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L&i néi dau

TCVN 8244-1:2010 hoan toan twong duong voi ISO 3534-1:2006;

TCVN 8244-1:2010 do Ban ky thuat Tiéu chudn Quéc gia TCVN/TC
69 (ng dung céc phwong phép théng ké bién soan, Téng cuc Tiéu
chuan Do luong Chét lvgng dé nghj, Bo Khoa hoc va Céng nghé
¢dng bb.

BO TCVN 8244 gbm cac phdn dwdi day b tén chung “Théng ké hoc

— T vigng va ky hig¢u™

— TCVN 8244-1:2010 (ISO 3534-1:2006), Ph&n 1: Thuat nglr chung
vé thong ké va thuat nglr diing trong xac suét

— TCVN 8244-2:2010 (ISO 3534-2:2006), Phan 2: Théng ké t*ng
dung

Bo 1SO 3534 con ¢d phan dudi ddy co tén chung “Statistics —
Vocabulary and symbols™

— Pant 3: Design of experiments

TCVN 8244-1:2010
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Loi gidi thiéu

Tiéu chudn ndy va TCVN 8244-2 tvong thich nhau.
Hai tidgu chudn c6 chung myc dich 13 gi¢i han mire
a5 toan hoc trong ing dén murc 16i thidu ¢in thiét
a8 cd dugc nhirng djnh nghia cb dong va chinh
xac. Céc thust ngtr trong Phén 1 siz dung trong xac
suét va théng ké Ia cac thuat ng co ban, do vay
dugc trinh bay & mirc do toan hoc tvong dbi phirc
tap. Thyc té 13 ngudi sir dung TCVN 8244-2
(ISO 3534-2) hoiic céc tigu chudn khac vé théng ké
trng dyng clia TC 69 thuwdrng c6 thé tham khdo tiéu
chudn nay d6i voi dinh nghia cla cac thuat ngir
nhét djnh, nhidu thuat nglr dwgec md 1a theo cach it
thién v& kg thust hon trong ndi dung chi thich va
dwgc minh hoa béng cac vi dy. Mac di cach mé ta
nay khéng thay thé cho cac dinh nghia chinh thirc
nhung ching c6 thé cung cép dinh nghia cho cac
khai niém thyc té, cho ngudi khéng co chuyén
mén, do d6 phyc vy cho nhu cdu cla nhidu ngudi
st dung céc tiéu chudn thuat ngl nay. Nhdm hd trg
thém cho nguéi st dung cac tidu chudn nhuy TCVN
8244-2 (ISO 3534-2) hodc TCVN 6910 (ISO 5725),
cac chu thich va vi dy dwege dwa ra lam cho tiéu
chuén nay dé tiép can hon.

Tap hop cac thuat ngir v& xac suét va thdng ke
duoc dinh nghfa day dd va hoan chinh rat can thiét
cho vi§c xay dyng va s dung hidu qua cac tiéu
chudn vé thdng ké. Cac dinh nghia duoc néu & day
phdi di chinh xac va phic tap vé& mat toan hoc
nhdm gilp nguéi xdy dung cac tidu chuan vé thong
ké khdng bj nhdm I&n. Viéc giai thich chi tiét hon cac
khéi niém, ngir canh va Iinh virc (rng dung c6 thé tim
trong cac sach hudng din vé xac suét, théng ké.

Cac so @b khai niém dugc dua ra trong phy lyc
tham khdo cho tirng nhém thugt ngl: 1) thust ngie
chung vé théng ké (trong Phy lyc B) va 2) thuat ngtr
ding trong xac sudt {trong Phy lyc C). C6 sdu so dd

Introduction

The current versions of 1ISO 3534-1 and ISO 3534-
2 are intended to be compatible. They share the
common goal of restricting their

levels to

respective

mathematical the minimum levels
necessary to attain coherent, correct and concise
definitions. Part 1 on terms used in probability
and statistics is fundamental, so by necessity is
somewhat  sophisticated
mathematical level. Recognizing that users of
1SO 3534-2 or other TC 69 standards on applied

statistics may occasionally consult this part of

presented at a

1SO 3534 for the definition of certain terms, several
of the terms are described in a less technical
manner within the notes and are illustrated with
examples. Although these informal descriptions are
not a substitute for formal definitions, they may
provide a working, layman definition of concepts,
thus serving the needs of multiple users of these
terminology standards. To accommodate further
the applied user who normally would be involved
with standards such as 1SO 3534-2 or I1SO 5725,
for example, notes and examples are offered to
make this part of ISO 3534 more accessible.

A well-defined and reasonably complete set of
probability and statistical terms is essential to the
development of and effective use of statistical
standards. The definitions provided here must be
sufficiently and

accurate mathematically

sophisticated to enable statistical standards
developers to avoid ambiguities. Of course, more
detailed explanations of concepts, their contexts
and their reaims of application can be found in

introductory probability and siatistics textbooks.

Concept diagrams are provided in an informative
annex for each group of terms: 1) general

statistical terms (in Annex B) and 2) terms used



khai niém dbéi véi cac thudt nglr chung vé théng ké
va bdn so dd cho cac thuat nglr lien quan dén xac
suét. Mot sb thuat ngr xuét hién trong nhidu so b
dé cho thdy méi lién két gitra tap hop khai niém nay
véi tap hop khai niém khac. Phy lyc D duva ra gi¢i
thieu tém tét vé cac so dd khai niém va gidi thich
ching.

Cac so d& nay 1a cong cy huwéng din trong tidu
chuan vi ching hd tr viéc md ta cac mdi quan hé
gitra cac thuat ngr khac nhau. Cac so dé nay cing
rt hiru ich cho viéc chuyén dich tiéu chudn sang
cac ngdn nglr khac.

Nhwr mét cha thich chung cho phén Ién ndi dung tiéu
chuan, néu khéng ¢6 quy dinh nao khac, cac djnh
nghfa déu lién quan dén tredng hop mot chiéu (mot
bién). Didu nay durgc néu & day nhim tranh viéc dé
cap lai nhidu 1An v& pham vi mot chidu cho hdu hét
cac dinh nghia.

TCVN 8244-1:2010

in probability (in Annex C). There are six
concept diagrams for general statistical terms and
four concept diagrams for terms related to
probability. Some in  multiple

diagrams to provide a link from one set of

terms appear

concepls to another. Annex D provides a brief
introduction to Concept Diagrams and their

interpretation.

These diagrams were instrumental in constructing
this revision as they assist in delineating the
interrelationships of the various terms. These
diagrams are also likely to be useful in translating
the standard into other languages.

As a general comment with respect to much of the
standard, indicated, the
definitions one-dimensional
(univariate) case. This provision is admitted here
to eliminate the need to mention repetitively the

unless otherwise

relate to the

one-dimensional scope for most of the definitions.
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Théng ké hoc — Tir vieng va ky hiéu — Phan 1: Thuat ngir chung vé

thong ké va thuat ngiv dung trong xac suat

Statistics — Vocabulary and symbols — Part 1: General statistical

terms and terms used in probability

Pham vi ap dung

Tiéu chudn nay quy dinh cac thuat ngi¥ chung vé
thdng ké va thuét nglr diing trong xac sudt dwgc
slr dung d& soan thao cac tiéu chudn khéac. Ngoai
ra, tiu chuln ndy ¢én quy dinh cac ky hiéu cho
mét sb thuat ngir.

Céac thuat nglr durgc phan loai thanh;
a) thuat nglr chung vé thdng ké (diéu 1);
b) thuat ngl dung trong x4c suat (diéu 2).

Phu luc A dwa ra danh myc cac ky hiéu va chiy
viét t&t khuyén nghj str dung trong tiéu chuan nay.
Céac diéu myc trong tiéu chudn nay duoc sip xép
phi hgp véi cac so dd khai niém trong Phy lyc B
vacC.

1 Thuét ngi® chung vé théng ké

11
Téng thé
Toan bd ca thé drgc xem xét.

CHU THICH 1: Mot tdng thé ¢é thé la thue va hiu
han, thirc va v& han hodc hoan toan 13 gia thuyét. D6i
khi, thuat nglr "tdng thé hiru han" duge sir dyng, dic
bigt la trong lay mau didu tra. Tuong ty, thuat nglr

Scope

This part of ISO 3534 defines general statistical
terms and terms used in probability which may be
used in the drafting of other International
Standards. In addition, it defines symbols for a

limited number of these terms.

The terms are classified as:

a) general statistical terms (Clause 1);
b) terms used in probability (Clause 2).

Annex A gives a list of symbols and abbreviations
recommended to be used for this part of ISO 3534.
The entries in this part of 1ISO 3534 are arranged in
association with concept diagrams provided as
Annexes B and C.

1 General statistical terms
11

population

totality of items under consideration

NOTE 1 A population may be real and finite, real
and infinite or completely hypothetical. Sometimes
the term “finite population” is used, especially in
Likewise the temm ‘infinite

survey sampling.
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"tdng thé vd han" duoc siz dung trong truding hop lay
mdu tr mt tap khong dém dugc. Trong didu 2, tdng
thé dugc xem xét nhw khéng gian miu theo ngr
canh xac suét (2.1).

CHU THICH 2: Téng thé gia thuyét cho phép tudng
twong tinh chét cia dir liéu theo nhidu gia dinh. Do
d6, tdng thé gia thuyét rat hivu ich & giai Goan thidt ké
trong céc didu tra théng ke, dac biét dé& xac dinh c&
méu phi hep. Tdng thé gia thuyét co thé c6 sé lugng
hru han ho3c v8 han. Khai niém nay 64c biat hiru fch
trong théng ké suy luan dé hd trg viéc danh gia 4o
manh ctia bdng chirng trong diéu tra thdng ké.

CHU THICH 3: Hoan canh nghién clru c6 thé chi ra
ban chét cda tbng thé. Vi dy, néu ba ngbi lang dugc
chon dé didu tra nhan khéu hoc hodc sirc khoé, khi
d6 tdng thé bao gdm cac cu dan cla ba ngdi lang cy
thd nay. MOt cach khac, ndu ba ngdi lang nay dugc
chon nglu nhién trong sb tit ca céc lang trong mot
khu vire oy thd, khi d6 thng thé sé gdm tat ca cac cw
dén trong khu virc dé.

1.2

Don vi mau

mét trong cac phin riéng lé hgp thanh tong thé
(1.1).

CHU THICH: Tuy tirg treéng hgp, phén quan tam
nhd nhit c6 thé 1a mét ca thé, mét h gia dinh, mjt
khu trrérng hoe, mét don vi hanh chinh, vy, .,

13

Miu

Tap hop con clia téng thé (1.1) gdm mdt hodc
nhiéu don vi miu (1.2)

CHU THICH 1: Bon vi mAu cb thé I3 cac ca thé, cac
tri sb hodic tham chi 14 cac thye thé triru twong tuy
thudc vao tdng thé nghién ciru.

CHU THICH 2: Binh nghia vé méu trong TCVN 8244-
2 {I1SO 3534-2) c6 vi du vé& khudn khd 1dy mau thiét
yéu trong viéc 14y mau ngdu nhién tir mdt tdng thé
htru han.

10

popuiation” is used in the context of sampling from a
continuum. In Clause 2, population will be viewed in a
probabilistic context as the sample space (2.1).

NOTE 2 A hypothetical population allows one to
imagine the nature of further data under various
assumptions. Hence, hypothetical populations are
useful at the design siage of stafistical investigations,
particularly for determining appropriate sample sizes.
A hypothetical population could be finite or infinite in
number. It is a pariculardly useful concept in
inferential stafistics to assist in evaluating the

strength of evidence in a statistical investigation.

NOTE 3 The context of an investigation can dictate
the nature of the population. For example, if three
villages are selected for a demographic or health
study, then the population consists of the residents of
these particular villages. Alternatively, if the three
villages were selected at random from ameng all of
the villages in a specific region, then the population
would consist of all residents of the region.

1.2

sampling unit
one of the individual parts into which a population
(1.1) is divided

NOTE Depending on

smallest part of interest may be an individual, a
household, a school district, an administrative unit

the circumstances the

and so forth.

1.3

sample

subset of a population (1.1) made up of one or
more sampling units (1.2)

NOTE1 The sampling units could be ilems,
abstract  entiies
depending on the populalion of interest.

numerical values or even

NOTE 2 The definition of sample in ISO 3534-2
includes an example of sampling frame which is
essential in drawing a random sample from a finite
population.



1.4

Gia trj quan trac

Gia tri thu dugc clia mdt tinh chdt gén véi mot
don vi cia méu (1.3).

CHU THICH 1: Cac tlr déng nghia 1a “thé hién"; “dir
lidu".

CHU THICH 2: Binh nghTa nay khang quy dinh ngudn
gbc hay céach thire thu duoc gia tri nay. Gia tri cb thé
biéu di&n mot thé hién clia bién ngdu nhién (2.10).
Ngoai ra gia trj c6 thé 1a mdt trong sé nhidu gi4 tri s&
dwgc phan tich théng ké sau do. M3c du két luan
dung doi hdi mdt sé co s& thdng ké virng chic nhwng
khéng loai trr vige dung cac tinh toan bng sé hoac
db thj bang hinh cac gia tri quan tric. Chi khi ¢6 c4c
vén @& nhu xac dinh xac suét quan tric mot tap hep
gia tri cy thé thi bd may thdng ké tré nén thich dang
va thiét yéu. Giai doan phan tich so bd cac gia trj
quan tric thudrng dugc coi la mét phadn clia phan tich
di liéu.

1.5

Théng ké md ta

Vigc md ta cac gia tri quan trac (1.4) bang dé thj,
trj s& hodc mé ta tém tét khac.

Vi DY 1: Tém tét béing s6 bao gdm trung binh (1.15),
a6 rong (1.10). 45 1gch chudn miu (1.17), vv...

Vi DU 2: Vi dy vé tom tét blng @8 thj bao gbm biéu
db hép, bidu db, dd thj Q-Q, @& thj phan vj chuln,
dam may didm, dam may diém nhidu chidu va bidu
db phan bd.

1.6

M3u ngau nhién

Mau (1.3) dugc chon bang phuong phap chon
ngau nhién.

CHU THICH 1: Bjnh nghia nay rong hon dinh nghia

trong TCVN 8244-2 (ISO 3534-2) dé ap dung duoc
v&i tdng thé vo han.

TCVN 8244-1:2010

1.4

observed value

obtained value of a property associated with
one member of a sample (1.3)

NOTE 1 Common synonyms are “realization” and
“datum”.

NOTE 2 The definition does not specify the genesis
or how this value has been obtained. The value
may represent one realization of a random variable
{2.10), but not exclusively so. It may be one of
several such values that will be subsequently
subjected to statistical analysis. Although proper
inferences require some statistical underpinnings,
there is nothing to preclude computing summaries or
graphical depictions of observed values. Only
when attendant issues such as determining the
probability of observing a specific set of realizations
does the statistical machinery become both relevant
and essential. The preliminary stage of an analysis of
observed values is commonly referred to as data

analysis.

1.5

descriptive statistics

graphical, numerical or other summary depiction of
observed values (1.4)

EXAMPLE 1 Numerical include
average (1.15), range (1.10), sample standard
devlation (1.17), and so forth.

summaries

EXAMPLE 2 Examples of graphical summares
include boxplots, diagrams, Q-Q plots, normal
quantile plots, scatterplots, multiple scatterplots and

histograms.

16

random sample

sample (1.3) which has been selected by a
method of random selection

NOTE 1 This definition is less restrictive than that
given in 1ISO 3534-2 to allow for infinite populations.

11
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CHU THICH 2: Khi mét mau gém » don vi m3u dwoc
chon tir khéng gian miu (2.1) hiru han, mé&i t& hop
cba » don vi mdu co xac sudt (2.5) ldy mau cy thé.
Bdi v&i pherong an ldy mau didu tra, xac suét rigng
cha tirng té hgp cb thé duwgc tinh trude.

CHU THICH 3: Déi voi viée 14y miu didu tra tir mot
khéng gian mAu htru han, mét mau nglu nhidn co thé
dugc chon bing cac phwong 4n ldy miu khac nhau
nhu Idy m3u ngdu nhién phan ting, 14y miu ngau
nhién hé théng, 4y mau thee nhom, &y mau véi xac
sudt tdy mau ty 18 v&i ¢ bién phy trg va nhidu kha
ndng khac.

CHU THICH 4: binh nghta nay néi chung d& cap dén
gia tri quan tric (1.4) thyc té. Cac gia trj quan tric
nay dugc coi la thé hign cha cac bién ngiu nhién
(2.10), trong d6 méi gia tr quan tric twong (ng véi
mét bién ngdu nhién. Khi ham wée lwong (1.12),
théng ké kiém nghiém cho cac kiém nghiém théng
ké (1.48) hoac khoang tin cay (1.28) duoc suy ra ti
m&u ngAu nhién, thi dinh nghfa ndy néi dén céc bién
ngdu nhign phat sinh tir cac thyc thé triru trong chi
khdng phai gié tri quan tric thyc té cia cac bién ngdu
nhién nay.

CHU THICH 5: M3u ngdu nhién Iy tir tdng thé vé
han thidng dugc tao ra bdi vige 1y 13p lai tir khéng
gian mau, dan dén modt miu cé cac bién ngdu nhién
d%c |ap cung phan bé khi ap dyng gidi thich v& dinh
nghla naly @& cap trong Chu thich 4.

1.7

Mau ngau nhién don gian

mau ngiu nhién (1.6) cia <tdng thé hiu han>
sao cho méi tap hgp con v&i ¢ mau da cho xac
suét Iay nhw nhau,

CHU THICH: Binh nghta nay pht hgp voi dinh nghia
néu trong TCVN 8244-2 (ISO 3534-2), m3c du cach
dién dat hoi khac nhau.

12

NOTE2 When the sample of »sampling units
is selected from a finite sample space {2.1), each of
the possible combinations of » sampling units will
have a particular probability (2.5) of being taken. For
survey sampling plans, the particular probability for
each possible combination may be calculated in
advance.

NOTE3 For survey sampling from a finite sample
space, a random sample can be selected by different
sampling plans such as stratified random sampling,
systematic random sampling, cluster sampling,
sampling with probability of sampling proportional to
the size of an auxiliary variable and many other
possibilities.

NOTE4 The definition generally refers to actual
observed values (1.4). These observed values are
considered as realizations of random wvariables
(2.10), where each observed value corresponds to
one random variable. When estimators (1.12), test
statistics for statistical tests (1.48) or confidence
intervals (1.28) are derived from a random sample,
the definition accommodates reference to the random
variables arising from abstract entities in the sample
rather than the actual observed values of these

random variables.

NOTE 5 Random samples from infinite populations
are often generated by repeated draws from the
sample space, leading to a sample consisting of
independent, identically distributed random variables
using the interpretation of this definition mentioned in
Note 4.

1.7

simple random sample

<finite population> random sample (1.6) such
that each subset of a given size has the same
probability of selection

NOTE This definition is in hamony with the
definition given in ISO 3534-2, although the wording
here is slightly different.



1.8

Théng ké

Ham sé hoan toan xac dinh clia cac bién ngau
nhién (2.10)

CHU THICH 1: Thdng ké 1a ham sb cla cac bién
ngiu nhign trong mét mau ngdu nhién (1.6) theo
nghfa néu trong Chu thich 4 cda 1.6.

CHU THICH 2: Theo Cha thich 1, néu {X,, X2, ...,
X,} 1a mdu ng&u nhién l4y ti» phan bé chudn (2.50)
véi trung binh (2.35) u chwa biét va 44 léch chuin
(2.37) o chua biét, khi d6 (X,+ Xp + ... + X, Vn la mot
thédng ké, trung binh m&u (1.15), trong d6 [(X, + X, +
. ® X, )¥n} = u khong phai 12 thdng k& vi n6 c6 gia tr
ctia tham s6 (2.9) x chua biét.

CHU THICH 3: Binh nghia dwgc néu & day 12 dinh
nghta ky thuét, trong (rng véi cach xi Iy trang théng
ké toan hoc.

1.9

Thong ké thir tw

Théng ké (1.8) xac dinh b&i thir ty cua né trong
mét sdp xép khdng gidm cia c4c bién ngdu
nhién (2.10).

Vi DY: Cho céc gia ti quan trdc clia mdt mau 1a 9,
13,7.6,13, 7,19, 6, 10, va 7. Gi4 ti quan tric clia
cacthéng ké thirty 1a 6,6,7,7, 7,9, 10, 13, 13, 19,
Céc gid tri nay tao thanh thé hign ciia X;,) dén X(4q,.

CHU THICH 1: Cho gia trj quan tric (1.4) cia mot
mau ngiu nhién (1.6} 14 {xy, x2,..., x,} va khi sip xép
theo thir tiy khdng giam dugc &n dinh 12 xg) s... S xgy

S ... S X Khi dé, (X“)..., X(ajyees X(..‘) 1a gié tﬂ quan

trdc cla thdng ké thir tw (X, ..., Xy ..o Xpm) VA Xy 12
Qi4 tri quan trdc clia théng ké thir ty thir £.

CHU THICH 2: Thyc té 1a viéc c6 duge cac théng ké
thir ty cia mot tap hop dir liéu clng chinh |4 sdp xép
cac dir jiéu nhir mé ta trong Cha thich 1 & trén. Khi
dé, kiéu sip xép cla tap hop dir liéu cling co thé
ding dé thu duoc thdng ké tdng hop hiru ich nhw

TCVN 8244-1:2010
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statistic

completely specified function of random variables
(2.10)

NOTE 1 A statistic is a function of random variables
in a random sample {1.6) in the sense given in Note
40f 1.6,

NOTE 2 Referring to Note 1, if {X,, X, ..., X} is
a random sample from a normal distribution (2.50)
with unknown mean (2.35) p and unknown standard
deviation (2.37) o, then the expression (X, + Xp + ..
+X,}n is a statistic, the sample mean (1.15), whereas
[(X, + Xo + ..+ X, )n] — 4 is not a slatistic as it involves
the unknown value of the parameter (2.9)

NOTE 3 The definition given here is a technical
one, corresponding to the treatment found in
mathematical statistics.

1.9

order statistic

statistic (1.8) determined by its ranking in a non-
decreasing arrangement of random variables
(2.10)

EXAMPLE Let the observed values of a sample be
9,13, 7, 6, 13, 7, 19, 6, 10, and 7. The observed
values of the order stalistics are 6, 6, 7, 7, 7, 9, 10,
13, 13, 19. These values constitute realizations of
X1y through X4q).

NOTE 1 Let the observed wvalues (1.4) of a
random sample (1.6) be {x\, xs..., x,} and once
sorted in non-decreasing order designated as xy) s...
S X S ... S X Then (xay.., Xgy..., X)) is the
observed value of the order statistic (X),.... Xyeen
Xy) and xy is the observed value of the kth order
statistic,

NOTE 2 In practical terms, obtaining the order
statistics for a data set amounts to sorting the data as
formally described in Note 1. The sorted form of the

13
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néu trong mot s6 dinh nghia tiép theo.

CHU THICH 3: Théng ké thir ty lién quan dén cac gia
tri m3u xéc dinh béi vj tri clia ching sau khi sdp xép
theo thir ty khong giam. Nhu trong vi dy, c6 thé dé
dang hiéu viéc sip xép cac gia tri mau (thé hién cua
bién ngdu nhién) hon Ia viéc sdp xép cua cac bién
ngiu nhién khéng dugc quan trdc. Tuy nhién, ta co
thé hiéu vé bién ngau nhién tir miu ngdu nhién (1.6)
dugc sép xép theo thir ty khdng giam. Vi duy, c6 thé
nghién ciru gia trj I&n nhat trong sé n bién ngdu nhién
tredre khi nhan gia tri cGa né.

CHU THICH 4: M8i théng k& thte i ridng 13 mdt théng
k&, 14 ham sé x4c dinh hoan tean cia mét bién ngdu
nhién. Ham sd nay don gian Ja ham phan dinh vj tri
hodc thir t trong tap hgp cac bién ngiu nhign da
dugc sip xép.

CHU THICH 5: Cac gi tri trung 13ip gay ra mdt van dé
tiém 4n, d3c bigt di véi cac bién ngdu nhién r&i rac
va cac thé hién co kha nang tach biét thip. Tir "khdng
gidm” dugc sir dung tét hon ti “tang™ nh mot cach
tiép can t& nhj vAn dé& nay. Cin nhdn manh ring cac
gia trj tring 13p dugc duy tri va khdng dugc gop vao
nhu mdt gia tri duy nhat. Trong vi dy & trén, hal thé
hién cia 6 va 6 la gia trj tring [3p.

CHU THICH 6: Thir ty dugc xac dinh theo tryc clia
duéng thang thyc va khang theo gia tri tuyét déi cla
c4c bién ngéu nhién.

CHU THICH 7: Tap hop dly du cla théng ké thir ty
gdém mét bién ngiu nhién n chiéu, trong dé n I1a sb
quan tric trong méu dé.

CHU THICH 8: Cac thanh phin cua théng ké thir ty
cling dwge coi nhu théng ké thir t nhung véi mot chi
sb cho biét vj tri cla no trong chudi gia tri mau da
dugc sap xép.

CHU THICH 9: Gi4 trj nhd nhét, Ién nhit, va déi vei
c& miu sd 18, trung vi mau (1.13), 1a trvdng hop dac
biét coa théng ke thir ty. Vi dy, dbi véi o mau 11,
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data set then lends itself to obtaining useful summary
statistics as given in the next few definitions.

NOTE 3 Order statistics involve sample values
identified by their position after ranking in non-
decreasing order. As in the example. it is easier to
understand the values
(realizations of random variables) rather than the

sorting  of

sorting of sample

unobserved random  variables.
Nevertheless, one can conceive of random variables
from a random sample (1.6) being arranged in a
non-decreasing order. For example, the maximum of
n random variables can be studied in advance of its

realized value,

NOTE 4 An individual order statistic is a statistic
which is a completely specified function of a random
variable. This function is simply the identity function
with the further identification of position or rank in the
sorted set of random varables.

NOTE 5 Tied values pose a potential problem
especially for discrete random variables and for
realizations that are reported to low resolution. The
word “non-decreasing” is wused rather than
“ascending” as a subtie approach to the problem. It
should be emphasized that tied values are retained
and not collapsed into the single tied value. In the
example above, the two realizations of 6 and 6 are

tied values.

NOTE 6 Ordering takes place with reference to the
real line and not to the absolute values of the random
variables.

NOTE 7 The complete set of order statistics consist
of an » dimensional random variable, where r is the
number of observations in the sample.

NOTE 8 The components of the order statistic are
also referred to as order statistics but with a qualifier
that gives the number in the sequence of ordered
values of the sample,

NOTE9 The minimum, the maximum, and for
odd-numbered sample sizes, the sample median



X,y 12 nhé nhdt, X, 14 1on nhdt va X 14 trung vi

mau.

1.10

P9 rgng mau

Théng ké thir tw 1on nhat (1.9) trir di théng ké ther
tw nho nhét,

Vi DY: Tiép tyc véi vi dy & 1.9, db rong miu quan
trdcla 19-6=13.

CHU THICH: Trong kiém soat théng ké qua trinh, dé
rong mau thudng dugc dung dé theo dai g6 phan tan
theo thei gian cla qua trinh, d3c biét khi c& mau
teong déi nho.

1.1

Tam do réng

trung binh (1.15) ctia théng ké thi¥ tw (1.9) nhd
nhét va 1&n nhét

Vi DY: Tam 46 rong quan tréc clia céc gia trj trong vi
du & 1.91a(6+19)2 = 12,5.

CHU THICH: Tam ab rong cho phép danh gia nhanh
va don gian diém gitra cla cac tap hop dir liéu nhd.

1.12
Ham wérc lwvgng

-

0
théng ké (1.8) dung trong phép wéc lwong
(1.36) tham s 0.

CHU THICH 1: Ham woc lvgng cé thé 1a trung binh
miu (1.15) d& wéc legng trung binh cla tbng thé
(2.35), biéu thj bing u. D&i v&i phdn bé (2.11) nhu
phan bé chudn (2.50), ham wéc lvgng “t nhién”
ctia trung binh tbng thé 4 14 trung binh miu.

CHU THICH 2: B& wéc lwgng tinh chét cla téng thé
{vi dy mét (2.27) abi véi mét phian bé don bién
(2.16)], m§t wére lugng thich hop c6 thé 1a ham cla
(cac) woc lwgng cla (cac) tham sé cia phan bé hodc
¢6 thé 14 ham phirc hop clia mau ngau nhién (1.6).

CHU THICH 3: Thuat nglr "ham wodc lwgng” dugc

TCVN 8244-1:2010

(1.13), are special cases of order statistics. For
example, for sample size 11, X(,, is the minimum,

X,1yyis the maximum and X, is the sample median.

1.10
sample range
largest order statistic (1.9) minus the smallest

order statistic

EXAMPLE Continuing with the example from 1.9,
the observed sample range is 19 - 6 = 13.

NOTE
range is often used to monitor the dispersion over

In statistical process control, the sample

time of a process, particularly when the sample sizes
are relatively small.

1.11

mid-range

average (1.15) of smallest and largest order
statistics (1.9)

EXAMPLE The observed mid-range for the example
values in 1.9is (6+19)/2 = 12,5.

NOTE The
simple assessment of the middle of small data sets.

mid-range provides a quick and

112
estimator

-

4

statistic (1.8) used in estimation (1.36) of the
parameter ¢

NOTE 1 An estimator could be the sample mean
(1.15) intended to estimate the population mean
(2.35), which could be denoted by u For a
distribution (2.11) such as the normal distribution
(2.50), the "natural” estimator of the population mean
uis the sample mean.

NOTE 2 For estimating a population property [e.g.
the mode (2.27) for a univariate distribution (2.16}],
an appropriate estimator could be a function
of the estimator(s) of the parameter(s) of a
distribution or could be a complex function of a
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dung & day véi nghia rong. Né bao gém cac wéc
lugng diém dbi véi tham sé, cling nhv wéc lugng
khoang c6 thé diung dé dy doan (d4i khi dugc goi 1
ham dy doan). Ham wéc lugng cling c6 thé bao gdm
cac ham nhw wéc lugng nhan va théng ké véi myc
dich dgc biét khac. Théng tin thém duwge néu trong
chi thich clia 1.36.

