué phan vi cu thé bt ky cla 32 co thé dugc
xac dijnh (xem 6.3, 7.3, 9.3 va 10.3). Sir dyng phan vj 95 %.

CHU THICH 1: Néu 22, vurrt qua phan vj 95 % ciia x2 thi ham hidu chudn dudmg théng co thé duoe coi nhir
khéng gidi thich cho dir liéu @l tdt vi myc dich thyrc té. Trong trwémg hop nay, dir liéu va do khdng dam bao kem
theo cin duge kidm tra vé kha nang sai I15i. Ham hiéu chudn bao gdm da thirc clia X cé bac 2 hodc cao hon hodc
mdt dang todn hoc khéc cb thé dwec ban dén; xem xét nhir vay ndm ngodi pham vi tiéu chuin nay.

CHU THICH 2: C6 kha n2ng md hinh ‘qué t8t & chd gia trj quan tric dwoe 22, nhé hon nhidu so véi gia trj ky
vong. Kha nding nay thudng (mg véi 66 khong dam bao kém theo dir lisu do dugc trich ra qua Iém va sé khéng
dugc xem xét thém trong tiéu chudn nay.

5.6.3 D& thu dwoc cang nhidu gia tri cang t6t tir ham hidu chudn, mong mubn |4 d6 khang dam bao
d4u vio cin dwgce nit ra trwdc khi xac dinh tham s6 ham hiéu chuan chir khdng phai dwge danh gia khi
khérp voi dir liéu da dugc xac dinh, véi Ao khong dam bao kém theo wrc lwgng tir dir liéu hodc biét
theo hé sb thang do. Trudng hop dé cap sau dugc xem xét trong Phy luc E. :

5.6.4 Néu trong trwdmg hop cy thé bt ky, viéc xac nhan gia trj clia mé hinh khéng dat, tire 13 Z:as
vurgt qué phan vi 95 % clia 2 (xem 5.6.2), thi d9 khong dam bdo chudn u(a) va u(b), hiép phuong sai
cov(a,b) tinh dwoe (xem 5.5.2) cin dworc coi la khéng dang tin cay, khi db khéng d3m bdo gén véi gia
trj dy doan (xem 5.7).

5.7 Strdung ham hi¢u chuan

5.7.1 Ham hiéu chudn thwéng dugc st dung cho viéc dy doan (danh gia nguoc) trong dé, dwa vao
wéc legng clia Y va 48 khéng dam bio chudn kém theo, gid trj trong (g clia X dwgc woe lugng va
db khong dam bao chuan kém theo dugc danh gia. Viéc danh gia do khong dam bdo d& cap sau sl
dung d¢ khéng dam bao chuln gén véi cac wéc lwong a va b ciing nhir hiép phwrong sai kém theo clia
chiing. Xem 11.1.

5.7.2 D4l khi can co d4nh gia tiép trong d6 gi trj twong (mg clia ¥ thu dwee cling véi 9 khdng dam
béo chudn kém theo, dia vao wée Irgng clia X va dd khdng dam bao kém theo, vi dy, khi so sanh céc
hidu chudn cla mét tap hop cac phwrong tién do trong tw nhau. Xem 11.2.

CHU THICH: Gia dinh réng diéu kién do duy il trong qua trinh higu chuén gitr nguyén & thoi diém ham higu
chuan Guge sty dung vé sau. Néu khong, sé cAn mot hiéu chuin méi hodic thirc hién viéc didu chinh thich hep dé
tinh dén thay ddi bat ky nhu d9 tréi c6 thé xay ra (va dg khang dam bdo kém theo bét ky cng dugc xir Iy). Biéu
5 kiém soat c6 thé hiru ich cho muyc dich nay.

5.8 Xac djnh dwing thang binh phwong tdi thiéu thong thwomg khép nhit vai dir liéu

5.8.1 Budng thing binh phwong téi thiéu thong thuramg (khdng trong s8) khép nhét véi dir lidu dugc
xac dinh biing cac gia tri o va b cla tham s6 A va B téi thiéu hoa
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5 2

Z(,Vf -4~ er) (2)

el
Céc gid tri ndy thda man cdng thirc 3 cho bing cach cho dao ham riéng bac mét clia bidu thire (2)
d6i véi A va B bang 0.

5.8.2 Co thé tinh a va b theo cac bwéc sau day:

= 1< = <
1 ’Batxn-;;;x‘ Véyﬂ--n—:z'yr;

2 PiE=x-x VAP, =y—y . i=1..,m

3 bat b=_z::‘i va a=yo— bxo.

[}
W oog
il X

5.8.3 Gid tri xo vA yo $30 cho dudng khép nhéat véi cac didm di liéu chuyén ddi (%, ;) di qua gbc va
co cling d6 déc nhu véi dudng khdp nhét véi cac diém dir lidu gbe (x, y).

CHU THICH: V& mat toan hoc, cac tham sé khép nhét dugc xac dinh blng cach gidi cap phrrong trinh tuyén tinh
lign quan dén ma trén kich thuée 2 x 2. Dbi véi cac didm d idu chuyén @8, ma tran ndy 1a dudng chéo, cho
phép dé dang xac djnh c4c tham sé nghiém. Chuyén dbi dir liéu ciing co tac dung hivu ich v& db chinh xéc sé hoc
clia giai phap tinh toan [4, trang 33].

5.8.4 Céac phurong phdp md ta trong Didu 6 dén Pidu 10 dwéi day tao thanh phin mé rong clia cac
cac tinh toan trong 5.8.2 cé tinh dén théng tin vé& dé khdng dam bao quy dinh.

6 Mb hinh diing cho d9 khéng dam bao gin véi y;

6.1 Khai quat

6.1.1 Didu nay xem xét trvdmg hep 5.3.2 a), tlrc 12 khi théng tin dudi ddy duoc cung cdp choi=1,..., m:
a) dir liéu do (x;, ), va

b) dd khéng dam bao chuln u(y) gén véi y.

Phy Iyc D cung cép hwéng din vé vige thu dwge cac d6 khéng dam bao nay. TAt cd cac do khéng dam
béo va hiép phurong sai khac gén véi dir liéu duge coi la khéng dang ké.

6.1.2 Truéng hop 5.3.2 a) tweong Ung véi md ta béi mé hinh thdng ké
JJ'f=A*+B*Ii+¢t. l.=“||'--|"ﬂa (3)

trong d6 ¢ 1a thé hién clia céc bién ngau nhién ddc Iap véi ky veng 0 va phrong sai 12(y) [9, trang 1].
A* va B* |a cac gid tri (chua biét) clia tham sé ham hiéu chudn cho hé thong do yéu cAu hiéu chudn va
cung cap di liéu do. Mé hinh nay dugc goi I md hinh ham, khéng cé dd khéng ddm bio gin véi x..
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6.1.3 Léyw = tu(y), i=1,..., m. Cac véc lwgng a va b 14 gid trj toi thidu hoa téng céc binh phuong cé
trong sé
Y R2 =Y iy~ A-BxJ @)

iml il

ddi véi 4 va B. Vn @& t6i thidu hda nay dugc goi 1a vin dé binh phrrong téi thidu c6 trong sé (WLS).
Céc woc lrong nay théa man cong thirc da cho biing céch gan cac dao ham riéng bac mét cla biéu
thivc (4) a8i véi 4 va B béng 0.

- 8.2 Céc woc lweng tham sb higu chuin, 6 khong dam biao chudn va higp phwong sai kém
theo

6.21 Cdc woc lugng ava b duwge tinh & cac buéc tir 1 dén 5; 89 khdng dam bao chudn u(a) va u(b)
con hiép phuwong sai cov(a, b)) durgc danh gia & bude 6:

1 Pat =1,. .m\fan-iw,,

u(}’f ) ]

2 bt gu——*-ZWEXI va hﬁ_F_Z“’z‘v‘“

1=l i=]

3 D&t g =wlx—g) vah=wly-h),i=1,.,m

4 DIt Gr=Ygn
=l

5 Bétb_G—ig,ﬁ va a= ho - bgy,

i=1

1
8 Bétul(a)=F;+g‘i ()=

CHU THICH 1: Cac bwéc 1 dén 5 trong (ng véi cac bude:

:,, wix; & Z ;;! why, :

; )
i) Pt w = i m g ==l 1T = .
1 ut i) Xy Z:: “’? Yo Em w}

el

i) DA% =x,—x, VA Y=y, =p, i=1,om;
Wi

iii) Dét{;:.._:l..’_*‘_ va a = yp — bxy.
Z{-I“ Xt

CHU THICH 2: Cac bugc tir 1 6én 5 xac dinh phép tinh binh phiromg 14i thiu cho hé thdng cac cong thirc

watwxb=wy, i=1,....m .
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CHU THICH 3: Néu u(y;) gibng nhau, sao cho w; gibng nhau, thi @ va b gidng véi gia tri cho b&i duwrdng binh
phureng t6i thiéu théng thiromg khép nhat trong 5.8.2.

CHU THICH 4: #(a), u*(b)va cov(a,b) trong burdc 6 thu dwge bing cich &p dung dinh luat lan truydn 66 khdng
dam bdo trong TCVN 9595-3:2013 (ISOAIEC Guide 98-3:2008) cho a v b nhu dugc cung cip bdi bwdec 1 Gén 5.

6.2.2 Cac wdc lwgng a va b xac dinh trong 6.1.3 cb céc tinh chat sau day [15] déi voi dir liéu v theo
mé hinh (3): '

i) Céc woc lwgng a va b dugc cho bdi td hop tuyén tinh cac de liéu p.

i) Céc woc lrgng a va b dugce coi la céc thé hién clia bién ngdu nhién co ky vong twong trng 1a 4* va
B*.

i) Ma trén hiép phuwong sai 36i véi bién nglu nhién trong ii) dwgc quy dinh 1a 1#(a), 1A(b) va cov(a,b)
tinh dugre trong 6.2.1.

Tinh chét i) néu rd a va b dwoc rit ra bang cach sir dung phirong phap wéc lvgng tuyén tinh., Tinh
chét ii) néu rd ring phirong phép wée lwgng tuyén tinh 1a khong chéch. Tinh chét ii) va iii) cling cho
thay rang phuong phap wéc lgng 12 nhét quéan theo nghia khi sé lwgng m diém dir liéu tang lén, thi
woc lugng a va b hji tu 4* va B*, twong (mg.

Phuong phdp wérc Ivgng clia 6.1.3 ¢6 tinh chét t6i Lu sau day dbi voi dir liu y: theo md hinh (3):

iv) Céc wéc lwong & va b cung cip b&i phrong phap wérc lugng tuyén tinh khdng chéch bat ky cé thé
dwgc coi la cac thd hién clia bién ngau nhién c6 phuwong sai it nhét Ia lén bang phwong sai gén
v phrong phap wéc lwgng WLS,

Tinh chat iv) 6 thé dwec gidi thich nhur dwéi ddy. B6i véi hing sb ¢ va d, do khdng dam bao chuln
u(cd +db) gén véi td hgp tuyén tinh cac wéc lwgng & va b cung cap b&i phurong phap woc legng
tuyén tinh khéng chéch bét ky it nhat 1 Iérn bang u(ca + db). Céc tinh chét tir i) dén iv) ching to viéc st
dung phwong phép binh phuong téi thiéu cho di¥ liéu twong thich véi mé hinh (3). Luru ¥ 13 khi st dung
mé hinh nay, c4c tuyén b chi dwee dua ra v& ky vong va phrong sai gén véi e;; cac phan b kém theo
khéng dugce quy dinh thém. Néu dwa ra gid dinh bd sung réng e; 1a thé hién cla bién ngdu nhién phan
bé chudn thi khi d6 cdc tinh chét khac gan véi phurong phdp wée legng WLS cd thé duwa ra:

v)  Céc bién ngau nhién trong ii) dwgc déc trung bdi phan bé chuln hai chibu tap trung & 4* va B* voi
ma tran hiép phwong sai quy dinh béi 17(a), 12(b) va cov(a,b).

vi) Céc wéc lwgng a va b 14 cac wic lvgng hep ly Ién nhét, trong (ing vai gia tri hop Iy nhét clia 4 va
B ¢4 thé 1am tang di lidu do quan tric dugc y.

vii) Trong bbi canh suy luan Bayes, phan bé trong pham vi kién thirc cho 4 va B, da cho dir liéu do
quan tréc y,, 13 phan bé chudn hai chiéu tap trung & a va b v&i ma tran hiép phurong sai xac dinh béi
u’(a) va ¥’(b) va cov(a,b).
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6.3 Xac nhgn gia trj sir dung ciia mé hinh

N&u m > 2 thi gid tri sk dyng clia md hinh ¢ thé kidm nghiém mét phan bing cach st dung phan duw
cb trong sé r; (tiép theo 6.2.1):

7 Thiétlap ri= wlyi—a—bx), i=1,..., m;
m
8 Thiét Iap gid tr Khi-binh phurong quan trfc 22, = ) r? vabc ty dov =m - 2;

=1
9 Kiém tra xem fab ¢ CO virot qua phén vi 95 % clia 2 khong, va xem ligu c6 béc bé mé hinh dudng

thing hay khéng.

CHU THICH: Kiém nghiém Khi-binh phwong dya trén gia dinh 12 ¢ trong mé hinh (3) 14 cac thé hién clia bién
ngau nhién chun doc lp.

6.4 T4 chirc cic tinh todn

Cac tinh toan trong 6,2.1 va 6.3 ¢6 thé duwoc t& chirc thanh mét hodic hai bang & thyc hién trong bang
tinh nhue trong Bang 2 va Bang 3, ¢6 thé hep nhét thanh mét bang hodc bang tinh.

Bang 2 - Dir liéu cho ham hiéu chudn dwong thing bing binh phwong téi thidu cé trong sé

X1 » u(y1)
2 | 2 g
xln'l };ﬂ'l “(;’nl)

Béang 3 — T4 chirc tinh toan dé xéac dinh ham hiéu chuin dwing thing bing binh phwong

t6i thidu cé trong sé
6.2.1bueéc5 6.3 bwocs
6.2.1 bwde 2,3 6.3 budc?
g0 ho a

W, wi wix, | win & b g &l 1 rd

w, wi wix, | wiy, & h, g} g:h r ri

W, wr?'l wazuxm [ wr%yn Eu h:u 3% gmhm Ty rn%
Fi=3"wt | Ywiy [ D why, Gr=2gl| Y gh b PN

VI DU: (TRONG $O BANG NHAU) Bang 4 dura ra sdu diém dir liéu va @ khdng dam bao chudn kém theo. Gia trj
do duge x dwgce Iy 14 chinh x4c va do khong dam bao chuan gén véi gia trj do dwoc y; 18 u(y) = 0,5. Do 86, trong
s6 dwgc Ay 1 wi = 1u(p) =2,0,i=1,...6.
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Bang 4 - D li¢u thé hién sau diém do, trong sé bing nhau

Xy W ﬂ'[y.')
1,0 33 0,5
2,0 56 05
30 71 05
40 9,3 05
50 10,7 05
6,0 124 0.5

Tham sb dudng thang khép nhét dwee tinh nhu trong Bang 5. Tir bang nay, go = 84,000/24,000 =
3,500, io = 192,400/24,000 = 8,017, b = 123,000/70,000 = 1,757 va a = 8,017 - (1,757)(3,500) = 1,867.

Béng 5 — Bang tinh toan gin vé&i di liéu trong Bang 4

w u? wir; ufy, g h, 9; gihi Ti e
3500 | Rar a=La01

2.000 | 4.000 | 4.000 13.200 | —5.000 | —9.433 | 25.000 | 47.167 -0.648 | 0,419
2.000 1.000 8.000 22,400 | -3.000 | -4.333 9.000 14.600 0.438 { 0.192
2.000 4.000 | 12.000 28400 | ~1.000 | ~1.833 1.000 1.833 =0.076 | 0.008
2,000 4.000 | 16.000 | 37,200 1.000 2.567 1,000 2.567 0.810 | 0.653
2,000 | 4000 } 20,000 | 42,800 a.000 5367 | 9.000 16.100 0.09% | 0.009
2,000 {4,000 | 2L000 | 48400 3,000 £.167 | 25.000 | 4n.833 —0.619 | 0.383

24000 | &L000 | 192.4(K) 0,000 1 123.000 = l.797 | 1.b6D

D6 khéng dam bao chuan va hiép phwong sai gan véi tham sé duoc lam khép cling ¢6 thd dwoc danh
gia, st dung cong thirc trong 6.2.1, tir thong tin trong Bang 5:

*(a) = 1/24,000 +(3,500)%/70,000, nhw véy «(a) = 0,465;
#2(b) = 1/70,000, nhu vay u(b) = 0,120;
u(a, b) ==3,500/70,000 = -0,050.
Gia tri Khi-binh phurong quan tric duoc [a ;_ffm = 1,665 v&i v = 4 bac ty do, nhw tinh dwee & Bang 5 siv

dung 6.3. V1 22, khong vuret qua phan vi 85 % clla 22, tirc 12 9,488, nén khéng cd Iy do dé nghi nger
sw nhét quan clia md hinh dwdng thang va di liéu.

Dir liéu va ham hiéu chuan dwong thiing khép duge trinh bay trén Hinh 2. ¢ khéng dam bao chudn
gén véi yi duge minh hoa (va trong cac hinh tiép sau) bing dwing thing ditng, tap trung vao yiva cé
cac cue tr yi = u(y) Va y; + u(y). Phén du cé trong sb duoc trinh bay trén Hinh 3,
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16,
"
2t

0

Jl

Hinh 2 - Dir liu trong Bang 4 va ham higu chudn dwong thdng khép thu dwgc trong Bang 5

1
08 ®
0%

04
N [
LS | 8 " T

02t

24}
o6
03

B US| N Lt NN | i ot ad

9 1 2 3 4 -] 6 ¥
X

Hinh 3 - Phdn dw ¢6 trong s r, thu dwgc trong Bang 5

VI DY: (TRONG $O KHONG BANG NHAU) Bang 6 duwa ra sau diém d@ liéu va do khéng d3m bdo chudn kém
theo. Gia trj do dwgrc x; dugc Iy 14 chinh xac. y; thu dwgc béng cach sz dyng hai thiét Iap pheong tién, sao cho
gia tr] X cang lérn thl y; cang kém chinh x4c.

Bang 6 - Dir ligu thé hién sau diém do, trong sé khong bing nhau

x| W uly)
1,0 32 0,5
2,0 43 05
3,0 7.6 05
4,0 86 1,0
5,0 11,7 1,0
6,0 12,8 1,0
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Tham sé dwing thing khép nhét dwoc tinh nhw trong Bang 7. Tir bang nay, go = 39,000/15,000 =
2,600, ho = 93,500/15,000 = 6,233, b = 65,000/31,600 = 2,057 va a = 6,233 ~ (2,057)(2,600) = Q,885.