1.13

Trung vi méu

Thong ké thir ty tho [(n+1)/2] (1.9), néu c& miu
(xem TCVN 8244-2 (1SO 3534-2), 1.2.26) n la sb
1&; tdng cla théng ké thir tu thir (n/2) va (n/2) + 1)
chia cho 2, néu c& mau n la chan,

VI DY: Tidp theo vi du ctia 1.9, gia tri cUa 8 1a thé
hign trung vj m3u. Trong trudng hop ndy (ngay cd c&
mAu biing 10), gi4 tri thiz 5 va thr 6 13 7 va 9, trung
binh 12 8. Trén thye té, didu ndy duge ghi 1a "trung v
méu 1a 8", mic du néi mGt cach chat ché thi trung vi
miu dugc dinh nghia 12 bidn ngdu nhian,

CHU THICH 1:D6i voi miu ngiu nhién (1.6) ¢o c&
miu n, trong d6 bién ngdu nhién (2.10) dugc sip
x&p theo thr ty khdng gidm tir 1 dén n, trung vi mau
1a bién ngﬁu nhién thir (n+1)/2 néu c& mau la 1é. Néu
c& mAu n 14 chin thi trung vj mau 13 trung binh cta
bién ngau nhién thir (n/2) va (n+1)/2.

CHU THICH 2: V& Ii thuyét thi dutrng nhu khong thé
sp xép cac bién ngdu nhign chua duoc quan tric.
Tuy nhién, c6 thé thiét 13p cAu tric cla cac thdng ké
thir ty biét ré sao cho co thé tién hanh phan tich dya
trén quan tréc, Trong thic té, khi thu dugc cac gia tr
quan tric va théng qua viéc sip xép cac gia tri, ta s&
c6 dwgc thé hién cla cac thdng ké thir ti. Sau do,
cac thd hién nay cé thé dugc gidi thich tlr céu trac
clia thdng ké thi ty tir mAu ngdu nhién.

16

random sample (1.6).

NOTE 3 The term “estimator” is used here in a
broad sense. It includes the point estimator for a
parameter, as well as the interval estimator which is
possibly used for prediction (sometimes referred to as
a predictor). Eslimator also can include functions
such as kernel eslimators and other special purpose
statistics. Additional discussion is provided in the
notes to 1.36.

1.13

sample median

{(n+1)/2]th order statistic (1.9), if the sample size
(see ISO 3534-2:2006, 1.2.26) » is odd; sum of the
(n/2)th and [(n/2) + 1]th order statistics divided by
2, if the sample size » is even

EXAMPLE  Continuing with the example of 1.9,
the value of 8 is a realization of the sample median.
In this case (even sample size of 10), the 5th and 6th
values were 7 and 9, whose average equals 8. In
practice, this would be reported as “the sample
median is 8", although strictly speaking, the sample
median is defined as a random variable.

NOTE 1 For a random sample (1.6) of sample size
n whose random variables (2.10) are arranged in
non-decreasing order from 1 to n, the sample median
is the (n+1)2th random variable if the sample size is
odd. if the sample size n is even, then the sample
median is the average of the (n/2)th and (n+1)/2th
random variables.

NOTE 2 Conceptually, it may seem impossible
to conduct an ordering of random variables which
have not yel been observed. Nevertheless, the
structure for understanding order statistics can be
established so that upon observalion, the analysis
may proceed. In praclice, one obtains observed
values and through sorting the values, one obtains
realizations of the order statistics. These realizations
can then be interpreted from the structure of order
slatistics from a random sample.



CHU THICH 3: Trung vi miu cung cip ham uéc
lugng didém gitra clia phan bd, médi phia chira mét
nira mau.

CHU THICH 4: Trén thue té, trung vi mau ¢é ich trong
viéc dura ra wde lwgng khdng nhay voi cac gia tri cuc
tri trong tap di liéu. Vi dy, trung vi thu nhap va trung
vi gia nha & thudng dugce bao cdo 13 gia tri tom tht.

1.14

Momen mau bic k

EX)

Tdng cac bién ngdu nhién (2.10) luy thira k trong
miu ngiu nhién (1.6) chia cho s quan trc trong
méu (1.3).

CHU THICH 1: Béi vé&i miu ngdu nhién c& n, nghia 1a
{Xy, Xau o0 X}, momen méu bac k, E(X%), 1
n
lZXf
R a

CHU THICH 2: Ngoai ra, khai niém ndy ct thé dugc
mé ta nhu 13 mémen mAu bac k so v&i didm khong.

CHU THICH 3: Mdmen méu bac 1 dugc @& cép trong
dinh nghta tiép theo 14 trung binh miu (1.15).

CHU THICH 4: Mac da dinh nghia nay dugc dwa ra
cho & bét ky, thwdng dung trong cac tréng hep thyc
té &k = 1 [trung binh miu (1.15)), k = 2 [kém theo
phwong sai miu (1.16) va d¢ léch chudn mau
(1.17)}, k = 3 [lién quan dé&n hé sb bit dbi xing cla
mAu (1.20)] va & = 4 [lién quan dén hé sé nhon cua
miu (1.21)).

CHU THICH 5: "E" trong E(X *) 14y tir “gia tri ky vong"
ho#c “ky vong” clia bién ngiu nhién X.

1.15

trung binh mau

trung binh

trung binh sb hoc

tdng céc bién ngidu nhién (2.10) trong miu ngéu

TCVN 8244-1:2010

NOTE 3 The sample median provides an estimator
of the middle of a distribution, with half of the sample
to each side of it.

NOTE 4 In practice, the sample median is useful
in providing an estimator that is insensitive to very
exireme values in a data set. For example, median
incomes and median housing prices are frequently
reported as summary values.

1.14
sample moment of order k

Exk)
sum of k&th power of random variables (2.10) in a

random sample (1.6) divided by the number of
observations in the sample (1.3)

NOTE 1 For a random sample of sample size n, i.e.
{Xy, Xa. s X,), the sample moment of order , £(XK), is

I "

il Z Xk

n i=l

NOTE 2 Furthermore, this concept can be described
as the sample moment of order k about zero.

NOTE 3 The sample moment of order 1 will be seen
in the next definition to be the sample mean (1.15).

NOTE 4 Although the definition is given for arbitrary
k, commonly used instances in practice involve k= 1
[sample mean (1.15)), k = 2 [associated with the
sample variance (1.16) and sample standard
deviation (1.17)), & = 3 [related to sample
coefficient of skewness (1.20)] and & = 4 [related to
sample coefficient of kurtosis (1.21)].

NOTE 5 The “E" in E(X*) comes from the “expected
value” or “expectation” of the random vanable X.

1.15

sample mean
average
arithmetic mean

sum of random variables (2.10) in a random

17
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nhién (1.6) chia cho s cac s6 hang trong téng do.

Vi DY: Tiép theo vi dy & 1.9, thé hién cua trung binh
miu 12 9,7 vi tdng cac gia tri quan tric |a 97 va c&
maula 10.

CHU THICH 1: Coi nhi mét thdng ké, trung binh mau
13 ham cla céc bién nglu nhién tir m3u nglu nhién
theo nghia néu trong Cha thich 3 cGa 1.8. Ta phai
phan biét ham wdc legng ndy véi tri sb cla trung
binh mau tinh duoc tr cac gia tri quan tric (1.4)
trong mau ngau nhién doé.

CHU THICH 2: Trung binh m4u dugc coi Ia théng ké
thudng duoc sir dyng nhu woc lwong cho trung
binh cua tdng thé (2.35). Tir déng nghia thudng
diing 14 trung binh sé hoc.

CHU THICH 3: Ddi véi mu ngéu nhién ¢ n, nghia
1 (X4, Xy, ... X}, trung binh mAu 14:

- 1<
-;ZX{

i=1

CHU THICH 4: Trung binh miu ¢6 thé coi 13 mdémen
mau bac 1.

CHU THICH 5: B6i v&i c& mau 2, trung binh méu,
trung v| méu (1.13) va tdm d5 réng (1.11) la nhu
nhau.

1.16

Phwong sai miu

52

Téng binh phuong cac d3 léch cia cac bién ngdu
nhién (2.10) trong miu nglu nhién (1.6) so voi
trung binh m&u (1.15) cla ching chia cho sé cac
sé hang trong tdng do trir di mot.

Vi DY: Tidp theo vi dy sé & 1.9, phwong sai miu
dwgc tinh [a 17,57. Téng cac binh phuong cla trung
binh mAu quan tric |13 158,10 va co mau la 10 triz di 1
cén 9, cho méu sé thich hop.

CHU THICH 1: Coi nhur mot théng ké (1.8), phuong

18

sample (1.6) divided by the number of terms in the
sum

EXAMPLE
1.9, the realization of the sample mean is 9,7 as the

Continuing with the example from

sum of the observed values is 97 and the sample size
is 10.

NOTE 1 Considered as a statistic, the sample mean
is a function of random variables from a random
sample in the sense given in Note 3 of 1.8. One must
distinguish this estimator from the numerical value of
the sample mean calculated from the observed
values (1.4) in the random sample.

NOTE 2 The sample mean considered as a statistic
is often used as an estimator for the population mean
(2.35). A common synonym is arithmetic mean.

NOTE3 For a random sample of sample size n,
ie.{X,, Xp, ...

S
i=1

NOTE 4 The sample mean can be recognized as
the sample moment of order 1.

, X}, the sample mean is:

X=

==

NOTES5 For sample size 2, the sample mean,
the sample median (1.13) and mid-range (1.11)
are the same.

1.16

sample variance

52

sum of squared deviations of random variables
(2.10) in a random sample (1.6) from their
sample mean (1.15) divided by the number of
terms in the sum minus one

EXAMPLE Continuing with the numerical example of
1.9, the sample varance can be computed to be
17,57. The sum of squares about the observed
sample mean is 158,10 and the sample size 10
minus 1 is 9, giving the appropriate denominator.

NOTE 1 Considered as a statistic (1.8), the sample



sai mau $21a ham sb cla cac bién ngdu nhién tlr mét
mdu ngu nhién. Ta phéi phan biét ham wéc lweng
(1.12) véi tri s6 ctia phrong sai mAu tinh dugce tir cac
gia tri quan tric (1.4) trong mau ngAu nhién. Tri sb
nay dugc gol 1A phwong sai méu thyc nghiém hodc

phwong sai mdu quan tric va thuemg dueoc ky hidu 1a
£

CHU THICH 2: Péi v&i m8u ngdu nhién c& », nghia
1a {X3, Xz, ..., X,} c6 trung binh m&u X thl phuong sai
miu la:

CHU THICH 3: Phuong sai mau 12 mgt théng ké “gan
nhu” trung binh binh phuang dé léch cla cac bién
ngiu nhién (2.10) so véi trung binh m&u cia ching
(chi “gAn nhu” vi trong mdu sb n — 1 dugc s dyng
thay cho n). Viéc st dung n — 1 cung cép wérc lvgng
khéng chéch (1,34) clia phwong sai (2.36) tng thé.

CHU THICH 4: Bai lugng » — 1 dugce goi [a bac tw
do (2.54).

CHU THICH 5: Phurong sai mu cé thé coi 13 mdmen
méu bac hai cGa bién ngdu nhién cia miu chuln
héa (1.19).

117

@6 lgch chuan miu

S

Can badc hai khéng am cia phwong sai miu
(1.16).

VI DY: Tiép theo vi dy sé & 1.9, dd léch chudn miu
quan tric la 4,192 vi phvong sai mau quan tréc I3
17,57.

CHU THICH 1: Trén thyc té, d§ léch chuin mau
dugc ding dé udc iegng d6 téch chudn (2.37). O
d4y cling cAn nhin manh ring S clng 12 bién ngiu
nhién (2.10) chi» khong phai Ia thé hién cla mau
ngau nhién (1.6).

TCVN 8244-1:2010

variance $2 is a function of random variables from
a random sample. One has to distinguish this
estimator (1.12) from the numerical value of the
sample variance calculated from the observed
values (1.4) in the random sample. This numerical
value is called the empirical sample variance or the

observed sample variance and is usually denoted by
2
5.

NOTE 2 For a random sample of sample size n, i.e.

{X,, X2, ... X} with sample mean X the sample
variance is:
| n -
5= T, -x?
n-1 i=1

NOTE 3 The sample variance is a stalistic that
is "almost” the average of the squared deviations of
the random variables (2.10) from their sampie mean
(only "almost" since n — 1 is used rather than n
in the denominator). Using n - 1 provides an
unbiased estimator (1.34) of the population
variance (2.36).

NOTE 4 The quantity n — 1 is known as the degrees
of freedom (2.54).

NOTE 5 The sample vanance can be recognized to

be the 2™ sample moment of the standardized
sample random variables (1.19).

1.17

sample standard deviation

S

nan-negative square root of the sample variance
(1.16)

EXAMPLE Continuing with the numerical example
of 1.9, the observed sample standard deviation is
4,192 since the observed sample variance is 17,57.

NOTE 1 In practice, the sample standard deviation
is used to estimate the standard deviation (2.37).
Here again, it should be emphasized that § is also a
random variable {2.10) and not a realization from
a random sample (1.6).

19



TCVN 8244-1:2010

CHU THICH 2: D l6ch chudn miu 14 thudce do db
phan tan cua phin bé (2.11).

1.18

Hé s6 bien déng miu

D9 léch chuan miu (1.17) chia cho trung binh
méu (1.15),

CHU THICH: Nhu voi hé sb bién dong (2.38), viéc
siz dyng théng k& nay dwgc gidi han & cac tdng thé
c6 gia tri duong. Hé sb bién dang thudmg duoc lay
theo phan tram.

1.19

Bién ngdu nhién ctia mau chuin héa

Bién ngadu nhién (2.10) trir di trung binh miu
(1.15) chia cho dd léch chuan miu (1.17).

Vi DY: Béi véi vi dy & 1.9, trung binh mu quan tric
14 9,7 va a4 léch chudn miu quan tric 1A 4,192. Do
d6, bién nglu nhidn chun héa quan tric (14y dén hal
ch@ sb thap phan) la:

-0,17, 0.79; -0,64, -0,88; 0,79, -0,64; 2,22, -0,88;
0,07, -0,62.

CHU THICH 1: Bién ngdu nhién cla miu chuin héa
dugc phan bigt véi bidn ngiu nhién chuin héa
(2.33) li thuyét tvong rng. Myc dich cua viéc chuan
héa 1a dé chuydn dbi thanh cac bién ngdu nhign ¢
trung binh “khéng" va d¢ léch chudn don vj, dé dé&
dang gidi thich va so sanh.

CHU THICH 2: Gia trj quan tric chudn héa co trung
binh quan tréc bdng khéng va dd léch chudn quan
tric bang 1.

1.20

Hé sé bét d6i xirng cua miu

Trung binh sé hoc clia Iuy thira bac ba clia bién
ngdu nhién ctia miu chuin héa (1.19) v miu
ngiu nhién (1.6).

Vi DY: Tiép theo vi dy & 1.9, he sb bat déi xirng cia
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NOTE2 The sample standard deviation is a
measure of the dispersion of a distribution (2.11).

1.18

sample coefficient of variation

sample standard deviation {1.17) divided by the
sample mean (1.15)

NOTE  As with the coefficient of variation (2.38),
the utility of this statistic is limited to populations that
are positive valued. The coefficient of variation is
commonly reported as a percentage.

1.19

standardized sample random variable

random variable (2.10) minus its sample
mean (1.15) divided by the sample standard
deviation (1.17)

EXAMPLE For the example of 1.9, the observed
sample mean is 9,7 and the observed sample
standard deviation is 4,192. Hence, the observed
standardized random varables (to two decimal

places) are:

-0,17; 0,79; -0,64; -0,88; 0,79; -0,64; 2,22; -0,88;
0.07; -0,62.

NOTE 1 The standardized sample random variable
is distinguished from its theoretical counterpart
standardized random variable (2.33). The intent of
standardizing is to transform random variables to
have zero means and unit standard deviations, for
ease in interpretation and comparison.

NOTE 2 Standardized observed values have an
observed mean of zero and an observed standard
deviation of 1.

1.20

sample coefficient of skewness

arithmetic mean of the third power of the
standardized sample random variables (1.19)
from a random sample (1.6)

EXAMPLE Continuing with the example from



mdu quan tric dwgc tinh bing 0,871 88. V&I ¢ miu
10 trong vi dy ndy, hé sb bt déi xng clia méu bién
dong lon, do d6 phai sir dung mét cach than trong.
S(r dyng céng thirc thay thé trong Cha thich 1, tinh
duoc gia tri 1a 1,348 83.

CHU THICH 1: Cong thire twong (rng voi dinh nghia

la
-3
12 Xi—-X
" S

Mot sé bg chuong trinh thdng k& s dyng céng thire
dwdi day cho hé sb bat dbi xing cia miu dé higu
chinh @6 chéch (1.33):

n iZf

(n=N(n-2)5
trong dé
X -X
Z = S

Ddi v&i c& mau 1on, sy khac biét gitra hai wéc lvgng
nay 13 khong dang ké. Ty sb gitra worc lugng khong
chéch va wac lwgng chéch 1a 1,389 dbi vai n = 10,
1,031 déi v&i n = 100 and 1,003 déi vain = 1 000.

CHU THICH 2; Hé sb bét dbi xirng d& cip t6i sy
khéng d6i xirng. Gia trj clia théng k& nay gin voi
“khdng" goi ¥ la phan bd dang xét la gan déi xirng,
trong khi cac gia tri khac khéng twong (rng v&i phan
bd khi ¢o cac gia tri cie ti qua xa v& mdt phia cia
tam phan bd. D lidu bét déi xirng clng dugc phan
anh trong c4c gi4 tri clia trung binh miu (1.15) va
trung vi méu (1.13) 1a khong gidng nhau. Di liéu bat
déi xtrng duong (bat déi xrng phai) chi ra kha nang
c6 mét vai quan tric cyc tr, I¢n. Twong 1y, dir lidu
bét déi xirng 4m (bt ddi xirng trai) chi ra kha nang c6
mot vai quan trdc cwe tri, nhé.

CHU THICH 3: Hé sb bét déi xirng clia miu co thé
coi |a mémen mau bac ba cla bién ngiu nhién clia
méu chuén héa (1.19).

TCVN 8244-1:2010

1.9, the observed sample coefficient of skewness
can be computed to be 0,971 88. For a sample
size such as 10 in this example, the sample
coefficient of skewness is highly varable, so it must
be used with caution. Using the alternative formula

in Note 1, the computed value is 1,349 83.

NOTE 1 The formula corresponding to the definition

is

—~3
14X -X
FZ[ s ]

-1

Some statistical packages use the following formula
for the sample coefficient of skewness to correct for
bias (1.33):

R - P
(n—ND(rn=-2) ZZ‘

i=1

where

For a large sample size, the distinction between the
two estimates is negligible. The ratio of the unbiased
to the biased estimate is 1,389 for n = 10, 1,031 forz
= 100 and 1,003 for » = 1 000.

NOTE 2 Skewness refers to lack of symmelry.
Values of this statistic close to zero suggest that the
underlying distribution is approximately symmetric,
whereas non-zero values would likely correspond to a
distribution having occasional extreme values on one
side of the centre of the distribution. Skewed data
would also be reflected in values of the sample
mean (1.15) and sample median (1.13) that are
dissimilar. Positively skewed (right-skewed) data
indicate the possible presence of a few extreme,
large observations. Similarly, negatively skewed (left-
skewed) data indicate the possible presence of a few
extreme, small observations.

NOTE 3 The sample coefficient of skewness can

be recognized to be the 374 sample moment of the
standardized sample random variables (1.19).
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1.21

hé sé nhon cua miu

trung binh sé hoc cua luy thira bac bbn cia bién
ngau nhién cia mau chuén héa (1.19) tir mau
ngiu nhién (1.6).

VI DV: Tiép theo vi dy & 1.9, hé sé nhon cia miu
quan tric duoc tinh bing 2,674 19. V&i ¢& mau 10
trong vi dy nay, hé sé nhon cia m3u bién dong 1&n,
do dé phai si» dyng mdt cach than trong. St dung
cdng thirc thay thé trong Chu thich 1, tinh dugc gia tri
14 1,349 83. Cac by chwong trinh thdng ké sir dung
nhidu cach didu chinh khac nhau khi tinh toan hé sb
nhon cia mau (xem Cho thich 2 cta 2.40). S dung
¢dng thirc thay thé cho trong Cha thich 1, gia tri tinh
dugc la 0,436 05. Hai gia tri 2,674 19 va 0,436 05
khéng thé so sanh trigc tiép. Mudn so sanh, 14y 2,674
19 — 3 (lién hé véi hé sé nhon cua phan bé chuln la
3) dugc -0,325 81, luc nay cb thé so sanh thich hgp
v&i 0,436 05.

CHU THICH 1: Cang thirc twong ¥ng véi dinh nghia
2

)
L= §
Mét sé bd chwong trinh théng ké sir dyng cdng thirc
dudi day cho hé sb nhon cta mAu dé higu chinh 4§
chéch (1.33) va dé chi thj d6 léch so v&i hé sé nhon
cua phan bd chuln (bang 3):

n(n+1) iz4_ 3(n-1)°
(n=-Nn-2)(n-3)G""  (n-2Xn-3)
trong do
7, =X -X

S6 hang thir hai trong bidu thirc xip xi 3 aéi v&i ¢
mau » lon. D6i khi hé sb nhon dugc 14y theo gia tri
xac dinh & 2.40 trr Gi 3 d& nhan manh viéc so sanh
v&i phan bd chuan. RS rang 13 ngudi thye hién cin
nhén thire dugc cac didu chinh, néu co, khi tinh toan
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1.21

sample coefficient of kurtosis

the fourth power of the
standardized sample random variables (1.19)

arithmetic mean of

from a random sample (1.6)

EXAMPLE
1.9, the observed sample coefficient of kurtosis can
be computed to be 2,674 19. For such a sample size
as 10 in this example, the sample coefficient of
kurtosis is highly variable, so it must be used with

Continuing with the example from

caution, Statistical packages use various adjustments
in computing the sample coefficient of kurtosis (see
Note 3 of 2.40). Using the alternate formula given in
Note 1, the computed value is 0,436 05. The two
values 2,674 19 and 0,436 05 are not comparable
directly. To do so, take 2,674 19 - 3 (to relate to the
kurtosis of the normmal distribution which is 3) which
equals -0,325 81 which now can be appropriately
compared to 0,436 0S.

NOTE 1 The formula corresponding to the definition
is:

2l

n e

Some statistical packages use the following formula
for the sample coefficient of kurtosis to correcl for
bias (1.33) and to indicate the deviation from the
kurtosis of the normal distribution (which equals 3):

n(n+1) e N 3(n -1)?
(n=Dn=-2)n-3)73 (n—2)(n-23)
where
, _Xi=X
s

The second term in the expression is approximately 3
for large n. Sometimes the kurtosis is reported as a
value as defined in 2.40 minus 3 to emphasize
comparisons to the normal distribution. Obviously, a
practitioner needs to be aware of the adjustments, if



bd chwong trinh théng ke,

CHU THICH 2: Ha sb nhon @& c4p dén tinh chat nang
dudi clia moét phan bd (mdt mét), Dbi véi phan bd
chuan (2.50), hé sé nhon miu xip xi bang 3, thy
thudc vao dé bién dong mau. Trén thyc té, hé sb
nhon ctia phan bé chudn cung cip mét mée hodc gia
tri co s&. Nhirng phén b (2.11) ¢6 hé sé nhon nhd
hon 3 ¢6 dudi nhe hon so voi phan bd chudn, nhirng
phan bé cé hé sé nhon Ién hon 3 ¢d dudi nang hon
phan bé chuén.

CHU THICH 3: D& véi cac gi4 trj quan tréc dugce cla
hé s nhon I&n hon 3 rét nhidu, cb kha nang phan b
dang xét c¢6 dudi nang hon nhidu so v&i phan b
chudn. Mot kha nang khac cb thé tim ra sy c6 mat
clia nhi¥ng gia tri bat thudng cb thé co.

CHU THICH 4: Hé sb nhon clia méu cé thé coi la

mémen miu thir te cla bién ngdu nhién cia mau
chudn.

1.22

Hiép phwong sai mau

Sxy

Tdng cac tich d6 l&ch cta cdp bién ngiu nhién

(2.10) trong mét méu ngdu nhién (1.6) so voi cac

trung binh mau (1.15) chia cho sb cac sb hang

trong tng dé trir di mot.

VI DY 1: Xét minh hoa bing sb dudi ddy, sir dung 10
b ba gia trj quan tric. Déi véi vi du nay, chi xét x va
y.

Bang 1 - Két qua dung cho vi du 1
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any, in statistical package computations.

NOTE 2 Kurtosis refers to the heaviness of the tails
of a (unimodal) distribution. For the normal
distribution (2.50), the sample coefficient of kurtosis
is approximately 3, subject to sampling variability. In
the kurtosis of the nomal distribution
provides a

practice,

benchmark or Dbaseline value.
Distributions (2.11) with values smaller than 3 have
lighter tails than the normal distribution; distributions
with values larger than 3 have heavier tails than the

normal distribution.

NOTE 3 For observed values of
larger than 3, the possibility exists that the underlying
distribution has genuinely heavier tails than the
distribution. Another possibility
investigated is the presence of potential outliers.

kurtosis much

normal to be ,

NOTE 4 The sample coefficient of
can be recognized to be the 4th sample moment of

kurtosis

the standardized sample random variables.

1.22

sample covarlance

Sxy

sum of products of deviations of pairs of random
variables (2.10) in a random sample (1.6) from
their sample means (1.15) divided by the
number of terms in the sum minus one

EXAMPLE 1 Consider the following numerical
illustration using 10 observed 3-tuples (triplets) of
values. For this example, consider only x and y.

Table 1 — Results for Example 1

i |1 |23 [4|5]|6 |7 |89 |10

ij1|2)|3|4|5:617]8}9]"w

x {38 |41 (24| 60|41 |51|58|50)|65](33

x | 38| 41|24 | 60| 41:51|58)50(|65|33

oy i73|7ala3| w65 |73 |99 72 (10|48

y | 73|74 |43 |07 | 65| 73| 99|72 | 100 | 48

i
i
i
L

: 1343114028 | 35| 28132|27 27|

z | 3431|140 |28 |35 |2832 27127 |3

Trung binh mau quan tric @éi v6i X 1a 46,1 va déi v&i
Y 12 75.4. Hiép phuong sai miu bing

[(38 — 46,1) x (73 — 75,4) + (41 - 46,1) x (74 - 75,4)
+ .. +(33-46,1)x (48 - 75,4))/9 = 257,178

The observed sample mean for X is 46,1 and for Y is
75.4. The sample covariance is equal to

[(38 - 46,1) x (73 - 75,4) + (41 - 46,1) x (74 - 75,4) +
.. +(33 46,1)x (48 -75.4))9 = 257,178

23



TCVN 8244-1:2010

VIiDYU2: Trong bang cla vi dy trén, chi xét v va =.
Trung binh mau quan trdc ddi voi Z 1a 31,3. Higp
phuong sai mau bing

[(73 - 75.4) x (34 — 31,3) + (74 ~ 75.4) x (74 —
31.3)+ ... + (48 - 75,4) x (31 - 31,3))/9 = -54,356

CHU THICH 1: Coi nhu mét théng ké (1.8), hiép
phuong sai mau 1a ham sb cla cac cp bién ngau
nhién [(X;, ¥1 ), (Xa, Y2 ), ... (X.. Ya)] tr m3u nglu
nhién c& n theo nghfa néu trong Cha thich 3 cia 1.6,
Uéc lugng (1.12) ndy cn duge phan biét voi irj sb
clia hiép phwong sai mau tinh dwoc tr cac cap gia tr
don vi miu (1.2) quan trdc [(x. w1 (x2, ¥2)h o (X
y»)] trong mau ngdu nhién. Tri sé nay dugc goi la higp
phuong sai mdu thye nghiém hoac hiép phuwong sai
miu quan tric.

CHU THICH 2: Higp phuong sai mu §,, dugc cho
béng:

1 & = -
:E(x, -Xkt.-Y)

CHU THICH 3: Viéc si» dung mau s bang » — 1 cung
cép wore lwgng khdng chéch (1.34) cia hiép phuong
sai tdng thé (2.43).

CHU THICH 4: Vi duy trong Bang 1 gdm c6 ba bién
trong khi dinh nghia d& cép dén cac cip bién. Trén
thire té, thuong gap phai nhizng tinh huéng c6 nhiéu
bién.

123

Hé s6 twong quan miu

F, Xy

Hiép phwong sai mau (1.22) chia cho tich cac
Igch chuan mau (1.17) twong Gng.

VI DU 1: Tiép theo VI dy 1 ciia 1.22, 40 I&ch chuln
quan tric Ia 12,945 dbi voi X va 21,329 d6i véi ¥. Do
d6, hé sé twong quan clia mAu quan tric (véi Xva ¥)
dugc cho bang:

257,118/(12,948 x 21,329) = 0,931 2
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EXAMPLE 2 In the table of the previous example,
consider only y and =. The observed sample mean for
Zis 31,3. The sample covariance is equal to

[(73-754)x (34 —31,3)+ (T4 - 754)x (T4 -31,3) +
..+ (48 ~75,4) x (31 - 31.,3)]/9 = -54,356

NOTE 1 Considered as a statistic (1.8) the
sample covariance is a function of pairs of random
variables [(Xy, V1 ), (X2 Y2 ), ... (X,, Y.})] from a
random sample of size n in the sense given in Note 3
of 1.6. This estimator (1.12) needs to be
distinguished from the numerical value of the
sample covariance calculated from the observed
pairs of values of the sampling units (1.2) [(x\,
»), (x2, ¥2) wns (xa ya)l in the random sample. This
numerical value is called the empirical sample
covariance or the observed sample covariance.

NOTE 2 The sample covariance S, is given as:

3 (x, - XY - 7)

n—-19

NOTE3 Using n -
estimator (1.34) of the population covariance (2.43).

1 provides an unbiased

NOTE4 The example in Table 1 consists of
three variables whereas the definition refers to
a pair of variables. In practice, it is common to

encounter situations with multiple variables.

1.23

sample correlation coefficient

Txy

sample covariance (1.22) divided by the product
of the corresponding sample standard

deviations (1.17)

EXAMPLE 1 Continuing with Example 1 of 1.22,
the observed standard deviation is 12,945 for X and
21,329 for Y. Hence, the abserved sample correlation
coefficient (for X and V) is given by:



Vi D\J 2: Tiép theo Vi du 2 cua 1.22, dd léch chuln
quan trdc 1a 21,329 dbi véi ¥ va 4,165 85i véi Z. Do
d6, hé sé twong quan ctia mAu quan tric (véi ¥ va 2)
duoc cho bing:

-54,356/(21,329 x 4,165) = -0,612
CHU THICH 1: Hé sb twong quan mau dugc tinh
theo cdng thirc:

3 (X, -Xv - 1)

i=1

Jg(xf—f)‘i(n-?}’

i=1

Biéu thirc nay twong dvong véi ty sbé gita higp
phuong sai mau véi cin bac hai cla tich cac do léch
chudn. D8I khi, ki hi¢u r,. duoc ding dé chi hé sb
trong quan miu. Hé s6 twvong quan mAu quan tric
dura trén (x4, yq), (X9, ¥o)h cos (X, ¥, )

CHU THIiCH 2: Hé sb tuong quan mau quan tric cé
thé |4y gia tri trong pham vi (-1, 1], v&i cac gia tri gan 1
chi ra méi trvong quan dwong manh va cac gia tri gin
—1 chi ra méi twong quan 4m manh. Cac gi4 trj gan 1
ho#c -1 chi ra cac diém gn nhu ndm trén mat duéng
thing.

1.24
Sai s6 tidu chuin

%4

dd léch chuén (2.37) cla ham wéc lwong (1.12)

~

/]

Vi DY: Néu trung binh miu (1.15) 12 wéc lugng clia
trung binh (2.35) tdng thé va do léch chudn clia mat
bién ngiu nhién (2.10) 12 o. thi sai sb tiéu chudn cGa

trung binh mau 1a o /Y trong d6 » 14 sé quan tric

trong mAu. Uéc lugng clia sai sb tigu chudn 14 5 /yn
trong d6 §la dd léch chuin mau (1.17),

TCVN 8244-1:2010

257,118/(12,948 x 21,329} = 0,931 2

EXAMPLE 2 Continuing with Example 2 of 1.22,
the observed standard deviation is 21,329 for Y and
4,165 for Z. Hence, the observed sample correlation
coefficient (for ¥ and Z) is given by:

-54,356/(21,329 x 4,165) = -0,612

NOTE 1 Notationally, the
coefficient is computed as:

3 (X -Xxv. -1

i1

i(xf—,\_’)zg(h-ﬂz

ial

sample correlation

This expression is equivalent to the ratio of the
sample covariance to the square root of the product
of the standard deviations. Sometimes the symbol Iy

is used to denote the sample correlation coefficient.
The observed sample correlation coefficient is based
on realizations (x4, y1), {xa, ¥o) ..., (x,. ¥,).

NOTE 2 The observed sample correlation coefficient
can take on values in [-1, 1], with values near 1
indicating strong positive correlation and values near
-1 indicating strong negative correlation. Values near
1 or -1 indicate that the points are nearly on a
straight line.

1.24

standard error

%%

standard deviation (2.37) of an estimator (1.12)

8

EXAMPLE
estimator of the population mean (2.35) and the

If the sample mean (1.15) is the

standard deviation of a single random variable
(2.10) is g, then the standard error of the sample

means is o fﬁ where n is the number of
observations in the sample. An estimator of the

standard error is S / J; where § is the sample
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CHU THICH 1: Trong thyec té, sai sb tiéu chudn cung
cép wéc lwgng ty nhién clia d6 léch chudn cia mot
ham wéc lugng.

CHU THICH 2: Khéng c6 thuat nglr phy (nhan biét
dugc) vé sai sb “phi tiéu chudn”. Sai sb tidu chuln co
thé coi nhu tir viét tit cia “dd 1éch chudn cua uéc
lugng™. Trén thir té, sai sb tidu chudn thiréong cb ¥
d& cap dén a0 lach chudn cia trung binh miu. Ky

higu cia sai s tidu chudn cda trung binh mauta oz .

1.25

Wéc lweng khoang

Khoang giéi han béi théng ké (1.8) gidi han trén
va théng ké gi¢i han duwdi.

CHU THICH 1: Mot trong cac diém cudi co thé 13 +ec,
-0 hodc gi¢i han ty nhién cla gia trj tham s6. Vi dy,
0 la gidi han duwdi cia wée lwong khodng cula
phwong sai (2.36) tdng thé. Trong trudng hep nhuw
v@y, khoang thuéng dugc dé clp la khodng mét
phia.

CHU THICH 2: Uéc lugng khoang co thd dugc cho
cung véi wée lwogng (1.36) tham sé (2.9). Udc
lugrng khodng duge gia dinh 1a chira tham sé theo ty
1& co hdi da dinh, trong diéu kién |4y mau 13p lai hodc
theo nghia xac sut nhat dinh khac.

CHU THICH 3: Ba loai wéc lvong khoang thong
thuwomng |a khoang tin cdy (1.28) déi véi (cac) tham
sb, khodng dy doan (1.30) i véi cic quan tréc
twong lai va khodng dung sai théng ké (1.26) vé fi
1& clia phan b (2.11) chira trong d6.

1.26

Khodng dung sai thang ké

Khoang xac dinh tir mdu ngdu nhién (1.6) sao
cho v&i mirc tin cdy quy dinh rdng khoang nay cé
thé phu it nhat mét ty 1 quy dinh cla tdng thé

26

standard deviation (1.17).

NOTE 1 In practice, the standard error provides
a natural estimate of the standard deviation of an
estimator.

NOTE 2 There is no (sensible) complementary
term “non-standard” error. Standard error can be
viewed as an abbreviation for the expression
"standard deviation of an estimator”. Commonly, in
practice, standard error is implicitly referring to
the standard deviation of the sample mean. The
notation for the standard error of the sample mean is

Tg.

1.25

interval estimator

interval, bounded by an upper limit statistic (1.8)
and a lower limit statistic

NOTE 1 One of the end points could be 4w, —0 oOr
a natural limit of the value of a parameter. For
example, 0 is a natural lower limit for an interval
estimator of the population variance (2.36). In such
cases, the intervals are commonly referred to as one-
sided intervals,

NOTE 2 An interval estimator can be given in
conjunction with parameter (2.9) estimation (1.36).
The interval estimator is presumed to contain a
parameter on a stated proportion of occasions,
under conditions of repeated sampling, or in some
other probabilistic sense.

NOTE 3 Three common types of interval estimators
include confidence intervals (1.28) for parameter(s),
prediction intervals (1.30) for future observations,
and statistical tolerance intervals (1.26) on the
proportion of a distribution (2.11) contained.

1.26

statistical tolerance interval

interval determined from a random sample (1.6)
in such a way that one may have a specified level
covers at

of confidence that the interval



(1.1) duore lay mau.

CHU THICH: Mirc tin cay trong trweng hep nay & ty
1& cha khoang thiét lap theo cach nay trong mdt thoi
gian dai it nhét sé chira ty |1& quy dinh cla téng thé
dugc ty miu.

1.27

Gidi han dung sai théng ké

Théng ké (1.8) bidu dién dau mat cla khoang
dung sai thong ké (1.26)

CHU THICH: Khoang dung sai théng ké cé thé Ia

- mdt phia (c6 mdt trong hai gi¢i han cb dinh & gidi
han ty nhién clia bién ngdu nhién), trong do cé thd co
gioi han dung sai théng ké trén hoac dwdi, hoac

— hai phia, trong d6 cé ca hai gi¢i han dung sai théng
ké.

Giéi han 1y nhién clia bién ngdu nhién cd thé cung
cAp gi&i han cho gi¢i han médt phia.

1.28

Khoang tin cay

Wérc lveng khoang (1.25) (T,, Ty) di voi tham sé
(2.9) 0¢6 cac théng ké (1.8) T, va T, la gi¢i han

khoang va dam b3o1a P[Ty <8< Ty)21-a

CHU THICH 1: D6 tin cy phan anh ty 1€ cac trudng
hop khoang tin cdy chira gia tri tham sb thyc trong
mot loat dai ca&c miu nglu nhién (1.6) I3p lai trong
c4c didu kién gidng nhau. Khoang tin cdy khéng phan
anh xac suét (2.5) d& khoang quan tréc chiva gia tri
thye cia tham sé (hodic chira hodic khéng chira).

CHU THICH 2: Kém theo khodng tin cy [a d4c treng
higu nang 100(1 — a} %, trong d6 a thwdng 14 mét sé
rét nhd. Bac treng hiéu nang, con goi 12 hé sb tin cay
hodic murc tin cdy, thudng bang 95 % hodc 99 %. Bat
dang thirc P [To < < Ty) 2 1 - a ding vé&i gid tri & cy
thé bit ky nhung chua biét cla tdng thé.

TCVN 8244-1:2010

least a specified proportion of the sampled
population (1.1)

NOTE
long-run proportion of intervals constructed in this
manner that will include at least the specified
proportion of the sampled population.

The confidence in this context is the

1.27

statistical tolerance limit
statistic (1.8)
a statistical tolerance interval (1.26)

representing an end point of

NOTE  Statistical tolerance intervals may be either

- one-sided (with one of its limits fixed at the natural
boundary of the random variabie), in which case they
have either an upper or a lower statistical tolerance
limit, or

— two-sided, in which case they have both.

A natural boundary of the random variable may
provide a limit for a one-sided limit.

1.28
confidence interval
interval estimator (1.25) (7, 1) for the

parameter (2.9) @ with the statistics (1.8) 7, and
Ty as interval limits and for which it holds that P [T,

< @< T1]21—U

NOTE1 The confidence reflects the proportion of
cases that the confidence interval would contain the
true parameter value in a long series of repeated
random samples (1.6) under identical conditions. A
confidence interval does not reflect the probability
(2.5) that the observed interval contains the true
value of the parameter (it either does or does not
contain it).

NOTE 2 Associated with this confidence interval is
the attendant performance characteristic 100(1 - a)
%, where « is generally a small number. The
performance characteristic, which is called the
confidence coefficient or confidence level, is often
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1.29

Khoang tin cidy mét phia

Khoiéng tin cay (1.28) c6 mdt trong hai du mat cé
dinh & +o0, —o, hodc gi¢i han ¢ dinh ty nhién.

CHU THICH 1: Binh nghia 1.28 4p dung véi T, 44t &
- hodc Ty ddt & 4cc. Khodng tin cdy mot phia phat
sinh frong trevdrng hgp quan tam tap trung vao mét
phia. Vi du, trong kiém tra 4m lugng vé an toan lién
quan dén dién thoai di déng, gidi han tin cay trén can
dugc quan tdm cho biét gioi han trén dbi véi am
lrong tao ra trong cac diéu kidn an toan gia djnh. D&
v6i phép thir két cAu co khl, gidi han tin cay dudi vé
lyc tai dé thiét bi hdng can quan tam.

CHU THICH 2: Mt vi dy khéc vé khoang tin cgy mdt
phia 13 trurng hop tham sé ¢4 mdt gidi han ty nhién
14 “khéng”. Déi v&i phan bd Poisson (2.47) lién quan
dén xr If khidu nai cla khach hang thi "khong" 13 gidi
han dudi. Trong mdt vi dy khac, khodng tin cay dbi
v&i df tin cay cla linh kién dién tkr 14 (0,98, 1), trong
dé 1 1a gidi han trén ty nhién.

1.30

Khodng di doan

Day gia tri cia mét bién, tao ra tr mt mau ngau
nhién (1.6) cac gia trj tr mot tdng thé lién tyc, sao
cho c6 thé dam bdo vdi mire tin cay cho trudce
ring, trong mdt mau ngdu nhién khac lay ¥ chinh
tong thé (1.1) 6, khong co it hon sb lwong gid tri
cha trirére ro vao khodng do.

CHU THICH: Théng thudng, quan tam tap trung vao
mét quan trac don phét sinh ti tinh huéng twong ty
nhu cac quan trdc 12 co s& cla khodng du doan. Mot
hudng thyc t& khac 1a phan tich hdi quy, trong &6
khodng dy doan dugc thiét lap cho mot day cac gia
tri doc 14p.
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95 % or 99 %. The inequality P[To< 0< T)21-a

holds for any specific but unknown population value
of 8

1.29
one-sided confidence interval
confidence interval (1.28) with one of its end

points fixed at +0, —o, or a natural fixed boundary

NOTE 1 Definition 1.28 applies with either T, set at
—wor Ty set at +m, One-sided confidence intervals
arise in situations where interest focuses strictly on
one dirgction. For example, in audio volume testing
for safety concerns in cellular telephones, an upper
confidence limit would be of interest indicating an
upper bound for the volume produced wunder
presumed safe conditions. For structural mechanical
testing, a lower confidence limit on the force at which
a device fails would be of interest.

NOTE 2 Another instance of one-sided confidence
intervals occurs in situations where a parameter has
a natural boundary such as zero. For a Poisson
distribution (2.47) involved in modelling customer
As another
example, a confidence interval for the reliability of an
electronic component could be (0,98, 1), where 1 is
the natural upper boundary limit.

complaints, zero is a lower bound.

1.30

prediction interval

range of values of a variable, derived from a
random sample (1.6) of values from a continuous
population, within which it can be asserted with a
given confidence that no fewer than a given
number of values in a further random sample from
the same population (1.1) will fall

NOTE
further observation arising from the same situation as
the observations which are the basis of the prediction
interval. Another practical context is regression

Commonly, interest focuses on a single

analysis in which a prediction interval is constructed
for a spectrum of independent values.



1.31

éoc lwgng

Gia trj quan trac (1.4) clia mdt ham wéc Iwong
(1.12).

CHU THICH: Uéc lugng mudn noi dén tr sé thu
dugc tir cac gid tri quan tric. D6 véi phép wée
Iwgng (1.36) clia mdt tham s (2.9) t&r phdn bd xac
suit (2.11) gia thuyét, ham uwoc lugng dé cap dén
théng ké (1.8) dung && woc lwgng tham sé va wéc
lvong d& cap dén két qua sir dyng cac gia tri quan
trdc. DI khi, tinh tir “diém" duoc dat sau tir wéc
Ivgng d& nhan manh rang mdt gia tri don duoc tao ra
hon la mét khodng cac gia tri. Tuwong ty, tinh t
khodng dugc dit sau tir wéc lugng trong triedng hop
thiec hign phép wée lwgng khodng.

1.32

Sai sb cia phép wéc lwong

Wéc lwong (1.31) trir di tham sé (2.9) hoic tinh
chét clia tong thé dy dinh dé woc lugng.

CHU THICH 1: Tinh chét ctia téng thé ¢6 thé 1a ham
sb cla tham sé ho#c cac tham sb ho3c dai luong
khéc lién quan dén phan bd xac suét (2.11).

CHU THICH 2: Sai sb udc lwgng co thé do 14y méu,
d6 khéng dam bao do, lam tron sb hodc cac nguyén
nhan khac. Trong thyc té, sai sé wéc lugng thé hién
s quan 1am & mirc thdp nhét clia ngudi thue hién.
Vigc xac dinh thanh phan chinh gay sai s6 véc lugng
mdi 12 yéu 6 quan trong trong nd lyc cdi tién chét
lugng.

1.33

D& chéch

Ky vong (2.12) cla sai sé cia phép woc lwgng
(1.32)

CHU THICH 1: Binh nghfa nay khac v&i TCVN 8244-
2 (ISO 3534-2) (3.3.2) va TCVN 6165 (VIM) (5.25 va
5.28). ¢ day d6 chéch duge str dung theo nghia tdng
quat nhu néu frong Cha thich 1 ctia 1.34.
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1.31
estimate
observed value (1.4) of an estimator (1.12)

NOTE
obtained from observed values. With respect to
estimation (1.36) of a parameter (2.9) from an
hypothesized probability distribution (2.11),
estimator refers 1o the statistic (1.8) intended to
estimate the parameter and estimate refers to the
result using observed values. Sometimes the
adjective "point" is inserted before estimate to

Estimate refers to a numerical value

emphasize that a single value is being produced
rather than an interval of values. Similady, the
adjective “interval’ is inserted before estimate in
cases where interval estimation is taking place.

1.32

error of estimation
estimate (1.31) minus the parameter (2.9)
or population property that it is intended to

estimate

NOTE 1 Population property may be a function of
the parameter or parameters or another quantity
related to the probability distribution (2.11).

NOTE 2 Estimator error could involve contributions
due to sampling, measurement uncertainty, rounding,
or other sources. In effect, estimator error represents
the bottom interest to
practitioners. Determining the primary contributors to
estimator emor is a crilical element in quality

improvement efforts.

line performance of

1.33
bias

expectation (2.12) of error of estimation (1.32)

NOTE 1 This definition differs from TCVN 8244-2
(ISO 3534-2) (3.3.2) and TCVN 6165 (VIM) (5.25 and
5.28). Here bias is used in a generic sense as
indicated in Note 1in 1.34,

NOTE 2 The existence of bias can lead to
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CHU THICH 2: Sy ¢6 mat cia do chéch c6 thé din
dén nhi¥rng hdu qud dang tiéc trong thyc té. Vi duy,
viéc uéc lwgng sai o bén cua vat ligu co thé din
dén hong thiét bi. Trong !4y mAu didu tra, dd chéch co
thé ddn dén nhirng quyét dinh sai cua cudc tham do
chinh trj.

1.34

Wéc lwgng khéng chéch

Wérc lwgng (1.12) 6 dd chéch (1.33) bang khong

Vi DY 1: D& véi miu ngiu nhién (1.6) c6 n bién
ngau nhién (2.10) déc 14p, mai bién co cung phan
bé chuin (2.50) cé trung binh (2.35) 4 va dé léch
chudn (2.37) o, thi trung binh miau X (1.15) va
phuwong sal miu (1.16) 52 1a cac udc lrgng khéng
chéch déi véi trung binh & va phwong sai (2.36) o2,
tweng trng.

VI DY 2: Nhir d& cdp trong Chu thich 1 cla 1.37 wére
lwgng hep ly cwe dai (1.35) clta phuong sai o? siz
dyng méu sb » thay cho n — 1 va do d6 la wéc lugng
chéch. Trong cac &ng dyng, 49 léch chudn méu
(1.17) dvoc st dyng nhidu nhirng didu quan trong 13
lvu y ring can bac hai cUa phwong sai m3u st dung
n -1 12 mdt woc lwgng chéch clia dd léch chuin
(2.37) cua tdng thé.

VI DY 3: ©6i véi miu ngu nhign cé » cap bién ngiu
nhién ddc 14p, mbi cap ¢6 cung phan bé chudn hai
chidu (2.65) cé higp phwrong sal (2.43) bing payy,
thi hiép phwong sai miu (1.22) 1a mdt wéc lugng
khéng chéch dbi v&i higp phuong sai cia tdng thé.
Uéc lvong hgp ly cwre dai dung » thay cho n — 1 trong
méu sb va do d6 la udc Irgng chéch.

CHU THICH: Uéc lugng khéng chéch dugc mong
mudn theo nghia v& trung binh, chung cho gia trj
chinh xac. Chdc chin 1a uéc lwgng khong chéch
cung cép didm bat dAu hiru ich trong viéc tim kiém
wdc lrgng “téi wu” cac tham sb cda tbng thé. Binh
nghia néu & day 14 dinh nghia c6 tinh chat thdng ké.

Trong (ng dung hang ngay, ngudi thye hién ¢b géng

30

unfortunate consequences in practice. For example,
underestimation of the strength of materials due to
bias could lead to unexpected failures of a device, In
survey sampling, bias could lead to incorrect
decisions from a political poll.

1.34
unbiased estimator
estimator (1.12) having bias (1.33) equal to zero

EXAMPLE 1 For a
n independent random variables (2.10), each with
the same normal distribution (2.50) with mean
(2.35) 4 and standard deviation (2.37) o the
sample mean X (1.15) and the sample variance

random sample (1.6) of

{1.16) 52 are unbiased estimators for the mean uand

the variance (2.36) o2, respectively.

EXAMPLE 2 As is mentioned in Note 1 to 1.37
the maximum likelihood estimator (1.35) of the
variance o2 uses the denominator  instead of n — 1
and thus is a biased estimator. In applications, the
standard deviation (1.17)
considerable use but it is important to note that the

sample receives
square root of the sample variance using n -1isa
biased estimator of the population standard
deviation (2.37).

EXAMPLE 3 For a
independent pairs of random varables, each pair
with the same bivariate normal distribution (2.65)
with covariance (2.43) equal to poyy. the sample

random sample of n

covariance (1.22) is an unbiased estimator for
population covanance. The maximum likelihood
estimator uses n instead of n — 1 in the denominator
and thus is biased.

NOTE Estimators that are unbiased are desirable in
that on average, they give the correct value.
Certainly, unbiased estimators provide a useful
starting point in the search for “optimal” estimators of
population parameters. The definition given here is of

a statistical nature.



tranh tao ra dd chéch cho nghién ciru bing cach, vi
dy, dam bdo réng miu ng3u nhién 13 dai dién cla
tdng thé quan tam.

1.35

Wéc luong hop ly cye dal

Uéc lugng (1.12) an dinh gia tri cia tham sé
(2.9) tai d6 ham hop ly (1.38) dat dvoc hoac téi
gan gia tri I&n nhat cta no.

CHU THICH 1: Uéc lwgng hop Iy cyc dai 1a phuweng
phap tét dé thu dugc tham sb wéc lwgng khi phén bb
(2.11) da duge quy dinh [vi dy, phan b chuin
(2.50), phan bé gamma (2.56), phian bé Weibull
(2.63), v.v...). Cac ham wéc lvgng ndy ¢ tinh chét
théng k& mong mudn (vi dy, phép bién dbi don digu)
va trong nhidu truerng hop cung cép phuong phap
chon phép wéc lwong. Trong cac tnrdng hgp ham
wére iwong hep ly cye dai 14 chéch, ddi khi cd sy hidu
chinh don gian dé chéch (1.33). Nhw dé cap trong vi
dy 2 cla 1.34, wéc lwgng hop Iy cyc dai dbi véi
phwong sai (2,36) cla phan bd chudn 13 uédc lvgng
chéch nhung ¢6 thé higu chinh bing cach siv dyng a
— 1 thay cho n. Pham vi @§ chéch trong nhirng triong
hop nhu vy gidm khi ¢& miu tang.

CHU THICH 2: Tir viét tit MLE thwong dugc st
dyng cho ca ham wéce lvgng hep ly curc dai va phép
wére lwvgng hep ly cure dal voi nglr canh chi ra sy Iya
chon thich hep.

1.36

Phép woc lvgng

Quy trinh thu duwoc dai dién thdng ké clia tdng thé
(1.1) tir mau ngau nhién (1.6) ldy tir tong thé nay.

CHU THICH 1: Bac biét, quy trinh nay lién quan dén
tién frinh tir mot ham worc lwgng (1.12) dén mot wore
lworng cy thé (1.31) cdu thanh phép wéc lvgng.

CHU THICH 2: Phép uwdc lugng duoc hidu theo
nghia rdng hon dé bao gdm ca uwéc legng didm, wéc
lugng khoding hodic wdc Igng tinh chét cla téng thé.
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In everyday usage, practitioners try to avoid
introducing bias into a study by ensuring, for
example, that the random sample is representative of

the population of interest.

1.36

maximum likelihood estimator

estimator (1.12) assigning the value of the
parameter (2.9) where the likelihood function
(1.38) attains or approaches its highest value

NOTE 1 Maximum likelihood
well-established approach for obtaining parameter
estimates where a distribution (2.11) has been
specified [for example, normal (2.50), gamma (2.56),
Weibull (2.63), and so forth). These estimators have
desirable

estimation is a

statistical properties (for example,
invariance under monotone transformation) and in
many situations provide the estimation method of
choice. In cases in which the maximum likelihood
estimator is biased, a simple bias (1.33) correction
sometimes takes place. As mentioned in Example 2
of 1.34 the maximum likelihood estimator for the
variance (2.36) of the normal distribution is biased
but it can be corrected by using n = 1 rather than ».
The extent of the bias in such cases decreases with

increasing sample size.

NOTE 2 The abbreviation MLE is commonly used
both for maximum likelihood estimator and maximum
likelihood estimation with the context indicaling the
appropriate choice.

1.36

estimation

procedure that obtains a statistical representation
of a population (1.1) from a random sample
(1.6) drawn from this population

NOTE 1 In particular, the procedure involved in

progressing from an estimator (1.12) to a specific
estimate (1.31) constitutes estimation.

NOTE 2 Estimation is understood
broad context to include point estimation, interval

in a rather
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CHU THICH 3: Théng thudng, dai dién théng ke dé
cap dén phép wac lvgng mt tham sé (2.9) hodc cac
tham sé hodc ham cla tham sé ti> m6t mé hinh gid
dinh. Téng quat hon, dai digén cla téng thé c6 thé it
cy thé hon, vi dy nhe cac théng ké lién quan dén tac
doéng clia cac thdm hoa ty nhién (chét, bi thwong,
mat tai san va tdn that v& ndng nghiép — tt ca nhirng
didu ma nha quan ly tinh trang khan cap mong muén
wéc lrgng).

CHU THICH 4: Viéc xem xét théng ké mé ta (1.5)
¢ thé goi ¥ rAing md hinh gid djnh cung cép dai dién
khdng ddy du cac d liéu, nhw dugce chi ra nhé thuée
do s phil hop cla md hinh db d6i v&i cac dir lidgu.
Trong trierng hop nhu vay, cin xem xét cac mé hinh
khéc va qua trinh wérc lugng dugce tidp tyc.

1.37

Phép wérc [wong hop Iy cwpe dai

Phép worc lwgng (1.36) dya trén ham wéc lwgng
hep ly cipe dai (1.35)

CHU THICH 1: Béi v6i phan bé chudn (2.50), trung
binh miu (1.15) |4 ham wéc lweng hop 1y cipc dal
(1.35) cGa tham sé (2.9) x trong khi phwong sai
mau (1.16), s dung méu sbé nthay chola n -1, cung
cAp ham véc lugng hop Iy cye dai 62. MAu sé n =1
thurdrng duere ding vl gid frj nay cung clp wére lweng
khong chéch (1.34).

CHU THICH 2: Phép woc lwgng hep Iy cyc dai doi
khi dugc ding d& mo t& dan xudt cla ham woérc
lwong (1.12) tr ham hop ly.

CHU THICH 3: Mc du trong mét sé truéng hop, cho
ra bidu thic dang hién viéc sir dung phép wée lvong
hop Iy eyre dai twdng minh, nhung vAn cé céc trueding
herp khac, trong dé ham wéc lugng hep ly cuee dai doi
hoi viéc gidi 13p Abi voi mot tap hop cac phuwong
trinh.

CHU THICH 4: Tir viét tit MLE thuéng dugc sir
dung cho ca ham wéc lugng hep ly ciwe dai va phép
wée lwgng hgp ly cyc dai theo ngr canh chi ra sy
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estimation or estimation of properties of populations.

NOTE 3 Frequently, a statistical
refers to the estimation of a parameter (2.9) or

representation

parameters or a function of parameters from an
assumed model. More generally, the representation
of the population could be less specific, such as
statistics related to impacts from natural disasters
(casualties, injuries, property losses and agricultural
losses ~ all of which an emergency manager might
wish to estimate).

NOTE 4 Consideration of descriptive statistics
(1.5) could suggest that an assumed model provides
an inadequate representation of the data, such as
indicated by a measure of the goodness of fit of the
model to the data. In such cases, other models could
be considered and the estimation process continued.

1.37

maximum likelihood estimation

estimation (1.36) based upon the maximum
likelihood estimator (1.35)

NOTE 1 For the normal distribution (2.50), the
sample mean (1.15) is the maximum likelihood
estimator (1.35) of the parameter (2.9} u while the
sample variance (1.16), using the denominator »
rather than n — 1, provides the maximum likelihood
estimator of ¢2. The denominator » - 1 is typically
used since this value provides an unbiased
estimator (1.34).

NQTE 2 Maximum likelihood
sometimes used to describe the derivation of an
estimator (1.12) from the likelihood function.

estimation is

NOTE 3 Although in some cases, a closed-form
lixelihood
estimation, there are other situations in which the
maximum likelihood estimator requires an iterative

expression emerges using maximum

solution to a set of equations.

NOTE 4 The abbreviation MLE is commonly used
both for maximum likelihood estimator and maximum
likelihood estimation with the context indicating



lwa chon thich hop.

1.38

Ham hop ly

Ham mat 49 xac suét (2.26) 6anh gi4 tai cac gia
tri quan trac (1.4) va duoc coi la ham sé cda cac
tham sé (2.9) clia hg phan bé (2.8) d6.

Vi DU 1: Xét trvéng hep mudi ca thé duge chon
ngau nhién tir mdt téng thé (1.1) ritién va 3 trong sb
d6 co dic trung rieng. Ti mau ndy, wéc lugng
(1.31) trye giac cua ty 18 tdng thé c6 dac treng 14 0,3
(3 trong sb 10). Trong md hinh phan bé nhi phan
(2.46), ham xac suét (ham khéi lwgng xac suat nhw
ham cla p véi # ¢b dinh tai 10 va x tai 3) dat gia trj 16n
nhét tai p = 0,3, vi vay théng nhit véi tryc giac.

(©iéu nay c6 thé xac nhan thém bing cach vé ham
khdi lvgng xac sudt cia phdn bd nhi phan (2.46)
120 p° (1 - p) theo p]

Vi DY 2: Déi v&i phan bd chuén (2.50) da biét do
léch chudn (2.37), néi chung c6 thé chirng td ring

ham xac suét co gi4 trj In nhét tai x bang trung binh
méu.

1.39

Ham hop ly bién duyén

Ham xac suét (1.38) nhw ham cda mét tham sé
(2.9) duy nhét v&i tit ca cac tham sé khac dugc
dat dé ham do dat cyc dai

1.40

Gia thuyét

H

Nhan dinh vé téng thé (1.1).

CHU THICH: Théng thwéng, nhan dinh vé téng thé

lién quan dén mot hodc nhiéu tham s6 (2.9) trong
mdt o phan bb (2.8) hoac v ho phan bb do.

TCVN 8244-1:2010

the appropriate choice.

1.38

likelihood function

probability density function (2.26) evaluated at
the observed values (1.4) and considered as a
function of the parameters (2.9) of the family of
distributions (2.8)

EXAMPLE 1 Consider a situation in which ten items
are selected at random from a very large population
(1.1) and 3 of the items are found to have a specific
characteristic. From this sample, an intuitive estimate
(1.31) of the population proportion having the
characteristic is 0,3 (3 out of 10). Under a binomial
distribution {2.46) model, the likelihood function
(probability mass function as a function of p with n
fixed at 10 and x at 3) achieves its maximum at p =
0,3, thus agreeing with intuition.

[This can be further verified by plotting the probability
mass function of the binomial distribution (2.46)
120 p* (1 - p)’ versus p.]

EXAMPLE 2 For the normal distribution (2.50)
with known standard deviation (2.37), it can be
shown in general that the likelihood function takes its
maximum at ¢ equal to the sample mean.

1.39

profile likelihood function

likelihood function (1.38) as a function of a single
parameter (2.9) with all other parameters set
to maximize it

1.40

hypothesis

H

statement about a population (1.1)

NOTE about the
population concerns one or more parameters (2.9) in
a family of distributions (2.8) or about the family of
distributions.

Commonly the statement
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1.41

Gia thuyét khong

Ho

Gia thuyét (1.40) cdn dvgc kiém nghiém bing cac
phép kiém nghiém théng ké (1.48).

Vi DY 1: Trang mét m3u ngdu nhién (1.6) cac bién
nglu nhién (2.10) dgc lap c6 cing phéan bé chudn
(2.50) v&i trung binh (2.35) va d@ léch chudn (2.37)
chuwra biét, gia thuyét khang déi véi trung binh 4 co
thé i trung binh nay nhd hon hodic bing gi4 tri x4 da
cho va didu ndy thudng duvoc viét theo cach sau:

Ho: 1t S L.