Bang 7 — Bang tinh toan gin véi die ligu trong Bang 6

w, us wrr: | Wi i hi o gih, ri rt
2000 1,234 i = U,8kd
000 | KT | 4000 | 12800 | ~3.200 | ~0.00: | 10,040 | 19413 0.510 | 0.200 |
2000 | 4000 | 000 | 17.200 | ~1.200 | -3.867 | 1440 | 4.640 ~1.30% | 1.955
2,000 4000 | 12,000 | 30,300 LEMY b 2,733 0.640 3187 1088 | 1.183%
om0 | 1000 | 4000 | So600 ) 1400 | 2387 | 1960 | 3.313 ~0.513 | N.243
1,000 1.000 5.000 | 11.700 2,400 HAGT 5,760 | 13.120 0,530 | 0,281
oo | 1000 | G000 | 12800 | 3400 | 6567 | 11.560 | 22.307 -0,427 | 0,182
XA RO R ; IT.A00 | 63.000 | 5=2087 | 3.19

D khong dam bao chudin va higp phurong sai gén véi tham sé durgc 13m khép ciing b thé dwrgc danh
gié, str dyng cong thirc trong 6.2.1, tlr thong tin trong Bang 7:

u*(a) = 115,000 +(2,600)%/31,600, nhw vay u(a) = 0,530;
£(b) = 1/31,600, nhir vay u(b) =0,178;
u(a, b) =-2,600/31,600 = -0,082.
Gia trj Khi-binh phurong quan tric wec 1a Pope = 4,131 v6i v = 4 bac ty do, nhur tinh dwge & Bang 7 st

dung 6.3. V1 22, khéng vuret qué phan vi 85 % clia 22, tikc 14 9,488, nén khéng cb Iy do @& nghi ng&
si nhat quan clia mo hinh dudng thdng va dir lidu.

D liéu va ham hiéu chudn dudng thdng khdp durge trink bay trén Hinh 4. Phan dw ¢6 trong sé dugc
trinh bay trén Hinh 5.

16

14}
12}
10}
= 8
6
ne
2k

0 I ] PP P | )

0 1 2 3 4 & ] 7

Hinh 4 - D@ ligu trong Bang 6 va ham higu chudn dwdng thing khép thu dwee trong Bang 7
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15-

Hinh 5§ ~ Phdn dw c6 trong s6 r; thu dworc trong Béang 7

7 M5 hinh d6 khéng dam bao gén véi x; va

7.1 Khai quat

7.1.1 Dibu nay xem xét frrdmg hop 5.3.2 b), tirc ki khi théng tin dui day duot cung cip choi = 1,..., m:
a) di lidu do (x;, y),

b) @6 khong dam bao chuln u(x) gin véix;, va

b) dd khong dam bao chudn u(y;) gén véi y;.

Phu lyc D cung cép hwéng dén vé viéc thu dugc cac do khong ddm bao nay. T4t ¢ céc hiép phwrong
sai khac gén v&i dir liéu dworc coi la khong dang ké.

7.1.2 Trwdng hop 5.3.2 b) twong (rng véi md ta bdi md hinh thong ké
x:=Xf+a';, y;=1’!"+e;, Y;-‘-A**‘B*X{ i=1,..,m, (5)

trong dé d; va e; & th& hién clia cac bién ngdu nhién ddc I4p véi ky vong 0 va phrong sai twong (g 1a
u?(x;) va w’(y1). Md hinh ndy dwoe goi 13 mé hinh ham s6. Trong md hinh, (x;, y:) dai dién cho toa @8 do
dwoc cua diém (khéng quan trac dugc) (X7, V') ndm trén duong ¥ = 4* + B*X.

7.4.3 Vi x; (cling vé&i yr — xem Diéu 6) ¢6 dd khdng dadm bao kém theo nén ciing phai tinh dén chiing
khi xdc dinh ham hiéu chudn dudng thang. Van d& xac dinh a va b trong bdi canh nay 14 mot trong hdi
quy khodng cach tryec giao cé trong sb (ODR cb trong sd) hodc hdi quy khodng cach téng quat hoa
(GDR) [2). Trong tai ligu théng k& né duec goi la md hinh sai sd-trong-bién [7], [9, trang 50, [17, trang
189]. Céc woc rong a va b 13 wée lweng téi thidu héa téng cac binh phurong
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g[v}[x,—XJ}’+wf(y;—-A-BX;)2] , (6)

doivei 4, Bva X, i=1,..., m, cac trong s8 v = ufx) va w; = u(y). M&i wéc leong gii x;, cling véi a
va b, xac dinh woc lwgng (x7, 1), yi = a+ bx{, clia (X{, ¥;') trong mé hinh (5).

7.1.4 Cho trwéc 4 va B, cac gia tri x; t6i thiu hoa tdng cac binh phwrong (6) ddi véi X; dworc cho bdi

5t =27 (4, B)=[ (v}, + (i~ A2 )T, 7, - o

()T Burn)

S dyng biéu thirc (7) van d& téi wu hoa cé thé duoc ait ra abi voi tham sb 4 va B Goc 1ap bing cach
thay thé X; trong biéu thirc (8) blng x;(4,B), co

S Vol =5t (4, B + 92y - 3t (4, B)R), 324, 8) = s B (4. B). ®)
=l
745 Néu
R, =R/(4,B)={~Blx,~x; (4, B)}+ [y, — yr (4, B)T"2 , (8)
thi tdng cac binh phwong (8) twong duong voi
R
i=1

$6 hang R; c6 gidi thich hinh hoc dudi day. Véc to vudng goc voi durdng thing ¥ = 4 + BX dugc cho
b (-B,1)"/ (1 + BY)"2 va R; 1a bdi sb trong sb clia thanh phan cb dau clia (x; — x] (4, B), ¥; — yi (A, B))"
theo chiéu clia véc tor vudng géc.

CHU THICH 1: Binh phurong 16i thiéu théng thuéng (xem 5.8) va binh phwong tbi thidqu c6 trong sé (xem Diéu 6),
khodng cach t&i dudng thing durge do ‘theo chidu thdng ding’, tirc 13, theo chidu ¥, phan 4nh thyc té 1 da léch
clia diém do duge (x, y) so véi dudng thing ¢6 thé dugc tinh vé 8 hang sai 56 e kém theo y;, V1 x; dugre gid dinh
14 a2 biét chinh xac. ODR ¢ trong sé gidi quyét trdng hop trong d6 con c6 dd khdng dam bao gén véi x;.

CHU THICH 2: Biéu thire (7) dueye cho biing céch cho dao ham riéng bac mét clia bidu thir (6) dbi véi 4, Bva X,
béng 0.

CHU THICH 3: Néu u(x) = 0 thi khi dé trong biéu thirc (7) x{ (4, B) = x: (nhw vAy y; (4, B) = 4 + Bxi) va T; = 11y
= w?. K&t qua 1 R trong biéu thirc (9) dugc cho béi R = wi{yi— 4 — Bx)). Do d6, néu u(x) = 0 thi sé hang R dugc
danh gia theo cach twong ty nhw trong biéu thire (4) & 6.1.3.

CHU THICH 4: Néu u(x) = u(y) = ur thi khi d6 x; (4, B) xac dinh diém trén dwirng thing ¥ = 4 + BX gin nhét vé&i (v,
J-fr) va
1 1 1

1 .
1:‘=El+ B2 » Ry =ZW{—BE—£(A,B)]+LQ*}'; (A’B)]}'
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Vi véc to vudng géc véi dudmng thang 1a (-B,1)7/ (1 + B%)™ nén R 1a khoang cach ¢6 trong sé tinh tir
diém (x;, ;) t&i dudng thing Y= 4 + BX.

7.1.6 Didu 7.1.3lién quan dén 4, Bva X;, i = 1,..., m, nhw cac bién trong i thidu héa. Cac tinh toan
néu trong 7.2.1 thye hién qua trinh téi thidu héa nay trong phép Iap hai giai doan [2];

i) tlr cac gan dding véi a va b, xac dinh ti wu x; twong (ng, va
ii) 46 véi céc x; ndy, xac dinh cac ghn dung méi véi a va b s& 1am giam tdng cac binh phuong (6).

CHU THICH: Khéng cé phan biét ndo vé ky hiéu gitra x; & phép Iap dién hinh va gia trj tinh duge cudi cing.

7.2 Wéc lwgng tham sb hiéu chuin va dd khéng dam bao chuin va hiép phwong sai kém theo

7.21 Cécuéc lwgng a va b dwge tinh & cac budc tir 1 dén 6 dwdi day s dung quy trinh ldp chira &
7.1.6; 6 khéng dam bao chuln u(a), u(b) va hiép phwong sai cov(a,b) dwgc danh gia & budc 7 (xem
Phu luc B):

1 Thu dwgre cac x4p xi ban diu & va b cho a va b, vi dy, biing cach xac dinh duéng khép nhét binh
phtreng t6i thidu c6 trong s véi di liéu (xem 6.2.1 bedrc 1 dén 5), bd qua 3 khong dam bao gan véi

Xi,

2 Dty = WX =[.1i¢,.uz(y,)+()-'f w'&)guz(xi)]t.. Az, =y —G-bx,, i=1,..,m

1
u*(y, )+ 5% (x,)
3pgtSi=t%a=rfog V@ h=fz, j=1..m
4 Xac dinh gidi phap binh phuong téi thiu (khéng c6 trong s6) 3a va 3b cho hé thire

(BAYi+ (8B)gi=h, i=1,...m,
dé la

naaﬂ=iﬁ;

=l
i) Dat ="Lif va htl:iifhf'
) & Fa & i&i 2 i

i) DR g =g-gfi V@ h=h-hf,i=1..m

v) BEtsh=1-3"5% va d=h—(®)g:
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5 Cép nhat céc xap xi hién tai cho cac tham s va phdn du: @:= @+ 8a, b= b+ 8b, ,, =5 - (%5,

i=1,.,m

6 L3p lai cc bude tir 2 dén 5 cho dén khi dat dwoc sy hditu. Dita=4&, b= b;

: 1 g i g . ; e 2 »
78 = £L, = V2 =-2;

3t u2(a) B u2(p) = covla,b) = trong @6 go, ho, ...1a cAc gia trj tinh duwoc &
budc 4.

CHU THICH 1: Céc tinh toén & buéc 4 twong ty nhu cc tinh todn & buéc 1 @én 5 trong 6.2.1.

CHU THICH 2: O buérc 2, x] Xc dinh didm (x;,a + bx}) trén xAp xi hién tai véi ham higu chuan duong thing
khép nhét 12 gAn nhét, nhur khodng cch c6 trong sb, voi diém di liéu do duoc (x;, ).

CHU THICH 3: O''buére 3, b tinh dwge dai dién cho gia tr clia khodng cach thng quét héa R, trong biéu thirc (9)

tir diém dir liéu thir ; &n woe lrong hign tai clia ham hiéu chudn dudng thing. Thuat toan duwgc thiét ké dé toi
thidu hoa tdng cac binh phuong clia cac khodng cach ny.

CHU THICH 4: O beérc 4, cac hiéu chinh 8a va §b thudng s& gidm dd Iém bling hé sb hiing sb gan ding gitra cac
phép I3p. Mirc & gidm phy thudc chi yéu vao @6 khdng dam bao gén véi d ligu: d9 khdng dam bdo cang nhd
thi mire gidm & cang nhidu. Quy trinh 13p ¢ thé két thic khi @0 Ion clia cac higu chinh dwoc didu chinh dén marc
khéng dang ké.

CHU THICH 5: Phdn du tinh duge & bude 5 dwge gén voi phép gidi hé thirc tinh & buwde 4. Tai didm hdi ty, r
tinh dwoc & budc 5 bing A tinh dwge & buoc 3.

CHU THICH 6: Hoan foan chl yéu cAu cac phan du tinh dwoc & bwdc 5 trong 1an 13p cudi. Tuy nhien, d& d& trinh
bay dang bang (Bang 9 & 7.4), phén du duwgc tinh tai mdi lan I3p.
CHU THICH 7: u?(a), 17(b) v cov(a,b) trong budc 7 thu duge bing cach ap dung dinh luat lan truyén do khong

dam bdo trong TCVN 9595-3:2013 (ISONEC Guide 98-3:2008) cho a va b nhu dwgc cung cép bdi cac budc 1
dén 6.

7.2.2 Trong khi co thé riit ra cac tinh chat trong 6.2.2 déi véi phuong phap wée leang WLS thi thye té
la cac wéc lrong a va b xéc dinh bing céch ti thiBu héa tdng céc binh phurong () phu thudc phi tuyén
vao di¥ liéu x va y, nghia la khong thé d& dang néu rd céc tinh chét twong tmg déi véi ODR c6 trong
sd. Cac woc lwong a va b xac dinh trong 7.1.3 c6 céc tinh chat sau day dbi véi d ligu x, va y: theo md
hinh (5):

i) Céc udc lwgng a va b dugc cho bdi ham phi tuyén clia cac di ligu x;va y.

i) Céc woc lwgng ava b dwgre coi la cac the hién clia bién ngdu nhién ¢ ky vong twong (rng 1a 4* va
B* gan dlng.

i) Cac thanh phin clia ma tran hiép phwong sai ddi véi bién nglu nhién trong ii) xap xi bang 1*(a),
2(b) va cov(a,b) tinh duec trong 7.2.1.

Céac gin ding trong ii) va iii) s& chinh xac hon dbi véi dir liéu cé dd khang da3m bao kém theo nhd hon,
Tuy nhién, phuong phap wéc lwgng ¢ tinh chét nhat quan sau day:
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iv) Db voi dir lidu thda man md hinh (5), khi s6 lugng m diém dir liéu tang, cac woc lwgng a va b hdi
tu dén 4* va B*, twong Umg [16).

Ngtrge lai, phirong phép worc lwgng WLS thurdng sé woc legng thip do I6m clia tham sé db déc [5] ddi
v@i dir ligu tao ra theo mé hinh (5).

Néu gia dinh bd sung dugc dua ra 1a di va e 1a cac thé hién clia bién nglu nhién phan bd chudn thi cac
tinh chét khac gén véi phwong phap wéc lugng ODR c6 trong s6é c6 thé dwoc néu ra:

v) - Céc bién ngdu nhidn trong ii) durgrc @3c treng gan ding bdi phan bd chudn hai chiéu tap trung & 4*
va B* v&i ma trén hiép phuong sai quy dinh bdi 1(a), «*(5) va cov(a,b).

vi) Céc wéc lugng a va b 13 wéc lwgng hep Iy 16n nhét, twong (ng véi gia tri hop Iy nhat cla 4 va B co
thé |am ting dir liéu do quan tric dugc x va y..

vii) Trong bi cdnh suy luén Bayes, phan b trong pham vi kién thirc cho 4 va B, da cho di liéu do
quan tréc x; va y, 13 xAp xi phan bd chun hai chidu tap trung & a va b véi ma tran hiép phwong sai
x4c dinh béi «’(a), »’(b) va cov(a,b).

7.3 Xac nh§n gia tri st dyng cia mé hinh

Néu m > 2 thi gid tri s& dung clta md hinh cé thé kiém nghiém mét phan bing cach sir dyng phin du
c6 trong s8 tinh dwerc trong budie 5 & 7.2.1 & 1an Ep cudi cling, tire 1a sy héi ty (tidp tuc tir 7.2.9):
8 Thiét lap gia trj Khi-binh phuong quan trdc 2, = T, va bacty do v=m -2,
9 Kiém tra xem y2,  c6 vurot qué phan vi 95 % clia »2 khdng, va xem liéu cé bac bd mé hinh
dwidng thang hay khéng.
CHU THICH: Kiém nghiém Khi-binh phuong dira trén gia dinh 13 4 va ¢ trong mé hinh (5) 1a cac thé hién ciia
bién ng&u nhién chuin ddc 13p va phép gan dng bac mét.

7.4 T& chirc tinh toan

Cac tinh toan trong 7.2.1 va 7.3 c6 thé dugc td chirc thanh hai bang lién tiép, phii hop dé thir hién
trong bang tinh. Bang thir nhét (Bang 8), dua ra céc xép xi @ va b (xem 7.2.1 budc 1), tinh £, g va &
(xem 7.2.1 bwée 3). Bang thi? hai (Bang 9) st dung céc gid trj £, g va & nay dé tinh céc hiéu chinh 8a
va &b (xem 7.2.1 budc 4).
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Bang 8 — Tinh toan dé xac dinh ham hiéu chudn dwong thing, da cho cac xip xi @ va b véi cac
wéc lwgng tham sé dwing thing a va b

7.2.1 bwdc 1 hodc buwde 5 7.2.1 bwoc 2 7.2.1budc 3
7.2.1 bwéc 2
a b a
X, ”(xl) h "()’s) 14 xy Zy h & h
X; “{xz) »: “{J’z) f, x3 Z; fa £3 hy
xll u(xm) ylﬂ “(yﬂ} t"l I;' zu fn g-ll hﬂ
Bing 9 - Té chirc tinh todn dé xac djnh cac higu chinh §a va 55 cho ham hidu chudn dwéng |
thang GDR
7.2.1céac budc 7.2.1 cac 73bwéc 8
7.2.24 i), 4 iii) budc 4 v), 5
go ho da
i g il g h, gt g n r?
I7 )28 fil £ i{l 7 §z§: n rt
3 Lgs | Ll | & T g2 #h Y r2
Fr=f| 2 fig | 2fih Gr=3 5} Yk db >

VI DU: Bang 10 dva ra sau diém di liéu do dugc va 3 khdng d3m bao chudn kém theo.

Bang 10 - Sau diém di¥ ligu do dwee va dé khong dam bao chudn twong (g

X u(x) » u(yi)
1,2 02 34 0,2
1,9 0.2 4.4 02
29 0.2 7.2 04
4.0 0,2 8,5 04
4,7 02 10,8 0.4
5.9 02 13,5 04

Pé xac dinh cac xA&p xT @ va b ban d4u (7.2.1 bwde 1), ham hiéu chudn dwdng thdng binh phuong téi
thidu c6 trong sb dwore xac dinh. Tiép theo quy trinh mé ta trong 6.2, thu duge céc di ligu cho trong
Bang 11 va Bang 12.