Vi DY 2: Gia thuyét khang co thé 13 md hinh thdng ké
d6i voi mdt téng thé (1.1) la phan bé chudn. Déi véi
loai gia thuyét khdng ndy, trung binh va dé léch
chulin khdng dwerc cho trudre.

Vi DY 3: Gia thuyét khang co thé 1a mé hinh théng ke
déi voi tdng thé gbm phan bb déi xirng. Bbi véi loai
gia thuyét khdng nay, dang phan bd khéng dugc cho
trurére,

CHU THICH 1: R3 rang 14 gia thuyét khéng c6 thé
bao gdm mot tap con tir mdt tap hop cac phan bé xac
suét co thé.

CHU THICH 2: Binh nghta nay khdng nén coi 14 tach
bigt vé&ni d6i gia thuyét (1.42) va phép kiém nghiém
théng ké (1.48), vi viéc ap dung dung kiém nghiém
gid thuyét doi hdi tit ca cac thanh phin nay.

CHU THICH 3: Trong thyc té, ta khéng bao gi¢
chirng minh gia thuyét khéng nhung viéc danh gia
trong tinh hubng 44t ra ¢ thé khéng thda dang dé
bac bé gia thuyét khong. Bong co ban diu cha viéc
tién hanh kiém nghiém gia thuyét bat ngudn tr mong
muén rdng két luan sé nghiéng vé déi gia thuyét cy
thé lién quan dén van d& dugc xét.

CHU THICH 4: Viéc khéng bac b gia thuyét khong
khdng phai la “chirng minh™ vé hiéu Iyc cla nd ma co
thé chi ra réng khéng co du bang chirng dé phan bac.
Hoic gid thuydt khong (hodic gan gidng) thyc té 1A
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1.41

null hypothesis

Ho

hypothesis (1.40) to be tested by means of a
statistical test (1.48)

EXAMPLE1 In a random sample (1.6) of
independent random variables (2.10) with the
same normal distribution (2.50) with unknown
mean (2.35) and unknown standard deviation
(2.37), a null hypothesis for the mean 4 may be that

the mean is less than or equal to a given value i and

this is usually written in the following way: Ho: 1t S 1.

EXAMPLE 2 A null
the statistical model for a population (1.1) is a

hypothesis may be that

normal distribution. For this type of null hypothesis,
the mean and standard deviation are not specified.

EXAMPLE3 A null
the statistical model for a population consists of a
symmetric distribution. For this type of null
hypothesis, the form of the distribution is not
specified.

hypothesis may be that

NOTE 1 Explicitly, the null hypothesis can consist of
a subset
distributions.

from a set of possible probability

NOTE 2 This definiion should not be considered
in isolation from alternative hypothesis (1.42) and
statistical test (1.48), as proper application of
hypothesis testing requires all of these components.

NOTE3 In practice,
null hypothesis, but rather the assessment in a given

one never proves the
situation may be inadequate to reject the null
hypothesis. The original motivation for conducting
the hypothesis test would likely have been an
expectation that the outcome would favour a specific
alternative hypothesis relevant to the problem at
hand.

NOTE 4 Failure to reject the null hypothesis is
not “proof" of its validity but may rather be an



dung hoac c& méu khdng du dé phat hién sy khac
biét so v&i gia thuyét,

CHU THICH 5: Trong nhiéu tinh huéng, quan tdm ban
dAu tp trung vao gia thuyét khéng nhung kha ning
sai khac cling co thé dugc quan tdm. Sy xem xét
thich hgp ¢& mau va hidu Iyc trong viée phat hién sai
féch hoac thay dbi cy thé c6 thé din dén viéc thiét 1ap
mot quy trinh kidm nghiém d& danh gia mét cach
thich hgp gia thuyét khéng.

CHU THICH 6: Viéc chip nhan dbi gid thuyét trai
ngugc véi viéc khéng bac bo gia thuydt khong 1a mot
két qua tich curc & chd né hd trg méi quan tam phéng
doan. Viéc bac bo gia thuyét khong, Ung hd dbi gia
thuyét la két qua rd rang hon két qua nhu “khéng bac
bd gia thuyét khdng tai theni diém nay".

CHU THICH 7: Gia thuyét khdng 14 co s dé thidt lap
théng k& kiém nghigm (1.52) tvong (rng dung dé
danh gia gia thuyét khang.

CHU THICH 8: Gia thuyét khong thuerng dugc bidu
thi 1 Ho.

CHU THICH 9: Néu c6 thé, tap con nhan biét gia
thuyét khong cin duwgc chon sao cho nhan dinh

khéng pha hop véi phdng doan cdn nghién clru. Xem
chu thich 2 ctia 1.48 va vi du trong 1.49.
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Déi gia thuyét

H, H,

Nhan dinh chon mot tap hop hodic mot tap con tat
¢ cac phan bd xac suét (2.11) c6 thé chip nhan
dugc khéng ndm trong gia thuyét khéng (1.41).

Vi DY 1: Béi gia thuyét cia gid thuyét khdng néu
trong vi du 1 cha 1.41 |4 trung binh (2.35) 1&n hon
gia tri quy dinh, dugc viét theo cach sau: Hy: 4> uq.

vi DY 2: Déi gid thuyédt cia gid thuyét khong néu

TCVN 8244-1:2010

indication that there is insufficient evidence to dispute
it. Either the null hypothesis (or a close proximity ta it)
is in fact true, or the sample size is insufficient to
detect a difference from it.

NOTE 5 In some situations, initial interest is focused
on the null hypothesis, but the possibility of a
departure may be of interest. Proper consideration of
sample size and power in detecting a specific
departure or aliernative can lead to the construction
of a test procedure for appropriately assessing the
null hypothesis.

NOTEG6 The alternative
hypothesis in contrast to failing to reject the null
hypothesis is a positive result in that it supports the
conjecture of interest. Rejection of the null hypothesis
in favour of the alternative is an outcome with less

acceptance of the

ambiguity than an outcome such as “failure to reject
the null hypothesis at this time."

NOTE7 The null hypothesis is the basis for
constructing the corresponding test statistic (1.52)
used to assess the null hypothesis.

NOTE 8 The null hypothesis is often denoted H,

(H having a subscript of zero although the zero is
sometimes pronounced “oh" or "nought”).

NOTE 9 The subsel identifying the null hypothesis
should, if possible, be selected in such a way that the
statement is incompatible with the conjecture to be
studied. See Note 2 to 1.48 and the example in 1.49.

1.42

alternative hypothesis

HN H,

statement which selects a set or a subset of all
possible admissible probability distributions
(2.11) which do not belong to the null hypothesis
(1.41)

EXAMPLE 1 The alternative hypothesis to the
null hypothesis given in Example 1 of 1.41 is that the
mean (2.35) is iarger than the specified value, which
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trong vi dy 2 ctia 1.41 13 mé hinh théng ké cua tdng
thé khong phai 14 phan bd chuén (2.50).

Vi DY 3: Déi gid thuyét cla gia thuyét khéng néu
trong vi dy 3 cia 1.41 1a md hinh théng k& cla tbng
thé gém mét phan bb khong ddi xirng. D8I véi dbi gia
thuyét nay, dang khong ddi xieng cy thé khong dugc
quy dinh.

CHU THICH 1: D4i gid thuyét 1a phan bu cua gia
thuyét khéng.

CHU THICH 2: Béi gia thuydt co thé dugce bidu thi
bang H, hodc Ha ma khdng co sy wu tién rd rang
mi&én |& cach ki higu teong duong vai ki hidu cla gia
thuyét khong.

CHU THICH 3: Béi gia thuyét 12 nhan dinh trai nguoc
véi gia thuyét khéng. Théng ké kiém nghigm (1.52)
trong (ng duge ding dé quyét dinh gitra gia thuyét
khéng va dbi gia thuyét.

CHU THICH 4: Khéng nén tach biét dbi gia thuyét

véi gia thuyét khang cGng nhu phép kiém nghiém
théng ké (1.48).

CHU THICH 5: Viéc chap nhan ddi gia thuyét tréi vai
viéc khong bac bo gia thuyét khong 1a mét két qua
tich cyc & chd n6 hd trgy mdi quan tam phang doan.
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Gia thuyét don

Gia thuyét (1.40) quy dinh mdt phan bd duy nhét
trong mét ho phan bé (2.8).

CHU THICH 1: Gia thuyét don I3 gia thuyét khéng
{1.41) hosc déi gia thuyét (1.42) trong dé tap con
dugc chon chi gdm mdt phan bé xac suét (2.11) duy
nhét.

CHU THICH 2: Trong mét méau ngéu nhién (1.6) cac
bién ngdu nhién (2.10) doc Iap co cung phin bd
chudn (2.50) v&i trung binh (2.35) chuwra biét va dé
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is written in the following way: Hj: u> 1.

EXAMPLE 2 The altemative hypothesis to the
null hypothesis given in Example 2 of 1.41 is that the
statistical model of the population
normal distribution (2.50).

is not a

EXAMPLE 3 The alternative hypothesis to the
null hypothesis given in Example 3 of 1.41 is that the
statistical model of the population consists of an
asymmetric distribution.  For  this
hypothesis, the specific form of asymmetry is not
specified.

alternative

NOTE1 The
complement of the null hypothesis.

alternative  hypothesis is  the

NOTE 2 The alternative hypothesis can also be
denoted H, or Ha with no clear preference as long as
the symbolism paralleis the null hypothesis notation,

NOTE 3 The alternative hypothesis is a statement
which contradicts the null hypothesis. The
corresponding test statistic (1.52) is used to decide
between the null and alternative hypotheses.

NOTE 4 The alternalive hypothesis should not be
considered in isolation from the null hypothesis nor
statistical test (1.48).

NOTES The acceptance of the alternative
hypothesis in contrast to failing to reject the null
hypothesis is a positive result in that it supports the
conjecture of interest,

1.43
simple hypothesis

hypothesis (1.40) that a single
distribution in a family of distributions (2.8)

specifies

NOTE 1 A simple hypothesis is a null hypothesis
(1.41) or alternative hypothesis (1.42) for which the
selected subset consists of only a single probability
distribution (2.11).

NOTE 2 In a random sample (1.6) of independent
random variables (2.10) with the narmal
distribution (2.50) with unknown mean (2.35) and

same



lach chudn (2.37) o da biét, gia thuyét don dbi véi
trung binh 14 trung binh bing gia tri x d& cho va
didu nay thudng duoc viét nhw sau: Ho: 4= so.

CHU THICH 3: Gia thuyét don quy dinh dwgc hoan
toan phén bd xac suit (2.11).

1.44

Gia thuyét hep

Gia thuyét (1.40) quy dinh nhiéu hon mét phan bé
(2.11) trong mat he phan b (2.8).

Vi DY 1: Gia thuyét khong (1.41) va déi gia thuyét
(1.42) néu trong vi dy & 1.41 va 1.42 déu la vi dy cla
gia thuyét hep.

Vi DY 2: Trong 1.48, gid thuyét khéng trong Trudng
hop 3 ciia Vi du 3 la mét gia thuyét don. Gia thuyét
khong trong Vi dy 4 cling la mét gia thuyét don. Cac
gia thuyét khac trong 1.48 Ia gia thuyét hgp.

CHU THICH: Gia thuyét hop 1a mot gia thuyét khong
hoac ddi gia thuyét trong d6 tap con dugc chon gbm
nhiéu phan bé xac sut.

1.45

Mirc y nghia

[#4

xac suit (2.5) I&n nhét <cla phép kiém nghidm
théng ké> bac bd gia thuyét khéng (1.41) trong
knhi trén thiee té gia thuyét khéng 1a ding.

CHU THICH: Néu gia thuyét khadng la mét gia thuyét
don (1.43), thi xac suét bac bo gid thuyét khéng khi
né dung sé |a mot gia tri duy nhét.

1.46

Sai 1am loai |

Bac b gia thuyét khéng (1.41) trong khi trén thyc
té gia thuyét khéng 1a ding.

CHU THICH 1: Trong thirc t&, sai 1dm loai | 1a mat
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known standard deviation (2.37) o, a simple
hypothesis for the mean u is that the mean is equal
to a given value g and this is usually written in the
following way: Hy: 1= po.

NOTE3 A simple hypothesis specifies the
probability distribution (2.11) completely.

1.44

composite hypothesis

hypothesis (1.40) that specifies more than one
distribution (2.11) in a family of distributions
(2.8)

EXAMPLE 1 The null hypotheses (1.41) and
the altermative hypotheses (1.42) given in the
examples in 1.41 and 1.42 are all examples of
composite hypotheses.

EXAMPLE 2 In 1.48, the null hypothesis in Case 3
of Example 3 is a simple hypothesis. The null
hypothesis in Example 4 is also a simple hypothesis.
The other hypotheses in 1.48 are composite.

NOTE A composite hypothesis is a null hypothesis
or alternative hypothesis for which the selected
subset consists of more than a single probability
distribution.

1.45

significance level

a

<statistical test> maximum probability (2.5} of
rejecting the null hypothesis (1.41) when in fact it
is true

NOTE If the null hypothesis
hypothesis (1.43), then the probability of rejecting

is a simple

the null hypothesis if it were true becomes a single
valiue.

1.46

Type | error

rejection of the null hypothesis (1.41) when in
factitis true

NOTE1 In fact, a Type | error is an incorrect
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quyét dinh sai. Do d6, ta mong mubn duy tri xac suat
(2.5) duva ra quyét dinh sai nhv vay cang nhé cang
tét. Dé dat dugc xac sudt bing khong sai 1am loai |,
ta c6 thé khong bao git bac bo gia thuyét khong. Néi
cach khac 13 khong quan tam dén bing ching khi
dua ra quyét dinh,

CHU THICH 2: C6 kha nang trong mot sé tinh huéng
{vi dy, phép kiém nghiém tham sb nhj phan p), mic y
nghfa quy dinh truére 0,05 la khang thé dat dwgc do
sy r&i rac cla cac két qua.

1.47

Sai I&m loai ll

Viéc khéng bac bé gia thuyét khéng (1.41) trong
khi trén thyrc té gia thuyét khong khéng dung.

CHU THICH: Trong thyc t&, sai 1&m loai Il 1a mt
quyét dinh sai. Do d6, ta mong mudn duy tri xac suét
(2.5) dua ra quyét dinh sai nhw vay cang nhd cang
t8t. Sai 13m loai Il thwdng xdy ra trong trweng hop o&
mAu khong 64 d& phat hién ra sy sai léch so vé&i gia
thuyét khong.

1.48

Phép kiém nghiém thong ké

Kiém nghiém murc y nghia

Quy trinh quyét dinh xem lidu cé bac bd gia thuyét
khéng (1.41) va chdp nhan déi gia thuyét (1.42) hay
khéng.

Vi DY 1: Néu mgt bién ngau nhién lién tuc (2.29) thyc
té c6 thé |4y gi tri tr —x dén 4 va cb nghi ngér réng
phan bb xac suét thyc khdng phai 1a phan bé chuin
{2.50), thi cac gia thuyét sé dugc 13p nhw dudi day.

- Pham vi clia trwdng hop nay 1a tat ca cac phan bd
xac sudt lien tyc (2.23), c6 thé 1y gia tr tir—o dén +co.
- Phong doan [a phan bb xac suét thue khéng phai 1a
phan bé chudn,

— Gid thuyét khong la phan bé xac suét 1a phan bd
chuén.

- Déi gia thuyét 1a phan bb xac sust khong phai I3
phan bé chudn,

38

decision. Hence, it is desired to keep the probability
(2.5) of making such an incorrect decision as small as
possible. To obtain a zero probability of a Type |
error, one would never reject the null hypothesis. In
other words, regardless of the evidence, the same
decision is made.

NOTEZ2 It
(for example, testing the binomial parameter p) that a
prespecified significance level such as 0,05 is not

is possible that in some situations

attainable due to discreteness of outcomes.

1.47

Type ll error

failure to reject the null hypothesis (1.41) when in
fact the null hypothesis is not true

NOTE In fact, a Type Il error is an incorrect
decision. Hence, it is desired to keep the probability
(2.5) of making such an incorrect decision as small as
possible. Type Il errors commonly
situations where the sample sizes are insufficient to
reveal a departure from the null hypothesis.

occur in

1.48

statistical test

significance test

procedure to decide if a null hypothesis (1.41) is to
be rejected in favour of an alternative hypothesis
(1.42)

EXAMPLE 1 As actual,
continuous random variable {2.29) can take values

an example, if an
between —w and +co and one has a suspicion that
the true probability distribution is not a nomal
distribution (2.50), then the hypotheses will be
formulated, as follows.

— The

continuous probability distributions (2.23), which can

scope of the situation is all
take values between —o and +wo.

- The conjecture is that the true probability
distribution is not a normal distribution.

= The null hypothesis is that the probability
distribution is a normal distribution.



Vi DY 2: Néu bién ngdu nhién tuan thi phan b chuin
véi @6 léch chuén (2.37) d3 biét va nghi ngér ring gia
tri ky vong u sai léch so v&i gia tri 4y da cho, khi do
c4c gid thuyét sé dugc 14p theo Trwéng hop 3 trong vi
dy tiép theo.

Vi DY 3: Vi dy nay xem xét ba kha nang trong phép
kiém nghiém théng ke.

Truérng hgp 1. Phong doan ring trung binh quéa trinh
cao hon trung binh myc tiéu cla . Phdng doan nay
dan dén cac gia thuyét sau:

Gia thuyét khang: Hy: p1 Spto

Déi gia thuyét; Hy p> o

Trwang hep 2. Phéng doan ring trung binh qué trinh
th&p hon trung binh myc tidu cia . Phdng doan nay
din dén cac gia thuyét sau:

Gia thuyét khang:
Dbi gia thuyét:

Hy' pt2p0
Hy u< i

Truwdrng hp 3. Phéng doan ring trung binh qua trinh
khéng bing trung binh qua trinh nhung khéng quy
dinh hwéng. Phang doan nay dan gén cac gia thuyét
sau:

Gia thuyét khong: Hy: 1 =10

Déi gia thuyét; Hy p# o

Trong ¢ ba trirérng hop, viéc thiét 1ap cac gia thuyét
déu bat ngudn tir phéng doan lién quan dén déi gia
thuyét va sy sai léch cua ddi gia thuyét so véi didu
kién co so.

VI DY 4: Vi du ndy xét trong pham vi tét cd cac ty 1&
khuyét tat trong hai 16 1 va 2, p1 va p2 nhan cac gia trj
tlr khéng dén mét. Ta co thé nghi ng® réng hai 16 13
khac nhau va do dé phéng doén riing ty 1& khuyét tat
trong hai 6 12 khac nhau, Phéng do4n nay dan dén
cac gia thuyét sau:
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- The alternative hypothesis is that the

probability distribution is not a normal distribution.

EXAMPLE 2
normal distribution with known standard deviation

If the random variable follows a

(2.37) and one suspects that its expectation value u
deviates from a given value 4, then the hypotheses
will be formulated according to Case 3 in the next
example.

EXAMPLE 3 This
possibilities in statistical testing.

example considers  three

Case 1. It is conjectured that the process mean is
higher than the target mean of s. This conjecture
leads to the following hypotheses:

Null hypothesis: Hy: g Spio

Alternative hypothesis: #,: # > 1o

Case 2. It is conjectured that the process mean is
lower than the target mean of 4. This conjecture
leads to the following hypotheses:

Null hypothesis: Hy: 20

Alternative hypothesis: Hy: # < mo

Case 3. It is conjectured that the process mean is not
compatible with the process mean but the direction is
not specified. This conjecture leads o the following
hypotheses:

Null hypothesis: Hy p=io

Alternative hypothesis: Hy: tt# to

In all three cases, the formulation of the hypotheses
was driven by a conjecture regarding the altemnative
hypothesis and its departure from a baseline
condition.

EXAMPLE 4 This example considers as its
scope all proportions py and pz between zero and
one of defectives in two lots 1 and 2. One might
suspect that the two lots are different and therefore
conjecture that the proportions of defects in the two
lots are different. This conjecture leads to the
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Gia thuyét khong:
oéi gia thuyét:

Hy: p1 = p2
Hi: P p2

CHU THICH 1: Phép kiém nghiém théng ké la mét quy
trinh, dung trong nhizng didu kien quy dinh, dé quyét
dinh viéc phan bb xac suét thyc tuan theo gid thuyét
khong hay déi gia thuyét, dya vao cac guan trac trén
méu,

CHU THICH 2: Trwéc khi tién hanh phép kiém nghiém
théng k&, tap hop cac phan bd xac sudt dugce xac dinh
trede trén co sé thdng tin c¢é san. Tiép do, cac phan
bé xac suét, c6 thé dung trén co s& phong doan cin
nghién ciru, dwere nhan bigt dé thiét 1ap dbi gia thuyét.
Sau cling, 18p nén gia thuyét khéng @& bd sung cho
dbi gia thuyét, Trong nhidu truong hep, tap hop co thé
cla cac phan bd xac suét va tir 36 gid thuyét khéng
va dbi gia thuyét cing c6 thé dwoc xac dinh bang
cach tham chidu cac tap hgp gia trj cla cac tham sb
lién quan.

CHU THICH 3: Vi quyét dinh dya trén co s& c4c quan
tric mau nén c6 thé din dén sal 1Am loai | (1.46). bac
bd gid thuyét khong trong khi gid thuyét khdng 13
dung, hodc sai 1dm loai H (1.47), khéng bac bd gid
thuyét khdng Ung ho ddi gia thuyét trong khi déi gia
thuyét 1a dung.

CHU THICH 4: Truéeng hop 1 va 2 trong vi dy 3 & trén
14 vi du vé phép kiém nghiém mét phia. Trwdng hgp
3 1a vi dy vé& phép kiém nghiém hai phia. Trong ca
ba trrérng hop, ya chon mdt phia hay hai phia dugc
xac dinh bing viéc xem xét viing tham sé u tuong
ng v&i dbi gia thuyét. Téng quat hon, phép kiém
nghiém mét phia va hai phia c6 thé bj chi phéi bdi
ving bac bd gia thuyét khoéng trng véi théng ké kiém
nghiém d3 chon. Nghia I3, théng ké kiém nghiém co
mét ving téi han thudn cho déi gid thuyét, nhung né
c6 thé khong lign quan trrc tiép dén mé ta don gian
khéng gian tham sé nhw trong cac trwdng hgp 1, 2 va
3.

CHU THICH 5: Can than trong déi véi viec dwa ra cac
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following hypotheses:

Null hypothesis: Hq: p1 = pg
Alternative hypothesis: Hy: p1 = p;

NOTE 1 A statistical test is a procedure, which is
valid under specified conditions, to decide, by means
of observations from a sample, whether the true
probability distribution belongs to the null hypothesis
or the alternative hypothesis.

NOTE 2 Before a stafistical test is camied out
the possible set of probability distributions is at first
determined on the basis of the available
information. Next the probability distributions, which
could be true on the basis of the conjecture to be
studied, are identified to constitute the alternative
hypothesis. Finally, the null hypothesis is formulated
as the complement to the alternalive hypothesis. In
probability
distributions and hence also the null hypothesis and
the alternative hypothesis can be determined by
reference to sets of values of relevant parameters.

many cases, the possible set of

NOTE 3 As the decision is made on the basis
of observations from a sample, it may be erroneous
leading to either a Type | error (1.46), rejecting the
null hypothesis when in fact it is correct, or 2 Type Hl
error (1.47), failure to reject the null hypothesis in
favour of the alternative hypothesis when the
alternative hypothesis is true.

NOTE 4 Case 1 and Case 2 of Example 3 above
are instances of one-sided tests. Case 3 is an
example of a two-sided test. In all three of these
cases, the one-sided versus two-sided qualifier is
determined by consideration of the region of the
parameter g comesponding to the alternative
hypothesis. More generally, one-sided and two- sided
tests can be governed by the region for rejection of
the null hypothesis corresponding to the chosen test
statistic. That is, the test statistic has an associated
critical region favouring the alternative hypothesis,
but it may not relate directly to a simple description of

the parameter space asin Cases 1, 2 and 3.



gia dinh co ban hoac viéc (rng dyng sai phép kiém
nghiégm théng ké. Phép kiém nghiém thong ké& din
dén nhirng két luan én dinh ngay ca trong trwdrng hop
quy dinh sai cia cac gia dinh co ban dugc goi la én
dinh. Phép kiém nghiém : mot mAu déi véi trung binh
1a mot vi dy v& phép kidm nghiém dwoc coi 13 rdt n
dinh & cac phan bé khdng chuln. Phép kidm nghiém
Bartlett déi voi tinh thudin nhat clia cac phuong sai la
mét vi dy v& quy trinh khadng on dinh, c6 kha nang
dén dén viéc bac bd qua mirc sy bing nhau cla cac
phuong sai trong cac tredng hgp phan bé trong do
céac phuong sai trén thic té 1a nhu nhau.

1.49

p-gia tr

xac suit (2.5) quan tric thay gia trj théng ké kiém
nghiém (1.52) dwgc quan trdc hoac gia trj khac bét
ky it nhat 14 khéng thudn cho gia thuyét khong
(1.41).

VI DY: Xét vi dy sé ban dlu néu trong 1.9. Gia st gé
minh hoa ring cac gia tri nay la gia tri quan tréc tir
qua trinh ma théng thudrng mong mudn ¢é trung binh
1a 12,5, tir kinh nghiém trwdc d6, ngudi ky su cung
v&i qua trinh cam thiy ring qué trinh nay thp hon gia
tri mong mubdn trén. Mét nghién ctru dugc thye hign
va mét mau ngau nhién c¢& mau 10 duwgc chon véi cace
két qua sb & 1.9. Céc gia thuyét thich hop 1a;

Gia thuyét khéng: Hy: 42125

Déi gia thuyét: Ho: 11<12,5

Trung binh mu 1a 9,7 theo huéng cla phéng doan
nhung ¢6 40.cach xa 12,5 dé h trr phdng doan hay
khdng? Déi véi vi dy ndy théng ké kidm nghidm
(1.52) 14 -1,976 4 vdi p-gié tri trong (ng 0,040. Didu
nay ¢6 nghia |& ¢é it hon bdn cor hdi trong mét tram
quan trdc gia trj théng ké kiém nghiém fa -1,976 4
hodc thAp hon, néu trong thuc té trung binh thye cia
qué trinh 1a 12,5, Néu mrc ¥ nghia quy dinh tredc ban
83U 14 0,05, thi théng thudng ta & bac bo gia thuyét
khong va chp nhan déi gia thuyét.

Gia sir khac 1a vdn dé dugc trinh bay hoi khac doi
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NOTE S Careful
assumptions must be made or the application of
statistical 1esting may be flawed. Statistical tests that
lead to stable inferences even under possible mis-

attention to the underlying

specification of the underlying assumptions are
referred to as robust. The one-sample ¢ test for the
mean is an example of a test considered very robust
under non-normal distributions. Barllett's test for
homogeneity of variances is an example of a non-
robust procedure, possibly leading to the excessive
rejection of equality of variances in distributional
cases for which the variances were in fact identical.

1.49

p-value

probability (2.5) of observing the observed test
statistic (1.52) value or any other value at least as
unfavourable to the null hypothesis (1.41)

EXAMPLE Consider the example
originally introduced in 1.9. Suppose for illustration

numerical

that these values are observations from a process
that is nominally expected to have a mean of 12,5,
and from previous experience the engineer
associated with the process felt that the process was
consistently lower than the nominal value. A study
was undertaken and a random sample of size 10 was
collected with the numerical results from 1.9. The

appropriate hypotheses are:

Null hypothesis: Hy: 1#212,5

Alternative hypothesis: Hy: u < 12,5

The sample mean is 9,7 which is in the direction of
the conjecture, but is it sufficiently far from 12,5 to
support the conjecture? For this example the test
statistic (1.52) is -1,976 4 with corresponding p-
value 0,040. This means that there are less than
four chances in one hundred of observing a test
statistic value of —1,976 4 or lower, if in fact the true
process mean is at 12,5. If the original pre-specified
significance level had been 0,05, then typically one
would reject the null hypothesis in favour of the
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chdt. Hinh dung 1a van dé lién quan |a qua trinh chéch
khéi muc tiéu 12,5 nhwng hwong khong dwgc xac
dinh. Diéu nay dan dén cac gia thuyét sau:

Gia thuyét khéng:
Ddi gia thuyét:

Hy p =125
Hyep 2125

Cho dr ligu tuong ty thu thap tir mdu nglu nhién,
théng ke kiém nghiém cing bang -1,976 4. D6i véi
déi gia thuyét ndy, van dé quan tam 13 “xac suét gap
phai gia tri cuc tri nhw vay hoac vurgt qua gia th do la
bao nhidu?". Trong tnrérng herp ndy, co hai ving ligén
quan, cac gi4 tri nhd hon hodc bing —1,9764 hoac
cac gia tri lén hon hoac béng 1,9764. Xac suét cla
théng ké kidm nghiém ¢ xuét hién trong mét trong hai
ving nay ia 0,080 (bng hai 14n gia trjf mdt phia). C6
tam cor hoi trong mét trdm quan trdc gia trj thdng ké
kiém nghi&m dat cyec tri nay hoac 1ém hon. Vi vay, gia
thuyédt khéng khéng bj bac ba & mirc ¥ nghia 0,05.

CHU THICH 1: Néu p-gia tr, vi dy, tr& thanh 0,029,
thi theo gia thuyét khéng, sé cé it hon ba co hgi trén
mot trdm 14n xudt hién cwc ti ciia théng ké kidm
nghiém hodc vuet qua cire ti. Dipa vao thong tin nay,
ta co thé budc phai bac bd gia thuyét khdng vi d6 la
mdt p-gia tri trong d6i nhod. Chinh thixc hon thi néu
mirc y nghia dwgc dit 1a 0,05, thi rd rang p-gia trj 12
0,029 nhd hon 0,05 din dén viéc bac bo gia thuyét
khéng.

CHU THICH 2: Thuat ng® p-gi4 trj ddi khi dugc goi Ia
xac sut y nghia ma khéng nén nhdm voi mirc ¥
nghia (1.45) 1a mét hdng sé quy dinh trong mét (ng
dung.

1.50
Higu lwe cua phép kiém nghiém
M6t triz di xac sudt (2.5) mac sai lam logi Il (1.47).

CHU THICH 1: Higu lyc cia phép kiém nghiém déi

42

alternative hypothesis.

Suppose  alternatively
formulated somewhat differently. Imagine that the
concern was that the process was off the 12,5 target

that the problem were

but the direction was unspecified. This leads the
following hypotheses:

Null hypothesis: Hoipp =125

Alternative hypothesis: Hq: u + 12,5

Given the same data collected from a random
sample, the test statistic is the same, —1,976 4. For
this alternative hypothesis, a question of interest is
"what is the probability of seeing such an extreme
value or more extreme?". In this case, there are two
relevant regions, values less than or equal to -1,9764
or values greater than or equal to 1,9764. The
probability of a ¢ test statistic occurring in one of these
regions is 0,080 (twice the one-sided value). There
are eight chances in one hundred of observing a test
statistic value this extreme or more so. Thus, the null
hypothesis is not rejected at the significance level
0,05.