Bang 11 - D{r lidu dai dién cho séu diém do

Xi » ()
1,2 3.4 0,2
1,9 4.4 0,2
2,9 7.2 0.4
4,0 8,5 0.4
4,7 10,8 0,4
59 13,5 0.4
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Bang 12 - Bang tinh toan gan véi div lidu trong Bang 11 d& xac dinh cac xip xi & va b ban déu

w, wy wir, i Ui gi b, ; ghi | x [_ il

3 bty A I VY7 R [ W= 1.1 5 I R
A000n [ 20000 T 30.00M0 ER.O0ON | KRRy | ~13.933 3 47,151 1 03,6706 DRIRG | (L6301}
JANO0 | 250000 | S£.5300 | 110.0000 | -3.306 7 -80333 183344 | 30,0756 ~1.7006 | 2.5020
3._01'10 0] BO000 | 725000 | 180.0000 L6333 XK 2607 8 82706 1ao7T7 | 24264
25000 1 62500 | 250000 | A12B0 | 3566 57933 | 1272111 06272 ~1.5791 | 4.33110
250000 | 62500 | 203750 T.A000 83167 11.5333 WHEY | 613189 0.J113 | N2 4
25000 1 62300 | 388730 34.3700 83167 152833 | AO.1669 | TR2,0564 04163 | N.1733
93 a0 | 241.2500 | 5800000 1713083 | 3680202 | b=214R3 | 91052

Cac xap xi ban diu 13 @ = 0,658 3 va b = 2,148 3. Vi cac xAp xi ndy, bang dir liéu dAu tién (Bang 13)
c6 dang trong Bang 8 c6 thé dwoc tinh d& thu duwoc f, g va k. Bang di liéu thi hai (Bang 14) ¢6 dang
trong Bang 9 khi d6 tinh cac sé gia 5a = 0,078 4 va 8b = 0,011 1 (7.2.1 budrc 4). O cudi phép Ip, céc
xap xi @ va b dugc cip nhat (7.2.1 budc 5):

d:=d+5=06583~0,0784=0,5799,

b:=b+5b=21483+0,0111=2,1594.
Véi cac gia trj d va b cap nhat nay, hai di¥ liéu bang m&i dirge hinh thanh (Bang 15 va Bang 16) dé
xac dinh thém cac hiéu chinh 8a = = -0,001 0 va 56 = 0,000 2. Qué trinh nay dwec Idp lai lan thir ba
(Bang 17 va Bang 18). Trong trwéng hop nay, 45 Ion cla cac hiéu chinh nhd hon 0,000 05, duec

diéu chinh @é thanh khéng dang k& cho muc dich nay, va cac xap xi cudi cling cho wéc Iwong tham
s613a=05788vab=2,1597.

D) khéng dam bao chuén va hiép phuong sai (7.2.1 budc 7) gan véi tham sé dwec lam khép ciing cb
thé durgre danh gia tir thdng tin trong bang cudi cling (Bang 18):

u'(a) = 1/21,897 7 +(3,141 4)%/54,427 1 nhw vay u(a) = 0,476 4;
(b)) = 1/54,427 1, nhu vy u(b)= 0,135 5;
ula,b)= -3,141 4/54,427 1 =-0,057 7.
Gid tri Khi-binh phurong quan tric duec 13 xgh = 2,743 vbi v = 4 bac ty do, nhu tinh dugc & Bang 18

sir dung 7.3. Vi 72, khang vurot qué phén vi 95 % ciia 42, tirc 14 9,488, nén khong c6 Iy do d& nghi
ngd su nhit quan clia mé hinh dudng thing va dir lidu.

Céc diém dir liéu va ham hiéu chuén dudng thing ODR cé trong sb dugc trinh bay bing db thi trén
Hinh 6. Béi véi méi gié tri i, dd thi clng dwa ra vi tri clia (x},y}), diém trén dudmg thing gin nhét vé
mét xac sudt voi Gidm dir lidu (xi, ;). Phan du cé trong sb dwoc minh hoa trén Hinh 7.
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Bang 13 - Lan l3p dau tién d8& xac dinh f, g va I, cho trwéc @ va b
T EN W ulgn) Fy 5 ]“ z, Fi ) h.
NGas3 | 27483 '
P, 20060 1 0.20010 o0 [ 02000 | 445272 1 1.2624 mieds | 21100 20642 [(EEHIES
19004 | 0.2000 14000 | 02000 § 44322 | L7699 | —0.3401 ¢ 21100 37345 | =071V
28000 | 02000 { T.2000 [ 92000 | 44529 | 3.0192 03116 | 21100 | 6374 (.8537 5
40000 | 0.2000 BANNG | 04000 | 29019 | 3.8126 | —=0.75L5 | L7035 G4947 } —1.2502
L7000 | 0.2000 | 108000 | 04000 | 29019 | 4.711 1 00447 | 17034 | &0253 0076 1
9000 | 02000 | ¥3.5000 | 04000 | 29019 | 59416 04667 | 170343 | 10,1214 02840

Bang 14 - Lin |3p ddu tién dé xac djnh cac hidu chinh 5a va 8b, cho trwdrc £, g va ki

f_:. .|r121 fihf ;: ) b a? ,l}‘| A It J‘?
129 T =0.0887 fo = 0084 ]
4.4522 3.3216 07290 | -3,9273 04378 | 1604236 | -1.718 3 04814 | 0.23158
44622 | 78799 | -15141 | ~2.83T0 | -0.6253 | 81623 | 17864 -(15935 | 0.3523
44522 | 134422 ) 13874 | -0.2200 | 0,7498 | 0.0488 | ~0.1666 07823 { 0.5639
20019 | 110636 | -21807 | 11782 | =1.2067 | 13764 | 14145 187 | 14852
20009 | 186710 | oa2e7 | 2r088 | oas06a | TA08 | o473 00206 | 0.0145
20009 | (72406 | 04338 | 47900 03585 | 23.0887 | 1.720& 03052 | 0.003 |
0632 | 080199 | —n.a6es | | TUERAGHS | OIS [T = 00111 [ 2429
Bang 15 — Nhw Bang 13 nhwng cho Ian 13p thiv hai
£ uix;) i utys) t, i 2 [i gi )
LN PRELE! ]
L2600 | 0.2000 | 34000 | 0.2000 | 14146 | 1.2873 | 0.2289 | 2.1011 | 2.;04: | 0.4808
59000 | (.2000 | 44000 | 02000 | 44146 | 1.7922 | —0.2827 | 2.1001 | 3,7635 | —0,5941
29000 | 0.2000 | 7.2000 | 0.2000 | 44146 | 3.0365 | 03579 | 21011 | 63799 | 10,7519
4,0000 | 0,2000 § 85000 | 0.4000 | 28858 | 38212 | —0.7175 | 1.6988 | 64913 | -1,2189
4,7000 | 0.2000 | 10.5000 | 0.40G0 | 28858 | 47177 | 00709 | 1.6988 | 8,042 | 01205
5.9000 | 0.2000 | 13.3000 | 0.4000 | 2.8858 | 50448 | 0.1794 | 1.6985 | 10,0988 | 0.303!
Béng 16 - Nhw Bang 14 nhwng cho lan I§p thiv hal
i fo Al g hy h By i r]
31412 1 =0,0003 da = —={0,(001 0
R P I A O () T BT 3 IS V0 1 S I W18 RTEaIRE
441468 | 70117 | —124R2 | ~28344 | 05035 | 80339 | 16822 ~15928 | 03514
44146 | 134047 15798 | —0.220 1 0.h24 00484 | 01636 0,75235 | 00,5862
28855 | 11,0271 | -2.0706 | 11351 | —1.2184 | 13342 | —1.4074 -12187 | 14852
26858 | 13.6143 | 02046 | 26731 | 01200 ] T1720 | 03238 01203 | 0,0145
28558 | 171655 | 03188 | 47626 | 03056 | 220824 | 14353 0.8044 | 00827
T2 | Ob.cG0 1 | —0akia 1 BLIHT | nodz | sh=00mn2 [ 2.0425
Bang 17 — Nhw Bang 13 nhwng cho lan 13p thir ba
r, u{z,) W uty;) t * s I g h, |
- 05788 | 2.1597
OO0 | 0.2000 | 34000 | 00000 | 44138 | LoR s | 0,228 | 2.0009 | 2.0 | N4R23
19000 [ 02000 | 44000 | 62060 | 4.4138 | 17024 | -02822 | 20090 | 37637 | ~0.392&
29060 | 02000 | 7.2000 [ 02000 | 44138 | 3.0366 | 03382 | 21009 | 63795 [ 07525
L0060 | 02000 23000 | 04000 | 28855 | 3.8212 | 05174 | LGORY GANY | ~1,218°7
47000 | 0.2000 | 108000 | 04000 | 28835 | 4,7176 | 0.0708 | 1L.69BT | £0137 | 0.1203
3.9000 | 0.2000 | 13,5000 | 04000 | 28855 | 5,947 | 0,792 | LGIET | 100980 | 03044
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Bang 18 ~ Nhw Bing 14 nhwng cho In 13p thir ba

i N T £ | Ghe o oono1odF ]
.......... 1 S S AT T W IR SR XX L
Y S T O T -1 Sl I 0 B 9 U230 RO I N 1 O 3 M 1 Al
44138 TO113 ) ~1.2454 | =2R340 | ~N.5928 8.031 5 165800 05928 | MA3314
44138 | 134027 L3&OY | -0.22072 0.7525 | 00488 | —~(LIDAT 07025 | 0.6662
28855 | 11.0258 | 20702 11548 | —1.2157 13335 | —1.4073 -1.2187 | 14832
28855 | 13.61260 0.204 3 26T H 01203 1 71695 0.322 0 0203 | DONE4h
28855 | 1T.1331 05171 4,761 9 03044 | 226756 14496 034 | 0.0927
218977 | BR.I88 4. 0.0a00 | - AT 1 _ 0,000 1 ._Eg_:-_:_l_'l.mu'l 0257427
16,
14}
12f
10
= 8
a.
4 L
al
4] L] = R | PR Ty O ey I [ 1
[+ ] 1 2 3 4 5 [ 7
X

Hinh 6 — D@ liéu trong Bang 10 va ham hiéu chuan dwéng thing khép thu dugc trong Bang 11
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8 M5 hinh dd khong dam bao gén véi x; va y; va hiép phwong sai gan véi cip (x, i)

8.1 Khai quat

8.1.1 Pidu nay xem xét truréng hop 5.3.2 ¢), tire t khi thdng tin sau day duge cung cdp choi=1,..., m:
a) di ligu do (xi, yi),

b) @ khong dam bao chudn u(x;) gén véi x;,

¢) do khéng dam bao chuln u(y) gén véi y;, va

d) hiép phwong sai cov{xi, yi) gan véi x; va yi.

Phy lyc D cung c&p hwdng din v viéc thu duwge céc dd khong dam bao va hiép phwong sai nay. Tat
¢4 cac hiép phuong sai khac gén véi dir liéu duoc col 13 khong dang ké.

8.1.2 Truwdng hop 5.3.2 ¢) trrong (g véi md ta bdi mé hinh thdng ké
xi=X+d, w=Y+e, Y =A+BX, i=1..m (10)

trong d6 mdi cap (d,e) 1 thé hién clia cdc bién ngiu nhién hai chidu véi ky vong (0,0)7 va ma tran hiép
phureng sai co thanh phan dudng chéo w?(x;) va «’(yi)va thanh phdn ngoai dwéng chéo cov (xj, yi) =
cov(yixi), tlre la

OOV(,P,,A:,} “3(}‘:)

dac lap véi cac bién ngau nhién khéc.

lﬂz{xa) °°"’{-’:nyr)}

CHU THICH: Gia dinh réng (d,e) 1a cac thé hién clia bién ngiu nhién chuan hai chidqu chl cin thiét cho viéc xac
nhan gia trj st dyng clia mé hinh (10).
8.2 Wéc lwgng tham sé higu chuén va do khéng dam bio chudn va hiép phwong sai kém theo

8.2.1 V& thuit toan, trérng hop ndy cb thé duge x Iy bing cach md rong (xem Phy lyc B) U Iy trong
Bidu 7. Cac tinh todn gidng hét nhw trong Diéu 7, ngoai trir bude 2 trong 7.2.1 dugc thay bing

1
f= %
2 Pbat d uz(yf)—Zb mv(xl.,y!}-f-bzllz(x;)'

xr= {Lul{y,)—gcov(x;,y,}x,]—[cov(x,,y,)-gul(x_,)](y, -ﬁ') }{, va

zy=y—a-bx ,i=1...,m

8.2.2 Tét ca cac tinh chat néu trong 7.2.2 4p dung cho di¥ liéu dwoc tao ra theo md hinh {10) va tuan
thli theo ph&n con lai clia Diéu 7.
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9 M6 hinh dd khong dam bao va hiép phwong sai gin véi yi

9.1 Khai quéat

9.1.1 Didu ndy xem xét trrdng hop 5.3.2 d), tirc I khi théng tin sau day dwge cung cp choi=1,..., m:
a) di ligu do (xi, i),

b) @ khéng dam bao chudn u(y) gan véi y;, va

c) hiép phwong sai cov(y, ) 9an véicip (v, WJj=1,....m, j # 1.

9.1.2 D3 khong dam bao chuan binh phirong va hiép phwrong sai bao gém ma trén hiép phurong sai

[ wlw) eovig o mer) ¥ pn) ]
v (g Jn) W) OV mezt COV{Y f)
Uy = ! : = : :
COV{Ym-1.81) OVYmosilo) oo W lnot]  COmoeUim)
B (7 TR I 3 MO 7S T 1 U 00 TS S i P

Kich thude m x m gnvéiy = (py,... ym)7. Phy luc D cung cép hudmg dan vé viée thu dugce cac dd khdng
dam béo va hiép phuong sai ndy. T4t ca cac 45 khong d3m bio va hiép phwong sai khac gan véi dir
liéu dugc coi la khong dang ké.

9.1.3 Trwing hop 5.3.2 d) twong (mg véi mé ta bdi mé hinh théng ké
yi= A+ B'x; + ¢, i=1,..m (11)
trong d6 e = (ey,..., em)" 1& thé hién ctia bién ngdu nhién da bién v&i ky vong véc to bang véc to 0 co
kich thwéc m x 1 va ma trén hiép phwrong sai ¢ kich thwdre m x m bang U, [21).
9.1.4 Céc uéc lwong a va b la gia trj t5i thiu héa tdng cac binh phurong tdng quat [8]

T

i = A+ Bry) 1 =4+ Bxy)

¢ i

=e U, le,
] ’ (12)

Ym = (4 + BTpm) Hem = f.~l--.~BJ:,,..‘.|

trong d6 e = p — A — Bx, d6i véi A va B. VAn d& xac dinh a va b trong béi canh nay dwerc goi la mét trong
hdi quy Gauss-Markov (GMR) [2].

CHU THICH: B6i véi trudmg hop trong @6 Uy 1 dwémg chéo, t8ng binh phirong ting quéat hoa (12) don gian
thanh bidu thire (4) trong 6.1.3 din d&n vén 38 WLS.
9.2 Uérc lwong tham sé hiéu chuin va d6 khong dam bao chuin va hiép phuong sai kém theo

9.2.1 Néu U, hoan toan dwong, thi ton tai thira sé Cholesky L, tam giac dui kich thwdc m x m cla U,
= L,L," [10] (xem thém A.4), uéc lwgng a va b clia A va B c6 thé dugce tinh tryc tiép biing cach sir dung
cling mdt quy trinh chung nhw trong 6.2.1 sau mét s6 tinh toén so bd slr dung thao tac ma trén-véc to.
Néu khéng c6 th8 cAn dén nhidu phuong phép sé hoc hon. Cac thao tac nay chuyén déi tdng binh
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phuong tdng quat hda (12) thanh téng binh phurong thong thuong (2) nhir frong 5.8.1, tirc 13, van d&
tré thanh binh phurong téi thiéu khang trong sé va khéng cé hiép phuong sai.

9.2.2 Udrc lwong tham sb a va b dugc tinh & cac buwdc tir 1 dén 7 dwdi day; dd khdng dam bao chuén
ufa) va u(b) va hiép phurong sai cov(a,d) dug'c ddnh gia trong buréc 8:

1 Tinh thira sé Cholesky L, kich thwedc m x m clia U, = L,L,™: xem A.4.1;
2 LAy 114 véc to clia mét cb kich thurde m x 1. Gidi ba hé thirc tam gidc duwdi Lf= 1, Lg = xva L& =y,
trong d6 £ = (fi,... fu)",... 401 V&i £, g va I, xem A.4.3;

3 0atF=Y g2,

inl

1 " l (]
4 Big =2 VB b= Sk
fmll =l

5 Patg =g -~gf Va ’Tr=hf"hoﬁs i=1,...m

6 Ditd:=

o1

i »

M

-

7 Batb=L=SEh VA a=h-bg
G =]

8 bat EEI(&]=F1§.-+,g_—° ﬂz(b}=-§l—2—\ié cgv(a,b) -_-._.é_

GZ

9.2.3 Uéc lugng a va b xac dinh trong 9.1.4 ¢b cac tinh chét sau ddy [15] déi véi die lidu y, theo mé
hinh (11):

i) Céc wdrc lwgng a va b dugce cho bdi td hgp tuyén tinh cac dir ligu y;.
i) Céc wirc lwgng a va b duoc coi la cac thé hién cla bién ngau nhién ¢b ky vong twong Ung 13 4* va
B,
iy Ma tran hiép phuong sai déi véi bién ngau nhién trong il) deoc quy dinh 1a wX(a), 1/(b) va cov{a,b)
tinh dwgrc trong 9.2.2.

Tinh chét i) ndu rd a va b dege rit ra bang céch sl dung phuong phap woe legng tuyén tinh. Tinh
chét i) néu ré rang phwong phap wéc lrgng tuyén tinh 1a khdng chéch. Tinh chat ii) va ii)) cling cho
thay réng phuong phap wée lugng 1a nhét quén theo nghia khi s6 lvgng m diém dir liéu tang 1&n, thi
wée lwong a va b hdi tu 4* va B*, twong (ng.