NOTE 1 If the p-value, for example, turns out to
be 0,029, then there are less than three chances in
one hundred that such an extreme value of the test
stalistic or a more extreme one, would occur under
the null hypothesis. On the basis of this information,
one might feel compelled to reject the null hypothesis,
as this is a faidy small p-value. More formally, if the
had been established as 0,05,
then definitely the p-value of 0,029 being less than
0,05 would lead to the rejection of the null hypothesis.

significance level

NOTE 2 The term p-value is sometimes referred to
as the significance probability which should not be
confused with significance level (1.45) which is a
specified constant in an application,

1.50

power of a test

one minus the probability (2.5) of the Type i
error {1.47)



v&i mét gia tr quy dinh clia mét tham s (2.9) chwa
biét trong mot ho phan bé (2.8) bing xac sult bac
b gia thuyét khong (1.41) déi véi gia tri tham sé d6.

CHU THICH 2: Trong hau hét cac trwéng hep thyc
té, viéc tang c& miu sé lam tang hiéu lyc clia phép
kiém nghiém. Néi cach khac 12 x4c suét bac bo gia
thuyét khéng khi déi gia thuyét (1.42) 1a ding sé
tang khi c& méu tang, tr do lam gidm xac suét sai
1Am toai Il

CHU THICH 3: Céc truorng hop kiém nghiém thuéng
mong muén khi ¢& mau tré nén cure 1on, tham chi sai
18ch nhé so véi gia thuyét khong phai dugc phét hign,
d4n t&i bac bd gia thuyét khdng. N6i cach khac, higu
lyc cua pheép kiém nghiém cin dat dén 1 déi vai tirng
a8i gia thuyét clia gia thuyét khong khi c& mau lén
dén vd cung. Phép kiém nghiém nhu vay goi la nhit
quan. Khi so sanh hai phép kidm nghiém vé& higu lyc,
phép kidm nghiém cé hiéu lwc cao hon ¢ vé cb hidu
qua hon véi didu kién cac mire y nghia gidng nhau
clng nhur cac gia thuyét khong va déi gia thuyét, C6
cac md 13 toan hoc chinh thire hon cho ca tinh nhét
quan va hiéu qua khdng thudc pham vi cla tiéu
chudn nay. (Tham khdo cac sach théng k& hodc sach
t0an thdng ké.)

1.51

Dwong hiéu lwe

Tap hop cac gia tri hiéu lwc cha phép kiém
nghiém (1.50) 1a ham s6 cta tham sé (2.9) tdng
thé tir mét ho phan bé (2.8).

CHU THICH: Ham hiéu lyc bing mét trir di dudng
hiéu qua.

1.52

Théng ké kiém nghiém

Théng ké (1.8) st dung cung véi phép kidm
nghiém théng ké (1.48)
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NOTE 1 The power of the test for a specified value
of an unknown parameter (2.9) in a family of
distributions (2.8) equals the probability of
rejecting the null hypothesis (1.41) for that
parameter value.

NOTE2 In most cases of practical
increasing the sample size will increase the power of
a test. In other words, the probability of rejecting the
null hypothesis, when the ailtemative hypothesis
(1.42) is true increases with increasing sample size,
thereby reducing the probability of a Type Il error.

interest,

NOTE 3 It is desirable in testing situations that as
the sample size becomes extremely large, even small
departures from the null hypothesis ought to be
detected, leading to the rejection of the null
hypothesis. In other words, the power of the test
should approach 1 for every alternative to the null
hypothesis as the sample size becomes infinitely
large. Such tests are referred to as consistent, In
comparing two tests with respect to power, the test
with the higher power is deemed the more efficient
provided the significance levels are identical as well
as the particular null and alternative hypotheses.
There are more formal, mathematical descriptions of
both consistency and efficiency that are beyond
the scope of this part of ISO 3534. (Consult the
various encyclopaedia in statistics or mathematical
statistics textbooks.)

1.51

power curve

collection of values of the power of a test (1.50)
as a function of the population parameter {2.9)
from a family of dlstributions (2.8)

NOTE

minus the operating characteristic curve.

The power function is equal to one

1.52
test statistic

(1.8)
statistical test (1.48)

statistic used in conjunction with a
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CHU THICH: Théng ké kiém nghiém duoc ding dé
danh gia phin bd xac suit (2.11) duoc xét ¢o phi
hop véi gia thuyét khéng (1.41) hoac déi gia thuyét
(1.42) hay khong.

1.53
Théng ké mé ta a thj
Théng ké mé ta (1.5) dudi dang hinh anh.

CHU THICH: Myc dich cta thdng k& mo ta thuéng 13
dé gidm sb leong I&n cac gia tr xudng con mot sé it
dé sir dyng hodc bidu dién gia tri theo cach d& hinh
dung. Vi dy vé téng hep db hoa bao gbm bidu dd
hép, bidu db xac sudt, bidu db Q-Q, biéu dd phan vj
chuan, dam may diém, dam may diém nhiéu chidu va
biéu dd phan bd (1.61).

1.54

Théng ké md ta dang sé

Théng ké mé ta (1.5) dwdi dang sé.

CHU THICH: Théng k& mé ta bang sé bao gdm trung
binh (1.15), 6 réng mau (1.10), dé léch chuin
mau (1.17), dd rdng gilra cac t& phan vj, ...

1.55

Cac lép

CHU THICH: Cac l¢p dugc gia dinh 1a diy dU va loai
triz 13n nhau. Duong thang thuc 1a tht ca cac sé thuc
n&m trong khoang tir —o dén +<o.

1.55.1

Lép

<@ac treng dinh tinh> Tap hop con cac ca thé ldy
ttr méu (1.3).

1.55.2

Lép

<dac treng the ty> Tap hgp mot hodc nhiéu loai
duoc sép xép theo mot thang thir tiy.

1.55.3

Lop

<dic trung dinh lwong> Khodng cua dudng thdng thyc.
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NOTE  The test statistic is used to assess whether
the probability distribution (2.11) at hand is
consistent with the null hypothesis (1.41) or the
alternative hypothesis (1.42).

1.53
graphical descriptive statistics
descriptive statistics (1.5) in pictorial form

NOTE The of descriptive statistics is
generally to reduce a large number of values to a

intent

manageable few or to present the values in a way to
facilitate Examples of graphical
summaries include boxplots, probability plots, Q-Q
plots, normal quantile plots, scatterplots, muiltiple
scatterplots and histograms (1.61).

visualization.

1.54
numerical descriptive statistics
descriptive statistics (1.5) in numerical form

NOTE Numerical descriptive statistics include
average (1.15), sample range (1.10), sample
standard deviation (1.17), interquartile range, and

so forth.

1.55
classes

NOTE The classes are assumed to be mutually
exclusive and exhaustive, The real line is all the real

numbers between —w and +o.

1.55.1

class

<qualitative characteristic> subset of items from
a sample (1.3)

1.55.2
class
characteristic> set of one or

adjacent categories on an ordinal scale

<ordinal more

1.55.3
class
<quantitative characteristic> interval of the real line



1.56

Gi&i han l16p

Bién gi®i lop

<déc treng dinh legng> Gia trf xac dinh can trén va
can duwi clia iép (1.55).

CHU THICH: Bjnh nghia nay dé& cap dén gi¢i han lép
kém theo ddc trung dinh lwgng.

1.57

Piém gikva lop

<ddc treng dinh lwgng> Trung binh (1.15) gilra
gi&i han |1&p (1.56) trén va dudi.

1.58

P rong lop

<dac treng dinh lwgng> Gidi han trén cla Iop trir di
gidi han dudi cia 1ép (1.55).

1.59

Ténsé

Sé tan xuét hién hoac gia trj quan tric (1.4) trong
mét I&p (1.55) quy dinh

1.60

Phén bé tan s6

Mbi quan hé theo thyc nghiém gitra cac I1ép (1.55)
va sd lan xuét hién cia chang hoic gia tri quan
trac (1.4).

1.61

Biéu dé phan bé

Céch biéu dién phan bb tin sé (1.60) bang db thi
gbém cac hinh chiz nhat lién nhau, méi hinh cé dd
rdng bdng véi d§ rong I&p (1.58) va dién tich ty 1&
véi tan sb 16p.

CHU THICH: Cén chi y a8i véi treérng hop di ligu
trong cac I&p ¢ dd rong Iép khéng béing nhau.

1.62
Biéu db cot
Céch biéu dién phan bé tAn sé (1.60) cia mét tinh

TCVN 8244-1:2010

1.56

class limits

class boundaries

<quantitative characteristic> values defining the
upper and lower bounds of a class (1.55)

NOTE This definition
associated with quantitative characteristics.

refers to class limits
1.57

mid-point of class

<quantitative characteristic> average (1.15) of

upper and lower class limits (1.56)

1.58

class width

<quantitative characteristi> upper limit of a class
minus the lower limit of a class (1.55)

1.59
frequency

number of occurrences or observed values (1.4)
in a specified class (1.55)

1.60

frequency distribution

empirical relationship between classes (1.55) and
their number of occurrences or observed values
(1.4)

1.61

histogram
graphical representation of a frequency
distribution (1.60) consisting of contiguous
rectangles, each with base width equal to the
class width (1.58) and area proportional to the

class frequency

NOTE Care needs to be taken for situations in
which the data arises in classes having unequal class
widths.
1.62

bar chart
graphical

representaton of a frequency
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chét dinh danh bing db thi gém mot tap hop cac
hinh chi¥ nhat cé do réng bing nhau va chidu cao
ty 1& v&i thn sé (1.59).

CHU THICH 1: Cac hinh chiv nhét doi khi dwoc vé
béng hinh anh ba chidu @& tao tinh thdm my. mac du
viéc ndy khéng cung cp thém thang tin va khdng phai
1a cach bidu didn dugc khuyén nghi. D&i voi bidu ad
cét, cac hinh chi¥ nhat khang nhét thiét phai lién nhau,

CHU THICH 2: Sy phan biét gira bidu db phan bé va
biéu 48 cdt ngay cang tr& nén me nhat do phin mém
sdn c6 khéng phai luc nao ciing tudn thi cac dinh
nghia néu & day.

1.63

TAn sb tich luy

Tan s& (1.59) cong dén ddi véi cac Iop tinh dén va
bao gém cé gi¢i han quy dinh.

CHU THICH: inh nghfa nay chi &p dung cho céc gidi
han quy djnh trong tng véi cac gidi han lep (1.56).

1.64

Tén s twong déi (tan suét)

Tan sé (1.59) chia cho téng sé 1an xuat hién hodc
gia tr| quan trac (1.4).

1.65

Tén sb twong déi tich luy (tan suét tich lay)

Tén s6 tich luy (1.63) chia cho tdng s6 lan xuét
hién ho3c gia tri quan tric (1.4).

2 Thuat nglr diing trong xac suét

241

Khéng gian miu

Q

Tap hop tét ca cac két qua co thé co.

Vi DU 1: Xét thari gian pin do ngudi tiéu dung mua st
dyung dugc. Néu pin khdng c6 dién khi st¢ dung 1an
dau thi théi gian st dung bang 0. Néu pin hoat dong
trong mgt khoang thdi gian thi théi gian st dung
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distribution (1.60) of a nominal property
consisting of a set of rectangles of uniform width

with height proportional to frequency (1.59)

NOTE 1 The rectangles are sometimes depicted
apparently
aesthetic purposes, although this adds no additional
information and is not a recommended presentation.
For a bar chart, the rectangles need no! be
contiguous.

as three-dimensional images for

NOTE 2 The distinction between histograms and
bar charts has become increasingly blurred as
available software does not always follow the
definitions given here.

1.63
cumulative frequency

frequency (1.59) for classes up to and including a
specified limit

NOTE

specified values that correspond to class limits
(1.56).

This definition is only applicable for

1.64
relative frequency
frequency (1.59) divided by the total number

of occurrences or observed values (1.4)

1.65

cumulative relative frequency

cumulative frequency (1.63) divided by the
total number of occurrences or observed values
(1.4)

2 Terms used in probability
21

sample space

Q

set of all possible outcomes

EXAMPLE 1 Consider the failure times of batteries
purchased by a consumer. If the battery has no
power upon initial use, its failure tme is 0. If the
battery does function for a while, it produces a failure



bing mét sb gidr. Do d6, khdng gian miu gbdm cac két
qua {pin hong ngay |an @Au} va {pin héng sau x gi¥,
trong d6 x 16n hon 0}. Vi dy nay sé dugc st dung
trong toan bd didu nay. Cu thé, thdo ludn mé réng
cla vi dy nay dugc néu trong 2.68.

VI DY 2: Mét hép gdm 10 dién tré dugre ghi nhan 1,
2.3,4,5 6,7, 8,9, 10. Néu hai dién trd& dugc lay
mau ngéu nhién khang hoan lai tir bd dién trdr nay, thi
khdng gian miu gdm 45 két qua sau: (1, 2), (1, 3), (1,
4), (1, 5), (1,6), (1, 7). (1, 8), (1, 9), (1, 10}, (2, 3), (2,
4), (2, 5), (2, 6). (2, 7), (2, 8), (2, 9), (2, 10), (3, 4),
(3.5),(3,6), (3. 7). (3, 8), (3,9), (3, 10}, (4, 5), (4,
6). (4, 7), (4, 8), (4, 9), (4, 10), (5, B), (5, 7), (5, 8),
(5. 9). (5, 10), (6, 7), (6, 8), (6, 9), (6, 10), (7. 8), (7.
9), (7, 10). (8, 9), (8, 10), (9. 10). Bién cb (1, 2)
dwoc coi 1a gidng véi (2, 1), vy the ty 1Ay mau
dién trd khdng quan trong. Néu ther ty 1a quan
trong thi (1, 2) dwee coi la khac véi (2, 1), khi dé co
tdng sé 90 két qua trong khéng gian méu.

Vi DY 3: Néu trong vi du trwde, viéc 1y mau dwgc
thyc hign c6 hoan lai thi ¢an thém vao céc bién cb
(1. 1), (2. 2), (3. 3). (4, 4), (5, 5), (6, 6). (7. 7). (8,
8), (9, 9) va (10, 10). Trong trudng hgp thir ty
khéng quan trgng, trong khéng gian miu sé c6 55
két qua. Trudng hop thir ty 1a quan trong, trong
khéng gian miu cé 100 két qua.

CHU THICH 1: Céc két qua cé thé phat sinh t thire
nghiém thyc t& hosic thyc nghiém gid thuyét hoan
toan. Tap hgp ndy c6 thé 1a danh sach rd rang, mét
tap hop dém dugc vi du nhu cac sb nguyén dueng,
{1, 2, 3, ...}, hodc duing thang thye.

CHU THICH 2: Khang gian mAu 14 thanh phin diu
tidn ctia khéng gian xac suét (2.68).
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time of some number of hours. The sample space
therefore consists of the outcomes {(battery fails
upon nitial attempt} and {battery fails after x hours
where x is greater than zero hours}. This example will
be used throughout this clause. In particular, an
extensive discussion of this example is given in 2.68.

EXAMPLE 2 A box contains 10 resistors that
are labelled 1, 2, 3, 4, 5, 6, 7, 8, 8, 10. If two resistors
were randomly sampled without replacement from
this collection of resistors, the sample space consists
of the following 45 outcomes: (1, 2), (1. 3), (1, 4), (1,
5), (1, 8), (1. 7), (1, 8), (1, 9), (1, 10}, (2, 3), (2, 4),
(2.5). (2. 8), (2, 7). (2, 8). (2. 9), (2, 10), (3, 4), (3,
5), (3, 6), (3, 7}, (3, 8), (3, 9), (3, 10), (4, 5), (4, 8),
(4. 7), (4, 8), (4, 9), (4, 10), (5, 6), (5. 7), (5. 8), (5.
9), (5, 10), (6, 7), (6, 8), (6, 9), (6, 10), (7, 8), (7, 9),
(7. 10), (8, 9), (8, 10), (9, 10). The event (1, 2) is
deemed the same as (2, 1), so that the order in
which resistors are sampled does not matter. If
alternatively the order does matter, so (1, 2) is
considered different from (2, 1), then there are a
total of 80 outcomes in the sample space.

EXAMPLE 3 If in the preceding example, the
sampling were performed with replacement, then
the additional events (1, 1), (2, 2), (3, 3), (4, 4), (5,
5), (6, B), (7, 7), (8, 8), (9, 9), and (10, 10) would
also need to be included. In the case where
ordering does not matter, there would be 55
outcomes in the sample space. In the ordering
matters situation, there would be 100 outcomes in
the sample space.

NOTE 1 Outcomes could arise from an actual
experiment or a completely hypothetical experiment.
This set could be an explicit list, a countable set
such as positive integers, {1, 2, 3, ... }, or the real
line, for example.

NOTE 2 Sample space is the first component of
a probability space (2.68).
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2.2

Bién cb

A

Tap con cia khéng gian miu (2.1)

VIDY 1: Tiép theo vi du 1 ctia 2.1, duwéi day la cac vi
du vé bién ¢b {0}, (0, 2), {5,7}, [7, +»), g v&i pin
hdng ngay tir ddu, pin ban du hoat déng nhung
chwa dén hai gi¢ 1am viéc thl héng, pin hong & chinh
xac & 5,7 h, va sau 7 h pin van khdng héng. {0} va
{5.7) m&i tap chira mét gia tri; (0, 2) 14 khodng mé
cla dwdng thing thyc; [7, +) 14 khoang v6 han déng
bén trai coa duding thing thye.

Vi DY 2: Tiép theo vi dy 1 cta 2.1, lvu ¥ dén viec
chon ma khang hoan lai va khong ghi lai thir ty chon,
Mot bién cé c6 thd xdy ra 1 A dinh nghfa bdi {it nhét
mét trong cac dién tré 1 hodic 2 nim trong mau). Bién
cb nay chiva 17 két qua (1, 2), (1, 3). (1, 4). (1, 5), (1,
6). (1.7). (1, 8). (1, 9). (1. 10). (2, 3). (2. 4). (2, 5), (2,
6). (2. 7). (2 8), (2, 9) va (2, 10). Mot bién cé khac 14
B {khdng c6 dién trd nao trong sé 8, 9 hodc 10 ndm
trong mau). Bién cb nay chira 21 két qua (1, 2), (1, 3),
(1, 4). (1, 5), (1, 8), (1. 7), (2, 3), (2. 4), (2, 5). (2, 6),
(2.7), (3. 4).(3,5), (3,6). (3, 7), 4, 5), (4. 6), (4,
7). (5.6), (5, 7), (6, 7).

Vi DY 3: Tiép tuc véi vi du 2, phan giao nhau giva
bién cb A va B (nghia |a mot trong cac dién trd 1 va 2
n&m trong m&u nhung khéng c6 dién tré ndo trong sb
8, 9va 10), chira 11 két qua sau: (1, 2), (1, 3), (1, 4),
(1.5),(1,6), (1. 7), (2. 3), (2, 4), (2, 5). (2,6), (2, 7).

Hop hai bién cb A va B chira 27 két qua sau: (1, 2),
(1. 3), (1, 4), (1, 5), (1, 8), (1. 7), (1, 8), (1, 9), (1, 10),
(2.3). (2, 4), (2. 5). (2,6). (2,7), (2. 8). (2, 9), (2, 10),
(3, 4). (3, 5), (3. 6). (3, 7). (4. 5), (4. 6), (4. 7). (5. 6),
(5. 7)va (6. 7).

Sb két qua trong hgp clia hai bién cb A va B (nghia Ia
it nhdt madt trong hai dién trd 1 va 2 hodc khang co
di&n tré nao trong sb 8, 9 va 10 ndm trong miu) 1a 27
dang bang 17 + 21 - 11, |2 sb két qua trong A cong
s& két qua trong B trir di sd két qua trong phan giao
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event

A

subset of the sample space (2.1)

EXAMPLE 1 Continuing with Example 1 of 2.1,
the following are examples of events {0}, (0, 2), {5.7).
[7. +w), corresponding to an initially failed battery, a
battery that works initially but fails before two hours, a
battery that fails at exactly 5,7 h, and a battery that
has not yet failed at 7 h. The {0} and {5,7) are each
sets containing a single value; (0, 2) is an open
interval of the real line; [7, o) is a ieft closed infinite
interval of the real line.

EXAMPLE 2 Continuing with Example 2 of 2.1,
restrict attention to selection without replacement and
without recording the selection order. One possible
event is A defined by {at least one of the resistors 1
or 2 is included in the sample}. This event contains
the 17 outcomes (1, 2), (1, 3), (1, 4), {1, 5. (1, &), (1,
7). (1. 8), {1, 9), (1, 10), (2. 3), (2, 4). (2, 5), (2. 6), (2,
7), (2, 8), (2, 9), and (2, 10). Another possible event B
is {none of the resistors 8, 9 or 10 is included in the
sample). This event contains the 21 outcomes (1, 2),
(1. 3), (1, 4), (1, 5), (1, 6), (1, 7), (2, 3), (2. 4), (2, 5),
(2,6),(2.7), (3,4) (3,5), (3,6), (3. 7), (4, 5), (4,
6). (4.7),(56),(5.7).(6.7).

EXAMPLE 3 Continuing with Example 2,  the
intersection of events A and B (i.e. that at least one of
the resistors 1 and 2 is included in the sample, but
none of the resistors 8, 9 and 10), contains the
following 11 outcomes (1, 2), (1, 3), (1, 4), (1, 5), (1,
6). (1.7), (2, 3), (2,4), (2, 5), (2,6),{2,7).

The union of the events A and B contains the
following 27 outcomes: (1, 2), (1, 3), {1, 4), (1, 5), (1.
6). (1. 7), (1, 8), (1. 9). (1. 10), (2, 3), (2, 4), (2, 5). (2,
6), (2, 7). (2, 8), (2. 9), (2, 10), (3, 4), (3. 5), (3. 6). (3,
7). {4, 5), (4, 6), (4, 7). (5, 6), (5, 7),and (6, 7).

Incidentally, the number of outcomes in the union of
the events A and B (i.e., that at least one of the



nhau ctia hai bién cé.

CHU THICH: Cho truéc bién cb va két qua cla thye
nghiém, bién cé duoc goi 1a xdy ra néu két qua thudc
v& bién cb d6. Cac bién cb thyec té sé thude vé sigma
dai sé cua cac bién cb (2.69), thanh phén the hai
cua khéng gian xac su#t (2.68). Cac bién cb ty
nhi&n xay ra trong treéng hep trd choi may rii (bai
poke, rulet, ...) xac dinh sb két qua thugc vé bién cd
xéac dijnh cac sé chénh dé ca cugc.
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Bién c6 bd

AC

Khéng gian m&u (2.1) logi di bién ¢é (2.2) da cho.

VI DY 1: Tiép tuc véi pin & vi dy 1 ctia 2.1, phdn bl
cia bién cb {0} 1a bién cd (0, +w) trong duong voi
phén bu cla bién cé ban dAu pin hoat dong. Twong
ty, bién cé [0,3) ng vdi cac tnedng hgp pin ban dau
khang hoat dong hodc hoat déng trong khoang it hon
ba gi¢. Phdn bu clia bién cb nay 1a [3, ) ng v&i
trudrng horp pin 1am viéc & 3 h va thdi gian 1am viée
I&n hon gia tr nay.

Vi DU 2: Tiép tyc véi vi dy 2 clia 2.2, C6 thé dé dang
tim ra s két qua trong bién cé B bing cach xem xét
bién cb bl cho B = {mau chira it nhit mét trong cac
dién tr&r 8, 9 hodc 10}. Bién cd ndy chra 7 + 8 + 9 =
24 két qua (1, 8), (2, 8), (3. 8), (4, 8), (5, 8), (6, 8), (7.
8), (1, 9), (2, 9). (3, 9), (4, 9), (5. 9), (6, 9). (7. 9), (8,
9), (1, 10), (2, 10), (3, 10), (4, 10), (5, 10), (6, 10), (7,
10), (8, 10), (9, 10). Vi toan bd khéng gian miu chira
45 két qua nén bién cb B chira 45 — 24 = 21 két qua
[dé la: (1, 2), (1, 3), (1, 4), (1, 5). (1, 6). (1, 7), (2, 3),
(2, 4), (2, 5), (2. 6). (2, 7), (3, 4), (3. 5), (3, 6), (3, 7),
(4,5),(4,86).(4,7),(56), (5 7), (6, 7).
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resistors 1 and 2 or none of the resistors B, 9, and 10,
is included in the sample) is 27 which also equals 17
+ 21 - 11, namely the number of outcomes in A plus
the number of outcomes in B minus the number of
outcomes in the intersection is equal to the number of
outcomes in the union of the events.

NOTE
experiment, the event is said to have occurred, if the

Given an event and an outcome of an

outcome belongs to the event. Events of practical
interest will belong to the sigma algebra of events
(2.69), the second component of the probability
space (2.68). Events naturally occur in gambling
contexts (poker, roulette, and so forth) where
determining the number of outcomes that belong to
an event determines the odds for betting.

2.3

complementary event

AC

sample space (2.1) excluding the given event
(2.2)

EXAMPLE 1
of 2.1, the complement of the event {0} is the event

Continuing with the battery Example 1

(0, +eo) which is equivalent to the complement of the
event that the battery did not function initially is the
event that the battery did function initially. Similarly,
the event [0,3) corresponds to the cases that either
the battery was not functioning initially or it did
function less than three hours. The complement of
this event is 3, ) which corresponds to the case that
a battery was working at 3 h and its failure time is
greater than this value.

EXAMPLE 2 Continuing with Example 2 of 2.2.
The number
easily by considering the complementary event to B

of outcomes in B can be found

= {the sample contains at least one of the resistors 8,
9 or 10}. This event contains the 7 + B + 9 = 24
outcomes (1, 8), (2, 8), (3, 8), (4, 8), (5. 8), {6, 8), (7,
8), (1, 9), (2, 9). (3, 9), (4, 9), (5, 9), (B, 9), (7. 9). (8,
9), (1, 10), (2, 10), (3, 10), (4, 10), (5, 10), (8, 10}, (7.
10), (8, 10), (9, 10). As the entire sample space
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CHU THICH 1: Bién cé bu 1a phan bu cia bién cb
trong khéng gian mau.

CHU THICH 2: Bién cb bu ciing la mot bién cé.

CHU THICH 3: D4i véi bién cé A, bién cé ba cho A
thudng dugre ki higu 1a A°,

CHU THICH 4: Trong nhidu trwong hop. c6 thé dé
dang tinh toan xac sut clia phan bu ctia mét bién cb
hon 14 tinh xac sudt cla bién cb d6. Vi dy, bién cb
xac dinh b&i “it nhat mét khuyét tat xut hién trong
méu gdm 10 ca thé dugc chon ngdu nhién tir tng
thé gém 1 000 ca thé, voi gia dinh mot phan tram
khuyét tat" c6 mét lugng Ion cac két qua duoc liét ke.
Phdn bu clia bién cd nay (khéng phat hign thdy
khuyét tat) d& x li hon nhiéu.

24

Bién co dgc lap

Cap bién cb (2.2) sao cho xac suét (2.5) cua phén
giao nhau gitra hai bién ¢b d6 Ia tich cla cac xac
suét riéng lé.

VI DY 1: Xét tnedng hop trd tung hai xic xéc, mot 4o
va mét trdng c6 dwoc 36 két qua, mdi két qua co xac
suét 1/36. D, dugc dinh nghia 1a bién cb trong dé tdéng
s& chdm trén hai xic xac 1a i. W dugc dinh nghia 1a
xdc xac trdng co6 mdt cham. Bién ¢b Dy va W déc lap
nhau, trong khi bién cé D, va W lai khong déc lap vai i
=2,3, 4,5 hosic 6. Céac bién cd khong dbc 1ap duoc
goi 13 bién cb phu thude.,

Vi DY 2: Cac bién cb doc 1ap va phy thube xay ra ty
nhién trong cac tng dung. Trong trwérng hep cac bidn
cb hoac tinh hudng 1a phu thudc thi viéc bidt két qua
cUa bién cb lién quan rédt co Ich. Vi du, mdt ngudi
chudn bj thyc hién mot cudc phau thuat tim sé co kha
nang thanh cdng rat khac nhau, néu d6 1a truong hop
ngudi ndy cb tién sl hot thude hoac yéu td rii ro
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contains 45 outcomes in this case, the event B
contains 45 N 24 = 21 outcomes [namely: (1, 2), (1,
3). (1, 4). (1, 5). (1.6). (1,7),(2,3), (2, 4). (2, 5), (2,
6). (2, 7). (3, 4), (3, 5). (3. 6). (3, 7), (4. 5), (4, 6), (4,
7),(5.6). (5. 7). (6, 7).

NOTE 1 The
complement of the event in the sample space.

complementary event is the

NOTE 2 The complementary event is also an event.

NOTE 3 For an event A, the complementary event
to A is usually designated by the symbol A,

NOTE 4 In many situations, it may be easier to
compute the probability of the complement of an
event than the probability of the event. For example,
the event defined by “at least one defect occurs in a
sample of 10 items chosen at random from a
population of 1 000 items, having an assumed one
percent defectives” has a huge number of outcomes
to be listed. The complement of this event (no defects
found) is much easier to deal with.
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independent events

pair of events (2.2) such that the probability (2.5)
of the intersection of the two events is the product
of the individual probabilities

EXAMPLE 1 Consider a two die tossing situation,
with one red die and one white die so as to
distinguish the 36 possible outcomes with probability
1/36 assigned to each. D, is defined as the event
where the sum of the dots on the red and white die is
i. Wis defined as the event that the white die shows
one dot. The events D; and W are independent,
whereas the events D, and # are not independent for
i=2,3,4,5 or 6. Events that are not independent
are referred to as dependent events,

EXAMPLE 2
arise naturally in applications. In cases where events
or circumstances are dependent, it is quite useful to

Independent and dependent events

know of the outcome of a related event. For example,
an individual about to undergo heart surgery could



khac. Vi vay, hat thude va chét do tién tridn bénh 1a
phy thuge. Nguoc lai, cai chét 6 the doc 1ap véi ngay
cUa tudn ma ngudi nay sinh ra. Trong ngir canh dé tin
céy thi cac thanh phin c6 nguyén nhan héng chung
thi khéng cé théi gian [am viéc dén khi hang déc 1ap.
Cac thanh nhign lidu trong 16 phan (ng c6 xac suét
thap xdy ra v& nhung dua ra ring mét thanh nhién
liéu bi gay thi xac suat gay thanh lién ké vé co ban cé
thé tang lén.