Phuong phap wée lwgng clia 9.1.4 ¢6 tinh chét toi wu sau day doi voi dix liéu y: theo mo hinh (11):

iv) Céc wéc lugng & va b cung chp bdi phuong phap wérc lirgmg tuyén tinh khang chéch bét ky c6 thé
dwoc coi la cac thé hién clia bién ngau nhién co phirong sai it nhat [a Ion bang phuwong sai gan
véi phwong phap wéc lugng GMR.
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Tinh chat iv) c6 thé duwgc gidi thich nhu durdi day. DI véi hing sé ¢ va d, dd khdng dam bdo chuan
u(cd + db') gan v&i t6 hop tuyén tinh cac wérc lwgng & va b cung cép bdi phurong phap woe luong
tuyén tinh khdng chéch bt ky it nhat 13 Ién béing u(ca + db). Cac tinh chét tir i) dén iv) chirng to viéc str
dung phuong phap binh phwrong t6i thiéu cho dir lidu tirong thich véi mé hinh (11). Lwu ¥ 1a khi s&
dung mé hinh nay, cac tuyén bé chi dwyc dura ra vé ky vong va pheong sai gan voi e; cac phan bd
kém theo khong dwgc quy dinh thém. Néu dwa ra gid dinh bd sung ring e; Ia thé hién clia bién ngéu
nhién d@3c trung bdi phan bd chudn nhidu chidu thi khi d6 cac tinh chat khac gén véi phuong phép wéc
Iwgng GMR c6 thé duwa ra:

v) Cac bién ngu nhién trong ii) duwgc déc trung bdi phan bd chuln hai chidu tap trung & A* va B*véi
ma trén hiép phwong sai quy dinh béi «#(a), 17(b) va covia,b).

vi) Céc wéc lwgng ava b 1a wéc lwong hop Iy 1én nhét, twong Gng véi gia tri hop Iy nhét clia 4 va B co
thé 1am tang dir liéu do quan trac dugc y.

vii) Trong bbi canh suy ludn Bayes, phan bé trong pham vi kién thirc cho 4 va B, da cho dir liéu do
quan tréc y, 1a phan bb chudn hai chidu tap frung & a va b véi ma tran hiép phuong sai xac dinh béi
u*(a), 1 (b) va cov(a,b).

CHU THICH 1: Céc tinh chét liét k& & trén gibng voi trong phurong phép wée lugng WLS ciia 6.1.3 d6i véi dir ligu
tao ra theo md hinh (3).

CHU THICH 2: «*(a), #*(b) va cov{a,b) trong buréc 8 thu duge blng cach 4p dung dinh lust lan truyén a9 khang
dam bao trong TCVN 9595-3:2013 (ISONEC Guide 98-3:2008) cho a va b nhw cung cép bdi cac bwéc tir 1 dén 7.

9.3 Xac nhdn gia trj str dung ctia md hinh

Néu m > 2 thi gia trj sir dung clia md hinh 6 thé kiém nghiém mét phan bing cach sl dung phén duw
c6 trong sb (tiép theo 9.2.2):

9 Thiétlapri=h,— bg;, i=1,...,m
10 Thiét Iap gia trj Khi-binh phirong quan tréc duge 22, = IR, rf vabactw do v=m-2;

11 Kidm tra xem 2ops ©0 VUL qua phén vi 95 % cla 22 khéng, va xem ligu co bac bd mé hinh dwong
thdng hay khéng.

CHU THICH: Kiém nghiém Khi-binh phuirong dia trén gia dinh 1a ¢ trong md hinh (11) 1 cac thé hign clia bién
ngau nhién chudn doc Ip dic treng bdi phan bd chudn nhidu chidu.

9.4 Té chirc tinh toan

Caéc tinh toan trong 9.2.2 va 9.3 c6 thé duoc td chirc thanh cic bang nhw trong cac bang tir 19 dén 21.
Bang 20 chira f, g va & tinh duge & burdc 1 va 2 trong 9.2.2 dbi véi thira sb héa Cholesky Z, clia ma
trén hiép phwong sai U, Bang 21 si dyng cic £, g va h nay dé tinh cac wde lwgng a va b cla tham sé
ham hiéu chuan duéng thang.
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Bang 19 - Dir liu cho ham hiéu chudn dwing thing Gauss-Markov

X W
X N
'rﬂ' yll

Bang 20 — Tinh todn ban diu d& xac dinh ham hiéu chudn dwong thang Gauss-Markov

9.2.2 bwdc1,2
I & hy
hoy @ | h
fo | B | M
Bang 21 — T4 chirc tinh toan dé x4c¢ dinh ham higu chuin dwong thing Gauss-Markov
9.2.2 bwéc 4, 5 822buwéc? 9.3 buwdc10
9.3 budc 9
£o ho a
S fig, Sily & E g ElE K n’
17 S8 Sl & ky g g, h, £ £y
2 o ... g2 i
7 Jo&n | Sfulm | Za 7, & 7.7 Vin r2
Fi= ‘z 6: - "-‘: -
2 s se | Sk B\ Seh | w | aeze

Vi DU: Bang 22 dwa ra muoi diém d ligu do duoc (x, i) va 40 khong dam béo chudn gén véiy,.
DC liéu thu dwere bing cach sl dyung mé hinh mé ta trong D.2.2 véri ug = 1,0, us1 = 1,0 vA us2 = 2,0.

Béng 22 - Dr liéu thé hign mwdi diém do, y: c6 ma tran hiép phwong sai kém theo

Xi yi
1.0 1,3
20 41
3,0 6,9
4,0 75
50 10,2
6,0 12,0
7.0 14,5
8,0 17,1
9,0 19,5
10,0 210

Ma tran hiép phurong sai U, kich thwée 10 x 10 gén véiyila
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10 10
20 1.0
Lo 20
1.0 1.0
1.0 10
0.0 00
0.0 00
00 0.0
0.0 00

0.0
0.0
0.0
0.0
0.0
an
4.0
4,0
4,0
4.0

0.0 0.0
0.0 0.0
0.0 0.0
0o 0.0

1.0 4.0
5.0 4.0
4.0 5.0
4.0 4.0
40 4.0

0,0 0.01
00 00
00 00
0o 0.0
0.0 00
40 4.0
4,0 40
40 4.0

40 50

Thira sb Cholesky L, kich thuére 10 x 10 clia U, = L,L,T, tinh dugc st dyng mdt trong hai thuat toan ma

ta trong A.4.1, 14

- 14142
0.707 t
0.707 1
07071

Rt

Lv=| no006

0.O000n

0.0000

0.000 0

| 00000

0.000 0
12247
0.408 2
0408 2
0.403 2
0.0000
0.000 0
0.0000
0.000 0
0.000 0

0.0000
0.00080
L1547
02887
(L2887
0.0000
10,0000
0,000 0
0.0004
0,000 0

0.000 0
0.0000
0,000 0
L1180
0.223 6
0.0000
00000
0.0000
0.0000
00000

0.0000
0.0000
0.000 0
00000
1,095 4
a.0000
00000
(.0000
0.0000
0.0000

0.0000
0.000 0
0.0000
0.0000
0.0000
2.3361
1,788 9
1,788 9
L788¢
1,7889

0.0000
0.000
0.000 0
0.0000
00000
00000
134164
0.596 3
(1.396 3
0,596 3

0.000 0
0.006 0
0.000 0
0.0aa 0
(L6000
.00 0
0,006 0
1,201 9
1.3G9 8
0.369 8

0.0000
0,0000
0,000 0
0.000 0
0.000 0
0.0000
0.0000
0.0000
1.1433
(0.2691

0.0000 1
0.000 0
0.0000
00000
0,000 1)
0.00n0
0,000
43,0000
Q.00
11114 |

Céc véc to f, g va i trong Bang 23 duorc tinh theo budrc 2 trong 9.2.2.

Béng 23 - Tinh toan ban diu bing kém theo di liéu trong Bang 22

0, 707 1
0,408 2
0,238 7
0,223 6
0,182 6
04472
0.149 1
| 0.0925
0,067 3
0.052 9

fi

gi

h;

0,707 1
12247
1,732 1
2.2361
2,7386
26833
1,8490
2,2198
2.646 3

09192
2.8169
44167
39578
5,696 3
5,366 6
3,652 2
14,4284
5,320 8
5,5360

Tham sbé dudng thing khép nhét trong Bang 24 dwgc tinh theo Bang 21. Tir Bang 24, go =4,404

81,071 4=4,1111, ho = 9,004 8/1,071 4 = 8,404 4, b = 54,218 5/24,6296 = 2,201 4 v a = 8,404 4 -

(2,201 4)(4,111 1) = 0,645 6.
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Bang 24 — Bang tinh toan kém theo véi dir lidu trong Bang 22

f? .f!g! .frh3 E‘ hi :-:l.! Elhi r }"?

t 41111 8404 1 N n=-nN6i5h
COANGN | OEI00 TOR0 [ —2.1999 | =508 TAUA 1457 SHRGT T OATT
NGB T § 03000 | 11500 | —=0.4836 | 06142 | 0.2068 | 0.2784 03544 | (L1477
00833 1 05000 | 1.2730 (1.045 3 1,990 6 0.297 3 1.083 4 07902 | 0645
00500 | 0.5000 § 08850 1.316 8 20085 | L7340 | 27370 —0E202 | G727
00333 | 5000 | Lod00 195830 41619 | 39523 | 52739 ~0,2143 | DA4G0
0.2000 | 1.2000 | 2.4000 ne447 LGOBO | 05136 | 13383 ~0.2518 | 0.0633
0.0222 1 0.2444 | 0.544 4 L0269 23994 | 105405 | 24640 0.1387 | 0.0192
00085 | Q.1709 | 040654 LABR 9 168514 21578 3303 6 4177 | 01745
00045 | 0.1493 | 035679 1,943 3 4.755 8 3,71063 82412 04777 | 02282
0.0028 | o141 | 0.2930 24257 50912 55986 | 12,3850 ~,2552 | 0065 L

10014 | 44048 | 9,04 § 286206 | 54,2180 b=330 4 | 20040 |

Céc 3% khdng dém bao chuéin va higp phuong sai gén véi a va b dugc danh gié tir Bang 24 sir dung
bwéc 8 trong 9.2.2:

u¥(a) = 111,071 4 + (4,111 1)2/24,629 6 nhw vay u(a) = 1,272 6;
w?(b) =1/24,629 6, nhw vay u(b) =0,2015;
u(a,b)=—4,111 11246296 =-0,166 9.

Gi4 trj Khi-binh phwong quan trdc dugc 13 zﬁb‘ = 2,074 véi 8 bac ty do, nhu tinh dwgce trong Bang 24
str dung 9.3. Vi 22, . khéng vuret qua phan vi 95 % clia 22, tirc la 15,507, nén khéng c6 Iy do dé nghi
ngd sy nhat quén clia mé hinh duwdng thang va dir liéu.

Céc didm dir liéu va ham hiéu chudn dudng thing khép nhue trinh bay trén Hinh 8. Phan dw co trong
sé dwoc minh hoa trén Hinh 9.

25

15

WJ-

[ PRI PSS PP SO P RNHUSIPHI IO RITN I

ny
0 2 4 6 8 10
X

Hinh 8 - Di¥ lidu trong Bang 22 va ham higu chuin dwéng thing khép thu dwgc trong Bang 24
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08 |- T

0,6}
04|

0.2

04}

-015 B

038} o

b e i e e ey s

Hinh 9 - Phédn dw ¢6 trong s6 r tinh dwoc trong Bang 24

10 M& hinh d khdng dam bao va hiép phwong sai gén véi x; va y;

101 Khai quat

10.1.1 Didu nay xem xét trurdmg hop 5.3.2 e), ttre 14 trwrdng hop chung nhét trong d6 tat ca cac dir
liéu do ddu kém theo dd khdng dam bao va hiép phurong sai. Phy lyc D cung cép huwéng dan dé thu
dugc cac dd khéng dam bdo va hiép phwong sai nay.

10.1.2 D¢ khdng d3m bao chudn va hiép phuwrong sai bao gém ma tran hiép phurong sai

wi(x) ... cov(riIm) cov{rnyn) ... cOV{Zi.Ym) |
U= covZm. 21) ...  ¥ixm)  coV{Tm.in) ... COV(Tm.Ym)
T oeov(yrezi) ... cov(pnze)  wHm) ... cov{jr.ym)
| COV(Ym.21) ... COV(YmeTm) COV(Ym.M1) ..o U(Ym)

kich thwére 2m x 2m gén véi véc to (xy,..., Xm, P1,..., Jm)' cla dir liéu do kich thuwée 2m x 1.
10.1.3 Trwdng hep 5.3.2 e) trong (rng véi md ta bdi mé hinh théng ké
X = X["‘I' dt, Yi = l’?"l" €y I‘E.=A.+B'Xf, i= 1,...,”‘! (13)

trong d6 véc to (di,..., dm, €1,..., em)" kich thwéc 2m x 1 1a thé hién cla bién ngéu nhién da bién véi ky
vong véc to bang véc to 0 ¢6 kich thudc 2m x 1 va ma tran higp phuong sai ¢6 kich thuée 2m x 2m
béng U {21].
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10.1.4 Céc wéc leong a va b I gia tri téi thiéu hda téng cac binh phirong tdng quat

Ty - .Y:. 1 [ Iy X{
A = -\'m Lr—vl Lo "-'\'m _ { d ]TU_l !' d
N - f.'l-+ B-\’lj W - i-l+ B-‘:i..} - { [ J !_ e |’ (14)
| ¥ = {A+DXpmi | | Yym =1+ BNq) |

trong @6 d=x - Xvae=yp - A1~ Bx,dbivdi 4, Bva X, i=1,..., m. Vin a8 xac dinh a va b trong bbi
canh nay dwge goi 1a mét trong héi quy Gauss-Markov tdng quét hda (GGMR) [2].

10.2 Uéc lugng tham sé hidu chuan va d khong dam bao chudn va higp phrong sai kém theo

10.2.1 Néu U hoan toan dwong, thi tn tai thiva sé Cholesky L tam gidc dudi kich thwdc 2m x 2m clia
U = LLT [10] (xem thém A.4), wdc lugng a va b clia 4 va B c6 thé duge tinh theo quy trinh 13p st dung
thao tdc ma tran-véc to. Néu khdng cb thé cin dén nhiéu phrrong phap sé hoc hon. Cac thao tac nay
chuyén ddi tdng binh phuong téng quat héa (14) thanh téng binh phirong théng thurérng (2) nhr trong
5.8.1, tirc 14, vén d& tr& thanh binh phurong téi thidu khéng trong sé va khéng ¢ hiép phuong sai. Quy
trinh 13p ciing lién quan dén cac xap xi x;, xac dinh cic didém (x;,4 + Bx{) trén dwdmg gin nhat véi
diém di¥ liéu do durgre (xi, i), trong 6 6 gan duge do theo khodng céach cb trong s&, c6 tinh dén théng
tin vé& a6 khong 4am bao xac dinh bdi U.

10.2.2 Uéc lwong a va b dugce tinh & cac budc tlr 1 dén 10 dwdi day stv dung quy trinh l3p nhw néu
trong 6.2.1; 48 khong dam bao chudn u(a) va u(b) va hiép phuwong sai cov(a,b) dugc danh gia trong
buwdc 11:

1 * Thu dwoe cac xAp xi ban d4u cho tham sé 7 = (El,...,fm,ﬁ,g)r ;

2 Tinh véc to kich thwde 2m x 1,

C om=F ]
T — Tm Z -3
f= y;—(ﬁ-}-bﬁl) =[y_'a'1_?;5 ]:
Lym-(ﬁ+ E'") |

va ma tran (Jacobi) kich thurdc 2m x (m + 2).
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-1 0 - 0 0 0 ]
a4 =1 - D00 v

D O - =l @9 0 {

I=t B0 - 0 0 =1 =B |7 L b =1 =% |
n —=h -« 0O ¢ =1 -—F
B0 e =k o~ =B
0 g e -b =1 "'-Em

trong 46 ¥ = (,,...,%, ), @ va b dugc trich tir v Irgng £ hién tai cla véc to tham sb;

3 Tinh thira sé Cholesky L kich thwdc 2m x 2m cla U = LL [10]; xem A.4.1;

4 Giai hé tam giac dwéi

Lf=fvaLj=J,

dé xac dinh véc to chuyén @i F kich thwdc 2m x 1 va ma tran chuyén ddi J kich thuéc 2m x (m +2);
xem A.4.3;

5

6

10

11

44

Tirvécto g = JTF co kich thuwdc (m + 2) x 1 va ma trén H = J'J kich thwedc (m + 2) x (m + 2);

X&c dinh thira 6 Cholesky M, ma tran tam giac dwéi kich thuac (m + 2) x (m + 2) trong H = MM™,
xem A4.1; |

Gidi hé tam giac duéi Mq = -g dé xac dinh véc to g kich thude (m + 2) X 1; xem A4.3;
Giai hé tam tac trén M"51 = g dé x4c dinh véc to higu chinh 8¢ kich thirdc (m +2) X 1; xem A4.4;
Cép nhét céc xap xi hién tai cho cac tham sb: T ;= T + 5t;

Lap lai cac budc tir 2 dén 9 cho dén khi dat dugc sw héi tu. D3t a =dvab= b (cac thanh phan m + 1
vam+2claft);

Phén ving M thu duoc trong bwdc 6 14

M, 0
M= \
My My

m, 0O
Mn = s
Mgy My,

la ma trén con tam giac duwéi phia duwdi bén phai kich thudre 2 x 2 clia M. Khi 46

trong do
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2 2 2
af Yo My +m,, 13y .. My 1 _ m,
u (ﬂ)— 2009 ? u (b) = 2 .2 = 7 » VA COV(a,b) = 2 *
My My, mym,, My, my My

CHU THICH 1: Trong bwéc 1, cac x&p xi ban du dugrc cung cAp bdi = (x1,..., xu, v, bo)T, trong 6 ao va bo I gid
tri tham sé duéng thdng xéc dinh b&i binh phuong téi thiéu cb trong sb khép véi d liéu: xem 6.2.1.

CHU THICH 2: Trong buérc 8, véc to hiu chinh & thudng s& gidm vé dd Iém bing hé sé hing sé gan dung gitra
céc phép 1p. Mire a3 gidm phy thude chll yéu vao a9 khong dam bdo gén véi d lidu: o khdng dam bio cang
nhd thi mirc gidm sé cang nhiéu. Quy trinh 13p c6 thé két thic khi d6 1ém clia céc hiéu chinh dwgce diéu chinh dén
mirc khéng dang ké.

CHU THICH 3: Trong budc 8, hiéu chinh 81 dugc cho bdi phép gidi binh phwong téi thidu clia cng thirc ma tran
Jee=F,
céch gidi dwge xéc dinh bdi cdng thire chudn
H=TTo= I} = -a

CHU THICH 4: Céc budre tir 5 dén 8 gldi cong thirc chuén si¥ dyng thira sé Cholesky. Mot cach tiép can blng sb

dn dinh hon 1a st dyng thira s8 QR [10] clia J (xem A.5.1). Quy trinh mb t3 trong C.2 st dyng thira sb QR va
tranh cAc tinh toan lién quan dén sé nghich dao L nhw néu trong budc 4.