VI DY 3; Tiép theo vi dy 2 clia 2.2, gia dinh ring viée
14y mdu dugce thye hign bing cach lay miu ngdu
nhién don gian, sao cho tat ca cac két qua cé cing
xéc sudt 1/45. Khi d6 P(4) = 17/45 = 0,377 8, P(B) =
21/45 = 0,4667 va P(4 va B) = 11/45 = 0,244 4.
Tuy nhién, tich P{4) x P(B) = (17/45) x (21/45) =
0,176 3, khac voi 0,244 4, do d6 bién cd 4 va B 1a
khdng déc iap.

CHU THICH: Binh nghfa nay dugc néu trong nglr
cdnh hai bién o4 nhung co thé mé rong thém. Déi véi
bién cb 4 va B, diéu kién doc 1ap P(4n8) = P (4) P(B).
Déi véi ba bién cd 4, 8 va C doc lap, dibu kién la:
P(ANBNC)=P(A)P(B)P(O)

P(ANB)=P(4) P(B)
P(ANC)=P(A)P(C) va
P(BAC)=PBYP(O

Néi chung, déi véi nhidu hon hai bién cb, 4y, Ay, ...,
A, |a ddc 1ap néu xac sudt phin giao nhau cua tap
con cac bién ¢b cho trwdc bat ky bang tich xac suét
cac bién cb riéng 1&, dibu kidn nay duy tri cho ting
va moi 1ap con. C6 thé dat ra vi dy trong dé mdi cap
bién cb 1a djc lap nhung ba bién cé lai khong déc lap
{nghta ia theo cap chir khéng hoan toan déc lap).

25
Xac suét ciia bién ¢é 4
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have very different prospects for success, if it is the
case that this individual had a smoking history or
other risk factors. Thus, smoking and death from
invasive procedures could be dependent. In contrast,
death would likely be independent of the day of the
week that this person was born. In a reliability
context, components having a common cause of
failure do not have independent failure times. Fuel
rods in a reactor have a presumably low probability of
cracks occurring but given that a fuel rod cracks, the
probability of an adjacent rod cracking may increase
substantially.

EXAMPLE 3 Continuing Example 2 of 2.2, assume
that the sampling has been done by simple random
sampling, such that all outcomes have the same
probability 1/45. Then P(4) = 17/45 = 0,377 8, P(B) =
21/45 = 0,4667 and P(4 and B) = 11/45 = 0,244 4.
However, the product P(4) x P(B) = (17/45) x (21/45)
= 0,176 3, which is different from 0,244 4, so the
events 4 and 8 are not independent.

NOTE This definition is given in the context of two
events but can be extended. For events 4 and B, the
independence condition is P(4nB) = P (4) P(B). For
three events 4, B and C to be independent, it is
required that:
P{ANBNC)=P(A)P(BYP(O)
P{ANB)=P(4) P(B)
P(ANO)=P4)P(C) and
P(BnO)=PB)P(O)
In general, for more than two events, 4y, 4, ..., A, are
independent if the probability of the intersection
of any given subset of the events equals the product
of the individual events, this condition holding for
each and every subset. It is possible to construct an
example in which each pair of events is independent,
but the three events are not independent (i.e.
pairwise, but not complete independence).
2.5
probability of an event 4
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P(4)
86 thyc thude khoang dong [0, 1] dwoc én dinh cho
mét bién cé (2.2).

Vi DY Tiép theo vi du 2 cba 2.1, ¢6 thé tim dugc xac
suét ctia mdt bién cb bing cach cong cac xac suht
clia tat ca cac két qua cau thanh bién cb d6. Néu tat
c4 45 két qua co cling mot xac sudt thi méi két qua sé
o xac sudt 1a 1/45. Xac suét cla bién cb cé thé tim
dugc bang cach dém sé két qua rdi chia cho 45.

CHU THICH 1: D6 do xac sudt (2.70) gan céac sb
thyc cho moi bién ¢b trong khdng gian méu.Viéc gan
béi a6 do xac sudt mot bién cb don 1& cung clp xac
suét ciia bién cb do. Noi cach khac, 4§ do xac sudt 1ap
ra tdp hop hoan chinh cac gia tri &n dinh cho tit ca
céc bién cd, trong khi xac suét dai dién cho mét &n
djnh cy thé cho mét bidn cb riéng 16.

CHU THICH 2: Binh nghia nay d& cap dén xac suét
nhur 1a xdc suét cia mat bién cd cy thé. Xac suédt co
thé lién quan dén tan sudt xult hign trong mot thoi
gian dai hodc mic @3 tin twdng vao kha nang xuét
hién bién c¢b. Théng thuing, xac sudt cia bién cb 4
dugc biéu thi bing P(4). Ky hidu g»(4) sir dung chir
4 duge dung trong trrdng hgp c6 nhu cdu xem xét
rd rang sy chinh théng clia khong gian xac suit
(2.68).
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Xac suat coé didu kién

P(4|B)

Xac sudt (2.5) cUa phan giao nhau gira bién ¢b A
va B chia cho xac suét cua B.

ViDU 1: Tiép theo vi dy 1 cla 2.1, xét bién cb (2.2) 4
x&c dinh 13 {pin hoat dgng trong it nhét 1a ba gid}, A
[3. ®). Bién c6 B duwgc xac dinh 1a {pin hoat ddng
ngay tir dau}, 1a (0, ). Xac suét c6 didu kién clia A
cho treéc 8 tinh dén vige xtr Iy trwdrng hop pin hoat
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P(A)
real number in the closed interval [0, 1] assigned to
anevent (2.2)

EXAMPLE Continuing with Example 2 of 2.1,
the probability for an event can be found by adding
the probabilities for all outcomes constituling the
event. If all the 45 outcomes have the same
probability, each of them will have the probability
1/45. The probability of an event can be found by
counting the number of ocutcomes and dividing this
number by 45,

NOTE 1 Probability measure (2.70)
assignment of real numbers for every event of

provides

interest in the sample space. Taking an individual
event, the assignment by the probability measure
gives the probability associated with the event. In
other words, probability measure yields the complete
set of assignments for all of the events, whereas
probability represents one specific assignment for an
individual event.

NOTE 2 This definition refers to probability as
probability of a specific event. Probability can be
related
occurrences or lo a degree of belief in the likely

to a long-run relative frequency of
occurrence of an eveni. Typically, the probability of
an event A is denoted by P{4). The notation £ (4)
using the script letter s is used in contexts where
there is the need to explicitly consider the formality of

a probability space (2.68).
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conditional probability

P(A|B)

probability (2.5) of the intersection of 4 and B
divided by the probability of B

EXAMPLE 1 Continuing the battery Example 1 of
2.1, consider the event (2.2) 4 defined as {the battery
survives at least three hours}, namely [3, «). Let the
event B be defined as {the battery functioned
initially}, namely (0, =). The conditional probability of



dong tir ban dau.

Vi DU 2: Tiép theo vi dy 2 cia 2.1, néu 13 lya chon
khéng hoan lai, xac sudt chon dién trér 2 trong 14n lay
mAu thir hai 14 bing khong ndu biét treéc nd da dugc
chon trong I1an 14y mAu thir nhat. Néu cac xac suét di
véi moi dién tré duge chon la bing nhau thi xac suét
chon dién trér 2 trong I4n 14y mAu thir hai bang 0,111 1
néu biét trudc nd khéng dugc chon trong I14n 1dy miu
thir nhét.

Vi DY 3: Tiép tuc voi vi dy 2 clia 2.1, néu la Iya chen
¢6 hoan lai va cac xac suét bang nhau déi véi tit ca
cac dién tré dugc chon trong méi 14n ldy mau thi xac
suét chon dién trd 2 trong 14n 14y the hat s& 13 0,1
hoac la dign tré 2 ¢a dugc chon trong lan d4u hoac 1a
khéng dugc chon trong l1An ddu. Vi vay cac két qua
clia 1an 1dy mdu thir nhét va thir hai Ja cac bién cb doc
lap.

CHU THICH 1: Xac suét cta bién cé 8 can phai lon
hon khdng.

CHU THICH 2: “4 cho truéc B” ¢6 thé néu ddy ad hon
la “bién cb A cho truéc bién cb B da xdy ra”. Vach
thing dirng trong ky hiéu déi vori xac sudt cb didu kién
doc la “cho truedc”.

CHU THICH 3: Néu xac suét c6 diéu kign cla bién
cb A cho truére bién cb B xay ra bing xac suét xdy ra
bién cb 4, thi khi d6 bién cb 4 va B 13 doc 18p. Noi
céch khac, viéc biét dwgc sy xuét hién clia B khong
anh hwéng dén xac suét cla 4.

2.7

Ham phan bé cua bién ngdu nhién X

F(x)

Ham sb cla x cho biét xae suét (2.5) cla bién cb
(2.2) (~00, x].

CHU THICH 1: Khoang (-w, x] 14 tp hop tit ca cac
gia trj nhd hon va bao gbém ca x.

CHU THICH 2: Ham phan bé mé ta toan bd phan bé

TCVN 8244-1:2010

A given B takes into account that one is dealing with
the initially functional batteries.

EXAMPLE 2 Continuing with Example 2 of 2.1, if
the selection is without replacement, the probability of
selecting resistor 2 in the second draw is equal to
zero given that it has been selected in the first draw.
If the probabilities are equal for all resistors to be
selected, the probability for selecting resistor 2 in
the second draw equals 0,111 1 given that it has
not been selected in the first draw.

EXAMPLE 3 Continuing with Example 2 of 2.1, if
the selection is done with replacement and the
probabilities are the same for all resistors to be
selected within each draw, then the probability of
selecting resistor 2 in the second draw will be 0,1
either if resistor 2 has been selected in the first draw
or if it is not selected in the first draw. Thus the
outcomes of the first and the second draw are
independent events.

NOTE 1 The probability of the event B is required to
be greater than zero.

NOTE 2 "4 given B” can be stated more fully as "the
event 4 given the event B has occurred”. The vertical
bar in the symbol for conditional
pronounced “given”.

probability is

NOTE 3 If the conditional probability of the event A
given that the event B occurred is equal to the
probability of A4 occurring, the events 4 and B are
In other words, the knowledge of
occurrence of B suggests no adjustment to the
probability of A.

independent.

2.7

distribution function of a random variable X
Fx)

function of x giving the probability (2.5) of the
event (2.2) (-o0, x}

NOTE 1 The interval (-0, x] is the set of all values
up to and including x.

NOTE 2 The distribution function completely
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xac sudt (2.11) cua bién ngdu nhién (2.10). Phan
loai phan bé ciing nhw phan loai bién ngdu nhién
thanh cac lop réi rac hodc lién tuc déu dua trén phan
loai ham phan bb.

CHU THICH 3: Vi bién ngdu nhién 14y gia tr 1a cac sé
thye hodc bd co thir ty cla k s6 thyc, ham y trong
dinh nghia nay 14 x cling 1a mét sé thyc hodc bd co
thir ty cla k $6 thrc. Ham phan bd déi véi phan bb
nhidu chidu (2.17) cho biét xac suit (2.5) ma mdi
bién ngdu nhién don clia phan b nhidu chiu nhod
hon ho3c béng gia tri quy djnh. Vé ky hiéu, ham phén

bd nhidu chidu dugc cho boi Flxy, Xz, ..., X2) = PX; S

x1 X2 S x3, .., Xy Sx,. Ham phén bd clng 13 ham
khéng gidm. Tredng hgp mét chidu, ham phan bd
duge cho bai F(x) = PIX s x], dua ra xac suét cla

bién cd 14 bién ngau nhién X ldy cac gia tri nhé hon
hoac bang x.

CHU THICH 4: Thong thwang, ham phan bd dugc
chia thanh: ham phan bé réi rac (2.22) va ham phan
b6 lién tuc (2.23) nhing cing ¢6 cac kha nang khac.
Tré 1gi vi dy vé pin & 2.1, ham phan b c6 thé nhu
sau:

0 néux<0
F(x)= 0.1 I'Iéu x= 0
néux>0

0,1+0,9[1 - exp(—x)]

T quy dinh v& ham phan bd nay, tudi th cla pin 1a
khéng am. C6 10 % co hdi pin khéng hoat déng ngay
tir 14n dAu. Néu trén thyc té ban du pin khdng hoat
do6ng thl tudi tho clia pin co phan bd mii (2.58) véi
tudi tho trung binh 12 1 h.

CHU THICH 5: Chtr viét tét cdf (ham phan bé tich luy)
thuérng dugc ding cho ham phén bb.
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describes the probability distribution (2.11) of the
(2.10). Classifications  of
distributions as well as classifications of random

random variable
variables into discrete or continuous classes are
based on classifications of distribution functions.

NOTE 3 Since random variables take values that
are real numbers or ordered k-tuples of real numbers,
it is implicit in the definition that x is also a real
number or an ordered k-tuple of real numbers. The
distribution function for a multivariate distribution
(2.17) gives the probability (2.5) that each of the
random variables of the multivariate distribution is
less than or equal to a specified value. Notationally, a
multivariate distribution function is given by F(xy, xa,

o X)) = Py S x4, X2 S X2 .., Xp Sx,]. Also, a

distribution function is non-decreasing. In a

univariate setting, the distribution function is given
by F(x) = PlX S x], which gives the probability of the

event that the random variable X takes on a value
less than or equal to x.

NOTE 4 Commonly, distribution functions are
classified into discrete distribution (2.22) functions
and continuous distribution (2.23) functions but
there are other possibilities. Recalling the battery
example of 2.1, one possible distribution function is,

as follows:
0 "X{O
F(X)= 0.1 ifx=0
ifx>0

10,1+ 0,9[1 - exp(-x)]

From this specification of the distribution function,
battery life is a 10%
chance that the battery does not function on the
initial attempt. If the battery does in fact function
initially, then its battery life has an exponential
distribution (2.58) with mean life of 1 h.

is non-negative, There

NOTE 5 Often the abbreviation cdf (cumulative
distribution function) is given for distribution function.
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Ho phan bd
Tap hop cac phan bd xac suat (2.11).

CHU THICH 1: Tap hop cac phdn bd xac sudt
thuérng degc xac dinh bdi tham sé (2.9) cua phan bd
XAac sut.

CHU THICH 2: Trung binh (2.35) va/hodc phwong
sai (2.36) clia phan bé xéc suét thudng dugce ding
nhuw chi sé clia hg phan bé ho3c bd phan cia chi sb
trong tnrrng hop cn nhidu hon hai tham sé dé xac
dinh ho phan bb. Trong céc tredng hop khéc, trung
binh va phurong sai khéng nhét thiét phai 1a cac tham
sd rd rang trong he phan bé ma dang hon 1a ham cia
cac tham sé.

2.9
Tham sé
Chi sé cta ho phan bb (2.8).

CHU THICH 1: Tham sb c6 thé 12 mot chidu hodc
nhidu chidu.

CHU THICH 2: Tham sé dbi khi duoc goi la tham sb
dinh vj, dac biét néu tham sé tvong (rng tryc tidp voi
trung binh clia h phan bd. Mot s6 tham sé duge md
ta nhie tham sé thang do, dic biét néu chung chinh |3
hoac ty 1& v&i @6 léch chuidn (2.37) cla phan bé,
Cac tham sé khang phai 13 tham sé dinh vj ciing
khong phai 1a tham sé thang do thwang duge goi 1a
tham sé dinh dang.

210

Bién ngiu nhién

Ham xac dinh trén khéng gian mau (2.1) trong d6
cac gia tri cia ham nay 1a bd c6 thir ty cla k sb
thyc.

Vi DY: Tiép theo vi dy vé& pin trong 2.1, khéng gian
mau gbm cac bién cb dugc mo ta bang Idi (pin héng
ngay 14n diu tién, ban diu pin hoat ddéng nhung sau
d6 hong & x gitr). Cac bién cé nhu vay khé gidi quyét
béing toan hoc, do 6 phai kém theo mébi bién cé thai
gian tai do pin héng (cho bing sé thyc). Néu bién

TCVN 8244-1:2010

family of distributions
set of probability distributions (2.11)

NOTE1 The set of probability distributions is
often indexed by a parameter (2.9) of the probability
distribution.

NOTE2 Often the mean (2.35) andlor the
variance (2.36) of the probability distribution is used
as the index of the family of distributions or as part
of the index in cases where more than two
parameters are needed to index the family of
distributions. On other occasions, the mean and
variance are not necessarily explicit parameters
in the family of distributions but rather a function of

the parameters.

2.9
parameter
index of a family of distributions (2.8)

NOTE 1 The parameter may be one-dimensional
or multi-dimensional.

NOTE 2 Parameters are sometimes referred to
as location parameters, particularly if the parameter
corresponds directly to the mean of the family of
distributions. Some parameters are described as
scale parameters, particularly if they are exactly or
proportional to the standard deviation (2.37) of the
distribution. Parameters that are neither location nor
scale parameters are generally referred to as shape
parameters.
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random variable

function defined on a sample space (2.1) where
the values of the function are ordered -tuplets of
real numbers

EXAMPLE Continuing the battery example
introduced in 2.1, the sample space consists of
events which are described in words (battery fails
upon initial attempt, battery works initially but then
fails at x hours). Such events are awkward to work
with mathematically, so it is natural to associate with

55



TCVN 8244-1:2010

ngau nhién 4y gia tr 0, thi ta co thé thay ring két qua
nay tuong Ung véi sy ¢ xdy ra ngay tir dau. Déi véi
gia tri cia bién ngdu nhién Ién hon khdng, cb thé hidu
la ban dau pin hoat d6ng va sau do hong & gia trj cu
thé nay. Bidu didn cua bién ngdu nhién cho phép tra
&7 céu héi: “xac sudt pin co tudi tho vugt qua thdi gian
bdo hanh ciia né, nghta Ia 6 h, 12 bao nhiéu?".

CHU THICR 1: Vi dy vé& bd k co thir ty 13 (x1, x2, ...,
x:). Néi cach khac, bd ¢b thi b & 1a vecto k chidu
(vecto hang hoac cdt).

CHU THICH 2. Théng thwong, bién ngdu nhién co
sb chiéu bidu thj bang k. Néu & = 1 thi bién ngéu nhién
duoc goi 1a mét chidu hodc mot bién. Déi voi &k > 1,
bién ngdu nhién dwoc goi 1a nhigu chidu. Trén thyc té,
khi sé chidu 12 mét sb cho truée, &, bién nglu nhién
duoc goi 14 k chidu,

CHU THICH 3: Bién nglu nhién mdt chiéu la ham gia
tri thye xac dinh theo khong gian miu (2.1) la bd
phan cla khéng glan xac sudt (2.68).

CHU THICH 4: Bién ngau nhién cé gia trj thyc duoc
cho nhtr cac cap thir ty dugc goi 13 hai chidu. Dinh
nghia nay mé rdng khai niém cap thir ty sang bd & ¢
thir ty.

CHU THICH 5: Thanh phan thi j cla bién ngdu
nhién k-chiéu la bién ngdu nhién tuong (ng voi
thanh phdn th(r j duy nhét cia b . Thanh phan thir
/ cta bién ngdu nhién & chiéu tvong (ng voi khong
gian xac suét trong d6 blén cd (2.2) chi dugc xac
dinh vé gia trj clia thanh phan dugc xét.
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Phan bo xac suét

Phin bé

Do do xac suat (2.70) dugc xac dinh bai mot bién
ngéu nhién (2.10).

Vi DUY: Tiép theo vi dy vé pin & 2.1, phan bd tubi the
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each event, the time (given as a real number) at
which the battery fails. If the random variable takes
the value 0, then one would recognize that this
outcome corresponds to an initial failure. For a value
of the random variable greater than zero, it would be
understood that the batiery initially worked and
then subsequently failed at this specific value. The
random variable representation allows one to answer
questions such as, "what is the probability that the
battery exceeds its warranty life, i.e. 6 h?".

NOTE 1 An example of an ordered k-tuplet is (xy, x2,
..., xz). An aordered k-tuplet is, in other words, a vector
in k dimensions (either a row or column vector).

NOTE 2 Typically, the
dimension denoted by 4. If k = 1, the random variable

random variable has

is said to be one-dimensional or univariate. For k> 1,
the random variable is said to be multi-dimensional.
In practice, when the dimension is a given number, &,
the random variable is said to be k-dimensional.

NOTE 3 A one-dimensional random variable is a
real-valued function defined on the sample space
(2.1) that is part of a probability space (2.68).

NOTE 4 A random varable with real values given
as ordered pairs is said to be two-dimensional. The
definition extends the ordered pair concept to ordered
k-tuplets.

NOTES The ;" component of a k-dimensional

random variable is the random variable
corresponding to only the j" component of the -
tuplet. The /" component of a k-dimensional random
variable corresponds {o a probability space where
events (2.2) are determined only in terms of values

of the component considered.

2.1

probability distribution

distribution

probability measure (2.70) induced by a random
variable (2.10)

EXAMPLE Continuing with the battery example from



clia pin md ta hoan toan cac xac suét xudt hién cac
gia trj cy thé. Khéng bidt chic thei gian héng cda pin
sé la bao nhiéu clng nhu khong biét (trwéc thi
nghiém) viéc pin cé hoat déng ngay t ban ddu hay
khéng. Phan bé xac sudt md ta hodn toan tinh chét
xac sult cia mét két qua khdng chic chén. Trong
Cha thich 2 cia 2.7, dua ra mdt kha nang bidu dién
phan bd xac suét, goi 1a ham phan bé.

CHU THICH 1: C6 nhidu cach biéu dién toan hoc
tvang duong cho phan bé bao gém ham phin bd
(2.7), ham mét dj xac suét (2.27), néu cb, va ham
déc trwng. V&i cac mire dd khd khac nhau, cac cach
biéu di&n nay cho phép xac dinh xac suét tai d6 bién
ngau nhién ldy gia trj trong ving 63 cho.

CHU THICH 2: Vi bién ngiu nhién 1a ham sb tir cac
14p hop con cia khdng gian miu Ién dudng thing
thyc nén, chdng han, xac suét cla bién nglu nhién
nhan gié trj thyc bét ky 1a 1. B&i véi vi dy vé pin, PLX

2 0] = 1. Trong nhiéu trwémg hgp, néu xi Iy trpc tiép

bién ngdu nhién va mdt trong cac cach thd hién cua
n6 s& d& dang hon nhidu so véi viée lién hé dén do do
xac sudt. Tuy nhién, khi chuydn ddi tir cach thé hign
nay sang cach thé hién khac, d6 do xac suét dam bao
duoc tinh nhat quan.

CHU THICH 3: Bién ngu nhign c6 mét thanh phin
dugce goi 12 phan bd xac sust mét chidqu hodc don
bién. Néu bién ngau nhién cé hai thanh phén, thi d6
la phan bé xac suét hai chidu hodc hai bién, con néu
¢6 nhiéu hon hai thanh phén thi ta néi ring bién
ngau nhién co phan bd xac suat nhidu chitu hodc da
bién,

212

Ky vong

Tich phan cla ham cia bién ngiu nhién (2.10)
theo d9 do xac suét (2.70) |4y trén toan bd khong
gian mau (2.1).

TCVN 8244-1:2010

2.1, the distribution of battery life completely
describes the probabilities with  which  specific
values occur. It is not known with certainty what
the failure time of a given battery will be nor is it
known (prior to testing) if the battery will even
function upon the initial attempt. The probability
distribution completely describes the probabilistic
nature of an uncertain outcome. In Note 4 of 2.7, one
possible representation of the probability distribution
was given, namely a distribution function.

NOTE 1 There are equivalent
mathematical representations of a distribution
including distribution function (2.7), probability
density function (2.27), if it exists, and characteristic
levels of difficuity, these
representations allow for determining the probability

numerous,

function. With varying

with which a random variable takes values in a given
region.

NOTE 2 Since a random variable is a function on
subsets of the sample space to the real line, it is the
case, for example, that the probability that a random
For the

variable takes on any real value is 1.

battery example, P{X 20] = 1. In many situations, it is

much easier to deal directly with the random variable
and one of its representations than to be concerned
with the underlying probability measure. However, in
converting from one representation to another, the
probability measure ensures the consistency.

NOTE 3 A random variable with a single component
is called a one-dimensional or univariate probability
distribution. If a random variable has two components,
one speaks about a two-dimensional or bivarate
probability distribution, and with more than two
components, the random variable has a

multidimensional or multivariate probability distribution.
212

expectation

integral of a function of a random variable (2.10)
with respect to a probability measure (2.70) over

the sample space (2.1)
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CHU THICH 1: Ky vong cia ham g cla bién ngiu
nhién X duoc bidu thi bing £[g(X)] va dugc tinh bing:

Eg(X)] = [ g(X)dP = [g(x)dF(x)
ol R

trong dé F(x) la ham phén bé tuong (ng.

CHUTHICH 2: "E" trong Elg(Y)] idy t&r “gia tri ky
vong” hodc “ky vong" ctia bién ngau nhién X. £ cé thé
duoc coi nhw mdt toan tr hodc ham sb chidu bién
ngau nhién 1&n dwerng thang thuc theo cdng thie trén,

CHU THICH 3: C6 hai tich phan dugc cho déi véi
Elg(X)). Tich phan diu tién 14y trén khodng gian miu
chi cé nghta vé khai niém chir khdng dung trong thye
tién. Tich phan thr hai mé ta viée tinh toan khong gian
R*, duge quan tam nhiu hon trong thipc tidn,

CHU THICH 4: Trong nhiéu trveng hop, tich phan néi
trén rUt gon v& dang nhan biét dwgc tir phép tinh. Cac
vi du dwge cho trong chi thich clla moment bic r
(2.34) trong dé g(x) = x", trung binh (2.35) trong dé
g(x) = x v& phwong sai (2.36) trong do g(x) = [x -
EQOR.

CHU THICH 5: Dinh nghfa nay khdng gi&i han & tich
phan mot chidqu nhwr cac vi du va chu thich trudc. DI
véi triedng hep sb chidu 1én hon, xem 2.43,

CHU THICH 6: Béi v&i bién nglu nhién réd rac
(2.28), tich phén thir hai trong cha thich 1 dwoc thay
béng ky hiéu tdng. Cac vi du duorc cho trong 2.35.

2.13

p-phan vi

p-fractile

Xp. xp

Gi4 trj cUa x bang c4n dwdi cla tt ca cac x sao cho

ham phan bd (2.7) F(x) I&n hon hodc bing p, ddi
voiD<p<1.
Vi DY 1: Xét phan bd nhj thirc (2.46) c6 ham khdi

lvgng xac suét cho trong Bang 2. Tap hop cac gia tr
nay rng v&i phan bé nhi thire ¢ tham sé n=6Gvap=
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NOTE 1 The expectation of the function g of a
random variable X is denoted by E[g(X)] and is
computed as:

E[g(X0)]= [ g(X)dP = [g(x)dF(x)
Q Rt

where F(x) is the corresponding distribution function.

NOTE2 The “E" in E[g(X)] comes from the
“expected value” or “expectation” of the random
variable X. £ can be viewed as an operator or
function that maps a random variable to the real line
according to the above calculation.

NOTE 3 Two integrals are given for E{g(X)]. The
first treats the integration over the sample space
which is conceptually appealing but not of practical
use. The second integral depicts the calculation over
the R*, which is of greater practical interest.

NOTE 4 In many cases of practical interest, the
above integral reduces to a form recognizable from
calculus. Examples are given in the notes to moment
of order r (2.34) where g(x) = x", mean (2.35) where
2(x) = x and variance (2.36) where g{x)} = [x - E(X))2.

NOTES The definition
one- dimensional integrals as the previous examples
and notes might suggest. For higher dimensional
situations, see 2.43.

is not restricted to

NOTE 6 For a discrete random variable (2.28),
the second integral in Note 1 is replaced by the
summation symbol. Examples can be found in 2.35.
213

p-quantile

p=fractile

Xp. Xp

value of x equal to the infimum of all x such that the
distribution function (2.7) F{x) is greater than or
equaltop, for0<p<1

EXAMPLE 1 Consider distribution
(2.46) with probability mass function given in Table 2.

a binomial

This set of wvalues corresponds to a binomial



0,3. Déi véi trwdng hop ndy, mét sb p-phan vi dugce
chon 1a:

TCVN 8244-1:2010

distribution with parameters » = 6 and p = 0,3. For this
case, some selected p-quantiles are:

Xo1 = 0
X025 = 1
Xos5 = 2
X075 =3
xog0 =3
X095 = 4

Xpgg = 5

x01=0
x02s = 1
Xo5=2
Xo075=3
x090 = 3
Xpas = 4

Xpga = 5

Xpg9s = 5
Tinh roi rac clia phan bb nhi thive din dén cac gia
trj tich phan chGa céac p-phan vi.

X099 =5
The discreteness of the binomial distribution leads
to integral values of the p-quantiles,

Bang 2 - Vi dy vé& phan bd nhj thirc

Table 2 - Binomial distribution example

X PlX=x] PlX < x] PLX>x] X PIX=1x] PlX s x] PlX>x]

0 0,117 649 | 0,117 649 | 0,882 351 0 0,117 649 | 0,117 649 | 0,882 351
1 0,302 526 | 0,420175 | 0,579 825 1 0,302526 | 0,420175 | 0,579 825
2 0,324 135 | 0,744 310 | 0,255 690 2 0,324 135 0,744 310 | 0,255 6590
3 0,185220 | 0929530 | 0,070470 3 0,185 220 | 0,929 530 | 0,070 470
4 0,059535 | 0,989 065 | 0,010935 4 0,059 535 0,989 065 | 0,010935
5 0,010206 | 0,999 271 | 0,000 729 5 0,010 206 0,999 271 | 0,000 729
6 0,000729 | 1,000 000 | 0,000 000 6 0,000729 | 1,000 000 | 0,000 000

vl DY 2: Xét mét phan bd chuidn chuin héa (2.51) EXAMPLE 2 Consider a standardized normal

cb cac gia tri dwgc chon tir ham phéan bd cho trong
Bang 3. Mgt s6 p-phén vi dugc chon la;

Bang 3 - Vi dy vé phan bé chuin chuin héa

distribution (2.51) with selected values from its
distribution function given in Table 3. Some selected p-
quantiles are:

p xsaocho P[X<x]=p Table 3 — Standardized normal distribution example

0,1 -1,282 P xsuchthat PlXsxj=p
0,25 -0,674 0,1 -1,282
0,5 0,000 0,25 -0,674
0,75 0,674 0.5 0,000
0,841 344 75 1,000 0,75 0,674
0.9 1,282 0,841344 75 1,000
0,35 1,645 0.9 1,282
0,975 1,960 0.5 1645
0.99 2326 0,975 1,960
0,995 2576 25 2,326
0,999 3.000 0,995 2,576

- 0,999 3,080
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Vi phan b clia X1a lién tyc nén tiu dé cia cbt thir hai
cling co thé 1a: x sao cho PLY <x] = p.