CHU THICH 5: V& mat ma tran, ma tran hiép phurong sai gén véi cac wéc lwgng ava b 1a
Ug= ME{ M‘.Tg

CHU THICH 6: M¢t cach tiép can tdng quét hon va &n dinh hon bing sb @& gidi quyét vin d hdi quy Gauss-
Markov tdng quat dwgc néu trong C.2. Céch tiép can & trén gid dinh rdng ma tran U Ia hoan toan dwong va
khéng thé hign bat ky mbi teong quan manh nao.

CHU THICH 7:  #?(a), w(b) va cov(a,b) trong burérc 11 thu dugre biing cach Ap dung dinh luat lan truyén d§ khdng
dam bao trong TCVN 9595-3:2013 (ISO/IEC Guide 98-3:2008) cho a va b nhr cung cép bdi céac budc tir 1 dén 10.

10.2.3 Thyc té |a cdc wdc lwgng a va b xac dinh bang cach téi thiéu héa tdng binh phwong (14) phy
thugc phi tuyén vao dr liéu x va y, nghia 1a khéng thé d& dang néu ra cac tinh chit ddi véi GGMR. Céc

wée lugng a va b xac dinh trong 10.1.4 ¢6 céc tinh chédt sau day ddi véi div liéu x; va yi theo mbd hinh
(13):

i) Cécwéc lugng a va b dwge cho bdi ham phi tuyén cac dr liu x; va y..

i) Céc wdclwgng ava b cb thé dwge coi 13 cac thé hién clia bién ngu nhién cé ky vong twong trng 12
A" va B,

iil) Cac thanh phin cla ma trén hiép phuwong sai doi véi bién ngéu nhién trong i) dwoc 1y xap xi b
#(a), 1(b) va cov(a,b) tinh dwge trong 10.2.2.

Céc x&p xi & trén sé& chinh xac hon d6i véi dir liéu cé do khéng dam bdo kém theo nhd hon. Tuy nhién,
phwong phéap wéc lwong c6 tinh chét nhét quan sau day:
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iv) Doi voi di liéu thda man md hinh (13), khi sé m diém dir liéu tang thi cac wée lugng g va b hdity
A* va B*, twong (ng [16].

Néu dua ra gid dinh bd sung ring d; va e; |a thé hién clia bién ngdu nhién dic trung bdi phan bé chudn
nhiéu chiéu thi khi d6 céc tinh chat khac gén véi phieeng phap woc lvgng GGMR ¢é thé dwa ra:

v) Céc bién ngiu nhién trong if) dwgc déc trng gan ding béi phan bd chudn hai chidu tap trung & 4*
. va B" v&i ma tran hiép phurong sai quy dinh béi 1#(a), «2(b) va covia,d).

vi)  Céc woc lwgng a va b 13 woc lugng hop Iy I6n nhét, twong ing véi gi trj hop ly nhét clia 4 va B,
cd thé lam téng di¥ lidu do quan tric dwoc x, va y.

vii) Trong bdi canh suy luan Bayes, phan bd trong pham vi kién thirc cho 4 va B, da cho dix liéu do
quan tric x; va yi, xap Xi phan bd chudn hai chiéu tap trung & a va b v6i ma tran hiép phuong sai
xéc dinh béi 1(a), u(b) va cov(a,b).

10.3 Xac nhan gia trj sir dung clla mo hinh

Néu m > 2 thi gi tr str dung clia m hinh ¢6 thé kidm nghiém mdt phan blng cach sir dung phin du f;
¢t trong sé (tiép theo 10.2.2):

12 Thiét 1ap gia trj Khi-binh phwong quan tric dugc ngs = ¥ing fivabaciydov=m=-2;
13 Kiém tra xem Xﬁas ¢6 vurgt qua phén vi 95 % clia 2 khéng, va xem ligu c6 bac bé mé hinh dwéng
théng hay khong.

CHU THICH: Kiém nghiém Khi-binh phurong dya trén gid dinh 12 4, va ¢ trong md hinh (13) 12 céc thd hign cla
bién ngdu nhién d3c trung bdi phan bd chuln nhidu chidu va dira trén xép xi bac mét.

VI DY: Bang 25 dwa ra bdy diém d liéu do dwoc (x, yi) thu dwgc bang cach st dyng cac mé hinh do md ta
trong D.2 v4 D.4,

Ma trén hiép phurong sai gén véiy; dugre rit ra bing céch sir dyng mb hinh do (D.1) v&ius = 2,0 va uz = 1,0.

D(r liéu x; va ma tran hiép phurong sai kém theo duge nit ra bang cach str dung mé hinh (D.2) véi 24 = 50,
22 = 100, z3 = 200, u(z1) = 0,5, u(z2) = u(zs) = 1,0 va up, = 0,5.

Bang 25 — Div liéu thé hién bdy didm do, x, va y; c6 ma tréin hiép phwong sai kém theo

Xi M

504 | 523
99,0 |97.8
149,9 | 149,7
200,4 | 200,1
248,5 | 250,4
29,7 | 300,9
349,1 | 349,2
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Ma tran hiép phuong sai I kich thude 7 x 7 gén véi x I3

r 080 000 025 000 025 000 025 3
0.00 125 100 o000 0.00 L0 100
025 100 150 000 025 L0 125
.= 1| 000 don ond L2 L0} 100 100
025 000 025 1LOD 150 100 1,28
000 LO0 L00 L00 100 225 2.0
L 025 LO0 12 .00 125 200 2,50

Thira sb Cholesky L kich thudc 7 x 7 clia Uy = L,L,", tinh dugc str dung mt trong hai thuat tosn mo ta
trong A.4.1, 12

F 0071 00000 00000 00000 00000 0.0000 0,0000 1
0.0000 11180 00000 0,0000 0.0000 00000 00000
03536 08944 07583 0.0000 00000 08,0000 0,0000

L.=| 00000 00000 00000 1,1130 00000 00000 0.0000

03538 0.0000 01648 08944 07402 00000 00000

00000 0.8944 02038 0.8944 02115 07319 0,0000

| 03536 08944 04286 08944 03436 02028 0.6225 |

Ma tran hiép phurong sai U, kich thudc 7 x 7 gan véi y la

P 500 100 100 100 100 10O 100
100 500 LO0 100 100 L00 1.00
LOD LOD 500 108 1.00 100 100
Uy=| 1,00 100 100 500 L00 100 100
100 LO0 10O L00 500 1.00 100

100 100 160 1,00 LOO 300 100
[ 100 100 1060 1,00 100 160 500

-

Thira sb Cholesky L, kich thwée 7 x 7 clia Uy, = L,I,", tinh duwgre sir dung mét trong hai thuat toan mé ta
trong A.4.1, la

22361 0,0000 00000 0,0000 00000 00000 0.0000 7
04472 21909 0,0000 00000 00000 060000 00000
0.4472 0236561 2,1602 00000 00000 00000 00000

Ly=| 04472 03651 0,3086 21381 0,0000 0,0000 0,0000

0.4472 03651 0,3086 02673 21213 0.0000 0,0000

04472 03651 03086 . 02673 0:2367 2,1082 0,0000

| 0.4472 03657 0,3086¢/0:2673+°0,2357 0,2108 2,0976

Ma tran hiép phwrong sai U kich thude 14 x 14 dwec cho boi
U, 0
o[ 2]

CHU THICH: Béi vori vi du nay, cb mbi twong quan gén véi tizng c3p x va x; va tirng c&p i va y; nhieng khéng cb
méi krong quan gén voi cap x; va y, tire 14, cov(x;, y;) = 0 dbi véi moi i va .

Thira s& Cholesky L kich thwéc 14 x 14 dwore cho bdi

L o
o 0]
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Binh phwong t6i thiu co trong sé khép véi di lidu (bude 1 dén 5 trong 6.2.1) cho céc xap xi @ = 0,270 7
va b =1,001 1. Quy trinh 13p bat dAu véi £ = (xy,...,%7,d,5)".

Bang 26 dua ra véc to ban dhu #,, cac hiéu chinh 5z = dbi véi Ian I3p thie k, k = 1,...,4 va wéc wong
cudi £ = .

Bang 26 - Thay d6i véc to' tham s6 T

ta Sty % 1070 | 8t x 1074 | Sty x 10™% | Sty x 1678 [
30400 2031 T.2550 | 307802004 o051 7
990000 | -43.1301 | -3,2145 | -6.3201| -0.7101 | 98.3682
149.9000 | —29.164 1 39604 | -3.8880 | —0.7564 | 149.6080
200,400 0 29677 | ~10.7629 -0,602 4 -1.7165 | 2004286
248,500 0 240394 | —11.4064 32378 | -1.7064 | 248.7393

00,7000 | -222510 | ~13,7767 -3.358 1 ~2.6110 | 299.4759
3491000 | =20.6192 | -16.621 7 -3,3805 —2,71429 | 345.,5921
0,270 7 ra040 | -33389 7 0.1006 —2.3019 (342 4

1.001 1 00110 02113 1007 6 0.0337 | 10012
Céc woc iwgng tétnhit cia 4 va B 13 a= 0,342 4va b = 1,001 2.

O 1&n KEp cubi ma tran M kich thuéc 9x 9 1a

1,773 00000 00000 00000 00000 00000 00000 Q0000 00000 ]
GI8LO 16859 00000 00060 00000 00000 00000 06,0000 00000
-0,4246 -05430 14306 00000 00000 00000 00000 00000 00000
0,810 02378 06893 15812 00000 00000 00000 00000 Q06000
M=| -04246 05053 00999 -0,7249 12453 0,000 00000 6000  0,0000
03748 —05607 -02377 -04269 -00306 13465 00000 GQ0000 00000
-0,2308 02931 -0,8271 00032 -05828 09711 08329 00000  0,0000
60513 00482 00971 00022 00645 060927 03899 06762  0,0000
| —10,7662 -3.0381 -03815 13.9802 30,1844 388412 127,155 107,2706 1109677

nhur vay M22(10.2.2 buée 11) 12

[ ne7e2 0,0000
27 4072706 110,967

D6 khong dam bao chudn va higp phuong sai gén véi a va b dwge danh gia trong bwée 11 clia 10.2.2
A

) (110,9677)" +(107,276)’

nhw vay u(a) = 2,056 9;

(0.6762)" +(110,9677)"
1
2 .. SIR - .
wh)= (110,967 732 + "hur vay u(b) = 0,0090;
. 107,270 6 R
(0,676 2)(110,967 7)
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Gia trj Khi-binh phwong quan trac duge la s =-1,??2 v&i v = 5 bac ty do, nhur tinh dwee trong burde
12 & 10.3. Vi ngs khéng virot qua phén vi 95 % cla 2, tirc I3 11,070, nén khong c6 ly do dé nghi nger
sit nhét quan clia mé hinh duémg thng va di liéu.

11 Sir dung ham hiéu chuén

Viéc sir dyng ham hiéu chuén d& dy doan va d4nh gié tiép Ia doc 1ap véi phwrong phap dwee ding dé
wée lwgng tham sé ham higu chudn va danh gia d¢ khéng dam bao chudn va higp phuong sai kém
theo.

111 Dy doan

11.1.1  Xét ndi dung dwdi day dwgc quy dinh, sau khi ap dung mét trong cac Giéu tr 6 dén 10:

a) wdc lwong tham sé dudng thing a va b, d6 khdng dam bao chuln u(a) va u(b) va hiép phwong sai
cov(a,b) génvdia va b, va

b) gid trj do dwgc y clia ¥ va dp khdng dam bdo chudn kém theo u(y).
Coi la y thu duge ddc lap véi dir lidu do sl dung dé thiét Iap ham hiéu chuan.
11.1.2 Uéc lwgng x clia X twrong (eng véi y 14

—a
x=2 (15)

11.1.3 D6 khong ddm bao chudn u(x) gén véi x durgc cho bai

dla)=—1, elb) =225, o)=L,

u2(x) = c2(a)u? (@) + c2(b)uz(b) + 2c(a)e(b)cov(a, b) + c2 (y)ur ().

CHU THICH 1: Céng thirc cho «(x) duwgc thiét 1ap biing cach siv dung dinh Iuat lan truyén d6 khéng dam bao
trong TCVN 9595-3:2013 (ISO/IEC Guide 98-3:2008). Xap xi duore dyra trén tuyén tinh héa edng thire (15). c(a),
¢(b) va ¢(y) dai dién cho hé sb 6 nhay.

CHU THICH 2: Céng thirc ma tran c6 thé thuan lgi cho myc dich tinh toan:

uz(a) cov(a,b) 0 oAa
u(x)=c"| cov(b,a) u*(b) 0 jeo c=|c b;
0 0 w2 (y) c(»)

CHU THICH 3: Trong treérng hop b = 0, tiec 13, divdrng thang khé'p nhat 14 y = g, twong tng véi ham higu chudn
khéng chép nhan dwgc, thl khéng thé tién hanh dy doan.

CHU THICH 4: Gia trj sir dung clia dd khong dam bdo chun ux) phy thudc vao sy théa man cla kiém nghiém
Khi-binh phirong lién quan duwge néu trong céc didu tir 6 dén 10,
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Vi DY 1: Xét vi dy sb v& binh phuong téi thiéu cb trong sb (WLS) cé trong sé dé biét bing nhau mé t3 trong Didu
6, tham sé duing théng khdp nhat va 4o khéng dam bao chuln, hiép phrrong sal kém theo 13

a=1867, b=1757, ufa)=0,465 ub)=0,120, cov{ab)=-0,050.
Lay y = 10,5 12 gi4 tri do dwoe bd sung cla ¥ va dd khdng dam bao chuln kém theo u(y) = 0,5.
Tir 11.1.2, wée legng gia tri x clia X tuong (ng véiy la
x=(10,5-1,867)/1,757 = 4,913.

Sir dung 11.1.3, 48 khéng dam bao chudn k&m theo u(x) dwgc cha bdi

cla) ==1/1,867 = 0,569,

o(b) = (10,5 —1,867)/(1,757)% = =2,796,

o(y) = 11,757 = 0,569,

W2(x) = (~0,569)2(0,217) + (~2,796)%(0,014) + (2)(~0,569)(~2,796)(~0,060) + (~0,569)%0,5)2 = 0,104, nhte
vay ufx) = 0,322,

VI DY 2: Xét vi dy s6 vé& binh phuong téi thidu c6 trong s6 (WLS) c6 trong sd khéng bing nhau d& biét md ta &
Bieu 6, tham s dudng thing khép nhét va d6 khdng dim bao chudn, higp phurong sai kém theo 13

a=0885, b=2057, u(a)=0,530, u(b)=0,178, cov(a,b)=-0,082.
LAy y = 10,5 la gia tr do dwgc bd sung clia ¥ va dd khong ddm bao chudn kém theo u(y) = 1,0.
Tir 11.1.2, woe lwong gid trj x clia X tuong (mg véiy 13
x=(10,6 - 0,885)/2,057 = 4,674,

Str dyng 11.1.3, 89 khong ddm béao chudn kém theo u{x) duwge cho bdi

c(a) =~1/0,885 = -0,486,

e(b) = =(10,5 - 0,885)/(2,057)2 = 2,272,

c(y) = 12,057 = 0,488,

u¥{(x) = (-0,486)%(0,281) + (~2,272)%(0,032) + (2)(-0,486)(-2,272)(-0,082) + (-0,486)%(1,0)? = 0,284, nhv
vay u(x) = 0,533,

Trong vi dy nay va Vi dy 1 & 11.1, anh hudng cla cac d6 khéng dam bdo khéac nhau gan vai gia tri cha
y ¢6 thé dwoc thiy trong do khong ddm bao twrong img gén vdi gid trj twong Umg clia x.

11.2 Banh gia tiép
Xét ndi dung dwéri ddy dwec quy dinh, sau khi p dung mét trong céc didu tir 6 dén 10

a) wdc lwgng tham sé dwong thing a va b, d9 khong dam bao chudn w(a) va u(b) va hiép phurong sai
cov(a,b) gdn véiava b, va,

b) gia trj do dwgc x clia X va d§ khéng dam bdo chudn kém theo u(x).

Coi la x thu dwoc dgc 1ap véi dir lidu do str dung dé thiét 1ap ham hiéu chuén,
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11.21 Udc luong y cua Yiwong ing véix la
y=a+hbx (16)
11.2.2 D§ khéng dam béo chuan u(y) gén véiy dwoc cho boi
oa)=1, b}=x, cx)=b,
u?(y)=c(aj’(a)+c” (B)u* (b)+ 2¢(a)e(b)cov(a, b) + * (x)’ (x)

CHU THICH 1: Céng thirc cho »*(y) dwoc thiét 1ap blng cach sir dung dinh fuét lan truyén 86 khéng dam bao
trong TCVN 9595-3:2013 (ISONIEC Guide 98-3:2008). X4p i dugc dua trén tuyén tinh héa cdng thrc (16). c(a),
o(5) va o(y) dai dién cho hé sb d6 nhay.

CHU THICH 2: Céng thirc ma tran c6 thé thuan lgi cho muc dich tinh todn:

ur(a) cov(a,b) © cfa)
uz(y)=c"' cov(b,a) u*{b) Uz . c=|cld)|

0 0 u() c(x)

CHU THICH 3: Gia trj str dyng ciia d9 khdng dam bao chudn u(y) phy thudc vao sir thda man cla kiém nghiém
Khi-binh phrrong lién quan dwgc néu trong cac didu tir 6 dén 10.

VI DY: Xétvi dy s6 vé binh phwong téi thidu co trong sé (WLS) cb trong s6 da biét bdng nhau mé ta trong Bidu 6,
tham s6 dutrng thang khérp nhét va d¢ khéng d&m bao chudn, hiép phwong sai kém theo 2

a=1,867, b=1757, u(a)=0465 u(b)=0,120, cov(ab)=-0,050.

L&y x = 3,5 1 gia trj do dwgc bd sung cilia X va do khéng dam bao chudn kém theo u(x) = 0,2, gia dinh ring cov(x,
a) = cov(x, b) = 0, tirc 13, khdng cd médi trong quan gén véix va g, xva b,

Tir 11.2.1, wdre wong gia tri y cia ¥ trong tng véix 1a
y = 1,867 + (1,757)(3,5) = 8,017.
Sir dung 11.2.2, A khéng dam béo chudn keém theo u(y) dugc cho boi
w¥y) = 0,217 + (3,5)%(0,014) + (2)(3,5)(=0,050) + (1,757)2(0,2)2 = 0,165,
nhu vay u(y) = 0,406,
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Phu luc A
(tham khao)

Phép tinh ma trdn

A1 Khai quat

* Phy lyc nay mé ta céc phép tinh ma tran dwoe st dung trong tiéu chudn hé‘ly.