CHU THICH 1: Dé&i v&i phén bé lién tuc (2.23), néu p
1& 0,5 thi 0,5-phan vj &ng v&i trung vi (2.14). Bbi véip
bang 0,25, 0,25-phan vj dugc coi 13 tir phan vi duwdi.
Déi voi phan bé lién tyc, 25 % cla phan bd thdp hon
0,25 phén vj trong khi 75 % 14 cao hon 0,25 phan vj.
Bdi véi p bang 0,75, 0,75-phan vi dwrgc coi fa tir phan
vj trén.

CHU THICH 2: Néi chung, 100 p % phan bé Ia thép
hon p-phan vi; 100(1 = p) % phan bd cao hon p-phéan
vi. Viéc xac djnh trung vj gap khd khan dbi véi cac
phan bd rdi rac vi ¢6 thé phdi thao luan vi cén ¢o
nhidu gi4 trj thda man dinh nghta.

CHU THICH 3: Néu Flién tyc va tang ngat thi p-phan
vi la &1 gidi cho F(x) = p. Trong trudng hop nay, tir
“can du6i” trong dinh nghia c6 thé thay bang “toi
thidu",

CHU THICH 4: Néu ham phan bb 14 hing sé va bang
p trong mdt khoang thl tAt cé cac gia trj trong khoang
dé 1a p-phan vi d6i véi F.

CHU THICH 5: p-phan vj dwgc xac dinh cho céc
phén bé mét chiéu (2.16).

2.14
Trung vj
0,5-phan vj (2.13).

VI DY: Déi véi vi dy vé pin & cho thich 4 trong 2.7,
trung vi 13 0,587 8, 1a 1&i gidi cho x trong 0,1 +
0.9[1-exp(—x)] = 0,5.

CHU THICH 1: Trung vj 1a mét trong cac p-phan vj
(2.13) dwoc 4p dung phd bién nhét trong (rng dyng
thye té. Trung vj cia mot phan bé mét chidu (2.16)
lién tyc 14 gia trj sao cho mét nira cha tdng the (1.1)
I6n hon hodc bing trung vi va mét niva clia tdng thé
nho hon hodc bing trung vi.

CHU THICH 2: Trung vi dwoc xac dinh cho cac
phén bé mgt chidu (2.16).
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Since the distribution of X is continuous, the second
column heading could alsobe: x such that PlX < x] = p.

NOTE 1 For continuous distributions (2.23), if pis
0,5 then the 0,5-quantile corresponds to the median
(2.14). For p equal to 0,25, the 0,25-quantile is known
as the lower quartile. For continuous distributions,
25 % of the distribution is below the 0,25 quantile
while 75 % is above the 0,25 quantile. For p equal to
0.75, the 0,75-quantile is known as the upper quartile.

NOTE 2 In general, 100 p % of a distribution is
below the p-quantile; 100(1- p) % of a distribution is
above the p-quantile. There is a difficulty in defining
the median for discrete distributions since it could
be argued to have multiple values satisfying the
definition.

NOTE 3 If Fis continuous and strictly increasing, the
p-quantile is the solution to F(x) = p. In this case, the
word “infimum” in the definition could be replaced by
“minimum”.

NOTE 4
equal to p in an interval, then all values in that

If the distribution function is constant and

interval are p-quantiles for F.

NOTE 5 p-quanties are defined for univariate
distributions (2.16).
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median
0,5-quantile (2.13)

EXAMPLE For the battery example of Note 4 in 2.7,
is 0,587 8, which
for x in0,1+ 0,9(1-exp(-x)] = 0,5

the median is the solution

NOTE 1 The median is one of the most commonly
applied p-quantiles (2.13) in practical use. The
median of a continuous univariate distribution
(2.16) is such that half of the population (1.1) is
greater than or equal to the median and haif of the
population is less than or equal to the median.

NOTE 2 Medians are
distributions (2.16).

defined for univariate



215
Tir phén vi
0,25-phan vj (2.13) hoac 0,75-phén vi.

Vi DU: Tiép theo vi dy vé pin & 2.14, c6 thé thiy ring
0,25-phan vj 1a 0,182 3 va 0,75-phan vi la 1,280 9.

CHU THICH 1: 0,25 ph&n vj cing duoc coi la tir phan
vi dwéi, trong khi 0,75 phan vi cling dugc goi la tiv
phén vj trén.

CHU THICH 2. T& phéan vi dugc xac dinh cho cac
phan bd mot chiéu (2.16).

2.16

Phan bb xic suat don bién

Phan b6 mét chiéu

Phan bé xac suit {2.11) clia mot bién ngau nhién
(2.10),

CHU THICH: Phan bd xac suat don bién 1a mot
chidu. Phan bé nhi thiec (2.46), Poisson (2.47),
phan b6 chudn (2.50), phan bd gamma (2.56),
phéan béd ((2.53), phian bdé Weibull (2.63) va phan
bé beta (2.59) 12 vi dy clia phan bd xac suit mot
chiéu.

247

Phan bd xac suit da bién

Phan bd nhiéu chiéu

Phin bd xac suat (2.11) cla hai hay nhiéu bién
ngiu nhién (2.10),

CHU THICH 1: Vi tredng herp phan bé mét chigu phd
bién hon nén khi khéng c¢6 quy dinh nao khac thi
thwérng gid dinh |4 phan bd mot chidu.

CHU THICH 2: Phan bd nhiéu chiéu d6i khi dugc goi
14 phan bd déng thei.

CHU THICH 3: Phan bd da thirc (2.45), phdn bd
chuin hai chidu (2.65) va phan bdé chuin da bién
(2.64) 1a cac vi dy clia phan bd xac suét da bién
dugc dé cap trong tiéu chuén nay.
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quartile
0,25-quantile (2.13) or 0,75-quantile

EXAMPLE Continuing with the battery example of
2.14, it can be shown that the 0,25-quantile is 0,182 3
and the 0,75-quantile is 1,280 9,

NOTE 1 The 0,25 quantile is also known as the
lower quartile, while the 0,75 quantile is also
known as the upper quartile.

NOTE 2 Quartiles are
distributions (2.16).

defined for univariate

2.16

univariate probability distribution

univariate distribution

probability distribution (2.11) of a single random
variable (2.10)

NOTE Univariate probability distributions are
one-dimensional. The binomial (2.46), Polsson
(2.47), normal (2.50), gamma (2.56), ¢ (2.53),
Weibull (2.63) and beta (2.59) distributions are
examples of univariate probability distributions.
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multivariate probability distribution
multivariate distribution

probability distribution (2.11) of two or more
random variables (2.10)

NOTE 1 Since
preponderance,

distribution is in
it is customary to presume a

univariate

univariate situation unless otherwise stated.

NOTE 2 The multivariate distribution is sometimes
referred to as the joint distribution.

NOTE3 The multinomial
bivariate normal

distribution (2.45),
(2.65) and the
distribution (2.64) are
examples of multivariate probability distributions
covered in this part of 1ISO 3534.

distribution
multivariate normal
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2.18

Phén bd xac suat bign duyén

Phan bé bién duyén

Phan bd xac suat (2.11) cla mot tap hop con
thuc sy, khéng réng gdm cac thanh phin cia mét
bién ngau nhién (2.10).

Vi DY 1: B6i véi mét phan bé c6 ba bién ngdu nhién
X, Y va Z, s& co ba phan bd bién duyén voi hai bién
ngdu nhién, d6 14 (X, 1), (X. Z) va (Y. Z) va ba phan bd
bign duyén c6 mét bién ngiu nhiénla X, Yva Z

VI DU 2: Béi voi phan b chuidn hai chidu (2.65)
clia cap bién (¥, ¥), phan bd cla tirng bién Xva ¥ xét
riéng ré la cac phan bb bién duyén va déu Ja phan bd
chuin (2.50).

Vi DY 3: Béi voi phan bd da thire {2.45), phan bb
clia (X1, X2) 14 phan b bign duyén k> 3. Phan b cua
Xi, Xa ... X, rigng ré ciing la cac phan bd bién
duyén. Cac phan bd bién duyén nay ddu 1a phan bé
nhi thire (2.46).

CHU THICH 1: Béi v&i phan bb ddng thai & chidu,
mét vi dy vé phan bd bién duyén bao gdm phan bd
xac sudt clia mét 1ap con gdm k, < k bién nglu nhien.

CHU THICH 2: Cho mdt phan bd xac suit nhidu
chidu (2.17) lién tuc (2.23) biéu dién bdi ham mét
d9 xac suét (2.26), ham mat do xac suét cla phan
bb xac suét bién duyén dwgc xac dinh bang tich phan
ham mat d¢ x4c sult trong pham vi cac bién khdng
dugc xét trong phan bé bign duyén,

CHU THICH 3: Cho mét phan bé xac suét nhidu
chidu réi rac (2.22) bidu dién bdi ham khéi lvgng
xac suét (2.24), ham khdi lwong xac sudt cia phan
bd xac suét bién duyén dwoc xac dinh bing tdng
ham khdi lrgng xac suét trong pham vi cac bién
khdng dwoc xét trong phan bé bién duyén,
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marginal probability distribution

marginal distribution

probability distribution (2.11) of a non-empty,
strict subset of the components of a random
variabie (2.10)

EXAMPLE 1 For a distribution with three random
variables X, ¥ and Z there are three marginal
distributions with two random variables, namely for
X 0, (X 2) and (Y. 2) and three marginal
distributions with a single random variable, namely for
X Yand Z

EXAMPLE 2 For the bivariate normal distribution
(2.65) of the pair of variables (.X,Y), the distribution of
each of the variables X and Y considered separately
are marginal distributions, which are both normal
distributions (2.50).

EXAMPLE 3 For the multinomial distribution
(2.45), the distribution of (X,, X3) is a marginal
distribution if £ > 3. The distributions of Xj, X3, ...,
X, separately are also marginal distributions.
These marginal distributions are each binomial

distributions (2.46).

NOTE1 For a joint distribution in k dimensions,
one example of a marginal distribution includes the
probability distribution of a subset of k, < k random

variables.

NOTE 2 Given a continuous (2.23) multivariate
probability distribution (2.17) represented by ils
probability density function (2.26), the probability
density function of its marginal probability distribution
is determined by integrating the probability density
function over the domain of the variables that are not
considered in the marginal distribution.

NOTE 3 Given a discrete (2.22) multivariate
probability distribution represented by its probability
mass function (2.24), the probability mass function
of its marginal probability distribution is determined by

summing the probability mass function over the
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Phén bé xac suét cé diéu kién

Phan bd cé didu kién

Phan bé xic suit (2.11) gi&i han trong tap con
khéng réng cla khéng gian miu (2.1) va diéu
chinh dé cé xac suat clia toan bd khéng gian mau
gi&i han.

vi DY 1: Trong vi dy pin & 2.7, cha thich 4, phan bé
6 didu kién cla tudi tho pin dya vao ham pin ban dau
12 ham mi (2.58).

vi DY 2: Déi voi phan bd chuldn hal chidu (2.65),
phan bé xac sult ¢co diéu kién cla Ycho trwdc X =x
phan 4nh tac dong dén ¥ khi biét X,

Vi DY 3: Xét bién ngdu nhién X mé ta phan bé clia phi
tdn bao hiém hang nam & Florida do cac bién ¢b bao
dwgc céng bé. Phan b nay cd xac suét khac khang la
phi tn hang nam béng khéng do kha nang khéng cé
bao tac dong dén Florida trong mét ndm cho tnréec.
Phan bb ¢6 didu kien cla phi tdn trong nhirng nam
thuc té xay ra sy viéc ¢6 théd 1a méi quan tam.

CHU THICH 1: Nhur mét vi dy v& phan bd ¢6 hai bién
ngdu nhién Xva ¥, c6 cac phan bd cé didu kién déi vei
Xva phan bb cé didu kién déi véi Y. Phan bé cla X 1dy
diéu kién théng qua ¥ = y dwoe bidu thi la “phan béb cé
didu kién clia X chotrudc ¥ =)', trong khi phan bd
clia Y fay diéu kién X = x dwoc biéu thi “phan bb co
didu kién cia ¥ cho trudre X =x",

CHU THICH 2: Phan bé xac suét bién duyén (2.18)
¢4 thé coi nhw phén bé khéng diéu kién.

CHU THICH 3: Vi dy 1 & trén minh hoa truéng hep
phan bd mot chiéu duegc didu chinh thdng qua diéu
kién dé& cé duoc phan bd mot chidu khac, ma trong
tnrérng hop ndy 14 phan bd khac. Nguoc lai, dbi voi
phan bé ham mi, phan bd cé didu kién ma sy cb sé
xay ra trong gi& tiép theo, biét rng khéng co sy ¢b
nao xay ra trong vong 10 h d4u tién, Ia ham mi ¢6
cuing tham sé.
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domain of the varables that are not considered in the
marginal distribution.
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conditional probability distribution

conditional distribution

probability distribution {2.11) restricted to a non-

empty subset of the sample space (2.1) and
adjusted to have total probability one on the
restricted sample space

EXAMPLE 1 In the battery example of 2.7, Note 4,
the conditional distribution of battery life given that
the battery functions initially is exponential (2.58).

EXAMPLE 2 For the bivariate normal distribution
{2.65), the conditional probability distribution of ¥
given that X = x reflects the impact on Y from
knowledge of X.

EXAMPLE 3 Consider a variable X
depicting the distribution of annual insured loss costs
in Florida due to declared hurricane evenis. This
distribution would have a non-zero probability of zero

random

annual loss costs owing to the possibility that no
hurricane impacts Florida in a given year. Of possible
interest is the conditional distribution of loss costs
for those years in which an event aclually occurs.

NOTE 1 As an example for a distribution with two
random variables X and Y, there are conditional
distributions for X and conditional distributions for Y. A
distribution of X conditioned through ¥ = y is denoted
as “conditional distribution of X given Y =)", while
a distribution of ¥ conditioned by X = x is denoted
“conditional distribution of ¥ given X =x".

NOTE 2 Marginal probability distributions (2.18)
can be viewed as unconditional distributions.

NOTE 3 Example 1 above illustrates the situation
where a univariate distribution is adjusted through
conditioning to yield another univariate distribution,
which in this case is a different distribution. In
distribution, the
conditional distribution that a failure will occur within

contrast, for the exponential
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CHU THICH 4: Phan bd co diéu kién c6 thé phat sinh
ddi v&i cac phan bd rér rac nhét dinh trong d6 khdng
thé c6 cac két qua cy thé. Vi dy, phan bd Poisson ¢d
thé dung nhur mét md hinh déi véi sé bénh nhan ung
thu trong mot tdng thé gdm cac bénh nhan nhiém
bénh néu lay didu kién 1a duong tinh hoan toan (bénh
nhan u brréu khéng dugc dinh nghfa 14 nhiém bénh).

CHU THICH 5: Phan bb c6 didu kién phat sinh trong
ngw canh giéi han khong gian mau vé mat tap con
cy thé. i v&i (X, ¥) cb phan bd chuan hai chiéu
(2.65), c6 thé quan tAm xét phan bd cé diéu kign cua
(X, ) cho truéc két qua phai xuét hién trong hinh
vudng don vj [0, 1] x [0, 1]. MGt kha nang khac 13
phan bd co didu kién clia (X, Y) cho trwéc X2 + Y2 < r.

Trudng hgp nay trong ¢ng véi truding hep trong do
vi dyu mét by phan dap ng dung sai va ta c6 thé
quan dén thém cac tinh chét dira vao viéc dat duoc
tinh nang nay.

2.20

Pudng hodi quy

Tap hgp cac gia tri cla ky vong (2.12) cua xac
suét phan bé cé didu kién (2.19) clia mdt bién
ngdu nhién (2.10) ¥cho trwdre bidn ngdu nhién X =

Xx.

CHU THICH: & a4y, dudng hbi quy dwgc xac dinh
trong ngir canh (X, ¥) ¢6 phéan bd hai chiéu (xem chd
thich 1 clia 2.17). Do d6, day 1a2 mét khai niém khac
v6i phan tich hdi quy, trong dé Y liégn quan dén tap
hop cac gia tri doc 13p xac dinh treedre.

2.2

Mit hdi quy

Tép hgp céac gia trj cla ky vong (2.12) cla phan
bd xdc suét c6 didu kién (2.19) clia mdt bién
ngdu nhién (2.10) Y cho trvdc cac bién ngiu
nhién Xy = xq va X2 = xp.

CHU THICH: O day, nhi trong 2.20, mat hdi quy
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the next hour, given that no failures have
occurred during the first 10 h, is exponential with the

same parameter,

NOTE 4 Conditional
certain discrete distributions where specific outcomes

distributions can arise for

are impossible. For example, the Poisson distribution
could serve as a model for number of cancer patients
in a population of infected patients if conditioned on
being strictly positive (a patient with no tumours is not
by definition infected).

NOTE 5 Conditional distributions arise in the context
of restricting the sample space to a particular subset.
For (X, ¥) having a bivariate normal distribution
(2.65) it may be of interest to consider the conditional
distribution of (X, ¥) given that the outcome must
occur in the unit square [0, 1] x [0, 1]. Another
possibility is the conditional distribution of (X, ¥) given

that X2 + ¥2 < r. This case corresponds to a situation

where for example a part meets a tolerance and one
might be interested in further properties based on
achieving this performance.

2.20

regression curve

collection of values of the expectation (2.12) of
the conditional probability distribution (2.19) of
a random variable (2.10) ¥ given a random
variable X = x

NOTE Here, regression curve is defined in the
context of (X, ¥) having a bivariate distribution (see
Note 1 to 2.17). Hence, it is a different concept than
thase found in regression analysis in which Y is
related to a deterministic set of independent values.
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regression surface

collection of values of the expectation (2.12) of
the conditional probability distribution (2.19) of
(2.10)
random variables Xy = xy and X; = x;

a random variabie Y given the

NOTE Here, as in 2.20, regression surface is



dugc xac dinh trong ngl canh (Y, X, X2} la m§t phan
bé nhidu chidu (2.17). Nhw véi dudng hdi quy, mat
hdi quy lién quan dén khai niém khac véi trong phan
tich héi quy va phuong phap luan vé mét dap ng.

2.22

Phan bé xac suét rof rac

Phan bd r&i rac

Phan bé xac suét (2.11) trong do khéng gian miu
2(2.1) 12 hiru han hodc vé han dém dugrc.

VI DY: Vi dy vé& phan b révi rac trong tiéu chudn nay
14 phan bé da thirc (2.45), nhj thirc (2.46), Poisson
(2.47), sidu hinh hoc (2.48) va nhj thirc am (2.49).

CHU THICH 1: “Rai rac” ¢6 nghia 1a khong gian méu
cb th& duec cho trong mét danh muc hiu han hosic
bat ddu cla danh muc vd han trong d6 c6 thir ty rd
rang, vi du nhw sé khuyét tat 13 0, 1, 2, ... Ngoai ra,
phan bd nhi thire tuong (ng véi khdng gian mau hu
han {0, 1, 2, ..., n} trong khi phan bé Poisson twong
g voi khéng gian mau vé han dém dugc {0, 1, 2,
)

CHU THICH 2: Cac trwerng hop ¢b di liéu dinh tinh
trong Iy m4u chép nhan thudc vé phan bé réi rac.

CHU THICH 3: Ham phan bé (2.7) clia phan b roi
rac co gia trj rdvi rac.
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Phén bé xéc suét lién tuc

Phén bé lién tyuc

Phin bd xac suit (2.11) trong 66 ham phan bé
(2.7) @anh gia tai x c6 thé biéu thj nhw tich phan
clia ham khdng am tir —c dén x.

VI DY: Trudng hop cb phén bé lign tuc xuét hién trong
hau hét cac trudng hop lien quan dén cac bién kidu
dir ligu trong cac irng dung cdng nghiép.

CHU THICH 1: Vi dy v& phan bd lién tyc Ja phan bé

chuin (2.50), phan b8 chuan chuin héa (2.51), ¢
(2.53), F (2.55), gamma (2.56), khi binh phwong
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defined in the context of (Y, X, X;) being a
multivariate distribution (2.17). As with the
regression curve, the regression surface involves a
concept distinct from those found in regression
analysis and response surface methodology.

2,22

discrete probability distribution

discrete distribution

probability distribution (2.11) for which the
sample space £2(2.1) is finite or countably infinite

EXAMPLE Examples of discrete distributions in
this document are multinomial (2.45), binomial
(2.46), Poisson (2.47), hypergeometric (2.48) and
negative binomial (2.49).

NOTE 1 “Discrete” implies that the sample space
can be given in a finite list or the beginnings of an
infinite list in which the subsequent pattern is
apparent, such as the number of defects being 0, 1,
2, ... Additionally,
corresponds to a finite sample space {0, 1, 2, ..., n}

the binomial distribution

whereas the Poisson distribution corresponds to
a countably infinite sample space {0, 1,2,...}.

NOTE 2 Situations with attribute data in acceptance
sampling involve discrete distributions.

NOTE 3 The distribution function
discrete distribution is discrete valued.

(27) of a

2,23

continuous probability distribution

continuous distribution

probability distribution (2.11) for which the
distribution function (2.7) evaluated at x can be
expressed as an integral of a non-negative function

from <o to x

EXAMPLE Situations where continuous distribu-
tions occur are virtually any of those involving
variables type data found in industrial applications.

NOTE 1 Examples of continuous distributions are
normal (2.50), standardized normal (2.51), r (2.53),
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(2.57), ham ma (2.58), beta (2.59), déu (2.60), curc
tri loai | (2.61), cwe tri loai It (2.62), cie tri loai 1l
(2.63) va loga chudn (2.52).

CHU THICH 2: Ham khéng a&m dé cap trong dinh
ngha 14 hdm mat dé xdc suit (2.26). Day 1a han ché
qua ch3t ché dé& nh&n manh ring ham phan bd c6 thé
khéc biét & mei noi. Tuy nhién, dbi véi cac xem xét
thire té, nhiéu phan bé lign tyc dugc sir dung phé bién
¢6 tinh chét 1a dgo ham ciia ham phan bé cung cdp
ham mat 4 xac suét twong (ng.

CHU THICH 3: Trwong hop dir liéu dinh lugng trong
cac ¢ng dung ldy miu chip nhén tuong (ng vdi
phan bé xac suét lién tyc,

2.24

Ham khdi lwgng xac suit

ham <phan bé réi rac> cho biét xac suft (2.5) gé
bién ngiu nhién (2.10) bing mdt gi4 trj cho truéc.

VI DY 1: Ham khéi Iwgng xac suit mé ta bién nglu
nhién X bidmg sé lwgng mat ngira xuét hién khi tung
ba déng xu la:

P(X=0)=1/8

P(X=1)=3/8

P(X=2)=3/8

P(X=3)=1/8

Vi DY 2: Nhiéu ham khéi lugng xac sust duoc dua ra
trong viéc xac dinh phan bé réi rac (2.22) thuong
gép trong cac tng dyng. Céac vi dy v8 phan bé r&i rac
mot chidu bao gdm: phan bé nhi thivc (2.46),
Poisson (2.47), siéu hinh hoc (2.48) va phan bé nhij
thire dm (2.49). Vi du vé phan bé rdvi rac nhidu chidu
14 phéan b da thirc (2.45).

CHU THICH 1: Ham khdi lvgng xac sudt c6 thé dugc
cho la P(X = x) = p, trong 66 X 1a bién ngdu nhién, x,
12 gi tri cho tredc va p; 18 xac suét twong ong.
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F (2.55), gamma (2.56), chi-squared (2.57),
exponential (2.58), beta (2.59), uniform (2.60),
Type | extreme value (2.61), Type |l extreme value
(2.62), Type Il extrame value (2.63), and lognormal
(2.52).

NOTE 2 The non-negative function referred to in
the definition is the probability density function
(2.26). It is wunduly restrictive to insist that a
distribution function be differentiable  everywhere.
However, for practical considerations, many
commonly used continuous distributions enjoy the
property that the derivative of the distribution function
provides the corresponding probability density

function.

NQTE 3 Situations with variables data in
acceptance sampling applications correspond to

continuous probability distributions.
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probability mass function
<discrete  distribution>
probability (2.5) that a random variable (2.10)

equals a given value

function giving the

EXAMPLE1 The function
describing the random variable X equal to the number
of heads resuiting from tossing three fair coins is:

P(X=0)=1/8

P(X=1)=3/8

P(X=2)=3/8

P(X=3)=1/8

probability mass

EXAMPLE 2 Various probability mass funclions
are given in defining common discrete distributions
(2.22) encountered Subsequent
examples of univariate discrete distributions include
the binomial (2.46), (2.47),
hypergeometric (2.48) and negative binomial
(2.49). An example of a multivariate discrete
distribution is the multinomial (2.45).

in applications.

Poisson

NOTE 1 The probability mass function can be given
as P(X = x;) = p;, where X is the random variable, x; is



CHU THICH 2: Ham khéi lvgng xac sudt duoc dua
vao trong p-phén vi vi dy 1 cla 2.13 bang cach sl
dung phén b nhj thirc (2.46).

2.25

Mét clia ham khéi lrgng xac suat

(Cac) gia tri & d6 ham khdi lwgng xac sudt (2.24)
dat cyc dai dia phuong.

VI DY: Phan bé nhj thirc (2.46) v&in=6vap=1/31a
phan bd mot mét co mét tai 3.

CHU THICH: Phén bd réi rac (2.22) 1a mét mét néu
ham khéi lvgong xac sudt clia nd chi ¢6 mét mét, hai
mét néu ham khéi luong xac sudt co hai mbt va
nhidu mét néu ham khéi lwgng xac sudt cé nhidu
hon hai mét.

2.26

Ham mit dé xac suét

fix)

Ham khong am khi 14y tich phan tir —o dén x cho
gia trj cia ham phan b (2.7) tai x cla phan b
lién tuc (2.23).

Vi DY 1: Nhidu ham mat dd xac suét dwoc cho trong
viéc xac dinh phan bd xac sut thudng gap trong thye
té. Cac vi dy bao gdm phéan bé chuén (2.50), chudn
chudn héa (2.51), ¢ (2.53), F (2.55), gamma (2.56),
khi binh phwong (2.57), phan bé mi (2.58), beta
(2.59), phan bd déu (2.60), phin bé chuin nhiéu
chidu (2.64) va phan bé chudn hai chiéu (2.65).

vl DY 2: Béi v&i ham phan bd xac dinh bdi F(x) = 3%
- 2% trong d6 0 sx <1, ham mat dd xac suét twong

trngséla flx) = 6x{1 — x) trongd60=sx<1.

vi DY 3: Tidp theo vi dy v& pin & 2.1, khéng ¢6 ham
mét d6 xac suét di kém véi ham phan bd quy dinh, do
xac sult duong cua két qua khéng. Tuy nhién, phan
b co didu kién cho ring pin hoat déng luc dau c6 f{x)
= exp(—x) @i véi x > 0 1a ham mat do xac suat, twong
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a given value, and p; is the corresponding probability.

NOTE 2 A probability mass function was introduced
in the p-quantile Example 1 of 2.13 using the
binomial distribution (2.46).

2.25

mode of probability mass function

value(s) where a probability mass function
(2.24) attains a local maximum

EXAMPLE The binomial distribution (2.46) with n
=6 and p= 1/3 is unimodal with mode at 3.

NOTE A discrete distribution (2.22) is unimodal if
its probability mass function has exaclly one mode,
bimodal if its probability mass function has exactly
two modes and multi-modal if its probability mass
function has more than two modes.

2.26

probability density function

Ax)

non-negative function which when integrated from
- to x gives the distribution function (2.7)
evaluated at x of a continuous distribution (2.23)

EXAMPLE 1 Various probability density functions
are given the common probability
distributions encountered in practice. Subsequent
examples include the normal (2.50), standardized
normal (2.51), r (2.53), F (2.55), gamma (2.56), chi-
squared (2.57), exponential (2.58), beta (2.59),
uniform (2.60), multivariate normal (2.64) and
bivariate normal distributions (2.65).

in defining

EXAMPLE 2 For the distribution function defined
by Flx) = 3x° ~ 2x* where 0 <x 1, the corresponding
probability density function is fix) = 6x(1 - x)
where0sxs 1.

EXAMPLE 3 Continuing with the battery example of
2.1, there does not exist a probability density function

associated with the specified distribution function,
owing to the positive probability of a zero outcome.
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rng v&i phéan bd mi.

CHU THICH 1: Néu ham phan bd £ |a kha vi lign tuc
thl ham mat 46 xac suét 13

fx) = di{x)ldx
tai diém x noi c6 dao ham.

CHU THICH 2: b thi cla f{x) theo x dura ra cac md ta
nhw d6i xeng, dinh, dudi nang, mgt mét, hai mét, v.v...
D thj thich hgp cla fix) ndm trén bidu dd phan bb
cung c4p danh gia bang mét vé sy phu hgp gitra phan
bé thich hop va dir lidu.

CHU THICH 3: Chi viét tat thong dung cia ham mat
d6 xac sudt 1a pdf.

2.27

Mode cua ham mat dé xac suat

(Céc) gia trj tai d6 ham mat dd xac suat (2.26) dat
cye dai dja phuwong.

CHU THICH: Phan bé lién tyc (2.23) 1a mot mode
néu ham mat ad xac suét cia n6 chi co6 mdt mode,
hai mode néu ham mat d6 xac suit ¢ hai mode va

nhidu mode néu ham mat 66 x4c suét c6 nhidu hon
hai mode.

CHU THICH 2: Phan bd tai 46 cac mode tao thanh
mét tap hop lién tuc cling dwgc goi la mdt mode.

2.28

Bién ngiu nhién réi rac

Bién ngAu nhién (2.10) co phan bé réi rac (2.22).
CHU THICH: Bién ngu nhién réi rac dwge xem xét
trong tidu chudn nay bao gém bién ngiu nhign phan

bé nhj thire (2.46), Poisson (2.47), sidu hinh hoc
(2.48) va da thirc (2.45).

2.29
Bién ngau nhién lién tuc
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However, the conditional distribution given that the
battery is initially functioning has f{x) = exp(-x) for x >
0O as its probability density function, which
corresponds to the exponential distribution.

NOTE 1 If the distribution function # is continuously
differentiable, then the probability density function is

Ax) = dF(x)idx
at the points x where the derivative exists.

NOTE 2 A graphical plot of f{x) versus x suggests
descriptions such as symmetric, peaked, heavy-
tailed, unimodal, bi-modal and so forth. A plot of a
fitted f{x) overlaid on a histogram provides a visual
assessment of the agreement between a fitted
distribution and the data.

NOTE3 A common abbreviation of probability
density function is pdf,
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mode of probability density function

value(s) where a probability density function
(2.26) attains a local maximum

NOTE1 A continuous distribution (2.23) is
unimodal if its probability density function has exactly
one mode, bimodal if its probability density function
has exactly two modes and multimodal if its
probability density function has more than two modes.

NOTE 2 A distribution where the modes constitute
a connected set is also said to be unimodal.