A.2 Phép tinh co ban

Trong céc phép tinh sau day, 4 1a ma trén kich thwée m x n véi phan tir A, j) = a; trong hang thir i va
cot thiv j, B 1a ma frén Kich thude n x k, C la ma tran (vudng) kich thwée m x m va d la véc to Kich thwéc
n X 1 véi phin ti thiz j d.

A.2.1 Phép nhan ma trin-véc to
Tich ma tran-véc to Ad I3 véc to e kich thwdc m X 1 véi phan t thlr i e; x&c¢ dinh béi

€= Zﬂgdj =ayd, +apd, +...+ a,d,.

jal

A.2.2 Phép nhan ma tran-ma fr@n
Tich ma tran AB 1a ma trén kich thwdc m x k cé cdt thir j 1a tich clia 4 va cht thir j clia B.
A.2.3 Chuyén vj ma trin
Chuyén vij A™ clla ma tran 4 1a ma tran kich theé'c n X m voi phin tir A(j, i) = a, trong hang thir j va cét
thir ;.
A.2.4 Ma trin don vi

Ma tréin don vj bac m 1a ma tran Tkich thudc m X m sao cho I(j, j) = 1,5 = 1,..., m, vé t&t ca cac phén tir
khéac bing 0.

A.2.5 Nghjch dao ma trin vubng

Nghich dao clia C, néu ¢b, duge ky hidu 13 €' va 13 ma tran kich thudc m x m sao cho
cc'=c'Cc=1

Chuyén vj clia C-* bing nghich d3o cla CT va dugc ky higu la ™.

A.3 Cac dinh nghia cor ban

Trong céc dinh nghia sau day, C 1a ma trén (vuéng) kich thwdc m x m véi phén tir C(i, j) = ¢y trong hang
thr i va cét thiv ;.
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A3 Ma trin déi xieng

Ma tran C 1a dbi ximg néu cy=c;, i=1,...,m j=1,...,mtlrcl3, C=C\.
A.3.2 Ma trén kha nghjch

Ma tran C Ia kha nghich néu tdn tai nghich ddo ¢! clia né (xem A.2.5).

A.3.3 Ma trén tam giac dwéi va tam giac trén

Ma trén C |3 ma tréin tam gidc dudi néu ¢; = 0, i <j, va ma tran tam giac trén néu c=0,i>].
A.3.4 Ma trén truc giao |

Ma tran C I3 tryc giao néu C'C=1.

A4 Thira sé Cholesky

Thira sé Cholesky clia ma trn hoan toan dwong déi xtrng Ukich thiréc m X m la ma tran tam giac dwdi
L kich thwérc m x m saocho U=LLT[10].

A4.1 Thuittoan thira sd Cholesky
A.4.1.1 Thuét toén sau day tinh ma tran tam giac dwéi L sao cho U= LL.

Initialization
fork=1:m
forj=k:m
LGk:= UG k)
end
end
fork=2:m
forj=1:k-1
LGk):=0
end
end

Factorization
fork=1:m
L(k, k) = JL{k, k)
forj=k+{:m
LG.R): = LG, K/ Lk k)
end
forj=k+i:m
forl=j.m
L1, j): =L@ j)-Ld LG, k)
end
end
end
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CHU THICH: D& ghi dé cac phan tir tam gidc dudi Ui, ), i 2 j clia U véi thira s6 Cholesky clia né, chi thyrc hign
c4c budre trong giai doan Thira sb héa ciia thuat toan trong A.4.1.1, sl dung U thay cho L.
A.4.4.2 Cictinh toan trong A.4.1.1 cd thé dugc td chirc Jai @& lién quan nhidu phép tinh véc to-véc to

hon nhém cai thién tdc dd thire hién trong ngdn nglr may tinh hd trg cac phép tinh véc to va mang. Vi
dy

Initialization
forj=1.m
LG 1:0:=UG 1:))
end
forj=1:m-1
LG j+1:m):=0
end
Factorization
forj=1:m
ifj>1
Li:mjy:=L{:mj)-LG:ml:j-DL{ 1:j-1)F
end
L :mj): =L{j: mjy/ Jm
end
CHU THICH: D& ghi 82 cac phan tir tam gidc dudi Ui, j), i 2 j clia U voi thira sé Cholesky clia no, chi thyc hién
céc buwéc trong gial doan Thira sd héa clia thuét toan trong A.4.1.2, str dyng U thay cho L.

A.4.2 Gii thich phép thira s§ hoa Cholesky clia ma tran hidp phwong sai

A.4.21 Gid dinh E, i = 1,...,m | m bién ngdu nhién dgc lap, m&i bién cé ky vong béng 0 va phuong
sai bang 1, My ¢; (3 thé hién cla E. Lay

w = hey,
va = l21eq + [p2e2.

Khi G0, 1A(p) = I3, va v(y2) = I3, + I3,. Sw phu thudc chung clia 1 va y2 vao eq nghia 12 y; va yz c6 méi
twong quan, véi higp phuong sai cov(yr, y2) = llas. Tiép tyuc, gid dinh

¥ = laer + [zez + Iaaes,

ym = lmer + Laea ¥ ... + luntn.

A.4.2.2 Theo thuat nglr ma tran, y = Le, v&i tam gidc duwéi L. Sy phu thudc chung clia yr va ys VA0 ey
nghta I c6 méi twong quan gén vé&i ps va ys. Turong tu, sw phy thudc chung clia y2 va ys V30 e va e
nghta I c6 méi twong quan gin véi y2 va ys , va ot tiép nhu vay.
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A.4.2.3 Cho trwéc ma trén hiép phwong sai U gén véi dir lidu y,, thira sé Cholesky U = LLT tinh cac hé
sd I; sao cho ma trén hiép phurong sai cé thé gidi thich bang cach gia dinh réng y: dugc dinh nghia
trong A.4.2.1 nhu thé hién ctia cac t6 hep tuyén tinh xac dinh bdi I; clia cac bién nglu nhién dc lap E..
Trén thue t8, cac ma tran higp phuwong sai thuong duec xac dinh vé cac thiva sé U = BBT va U da cho
cé vé cling nhiéu thira sé B c6 thé sl dung dé xay dyng U. Thira sb Cholesky, trong d6 cac t& hop
tuyén tinh dugc dai dién bdi ma tran tam giac dwi, 1a duy nhit dén diu tri sb clia cac et clia L.
A.4.3 Giai hé tam giac dwei
A.4.3.1 Néu L la ma tran tam giac duwdi kich thuéc m x m sao cho L(j, /) # 0,/ = 1,...,m VA x 12 véc to
kich thude m x 1, thuat todn sau day tinh véc to y, trong 46 y sao cho Ly =x, tirc 14, y = L'x.
Initialization
forj=1:m
Y(): = x()
end
Solution
y(1): = y(1JLEL, 1)
forj=2:m
fork=1:j-1
y0): = y0) - L(, k) y(k)
end
YG): = y() - L, J)
end

CHU THICH: D& ghi d& véc to x v&i I gidi y, chi thyre hién céc bwér trong giai doan Gigi clia thuat toan trong
A.4.3.1, st dung x thay cho y.

A.4.3.2 Thudt toan trong A.4.3.1 cé thé ap dyng dé gidi phrong trinh ma tran LY = X béng cach ap
dung lién tiép cho tirng cdt clia X. V& todn hoc, 16 gidi durore cho bdi ¥= L7'X.
A4.4 Giai hé tam gidc trén
A.4.4.1 Phép giai hé tam giac trén co thé duge xac dinh theo chuyén vi ma tran tam giac dwéi. Néu L
la ma tran tam giac dwéi kich thwdc mr x m sao cho L{j, j) # 0, = 1,...,m va x |a véc to kich thurdc m x 1,
thuét toan sau day tinh véc to y, trong d6 y sao cho LTy = x, tirc 13, y = L.
Initialization

forj=1:m

yG): = x()
end
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Solution

Y(m): = y(m)/L(m, in)
forj=j=m-1.-1:1

fork=j+1:m

Y0): = y() - Lk, j) y(k)
end
Y0): = y(N - LG. J)
end

CHU THICH: D4 ghi d& véc to x véi 1&i gidi y, chi thye hién céc bude trong giai doan Gidi clia thuat toan trong
A.4.4.1, sir dung x thay cho y.

A.4.4.2 Thuat toan trong A.4.4.1 c6 thé 4p dyng dé gidi phirong trinh ma tran LYY = X béing cach ap
duyng lién tiép cho tlrng cot clia X. V& toan hoc, 14 gidi dugc dua ra béi Y= L™X.

A.5 Thira s6 trwc giao

Cac ma trén trye giao 13 18 hop cac phép quay va phép dbi xtng va ¢6 tinh chét nhan triede vée to voi
ma trén tryc giao ma khang 1am thay @di do 16n clia véc to d6 (can bac hai tbng cac binh phirong céc
phan tl clia nd). Cac cdt clia ma trén tre giao c6 thé dugc coi nhir x4c dinh hé truc vudng géc. Didu
quan trong cla ky thut thiva sé tryc giao 12 nd cho phép gidi cac phuong trinh ma tran theo cach s6 hoc
on dinh. Céc thut toan dé tinh thira sé tryc giao dwoec md ta frong c4c tai ligu tham khdo [1, 10, 20].

A.5.1 Thirasé QR

Thira s8 QR clia ma tran A kich thwedc m X n, véim = n, c6 thé dwoe viét 1a
A=0R= [Qi Q:]I:gl]=QlRl:

trong d6 @ = [Q1 @] 14 ma tran tryre giao kich thudc m x m, @1 13 ma tran bao gom » ¢ot d4u tién cla Q,
v&i Q1Q4 = I, va Ry 1a ma tran tam giac trén kich thuéc n x n.

CHU THICH: Cing c6 thé thu dwgrc thira sé QR clia ma tran A kich thwdc m x n, v&i m < n. Trong tiéu chuin nay,
vl tat ca cac ma tran ma tinh todn thira s QR dwoc yéu cAu cb m = n, nén thira sé khdng dugc cung cAp.

A.5.2 Thira sé RQ

A.5.2.1 Thira s6 RQ ctia ma tran B kich thw&c m X n, v&i m > n cé thé dwoc viét 1a
_re_| T
B=TZ = [??z ]Z s
trong d6 Z Ia ma tran tric giao 7: la ma tran tam giac trén,

A.5.2.2 Thira s6 RQ clia ma tran B kich thwdc m X n, véi m < n c6 thé dwoc viét la
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Phu lyc B

(tham khao)

Ap dung thujt toidn Gauss-Newton cho hdi quy khoang cach tdng quat

B.1 Phu Iyc ndy rdt ra cac thujt toan trong 7.2.1 va 8.2.1 bing cach sir dyng thuat todn Gauss-
Newton. ' '

B.2 Cac thuat todn trong 7.2.1 va 8.2.1 13 teng dung cy thé clia thuat todn Gauss-Newton I3p [10] dé&
t6i thidu hoa tng cac binh phurong clia ham phi tuyén:

F(A)=ij;=(,4), Aldy, ..., 4n), mzn.

|

B.3 LAy Ia xap xi clia cac tham s6 gidi a va

[f.(A)] u P

gl } | W =i w o

fn(“) % . _6&
_6‘.'4, (3A,,__

twong (rng 13 véc to kich thuwdc m x 1 clia cac gia tri ham sé va ma tran Jacobi kich thidc m x » clia
dao ham riéng bac mdt adi véi cac tham sd, danh gi4 tai @ xap xi véi cac tham sb.

B.4 Liyp gidi
Jip = -If. (B.1)
Khi d6, wéc lwgng méi ciia céc tham sé gidi dugc cho béi @=a + p.

B.5 Ddi véi cac thuat toan trong 7.2.1 va 8.2.1, @ = (4, B)T va ham f{4) 1a thuwéc do khodng cach tdng
quat tinh tle diém dir liéu ther i(xi, y)) dén dudng y = 4 + Bx.

B.6 LAy Ui la ma tran hiép phuwong sai gan voi diém dir ligu the i:

{7

va lay x; = x{ (A, B), goi 1 didm chan thir i, giai

T
min d,?(x,A,B):L f’:&] U;*[y‘ i‘Afo} (8-2)

ham clia 4 va B.

B.7 Néu f?(4, B) dugc xac dinh bing

&8
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fE(A,B) = d}(x{(A,B),A B),

tirc 13, d?(x, A, B) danh gia tai giai x;, thi khi d6 cac gia tri clia A va B 1am tdi thidu

F(4,B)= i‘, f*(4.B)

=1

xac dinh dwéng hoi quy khodng cach tong quat khép nhit. Ap dung thuat toan Gauss-Newton ddi héi
xac dinh dao ham riéng bac mdt clia fi(4, B) d6i v&i A va B dé hinh thanh ma tran Jacobi J.

B.8 Layn=(-B,1)" 1a véc to trrc giao v&i dudng y = A + Bx va gid dinh réing x{ |4 phép gidi clia van
dé diém chan (B.2). D&t x; = (v, p), x{ = (x{, A+ Bx{)" va

ti=n"Un, (B.3)
khi a6, biéu thi gia trj ham va dao ham ddi véi U, A, B, x;, yiva x{,

Si(A4,B)=1t72n7(x, — x7), (B.4)
va
e L I v
== T — 3.5
a4 " "|1] B r,nx: (85
B.9 Gidix clia van dé diém chan (B.2) dugc cho bai
[Pf ___Ui[‘f’} xf.;qfx:m(yr-d}. (B.6)
g 1 -gq;+pB

CHU THICH: Biéu thec (B.3), (B.4), (B.5) va (B.6) dwgc xdc dinh ddi voi U chir khong phai nghich ddo cla né
Ur,. Khong cd yéu cAu U kha nghich nhieng n™Unn phéi khéc khéng.

B.10 Céc thuét todn trong 7.2.1 va 8.2.1 4p dung thuét toan Gauss-Newton st dung céc bidu thirc rd
rang cho £(A,B), df/0A va 8f/aB. Gidi cho buéc méi p trong bidu thirc (B.1) dwec hinh thanh nhw van
@8 xac dinh dwéng thang khép nhét binh phuong téi thidu cé trong s6 (xem 6.2.1 cac bwde tir 1 dén 5)
dbi v&i dir liéu chuyén @i rit ra tir d(r liéu do (xi,), ma tran hiép phuong sai kém theo Ui va céc gin
ding hién tai véi 4 va B.
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Phu luc C
(tham khao)

Céch tiép can thira sé trc giao dé giai quyét bai toan Gauss-Markove tdng quat

C.1 Khai quat

Thuét todn Jap mé a trong 10.2.2 gia dinh rang ma trén hiép phwong sai U kich thuéde 2m x 2m 1a xéac
dinh dwong va do dé la khé nghich. Bac biét, tinh kha nghich ddi héi moi u(x;) > 0 va u(y;) > 0. Trong
phu lyc nay thuat toan téng quat dwgc md ta I1a phu hp cho moi ma tran hiép phwong sai U (bén xac
dinh dwong déi xing). Tt ca nhitng gi dwoc yéu clu la ma tran hiép phwrong sai c6 thé thira sé hoa Ia
U= BBT, trong d6 B 1d ma tran kich thudc 2m X p (p 2 m). Thong thwérng, ma tran higp phuong sai
dugc bat ngudn tir thiva s hoa nhur vay. Néu U 1 khd nghich thi B cd thé 1a thira s6 Cholesky clia no.
Thudt toan tién hanh twong tw nhw md ta trong 10.2.2 va yéu ciu tinh todn sé du fva ma tran Jacobi J,
nhung s gia 3 duge xé4c dinh bing céch sir dung hai thira sb triec giao. V& toan hoc, 5t téi thidu héa

P
clc= Zc_? chiju cac rang budce /= -Jat + Be.

C.2 Uéc lwong tham sb hiéu chudn va dé khong dam bao chudn, hiép phwong sai kém
theo

Céc wdc legng a va b duge tinh nhw trong cac bude tir 1 dén 9 duwdi day; dd khong dam bao chudn
u(a) va u(b) dwgc danh gia trong buwéc 10:

1 Thu duwoc cac xhp XI ban ddu 7 = (3,...,"x"m,&",g)f cho tham sé;

2 Tinh véc to kich thuée 2m x 1,

1‘]-5"5
Ty = o~
f= y,-(ﬁ+E?l) = U—Iﬁlff;i']'
o (34122)

va ma tran (Jacobi) kich thwée 2m x (m + 2),
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e R T T § B | 0
0 =1 o Tl 0 fl i}

g 0 e =10 0 {r

I L ft -1 0 o0
dwt B ww B =l = Lokt -1 3
B =h e B § =l =Ea
I AL T
A T B | B T T

trong 46 X =(E"x",,,)r dwoc trich tir wére lwgng E hién tai clia véc to tham sé;

3 Xacdinh thira sé QR cia J*

trong d6 Q 1a ma trén trire giao, kich thwédc 2m x 2 m va Ry 14 ma tran tam giac trén kich thwdc (m +
2) X (m +2); xem A5.1;

4 Hinh thanh tich ma tran Q"B va xac dinh thira sé RQ clia né
0'B=1z,
trong d6 T'la ma tran, kich thueée 2m X p va Z |a ma tréan trye giao kich thurére p x p; xem A.5.2;

5 Ditf=0QTf vaphianvingf vaT

}-"’= {i ’ T=[I;I -Tiz:l,
2 0 ?‘22
trong d6 £ 1a véc to kich thude (m + 2) x 1, f, 1a véc to kich thude (m = 2) x 1, T 1a ma trén kich

thudre (m + 2) X (p = m + 2), T12 la ma tran kich thwdc (m + 2) x (m - 2) va T2z 1a ma tran tam giac
trén kich thwdc (m - 2) x m -2);

6  Gidi hé tam gidc trén T»,&, = F, @& xéc dinh véc to &, = (B2, w, Exmez)T kich thudc (m —2) x 1;
xem A.4.4;

7  Gidi hé tam tac trén RSt = T'1€, = f, & xac dinh s gia 5, xem A.4.4;
8 Cap nhat cac x4p xi hién tai cho cic tham sb: £ :=7 + &t;

9  Lip lai cac budc tir 2 dén 8 cho dén khi dat dugc sy héi ty. Dat =& va b = b (cac thanh phan m +

fvam+2ctai);

10 LAy R, 1a ma tran dudi bén phai Kich thwde 2 x 2 clia Ry va T, 1a ma tran dudi bén phéi kich thude
2x 2 clia Ty4. Gidi hé tam giac trén

RiK, =T,
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d0i véi ma tran tam gidc trén K, kich thwdc 2 x 2 (xem A.4.4) va d3t U, = KK.T. Khi d6
u{a)=U,(1,1), u2(b)=U,(2,2) Va cov(a,b)=U,(1,2)

CHUO THICH 1: Cach tiép can md ta trong C.2 dai dién cho cach giai tdng quat nhit dé x&c dinh ham hiéu chuin
tuyén tinh sir dyng phuong phap binh phirong toi thidu. TAt ca cac cach tiép can khac mé ta trong tigu chuén nay
c6 thé dugre gidi nhir trrdng hep dic biét.

CHU THICH 2: Céc buéc 1, 2, 8 va 9 trong C.2 trong irng gidng véi céc buée 1, 2, 9 va 10 trong 10.2.2.

C.3 Xac nhan gia trj sir dung clia mé hinh

Néu m > 2 thi gia tri stz dung clia m6 hinh c6 thd kiém nghiém mét phin bing cach sir dung thanh
phén véc to &, (tiép theo C.2):
m-2
11 Thiét Iap gia tri Khi-binh phirong quan tric duoc 12, = Z g vabactydov = m=2;
i=1
12 Kiém tra xem zﬁbs co vwgt qué phan vi 95 % cla xf, khéng, va xem liéu cé bac bd mé hinh dwdng
thdng hay khéng.

CHU THICH: Kiém nghiém Khi-binh phirong dwa trén gid dinh 1 d, va ¢ trong md hinh (13) 14 c4c thé hign clia
bién ng&u nhign dc trng béi phan bé chudn nhidu chidu va diea trén xap Xi bac mét. Vi gid dinh nay, véc to &,
kich thuée (m = 2) x 1 gén véi phan bd Gauss nhiéu chiéu cé ma tran hiép phurong sai bng voi ma tran don vi
kich thudre (m — 2) x (m — 2) sao cho 42, gén véi phan bd x2 véi m - 2 béc tv do.

VI DY 1: Céch tiép can thira sé QR c6 thé 4p dung cho vi dy sé md ta trong Bidu 10.
Ma tran hiép phirong sai U, sinh ra duwéi dang thira sb (xem D.4) I3

U:HB&B-I'T.
trong d6
5 00 00 00 00 00 DO 05 00 00
[ﬂ,u ns 00 60 00 80 00 00 L0 n,n]
0o o0 A 00 00 0.0 00 oA LD 0.0
B.=]00 00 OO 05 00 00 0.6 00 060 LD
a0 a6 06 08 056 0O 00 GH BN LD
06 a0 00 00 G0 05 00 00 L0 L0
06 90 0.0 00 00 00 05 05 LD LD
Ma tran hiep phuong sai Uy = B,B,T cling cb dang thira sb voi
20 00 00 00 00 00 G0 Lo
10 20 00 00 00 00 0.0 L0 |
a0 a0 2.0 00 00 00 40 LD
B,=]400 040 60 20 00 40 GG L0
0.0 0d 00 OB 20 00 60 Lo
na a0 00 00 00 20 an L0
a.0 4d 00 00 00 0o 20 L0

Ma trin hiép phweong sai U hoan chinh kich thuéc 14 x 14 duwgc thira sb héa thanh U = BB, trong d6 B 1A ma

tran kich thwéc 14 x 18
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B, 0
Lo )

Déi véi vi du nay, thuat toan trong C.2 twong dwong vé toan hoc véi thuat todn trong 10.2.2 va hai cach tiép can
@éu cho két qua sb rat gibng nhau,

VI DY 2: Bang C.1 cho 7 diém d(r [i8u do degre (x, i) thu dugre bling cach sir dyng md hinh do mé ta trong D.2
va D.5.

Ma tréan hiép phurong sai gan véi y dugc riit ra bang cach sty dung mé hinh (D.1) v&i us = 2,0 va up =
1,0 va gibng nhu trong Vidy 1 Phu lyc C.

D{r liéu x; va ma tran hiép phurong sai kém theo durge rit ra bang cach st dyng md hinh do (D.3) véi z
=50, z2 = 100, z3 = 200, u(zs) = 0,5 va u(z7) = u(z3) = 1,0, sao cho

U.'c - BI‘B-\'Tl
trong do

0,5 0,0 00]
00 10 00
05 10 00
B,=|00 00 10|
05 00 10
00 10 1,0
(05 1,0 10

-

Ma trén hiép phuong sai hoan chinh U kich thude 14 x 14 dwge thira sb hoa thanh U= BB, trong d6 B
l4 ma tran kich thuée 14 x 11
B, 0
# =[0 Bj‘

DAi véi vi du nay, khang thé 4p dung thuat toan trong 10.2.2 vi U khdng xac dinh dwong. Thay vao d6
co thé st dung thuat todn mé ta trong C.2.

Bang C.2 dua ra véc to ban dau %,, cac hiéu chinh 5%,= abi véi lan [3p thir k, k= 1,...,5 va wéc lvong
CU6i t= Es.

Bang C.1 - Dir ligu thé hién 7 diém do, x; va y; c6 ma trin hiép phwong sai kém theo

Xi Yi
50,5 |[471
99,7 | 984
150,2 | 153,7
199,5 | 1940
2499 | 2519
2992 | 297,5
3497 | 349,0
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Béng C.2 - Thay dbi véc to tham sé ¢

b —

o Bty % 1072 | Stp x 103 | &3 % 10=% | Bty w 108 | §25 % 1077 s
50.6000 | a0.8220 84 | 23.29 ¢ 81124 164231 [ 50.808G
99,7000 aBILY | -13.8365 26,1136 =0.206 3 156770 | 100,2570

150.2000 | 866542 | -10.6401 19,409 3 7.906 1 320002 | 131,065 5
1995000 | ~390717 | —4R5976 | —405840 | ~44.7004 | —43.0470 | 198.904 4
499000 | 282482 [ —45.4102 | -26.2891 | -36.6780 | ~26.6237 | 249.6130
299.2000 -3 2398 | —624341 | -23.4713 | -44.9967 =27, 369 8 | 299.1613
3497000 | 273831 | -30.467 [ -01735 | 368843 | -10.9468 | 349.9699
-1.8528 | -a0.6203 | -140.0836 | -63.9316 | —100.943 2 -(8.1345 | ~-2.3731
| 10042 0,173 § 0.857 1 03217 0.610 8 03722 | 10060
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Phuluc D
(tham khao)

Quy dinh vé d khéng dam bao va hiép phwong sai gan véi x-gia trj va y-gia tri do dwerc

D1 Khai quat

Phu luc ndy chi ra cach thite & thu dwoc d6 khéng dam béo va hiép phwong sai gan véi gia trj do dap
tng va kich thich do duwec. Cach tiép can dya trén viéc slr dung mé hinh do gdm céc qua trinh lam co
s& cho viéc xac dinh dlr liéu dap img va kich thich, va 4p dung dinh luat an truydn @9 khong dam bao
trong TCVN 9595-3:2013 (ISONEC Guide 98-3:2008). Cac vi dy minh hoa duwgc str dung cho myc dich
nay.

D.2 Dirliéu dap (rng 1

D.21 Khaiquat

D.2.1.1 Gia dinh dai legng ¥ dai dién dap (rng phurong tién do co thé dwoc biéu thi bdng mé hinh do
Y=Y +E, (D.1)

trong d6 Yy 13 dai lwgng thé hign b&i dap (mg chi thi va E |2 dai lugng dai dién cho anh hudng hé
théng. Gid dinh ring hidu biét v& ¥, duge ma hda bing phan bé c6 do lech chudn uz. Phan bé nay
thudng dwa trén phén tich sé lweng chi thj 13p lai clia Y. ¥, dugc wéc lugng bing trung binh clia cac
chi thi ndy va uz 1a 30 khdng dam béo chudn gén vdi wéc lwgng nay. Gia dinh réing hidu biét vé £ sao
cho E cd ky vong 0 (tirc 1a, moi hiéu chinh can thiét déu durgc 4p dyng) va phwong sai u? (thu duge tir
hiéu biét phy thudc vao tinh chét cu thé clia phwong tign do).

D.2.1.2 Tiép sau bidu thire (D.1), béng viéc 4p dung dinh luat lan truyén d6 khdng dam bao trong
TCVN 9595-3:2013 (ISO/EC Guide 98-3:2008), @6 khéng dam bo chuln u(y) gén véi gia tri do dwgc
yi cla ¥ dugc cho boi

w(y) =uf +uj
Ngoai ra, hiép phurong sai gan véi gia tri do dwgc y; va y; clia ¥ 13
cov(y,y)) = uj

D.2.1.3 Do d6, matran hiép phwong sai trong trweng hop nay la

= 2 2 2 7
ug +u, ug T
2 1,.7 2
U = Ug gty ... Ug
]l' . "
[ Us us ug +uy |
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D.2.2 Mb hinh do ding cho d8 khéng d3m bao va hiép phuwong sai gén véi yi

D.2.2.1 Dr liéu sir dung trong vi dy & Didu 9 duoc rit ra tir hé do trong d6 hai nhdm phép do dwoc
thiwe hién. M&i nhém phép do chiu mét anh hurdng hé thdng khac nhau véi hai anh hwéng khéng tuong
quan, tire 13,

Vs H.'I,j'i'Eh ful,...,m,{m,
' }’G“ +E1, i=ml +1,"-,m,

trong d6 Yo, 12 dai lugng thé hién bdi dap (g chi thj ther i va céac dai lwong £ va E; dai dién cho dnh
hudng hé thdng. Gid dinh réng hiéu biét v& ¥o, sao cho Yo, cé phwong sai u va hiéu biét vé E; sao cho
E; ¢6 ky vong béing 0 va phuong sai u2,, a6l véik=1, 2,

D.2.2.2 D6 khéng dam bao chudn u(y) gén v&i gia tri do dwgc y clia ¥ dugc cho b

u’(y)— Hi'}‘ﬂ_%‘l, i=l,...,m.
o (up +ui,, i=m+l,...,m

Hiép phurong sal gan véigid tr do dugre y, va y 13

uf;, 1<ism,1<j<m,
cov(y, y;)=1uts,  m+1<iSmm+1<j<m,
0 néu khac

D.2.2.3 Ma tran hiép phwong sai trong tnedng hgp ndy la

[ u.g_l < ﬂi . ugd 0 e 0 T
U = wd, ... udy+uf 0 i 0
A 0 5 0 Y T
0 0 e o udgFuR

D.3 Dir liéu dép iwng 2

D.3.1 M5 hinh do giéng nhw trong biéu thire (D.1) ngoal trie thay vi dnh hwdng hé théng E 1 tuyét ddi,
D 12 dnh hudng hé théng tuong déi:

Y="Yy(1 +D).

D.3.2 XU Iy ong ty nhw & D.2 ngoai trir |4 lic ndy, st dung up d& ky hiéu cho d4 khéng dam bao
chuln tuong a6i gén véi woc lvgng cia Yo,

u2(y,) = ypup +u}
cov ,.,yj)=yiy,,uf,.

D.3.3 Ma tran hiép phuong sai trong truémng hep nay la
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1,2 o el 2
Wi¥p TEp g o Bifeip
. ity B TR - e
Uy = ; :
i H_.n 2 Nnl 2 ,'-E X, .
L Wmliiilp Bendia Ny G UMy TR

D.4 Dir liéu kich thich 1

D.4.1 D liéu st dung trong vi du & Didu 10 dwece rit ra tlr mé hinh do dwdi day, thic ddy bdi thie
tién trong do Iwérng khéi lwong trong d6 sb cac khdi lrong duoc st dung d tao ra nhidu gid trj hiéu
chudn x;. DE liéu kich thich x 1a thé hién clia céc bién ngﬁu nhién X;, i = 1,...,7, dugc xac dinh theo cac
bién ngiu nhién Z, k=12,3va D, i=1,..7:

X1=Zy+ Dy,

X2 =22+ Dy,

Xa=Zi+ 2o+ Dy,

Xe= 23+ Dy, (D.2)
Xs =24+ Zs + Ds,

Xe=2Zp+ Za+ Ds,

Xr=2Z1+ 22+ 23+ Dy

Céc bién nglu nhién Zy, k = 1,2,3, cb cac ky vong z va phrong sai 2%(z), frong khi D; cé ky vong bang
0 va phurong sai uf;. (Trong hiéu chuan khéi lugng, gié tri z 1a gia trj da hiéu chudn ddi véi cac khéi
lwong va u(z) 13 d6 khdng dam bao kém theo.)

D.4.2 D) khéng ddm bdo u(z) va u(d) dwec lan truydn théng qua mé hinh do trong D.4.1 sang nhitng
dd khéng dam bdo gan véi cac woe lvgng x; clia X; bing cach st dung dinh lut lan truyén d6 khong
dam bao trong TCVN 9595-3:2013 (ISO/IEC Guide 98-3:2008). Sw phu thuge chung clia X; vao Z, ¢cb
nghfa 14 mdt sé hiép phwong sai khac khong. Sy lan truyén dugc mo ta dé nhét theo thuat ngly ma
tran. Lay

C=[Ch (9]

la ma tran d¢ nhay kich thwée 7 x 10, trong dé Cp = I'1a ma tr@n don vi kich thwée 7 x 7 va
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D.4.3 Léy Sp la ma trén dwdng chéo kich thuwdc 7 x 7 véi thanh phin duérng chéo So(i4) = upj, i =
1,...,7, va 8z la ma trén dudng chéo kich thuwée 3 x 3 véi thanh phin dwdng chéo Szkk) = u(zd), k =
1,2,3. Dét

0
B, =[C, cz{gﬂ SJ:[SD C:S;)

D.4.4 Khi d6, wée lugng tot nhét clia X dugc cho bdng x = Czz Kich thude 7 x 1 va ma tran hiép
phuong sai keém theo kich thuée 7 x 7 duwge cho bi
U,=B.B, =Si+CS2SL.

S8 hang §3 Ia phwrong sai ddng gép phét sinh tir D, trong khi sé hang thi hai [a déng gép tir Z:.

D.5 Dir li¢u kich thich 2

D.5.1 Di¥ lidu st dung trong Vi dy 2 Phy lyc C duwroc rit ra tir mé hinh do dwéi day lién quan dén dr
liéu mb ta trong D.4. Di liéu kich thich x; 1 th hién clia cac bién ngiu nhién X;, i = 1,...,7, xac dinh dbi
v&i bién ngau nhién Z, k=1, 2, 3:

Xi=2,
X2 = 7o,
=21+ 2
L=7, (D.3)
Xs=21+ 2,
Xe =22+ Z;,
Xe=h+h+ .
Céc bién nglu nhién Z, ¢6 cac ky vong z va phuong sai u¥(z), k= 1, 2, 3.

D.5.2 D% khong dadm bdo u(z) dwge lan truyén théng qua mé hinh do trong D.5.1 sang nhimng &6
khdng dam bao gén véi cac wic lwgng x; clia X st dung dinh Iuét lan truyén dd khéng dam bao trong

68



TCVN 12741:2019

TCVN 9595-3:2013 (ISO/IEC Guide 98-3:2008). Theo sau ky hiéu cia D.4, wéc lwgng tét nhét gan véi

X, dwrgc cho béi x = Cz kich thudc 7 x 1 va ma tran hiép phwong sai kém theo kich thwéde 7 x 7 duwoe
cho béi

U,=B,B, =C,SiT, B, =C,S,.

x

Trong tneéng hop nay U la khéng nghich dao dugc.

D.6 Dir liéu kich thich va dap g

D.6.1 S twong quan, tic 13, hiép phirong sai khac khang, gan véi dir liéu do x; va y, phat sinh thong
qua st ¢6 mat clia cac dnh hudmg chung dén ca hai,

D.6.2 Gia dinh Xva ¥ cd thé dwee biéu thj bdng mé hinh do
X=Xo+T Y=Yo+T, (D.4)

trong d6 Xo, Yo va T 1a cac bién nglu nhién ddc lap vai ky vong xo, yo va 0, cén phuong sai twong tng
1a w*(x0), 12(y0) va u2(1).

D.6.3 Tiép sau biéu thirc (D.4), bling cach &p dung dinh lut lan truydn d6 khéng dam bao trong TCVN
9595-3:2013 (ISO/IEC Guide 98-3:2008), d khong dam bao chuan ufx;) va u(y) gn véi gia trj do
dugc x clia X va y; cla ¥ dwgce cho béi

w(xi) = w¥(xo) + u2(), WA(y) = w3 {po) + (1)
Ngoai ra, hiép phwong sai gan véi x; va y; 1
covixy, yi) = wA(1).
D.6.4 Néu thay.Xva ¥ cé thé biéu thj bang md hinh do
X=X+T Y=Yo-T,
hiép phwong sai gan véix; va y; la

cov(x;, yi) = ~2(1).
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PhylucE

(tham khao)

D khong dam bao da biét theo hé sé thang do

E.1 Phy lyc ndy md t3 phurong phéap dé danh gia 6 khong dam bao gén véi dir liéu do trong trwdng
hop d§ khéng dam béo chi dugre biét theo hé s thang do.

E.2 Tiéu chuan nay gia dinh chung réng @9 khéng ddm bao gén véi dir ligu do dwoc cung clp. Pay 13
tinh hudng khi cac dai lwgng (cac bién) lien quan a3 durge md t3 dic treng theo cac nguyén tic cla
TCVN 9595-3:2013 (ISOAEC Guide 98-3;2008) va ISO/IEC Guide 98-3:2008/Suppl. 1:2008 [13] vé
phén bd xac suét. Gia tri do dwoc cho bing ky vong clia bién va phrong sai gin véi né duge cho bing
phuong sai clia bién.

CHU THICH: D4c bigt, lign quan @én gia tri do duge y nhir thé hign clia bién d3c trung bdi phan bé ¢ cé tham sb
ty 18 sva bac ty do v (v >2), @3 khdng dam bio chudn gén voi y dwgc cho bdi uly) = [vi(v — 2)12 5, df |&ch chudn
clia phan bd d6.

E.3 Viham hiéu chuan thuong duwoc st dung trong thiee tidn do nén viéc d4nh gid d6 khdng dam bao
gan vé&i dr ligu hiéu chuln cin hoan chinh va chit ché nhit c6 thd. Cac wéc lwgng cla tham sé ham
hiéu chudn va 4§ khang dam bao kém theo khi dé ¢6 thé dwec sir dung tin cay. Sy xem xét nay gidm
nhe @& cap trong tidu chuan nay 13 trwéng hop trong dé dd khong dam bao dugc biét theo hing sb
nhan, Trwdg hop phd bién nhét (9, trang 30] 1a trrdng hop trong d6 tin twdng riing gia tri y do dugc
cb @9 khéng dam béo vé co ban gibng nhau nhwng @6 khdng dam bao chuln chung o clia ching 1&
chua biét, (Day 12 vi dy vé trudmg hop tbng quat hon trong dé ma tréin higp phurang sai U = 62U, trong
dd Us 44 cho, nhirng o chura biét.) Néu m > 2 thi c6 thé cung cip wéc luong & clia o trén co s& sy
phan tan clia cac diém dir liéu quanh dwong thang khép. Wéc lwgng nay duge biét 13 wéc lwgng hau
nghiém cla o, khéi niém "hau nghiém" @& cap dén thye té 1a chi co théd xac dinh sau khi da thu duoc
dudng thdng khép nhét cho dtr ligu.

E.4 Udbc lwgng hdu nghiém duge xac dinh bang céch sl dung cling c4c khai niém nhu da sl dung
trong viéc xac nhén gié tri sl dung clia md hinh. Bing cach it thém gia dinh ring dir liéu dau vao 13
thé hién cla bién phan bé chuln nhidu chidu, uéc lwong hau nghiém & dugce chon sao cho 12, bANg
Vi m — 2, ky vong clia phan b Khi-binh phwong v&i m — 2 bac ty do. Trong trrdmg hop nay khéng thé
tién hanh vigc x4c nhan gid trj st dung ctia mé hinh va dir liéu vi wdc lwgng hau nghiém da dwge chon
sao cho chudn mye hiéu lyc dwgc ty dong dap Ung.

E.5 Do dd, phuong phap ndy chi nén dugc sir dyng véi chu y déc biét. Vi dy, néu do thi di liéu chira
réng ham hiéu chudn duwdong thang khang thich hop thi khéng nén s dyng phwong phép nay.

E.6 Cac wdc Iwgng tham sd a va b khdng phu thude vao hé sb thang do o. U'dc lugng clia o chi yéu
ciu dé& danh gia 69 khong ddm bao chuln u(a) va u{b) va hiép phirong sai cov(a,b) gin véi cac wdc
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Iwgng ndy. D6i véi tredng hop U da biét hoan toan thi co thé danh gia u(a), u(b) va cov(a,b) tir dir liéu
va U riéng; khéng cin co gid dinh vé phan bd gan voi dir liéu. V&i gid dinh vé tinh chuén, cac wéc
lwong tham sb c6 thé dugre coi la thé hign cla cac bién dic tneng béi phan bd hai chidu nhit dinh, nhir
dudi day.

E.7 Trong truong hep di¥ lidu co thé dugc coi 1a thé hién clia phan bd chuén nhidu chidu véi ma trén
hiép phurong sai U @3 biét, phan bé hai chiéu trong E.6 1a phan b chudn véi ma tran hiép phuong sai
Ua ¢6 cac thanh phn «(a), +/(b) va hiép phwong sai cov(a,b) nhur trong biéu thire (1),

E.8 Déivdi trwdng hop trong E.4 trong d6 phan bb chuén nhiéu chidu ¢ ma tran hiép phwong sai U

= g2 Uy, trong d6 Uy da biét va o chua biét, thi U dwoc sir dung thay cho U trong tinh todn. Ma tran
hiép phwong sai

U= [ué(a) covo{a,g,)]

cov(b,a) u(b)

gén v&i céc wérc luong clia tham sb higu chudn duding thang cé thé dugc tinh. Néu m > 2 thi c6 thé sir
dyng gid tri Khi-binh phwong quan tric duoe (xem 6.3) dé cung cp wére Iwgng hau nghiém clia hé sé
thang do gén véi 89 khéng ddm bdo dau vao. Liy 22, duoc tinh nhi trong buée 8 clia 6.3, va @3t

" 2

& = Yppe/(m=~2).

E.9 Ma trén hiép phwong sai didu chinh ty 1&

5 _[ Pl @¥ab)
@~ | @¥(b,a) #(b)
khi @6 dugre cho bdi
ﬁamwe.ns

tlrc 13, d9 khdng dam bao chuan didu chinh ty 1& 1i(a), 11(b) va hiép phwong sai 6v(a, b) gan véi tham
sé khép duwoc cho bdi

i2(a)=&23(a) , @2(b)= &2u3(b) , OV(a,b) =8&%covy(a, b). (E.1)

E.10 Céc uwéc lupng (E.1) dwoe dya trén viéc khép véi mét s lwgng hivu han m diém dir liéu va déi
véi m nhd & wére lwong thdp phuwong sai clia phan bé déi voi tham sd khép. Véi m > 4, wéc egng tot
hon dwec xac dinh [19, chrong 8] bing cdch sir dung

a_-'!=m_2 Z:a. 2z Z:bs .
m—4m-2 m—4

CHU THICH: Véi gia dinh v& tinh chudn, cac wéc lwgng tham sé khi dé dwoe gén véi phan bé t hai chidu véima
tran ty 1& 7, va m = 2 bac ty do. V&i m > 4, ma trén hiép phuong sai clia phan bé 86 dugc cho bdi

o
= | we) coviabl | _m=2a .., (E.2)
Uq = [ aviba) @ | =3 Ye=Clae
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trong 86 hé 6 ting (m = 2)/( m = 4) tinh dén thyc té 1a o dugc woc lwgng chir khdng phai dwoc biét
trwéec,

VI DY: (CHUA BIET TRONG SO) Trong vi du ndy, xi duoc Iy (4 chinh x4c va yi c6 dd khdng dam bdo chuén
bang nhau nhing chira biét, con wée eong hau nghiém cla d8 khdng dam bdo gén véi tham s khép duoc
danh gia tir cac phan dv clia viéc khép. Viéc khép duwge xac dinh béng cach lay trong sé béng 1 (nghfa 1a do
khéng dam bao chudn u(y)) trén danh nghta cling bing 1). Dtr lidu duoc cho trong Bang E. 1.

Bang E.1 - Dir lidu dai dién cho 6 diém do, v&i trong sd dit bing 1

Xi »i ufy)

1,000 | 3,014
2,000 | 5,225
3,000 | 7,004
4,000 | 9,081

5,000 | 11,201
6,000 | 12,762

Tham sé dudng thang khop nhét dwee tinh nhw trong Bang E.2. Tir bang nay, go = 21,000/6,000 =
3,500, ho = 48,267/6,000 = 8,044, b = 34,363/17,500 = 1,964 va o = 8,044 — (1,964)(3,500) = 1,172.

= ek ek ok sl ok

Bang E.2 - Bang tinh toan di kém véi dir liéu trong Bang E.1

2

v |l T wln [ wiy | g | R | g gk | n |7
ﬁ 3500 | R0H a=11:2
OO0 | 1,000 | 1000 | 3.014 | —2.500 | ~5.08L | 6.250 | 12.5¢0 —0.122 | 0.015
1.000 | 1000 | 2,000 | 5225 | —=1.500 | -2.819 | 2,250 | 4.229 0.126 | 0.016
1000 | 1,000 | 3,000 | 7.004 | -0300 | =1.040 | 0250 | 0.520 —-0.039 | 0.003
1000 | 1,000 [ 4000 1 9061 | 05001 1017 | 02350 | 0.508 0.035 | 0.001
1000 | 1,000 | 5000 | 11201 ) 1,500 | 3157 | 2250 | 4.7 0.211 | 0,045
1.000 | 1,000 | 6000 | 12762 1 2500 | 4718 | 6,250 | 11.794 -0.191 | 0,037
6,000 | 21.000 [ 48.267 17.500 | 34,363 | &= 1.064 | 0.116

D{ liéu va ham hiéu chudn dwémng thing khép duge vé trén Hinh E.1. S du cb trong s6 dwge minh
hoa trén Hinh E.2. Do u(y) Ia tily ¥ nén dua ra gia trj 1, trong trurdng herp ndy cac vach dd khdng dam
bao vurgt qua nhidu cac sé du vé g Ion.
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18
14
12}

10

», 8
(13
Al
2-
% " 4 R S S S S

Hinh E.1 — Di¥ ligu trong Bang E.1 va ham higu chuin dwdng thang khép thu dwoe trong
BangE.2

Néu biét trwdrc 18 u(y) = 1, i = 1,..., m, thl khi d6 dd khong dam bao gén véi cac tham sb khop sé duge
tinh toan tir théng tin trong Bang E.2:

w*(a) = 1/6,000 + (3,500)%17,500, nhw vay u(a) = 0,931;
w2(b) = 1/17,500, nhr véy u(b) = 0,239;

cov(a,b)= -3,500/17,500 = ~0,200.

03¢
02} !
01
i
Qf=emem== l I
01
. T [T, (N JRPUCR I Ay R 14 ek L, F—— |
-o.zu 1 2 s 4 8 6 T

Hinh E.2 - $6 dw c6 trong s tinh bang cach st dyng ham higu chuan dudng thdng khép thu
dwoc trong Bang E.2.
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Do céc tinh todn nay dya trén viéc 4n dinh tity ¥ u(y) = 1, nén wée lugng hau nghigm & cla u(y) dugc
yéu chu dé danh gia d¢ khéng dam bao gin voi cac tham sé khép. Tir bang,

Gr=Zébe 10 5029 hosicd=0171.
]

Gié tri ndy clia @ dai dién cho wérc lwong clia 49 khéng dam bao chudn u(y) géﬁ véi y; dira trén gia tr
Khi-binh phuwong quan trac dwec. Véi wée lwgng hau nghidém nay, c¢ac tinh toan ¢6 thé 13p lai véi u(y)
= 0,171. Céc wéc lvgng cho a va b sé khdng thay ddi nhung gid tri Khi-binh phwong quan fréc va 4§
khéng dam bao sé ¢o ty [é nhu sau:

Hh==

Q0 I-'.'."i

nhi vay 2, /& =m - 2 = 4, kj vong clia phan bé Khi-binh phuong véi 4 bac ty do. S dung cong
thire (E.1),

#2(a)= d2u3(a)=0,86762 = 0,025 nhu vdy {i{a)=0,9315 =0,159

22(p) = 62u3(b) =0,05762 = 0,002 nhw vay #(5)=0,2395 = 0,041

covia.b) = & covola, b) = —0.2008" = —0.006.

Céc thanh phan ctia Da la nhitng thanh phin sé dwoc danh gid néu da biét, theo tién nghiém, 1a
u(p;) =o. Tuy nhién, 314 wéc lugng clia 36 khdng dam bao chudn gan véi y.. V&i m > 4, ty 18 ting
clia (m = 2)/(m — 4) co thé dugc két hop vao ma trén hiép phirong sai dé tinh d&n dd khdng dém bao
bd sung phét sinh tir thyre té 313 woe lwgng rit ra tiy m didm die lidu. St dung cdng thirc (E.2),

g _m=25 _,[0025 -0006]_[0050 -0,012
*Tmoa ¢~ 9-0006 0002]7[-0012 0,003}

nhw vay fi(a) = (0,050)"2 = 0,225, 1i(b) = (0,003)'? = 0,058 va v(a, b) =-0,012.
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Phu lucF
(tham khao)

Trién khai phin mém cac thuit toan dwoc mé ta

F.1 Viéc trién khai pham mém céc thuat toan mé ta trong tiéu chudn nay @& xac dinh va st dung ham
hiéu chuan dwong thing da& dwee Phong thi nghiém vat Iy quéc gia (NPL — National Physical
Laboratory) & Anh xay dyng. Phim mé&m c6 san dudi dang thu muc nén ZIP frén trang tin dién ti cia
NPL tai dia chi www.npl.co.uk/mathematics-scienctific-computing/software-support-for-metrology/
software-downloads-(ssfm) v Td chirc Tiéu chudn héa Quéc té tai standards.iso.org/iso/ts/28037/.

F.2 Phin mém, phat trién trong ngdn ngi 1ap trinh MATLAB [18), duoc cung cip dwéi dang tép M va
tép html xuat ban bang MATLAB version 7,10.0 (R2010a). £4i véi ngudi str dung MATLAB, tép M c6
thé chay trec tiép va cling c6 thé sira ddi @& chay cac thuat toan déi véi cac dir liéu do khac nhau. D6
véi ngudi st dyng khong tiép can dirgc MATLARB, t6t nhit 13 doc phan mdm & dang té&p html dwoc
cung cép. C6 thé sir dung ph&n mém lam co s& cho viéc chudn bj trién khai céc thuat toan trong cac
ngdn ngir ap trinh khéc. Trong céc tép, cac lénh duge thire hién cho mdt s& ham MATLAB cling bao
gbm phén mém. VI dy, ham algm_gdr1_steps_2_to_5 trién khai cac bwée 2 dén 5 clia quy trinh tinh
toan cho treéng hop 5.3.2 b) (¢ khéng dam bao gén véi gia tr do dugc x va yi va tat cd cac hiép
phwong sai gan v&i dir liéu dwec coi 1a khong dang ké) quy dinh trong 7.2.1. Ngoai ra, mét sé ting
dung céc chirc néng tich hop clia MATLAB dugc dwa ra, vi dy nhu dé thu dugc thira sé Cholesky ciia
ma tran. Tép lénh MATLAB (c6 dudi ‘.m') va tép html (".html") dwec cung cép nhu sau:

- TS28037_WLS1 chay vi dy s6 vé& binh phuong téi thiéu cb trong sé (WLS) véi trong s6 bang nhau

@4 biét mé ta trong Diéu 6 va thurc hién dy doan mb ta trong Vi du 1 clia 11.1 va danh gia tiép md
ta trong 11.2;

— TS28037_WLS2 chay vi dy sb vé binh phuong téi thidu co trong sé (WLS) véi trong s6 bdng nhau
d4 biét md ta trong Didu 6 va thyrc hién dy doan mé ta trong Vi dy 2 clia 11.1;

~ TS$28037_WLS3 chay vi dy s6 v& binh phuong téi thiu co trong sé (WLS) véi trong sb khéng bang
nhau chura biét mé ta trong Phy luc E;

- T528037_GDR1 chay vi dy s6 v& hbi quy khodng cach tdng quét (GDR) mé ta trong Didu 7;

— TS28037_GDR2 chay vi du s6 dé minh hoa thuat toan cho hdi quy khoang céch tdng quat (GDR)
mé ta trong Diéu 8;

- TS28037_GMR chay vi du sé vé héi quy Gauss-Markov (GMR) mé ta trong Didu 9;
- TS$28037_GGMR1 chay vi du sb vé hdi quy Gauss-Markov tdng quat (GGMR) mé ta trong Biéu 10;

—~ T$28037_GGMR2 chay vi dy sé v& GGMR md t4 trong Didu 10 va Vi dy 1 ciia Phy lyc C si¥ dung
cach tiép cén thira b tnyc giao mé ta trong C.2;
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- TS28037_GGMR3 chay vi dy s6 v& GGMR mo ta trong Vi dy 2 clia Phy luc C st dung céch tiép
can thira sé tryrc giao mé ta trong C.2;

Trong khi dir doan va danh gia tiép chi thirc hién trong cac tap lénh gidi quyét van d& WLS, c6 thé sao
chép va dan ma MATLAB twong (tng v&i cac (rng dung nay clia ham hiéu chuan vao bat ky tap 1énh
nao dugc cung cap.

F.3 Phin mém cin dugc sir dyng cling véi tiéu chuln nay. Bic biét khuyén nghi ngudi sl dung
nghién clru tiéu chuén nay trirdre khi chay phan mém.

F.4 Phin mém dugc cung cap vi théa thuan cip phép phin mém (REF: MSC/L/10/001) va viée sl
dyng phan mém phai tuan thii cic didu khodn dwoc ndu trong théa thuan. Bing viéc chay ma
MATLAB, ngudri si¥ dung chip nhan cac didu khoan cla thda thudn. Cac thic méc v& phan mém cin
duoc gl dén NPL tai dia chi enquiries@npl.co.uk.
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Phu luc G
(tham khao)

Tir vieng ky higu chinh

ph&n chin clia ham hiéu chudn dwéng thing

gi4 tri chura biét clia 4 @8i véri mét hé théng do cu thé

wéce lwong clia 4

véc to (a, b)T clia wdc lwgng tham sb

do déc clia ham hiéu chuin dwong thang

gia trj chura biét clia B doi véi mot hé thdng do cu thé

wéce lwgng clia B

hiép phuwrong sai gén véia va b

x; — X;, thé hién clia bién ng&u nhién cb ky vong biing 0 va phuong sai #°(x;)
y; = ¥, thé hién clia bién nglu nhién co ky vong bng 0 va phuong sai u?(y)
ma trén tam giac duéi

so diém do dugc

s6 du cé trong sd hodc khodng cach cb trong s6 d6i véi diém di lidu thr i lién quan dén a
vash

sb duw cé trong sb hodic khoding cach cé trong sb dbi véi didm dir liéu thee i bidu thj v& dai sb
lién quan dén 4 va B

ma tran hiép phwong sai kich thuwée 2m x 2m gan vé&i d liéu do (x, y1), i = 1,..., m -

ma tran hiép phuong sai kich thudc 2 x 2 gén véia

ma trén hiép phurong sai kich thudc m x m gén véidir liéu dox, i=1,..., m

ma tréan higp phurong sai kich thwdc n X m gén véidirliéu doy, i=1,...,m

d6 léch chudn clia bién ngdu nhién cd phan bé ma hoa kién thirc vé anh hwdng ngiu nhién
@0 1éch chudn clia bién ngdu nhién cé phan bé ma héa kién thire v& anh hurdng hé théng
d6 khong dam bao chuin gén véi z, véi z ky hiéu cho a, b, X, yi, ...

nghich déo clia u(x)

nghich dao clia u(y)
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X
Xi

Xi

Q

BoN©

78

bién déc lap (kich thich)

bién ddc 1ap (kich thich) ther i

gia tri chwa biét clia bién ddc Iap (kich thich) thir i cung cip bdi hé théng do

wée kwgng cla X (trong trudng hop dy doan) hoc gid tri do dwoe clia X (danh gia tiép)
gia trji do duwge thir i clia X

wéc lwgng clia bién dac lp (kich thich) ther ¢

bién (dap (rng) phu thudc

bién (Gap (ng) phu thude thi i

gi4 trj chwa biéi clia bién (dap img) phuy thude thir i cung cap b&i hg do

wére lugng clia ¥ (trong truéng hop di doan) hodc gia tri do dugc clia ¥ (d4nh gia tiép)
gia trj do dugc thiri clia ¥

wérc lwging clia bién (d4p (ng) phy thudc thir i

bac ty do clia mé hinh, phan bé Khi-binh phurong hodic phan bb ¢

dd léch chuan clia bién ngAu nhién dic trung bdi phan bd xac suét

wée lwgng hau nghiém cla o

~ gia trj Khi-binh phwong quan tric dugc

phan bd Khi-binh phurong véi v bac ty do
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