2.28

discrete random variable

random variable (2.10) having a discrete
distribution (2.22)

NOTE Discrete random variables considered in this
part of ISO 3534 include the binomial (2.46),
Poisson (2.47), hypergeometric (2.48) and
multinomial (2.45) random variables.

2.29

continuous random variable



Bién ngau nhién (2.10) c6 phan bd lién tuc
(2.23).

CHU THICH: Bién ng8u nhién lién tyc duoc dé cap
trong tiéu chun nay bao gdm bién ngiu nhién phan
bé chudn (2.50), phan bd chuén chuin héa (2.51),
phén bd ¢ (2.53), phdn b F (2.55), gamma (2.56),
khi binh phwong (2.57), mi {2.58), beta (2.59),
phian bé déu (2.60), cue tri loai | (2.61), cire tr| loal
I (2.62). cye tri loai Il (2.63), loga chuin (2.52),
chudn nhiéu chiéu (2.64) va chudn hai chiéu
(2.65).
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Phan bé xac suit quy tam

Phan bo xac suit (2.11) cGa bién ngdu nhién
quy tam (2.31).

2.31

Bién ngiu nhién quy tim

Bién nglu nhién (2.10) c6 duoc bang cach lay
mét bién ngdu nhién trir di gia tri trung binh (2.35)

cla nd.

CHU THICH 1: Bién nglu nhién quy tdm cé trung
binh béng khéng.

CHU THICH 2: Thuat ng¥ nay chi &p dung véi cac
bién ngdu nhién cé trung binh. Vi dy, khdng cé trung
binh cta phan bé ¢ (2.53) mét bac ty do.

CHU THICH 3: Néu bién ngiu nhién X c6 trung
binh (2.35) bing 4 thi bién ngiu nhién twong ng
& 14 X - 4, c6 trung binh béng khdng.

2.32

Phan bé xac suat chuin héa

Phin bé xac suédt (2.11) cla bién ngiu nhién
chuin héa (2.33).

233

Bién ngau nhién chuin héa

Bién ngidu nhién quy tam (2.31) c6 dd léch
chuén (2.37) béng 1.

CHU THICH 1: Bién ngdu nhién (2.10) dugc ty

TCVN 8244-1:2010

random  variable (2.10)

continuous distribution (2.23)

having a

NOTE Continuous random variables considered in
this part of ISO 3534 include the normal (2.50),
standardized normal (2.51), r distribution (2.53), F
distribution (2.55), gamma (2.56), chi-squared
(2.57), exponential (2.58), beta (2.59), uniform
(2.60), Type | extreme value (2.61), Type Il extreme
value (2.62), Type Il extreme value (2.63),
lognormal (2.52), multivariate normal (2.64) and
bivariate normal (2.65).

2.30

centred probability distribution

probability distribution {2.11) of a centred
random variable (2.31)

2.31

centred random variable

random variable (2.10) with its mean
(2.35) subtracted

NOTE 1 A centred random variable has mean equal
to zero.

NOTE 2 This term only applies to random varables
with a mean. For example, the mean of the ¢
distribution (2.53) with one degree of freedom does
not exist.

NOTE 3 If a random variable X has a mean
(2.35) equal to g, the corresponding centred random

variableis Y y, having mean equal to zero.

232

standardized probability distribution
probability distribution (2.11) of a standardized
random variable (2.33)

233

standardized random variable

centred random variable (2.31) whose standard
deviation (2.37) is equal to 1

NOTE 1 A random variable (2.10) is automatically
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d6ng chudn héa néu trung binh clia nd bing khéng va
dd léch chuan bang 1. Phan bé déu (2.60) trong
khoang (~3"%, 3°%) c6 trung binh la khang va d léch
chudn bing 1. Phan bdé chudn chudn héa (2.51)
duong nhién ta dugc chudn hoa.

CHU THICH 2: Néu phan bé (2.11) cua bién ngiu
nhign X cb trung binh (2.35) xva do léch chudn g, thi
bién ngdu nhign chudn héa twong Gng sé 14 (X - w)/o.

2.34

Momen bac r

Momen thir r

Ky vong (2.12) cua luy thira r ciia mot bién nglu
nhién (2.10).

Vi DY: Xét mot bién ngau nhién c6 ham méat @6 xac
suét (2.26) f{x) = exp(~x) d8i voi x > 0. S dung cdng
thire tich phan tirng phan, c6 thé chirng to réng £(X) =
1, E() = 2, E(X*) = 6 va E(X") = 24, hogc noi chung,
E(X") = A Day |a vi dy cUa phdn bé mi (2.58).

CHU THICH 1: Trong tredng hop rdi rac mot chidu,
cdng thirc twong eng:

E(X"y= 3 xi p(x)
i=]
d6i voi s6 htru han n két qua va
E(X")= Y xi p(x)
=1

dbi véi sb két qua vb han dém dugc. Trong trwdng
hop lién tuc mét chidu, cong thire twong ng:

E(X")= Tx'f(x)ch:

CHU THICH 2: Néu bién ngdu nhién ct & chiéu thi luy
thira r dugc hiéu 1a ap dung cho thanh phén.

CHU THICH 3: Momen dugc néu & day st dung bién
ngau nhién X nang 1&n mot luy thira. Mt cach téng
quét hon, ta co thé xét momen bac r cia X — x hodc
(X- e
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standardized if its mean is zero and its standard
deviation is 1. The uniform distribution (2.60} on
the interval (- 3%%, 3%%) has mean zero and standard
deviation equal to 1. The standardized normal
distribution (2.51) is, of course, standardized.

NOTE 2 if the distribution (2.11) of the random
variable X has mean (2.35) i and standard deviation
o, then the corresponding standardized random
varnable is (X - u)/o

2.34

moment of order »

rth moment

expectation (2.12) of the /" power of a random
variable (2.10)

EXAMPLE Consider a
probability density function (2.26) f{x) = exp(-x) for
x > 0. Using integration by parts from elementary
calculus, it can be shown that E(X) = 1, E(X"} =2,
E(X’) = 6, and E(X*) = 24, or in general, E(X) = A This
is an example of the exponential distribution (2.58).

random variable having

NOTE1 In
appropriate formula is:

the univariate discrete case, the

EC(X")= 3 xf p(x)

fal
for a finite number » of outcomes and
E(X")=D,x p(x:)
i=l

for a countably infinite number of outcomes. In the
univariate continuous case, the appropriate formula is:

E(X")= [ f(x)ox

NOTE 2 If the random variable has dimension %,
then the " power is understood to be applied
componentwise.

NOTE3 The
random variable X raised to a power. More generally,

moments given here use a



2.35 Trung binh

2.35.1

Trung binh

Moémen bicr=1

u

Mémen <phan b lién tuc> bac r trong dé r bdng 1,
tinh nhw tich phan cia tich giba x va ham mat do
xac suét (2.26), /{x), lay trén dwong thing thuc.

vl DY 1: Xet bién ngdu nhién lién tyc (2.29) X cb
ham mét dd xac sut flx) = 6x(1 —x), trong d6 0 s x <1.
Trung binh cua X la:

I
Lsfu -X)dx =05

vi DU 2: Tiép theo vl du pin tir 2.1 va 2.7, trung binh
13 0,9 vi v&i xac suét 0,1 trung binh cGa phan rdi rac
cGa phan bd 13 0 va voi xac suét 0,9 trung binh cua
phan lién tyc clia phan b 12 1, Phan bd nay I3 phan
bd hédn hep lign tuc va réi rac.

CHU THICH 1: Trung binh ciia phan bé lién tyc
(2.23) dwroc biéu thj bing £(X) va dugce tinh 1a:

£ = [xf (x)dx

CHU THICH 2: Trung binh khéng tdn tai d6i véi tat ca
c4c bién ngiu nhién (2.10). Vi dy, néu X dwoc xac
dinh bdng ham mat a6 xac sudt f{x) = [x(1 + x2)],
tich phan teang (rng véi £(X) 13 phan ky.

235.2
Trung binh

u
tbng <phan bé roi rac> tich cla x; va ham khdi

lwong xac suit (2.24) p(x;).
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one could consider moments of order r of X — 1 or (X-
e

2.35 Means

2.35.1

mean

moment of order r = 1

M

<continuous distribution> moment of order r where
requals 1, calculated as the integral of the product
of x and the probability density function (2.26),
fx), over the real line

EXAMPLE 1 Consider a random
variable (2.29) X having probability density function
Six) = 6x(1 —x), where 0 s x <1. The mean of Xis:

continuous

L:ze (1-x)dx=0,5

EXAMPLE 2 Continuing with the battery example
from 21 and 2.7, the mean is 0,9 since with
probability 0,1 the mean of the discrete part of the
distribution is 0 and with probability 0,9 the mean of
the continuous part of the distribution is 1. This
distribution is a mixture of continuous and discrete
distributions.

NOTE1 The mean of a continuous distribution
(2.23) is denoted by £(X) and is computed as:

£ = [xf(x)dx

NOTE 2 The mean does not exist for all random
variables (2.10). For example, if X is defined by its
probability density function flx) = [x(1 + x2)],
the integral corresponding to £(X) is divergent.

2.35.2

mean

]

<discrete distribution> summation of the product of
x; and the probability mass function (2.24) p(x;)

EXAMPLE 1 Consider a discrete random variable
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VI DY 1: Xét bién nglu nhién réi rac X (2.28) dai
dién cho sb mat nglra xuét hign khi tung ba dbng xu.
Ham khéi lugng xac suét la

PX=0)=1/8

P(X=1)=3/8

P(X=2)=3/8

P(X=3)=1/8
Vi vay, trung binh clia X la

0(1/8) + 1(3/8) + 2(3/8) + 3(1/8) = 12/8 = 1,5
ViDY 2: Xem vi dy 2 trong 2.35.1.

CHU THICH: Trung binh cia phan b6 réd rac (2.22)
biéu thi bang E(X) va dwge tinh 1a:

E(X) =Y xp(x,)

i=l

d6i v6i sb lugng hvu han cac két qua, va

B0 =Y xplxi)

i=]

d8i voi b lugng két qua vo han dém duoc.

2.36
Phwong sai
v
Mément bac r (2.34) trong d6 r bing 2 theo phan
bb xac suat quy tam (2.30) cia bién ngdu nhién
(2.10).
Vi DY 1: D6i v&i bién ngu nhién rol rac (2.28) trong
vidy clia 2.24 phrong sai 13

1

D (x =15 P(X =x,)=0,75

i=0

VI DY 2: Béi voi bién ngiu nhién lién tyc (2.29)
trong vi du 1 cGa 2.26, phwong sai la

I
_L (x; —0,5)26x(1— x)dx = 0,05

Vi DY 3: B6i véi vi du pin & 2.1, cé thé xac dinh
phwong sai bang cach nhan thixc ring phuong sai
cia X 1a E(X) - [EX)P. Tir vi dy 3 cla 2.35, E(X) =
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X (2.28) representing the number of heads resuiting
from the tossing of three fair coins. The probability
mass function is

P(x=0)= 18

P{x=1)=3/8

P{xX=2)=3/8

P{Xx=3)=1/8
Hence, the mean of Xis

0(1/8) + 1(3/8) + 2(3/8) + 3(1/18)= 1218 =15
EXAMPLE 2 See Example 2in 2.35.1.

NOTE The mean of a discrete distribution
(2.22) is denoted by E(X) and is computed as:

EX)= 3 xp(x)

for a finite number of outcomes, and

E(X)=3 xp(x)

i=l
for a countably infinite number of outcomes.

2.36
variance
v
moment of order r (2.34) where r equals 2 in the
centred probability distribution (2.30) of the
random variable (2.10)
EXAMPLE 1 For the discrete random variable
(2.28) in the example of 2.24 the variance is

i(x.- ~15)P(X =x,)=075

inl
EXAMPLE 2 For the continuous random variable
(2.29) in Example 1 of 2.26, the variance is

]: (x: —0,5)*6x(1- x)dx = 0,05

EXAMPLE 3 For the battery example of 2.1, the
variance can be determined by recognizing that the
variance of X is E(X°) — [E(X)}. From Example 3 of



0.9. L4ap luan tuong ty, c6 thé chirng 6 E(X°) bang
1,8. Do 46, phuong sai clia X 1a 1,8 - (0,9)° bang
0,99.

CHU THICH: Phuong sai c6 thé xac dinh twong
duong nhe Ky veng (2.12) cda binh phuong bién
ngau nhién trir di trung binh (2.35) cua né. Phuong
sai cua bién ngdu nhién X dwoc ky higu bang ¥(X) =
E(X-E(O)).
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96 léch chuan

o2

Can bac hai dwong cua phirong sai (2.36)

VI DU: D& voi vi dy vé& pin cla 2.1 va 2.7, d6 l&ch
chuan 13 0,995.

2.38

Hé sd bién dong

cv

<bién ngdu nhién duong> dd lgch chudn (2.37)
chia cho trung binh (2.35).

Vi DU: Déi vé&i vi dy vé pin cia 2.1 va 2.7, hé sb bién
déng 14 0,99/0,995 bang 0,994 97.

CHU THICH 1: H& sé bién dong thuémg duge tinh
bang phan tram,

CHU THICH 2: Thu#t ng “dd léch chuin twong déi"
trwdc ddy khong gibng véri thust nglr hé sb bién dong.

2.39
Hé s bat dbi xirng
il
Momen bac 3 (2.34) trong phan bd xac suat
chuin héa (2.32) clia mét bién ngdu nhién (2.10).
Vi DY: Tiép theo vi du pin cla 2.1 va 2.7 co phan b
hén hop lién tuc-rdi rac, st dyng cac két qua tiv vi dy
& 2.34,tacod

E(X)=0,1(0)+0,9(1)=09

EXH=010+09(2)=18
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2.35, E(X) = 0,9. Using the same type of conditioning
argument, £(X°) can be shown to be 1,8. Thus, the
variance of Xis 1,8 — (0,9)° which equals 0,99,

NOTE The variance can equivalently be defined as
the expectation (2.12) of the square of the random
variable minus its mean (2.35). The varnance of a
random variable X is denoted by V(X) = E{X-E(X]).

2.37
standard deviation
o

positive square root of the variance (2.36)

EXAMPLE For the battery example of 2.1 and 2.7,
the standard deviation is 0,995.

2.38

coefficient of variation

cv

<positive random variable> standard deviation
(2.37) divided by the mean (2.35).

EXAMPLE For the battery example of 2.1 and 2.7,
the coefficient of varation is 0,99/0,995 which
equals 0,994 97.

NOTE 1 The coefficient of varation is commonly
reported as a percentage.

NOTE 2 The predecessor term “relative standard
deviation” is deprecated by the term coefficient of
variation.

2.39

coefficient of skewness

T

moment of order 3 (2.34) in the standardized
probability distribution (2.32) of a
variable (2.10)

random

EXAMPLE Continuing with the battery example of
2.1 and 2.7 having a mixed continuous-discrete
distribution, one has, using results from the example
in 2.34,
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EWX )= 0,1(0) + 0.9(6) = 5.4
E(X*)=0,1(0) + 0,9(24) = 21,6

D& tinh h& sé b4t déi xing, lvu y 1a E {x- EWI) =
E(X°) - 3 E(X) E(F) + 2 [EW))° va tir 2.37 ¢b a6 léch
chudn 12 0,995. Do d6, hé sb bt déi xirng 12 (5,4 —
3(0,9)(1,8) + 2(0,9)*)/(0,995)° hoic 1,998.

CHU THICH 1: M4t dinh nghfa twong dwong dya trén
ky vong (2.12) bac ba cla (X-g o, 1a E[(X-1)31 ).
CHU THICH 2: H¢ s6 bat déi ximg 1a thuéc do tinh
di xrng cla phan bé (2.11) va ddi khi dugre ky hidu
béng V. Déi véi cac phan bb dbi xirng, hé sb bét
dbi xirng biing 0 (v&i didu kign tdn tai mémen thich
hgp trong dinh nghfa). Vi dyu vé& phan bb c6 do bét
ddi xing bing khéng bao gém phan bd chudn
(2.50), phan b beta (2.59) voi didu kién a = fva
phan bé r (2.53) v&i didu kién cb cac mémen.

2.40

Hé sé nhon

B

Mémen bac 4 (2.34) trong phan bd xac suat
chuan héa (2.32) cia m6t bién ngiu nhién
(2.10).

Vi DVY: Tiép theo vi dy vé pin clia 2.1 va 2.7, dé tinh
hé sé nhon, Iy y réng

E(X-E()‘} = EX') -4 E (X) EXY) +
BLEW ECC) -3 (EX*
Da dé, hé sé nhgn bing

[21,6 - 4(0,9)(5,4) + 6(0.9)%(2) — 3(0.9)"] / (0,995)
hodc 8,94.

CHU THICH 1: M6t dinh nghia tuong duong dya trén
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E(X)=0,1(0) + 0,9(1) = 0,9
E(X?%=0,1(0)+09(2)=18
E(X*)=0,1(0)+ 0,9(6) =54
E(X*)=0,1(0)+ 0,9(24) = 21,6

To compute the coefficient of skewness, note
that £ {[X- E(0)°} = E(X°) - 3 E(X) E(F) + 2 [EQT
and from 2.37 the standard deviation is 0,995. The
coefficient of skewness is thus [5,4 - 3(0,9)(1,8) +

2(0,9)*)/(0.995)° or 1,998.

NOTE 1 An equivalent definition is based on the
expectation (2.12) of the third power of (X-u)o,
namely E[(X-)% %]

NOTE 2 The coefficient of skewness is a measure
of the symmetry of a distribution (2.11) and is
by VB. For
distributions, the coefficient of skewness is equal

sometimes denoted symmetric
to 0 (provided the approprialte moments in the
definition exist). Examples of distributions with
skewness equal to zero include the normal
distribution (2.50), the beta distribution (2.59)
provided « = #and the ¢ distribution (2.53) provided
the moments exist.

2.40

coefficient of kurtosis

B

moment of order 4 (2.34) in the standardized
probability distribution (2.32) of a
variable (2.10)

random

EXAMPLE Continuing with the battery example of
2.1 and 2.7, to compute the coefficient of kurtosis,
note that
E(X-EX)*) = EX') -4 E(X) E(X) +
BlEX)® E(X°) - 3 (W]
The coefficient of kurtosis is thus

[21,6 — 4(0,9)(5,4) + 6(0.9)%(2) — 3(0,9)"] / (0.995)°
or 8,94,



ky vong (2.12) bac bdn clia (¥ — w)fo, goi 13 E[(X -
'),

CHU THICH 2: Hé sb nhon la thuéc do dd lén phin
dudi cua phan bd (2.11). Déi v&i phan bé déu
(2.60), hé s6 nhon Ia 1,8; dbi voi phén bé chuidn
(2.50), h& s6 nhon 1a 3; @i voi phan bd ma (2.58),
hé sé nhonla 9.

CHU THICH 3: C4n chu ¥ khi xem xét cac gia tri nhon
dugc obng bd, vi mdt sé ngudi thye hién trir di 3 (he
sé nhon clia phan bé chuln) t gia tri duoc tinh theo
dinh nghia.

241

Mémen hdn hop bjc rva s

Trung binh (2.35) cua tich luy thiva bac r clia mot
bién ngiu nhién (2.10) va bac s clia mot bién
ngéu nhién khac Iy theo phan bé xac suit (2.11)
dbng thoi ciia ching.

242

Mémen hdn hop quy tdm bic rva s

Trung binh (2.35) tich luy thira béc r cia bién
ngau nhién quy tdm (2.31) va bac s clia mdt bién
ngAu nhién quy tdm khéc trong phan bd xac suit
{2.11) déng th&i cla ching.

243
Higp phwong sai

%y

Trung binh (2.35) ctia tich hai bién ngdu nhién

quy tam (2.31) lay theo phan bé xac suat (2.11)

ddng thei clia ching.

CHU THICH 1: Hiép phuong sai 1a mémen trung tam

hén hop bac 1 va 1 (2.42) déi voi hai bién ngdu

nhién.

CHU THICH 2: V& ky higu, hiép phwong sai la
E[(X- X(Y-p2)),
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NOTE 1 An equivalent definition is based on the
expectation (2.12) of the fourth power of (X - u)la,
namely Ef(X - 4)*/%].

NOTE 2 The coefficient of kurtosis is a measure of
the heaviness of the tails of a distribution (2.11). For
the uniform distribution (2.60), the coefficient of
kurtosis is 1,8; for the normal distribution (2.50), the
coefficient of kurtosis is 3; for the exponential
distribution (2.58), the coefficient of kurtosis is 9.

NOTE3 Caution needs to be exercised in
considering reported kurtosis values, as some
practitioners subtract 3 (the kurtosis of the normal
distribution) from the value that is computed from the
definition.

2.41

joint moment of orders rand s

mean (2.35) of the product of the *" power of a
random variable (2.10) and the s power of
another random variable in their joint probability
distribution (2.11)

2.42

joint central moment of orders rand s

mean (2.35) of the product of the /" power of a
centred random variable (2.31) and the s power
of another centred random variable in their joint
probability distribution {2.11)

243
covariance

Ty

mean (2.35) of the product of two centred random
variables (2.31) in probability
distribution (2.11)

their joint

NOTE {1 The covarance is the joint central
moment of orders 1 and 1 (2.42) for two random
vanables.

NOTE 2 Notationally, the covariance is
E(X-p (-1,
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trong d6 E(X) = ,uxand E(Y)= Hy

244

Hé sé tvong quan

Trung binh (2.35) clia tich hai bién ngiu nhién
chuin héa (2.33) l4y theo phan bé xac suét (2.11)
a8ng ther cla chung.

CHU THICH: Hé sb trong quan doi khi dugc goi tat
don gian |a tuvong quan. Tuy nhién, viéc sir dung ndy
lai chdng chéo vai cach giai thich vé tuong quan nhuw
sy lién két gitra hai bién.

245

Phin bé da thirc

Phén bd r&i rac (2.22) c6 ham khéi Iwgng xac
suét (2.24)

PlX, =x,, X, =x,..., X, =x*)

n! . .
=—p"p" "
xplxallx!
trong dé
Xy Xp e X, la cac sé nguyén duong
sao cho
X, tx,+ . +x,=n vbi cic tham sdp >0
adivéithtcdi=1,2, ...,
kvdipi+pa+ ..+t p=1
k s6 nguydn Ié&n hon hodc

bang 2

CHU THICH: Phan bd da thirc cho biét xac sudt dé
trong n phép thir dgc 1ap cé duge mét t hop cho
tredre vé s 1an xuét hign cac bién cb trong d6 & kidu
bién cb loai trir nhau, gia dinh ring xac suat xut hidn
clia mi loai bién ¢b 14 nhw nhau trong tit ca cac phép
ther.

2.46

Phan bé nhj thirc

Phin bd réi rac (2.22) c6 ham khéi iwong xac
suét (2.24)

P(X = =__”£_____ vy a=x
( ) x!(n—x)!p a-»
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where E(X) = #, and E(h)= H

2.44

correlation coefficient

mean (2.35) of the product of two standardized
random variables (2.33) in their joint probability
distribution (2.11)

NOTE
briefly referred to as simply correlation. However, this

Correlation coefficient is sometimes more

usage overlaps with interpretations of correlation as
an association between two variables.

245
multinomial distribution
discrete  distribution (2.22) having the
probability mass function (2.24)
P(Xy=x, Xy =y X =2,)
n| X xrn Xr
Se———pD P2 ..Pk
Xttt

where

Xy Xy e X, are non-negative

integers such that

x, +x,* .. +x =n with parameters p, > 0 for

2

alli=1,2, ., kwith py +

p2t . tp =
k an integer greater than
or equal to 2
NOTE The multinomial distribution gives the

probability of the number of times each of k possible
outcomes have occurred in n independent trials
where each trial has the same & mutually exclusive
events and the probabilities of the events are the
same for all trials.

2.46
binomial distribution

distribution  (2.22)
probability mass function (2.24)

discrete having the

nt x n-x
P (1-p)

PX =n) = -



trong dd x=0, 1, 2, ..., n va v&i cac tham sb n = 1,
2,...val<p<1,

Vi DY: Ham khéi Irgng xac sudt mé ta trong vi dy 1
clia 2.24 c6 thé thay 1a twong &ng vo&i phan bd nhj
thirc voi cac tham sb xac dinh n=3vap= 0,5,

CHU THICH 1: Phan bé nhi thive [a mdt tredng hep
dac biét cia phan bo da thivc (2.45) v&ik=2.

CHU THICH 2: Phan bd nhi thirc cho xéc suét vé sb
14n mot trong sé hai két qua xay ra trong » phép thir
dbc 1ap, trong @6 mdi phép thi cé cing hai bién cé
{2.2) loai trr nhau va xac suét (2.5) clia méi bién cb
1a nhw nhau déi véi cac phép thiv.

CHU THICH 3: Trung binh (2.35) cia phan bé nhi
thirc béng np. Phuong sai (2.36) clia phan bé nhj
thire béing np(1 - p).

CHU THICH 4: Ham khéi lwong xac suét nhj thic
ciing c6 thé bidu thj biing cach s dung hé sé nhi thire
cho bdi

n nt
X - xl(n-x)
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Phan bd Poisson

Phan bo roi rac (2.22) c6 ham khéi lwgng xac
suit (2.24)

P(X=x)= A—e"'L
x!

trong §6x=0,1,2, ... vatham sé A > 0.

CHU THICH 1: Gi¢i han cia phian bé nhi thirc
(2.46) khi n tién dén « va p tién Gén khéng sao np tién
dén 21a phan b Poisson vé&i tham sé A.

CHU THICH 2 Trung binh (2.35) va phwong sai
(2.36) clia phan bé Poisson déu bing A.

CHU THICH 3: Ham khéi lweng xic sudt (2.24) cia
phan bd Poisson cho xac suat vé sé 1an xuat hién mot
tinh chat clia mot qua trinh trong mét khodng thei gian

TCVN 8244-1:2010

where ¥ = 0, 1, 2, .., n and with indexing

parametersn=1,2, ...,and0<p< 1.

EXAMPLE The probability mass function described
in Example 1 of 2.24 can be seen to correspond
to the binomial distribution with index parameters n =
3andp=0,5

NOTE 1 The binomial distribution is a special case
of the multinomial distribution (2.45) with £ = 2,

NOTE2 The binomial distribution gives the
probability of the number of times each of two
possible outcomes have occurred in n independent
trials where each trial has the same two mutually
exclusive events (2.2) and the probabilities (2.5) of
the events are the same for all trials.

NOTE 3 The (2.35) of
distribution equals np. The variance (2.36) of the

mean the binomial

binomial distribution equals np(1 - p).

NOTE 4 The binomial probability mass function may

be aiternately expressed using the binomial
coefficient given by
n n!
x)  xi(n-x)
247
Poisson distribution
discrete  distribution (2.22) having the

probability mass function (2.24)
P(X=x)= i--e'JL
x!

where x =0, 1, 2, ... and with parameter 1> 0.

NOTE 1 The limit of the binomial distribution
(2.46) as n approaches « and p tends to zero in such
a way that ap tends to A is the Poisson distribution

with parameter A.

NOTE 2 The mean (2.35) and the variance (2.36)
of the Poisson distribution are both equal to A.

NOTE 3 The probability mass function (2.24) of
the Poisson distribution gives the probability for the
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béng dd dai Gon vi dap (ng cac didu kién nhét dinh, vi
du cuérng 46 xuét hién phy thudc vao thei gian.

248

Phan bé siéu hinh hoc

Phan bé révi rac (2.22) c6 ham khéi lwgng xac
suét (2.24)

M (M- N)
XM -xP A (n-x)(N=-M —=n+x)!
N
n' (N -n)!

PX =x)=

trong dé max (0, M ~ N) < x s min (M, n} c6 tham sé
1a sé nguyén

N=1,2, ..

M=0,1,2, .,N=-1

n=12.,N

CHU THICH 1: Phan bé (2.11) sidu hinh hoc xuét
hién khi sé ca thé dwoc danh diu trong mot miu
ngau nhién don gian (1.7) c& n. duec Idy ma khéng
hoan lzi, tlr mét téng thé (hoac 16) ¢& N chira chinh
X4c M ca thé danh d4u.

CHU THICH 2: Viéc hidu v& phan bé siéu hinh hoc s&
d& dang hon khi tham khao Bang 4.

Béng 4 - Vi dy vé& phan bé siéu hinh hoc

Cathé danh | Cathd Cathé
aPhoR | dhu hose d4nh khéng
khéng danh dau aanh du
dau
Téng thé N M N-M
Cac ca thé .
| trong mdu " * *
Céc cd thé i
i N-n M-x N-n-M+x
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number of occurrences of a property of a process in a
length satisfying certain
conditions, e.g. intensity of occurrence independent

time interval of unit

of time.
2.48
hypergeometric distribution
discrete  distribution (2.22) having the
probability mass function {2.24)
( M! I (M = N)! }
XM =-xPA(n=xY(N=-M=-n+x)!
P(X =x)= ( MAL ) )
Nt
ni(N -t

where maximum(0, M — N) £ x s minimum(M, n})

with integer parameters

N=1,2, ..
M=0,12,.,N-1
n=1,2,...N
NOTE 1 The hypergeometric distribution (2.11)

arises as the number of marked items in a simple'
random sample (1.7) of size n taken without
replacement, from a population (or lot) of size N
containing exactly M marked items.

NOTE 2 Anunderstanding of the hypergeometric
distribution may be facilitated with Table 4.

Table 4 — Hypergeometrlc distribution example

Marked or Marked Unmarked
Ral‘:r::nce unmarked items items
items

Population N M N-M
Iitems in n x N-x
sample
items not N-n M-x N-n-M+x
in sample




CHU THICH 3: Trong nhirng diéu kién nhat dinh (vi du
n trong déi nhd so voi N), thi phan bd siéu hinh hoe
co thé xép xi bing phan bd nhj thirc n va p = MIN.

CHU THICH 4: Trung binh (2.35) clia phan b siéu
hinh hoc bing (nM)/N. Phwong sai (2.36) cia phan
bd siéu hinh hoc béng
[
N N/N-1

2.49
Phén bd nhj thirc am
Phén bd roi rac (2.22) c6 ham khéi lwgng xac
suat (2.24)

(c+x-1)! . .
- 1-

ey P 0P
trong 66 x = 0, 1, 2, ..., n, vé&i tham sd ¢ > 0 va
tham sé pthdaman0<p < 1.

P(X =x)

CHU THICH 1: Néu ¢ = 1, phan bd nhj thic 4m duwoc
coi Ia phan bé hinh hoc va md t& xac sudt (2.5) bién
cb (2.2) co xac suat 1a p, sé xuét hign lan ddu tién
trong phép thir thir (x + 1).

CHU THICH 2: Ham khéi lugng xac suét ciing co thé
viét theo cach tuong duong nhuw sau:

P(X=x)= {':]p‘(l -p)

Thust nglr “phan bb nhj thirc &m" xuét phat tir cach
viét ham khéi lugng xac sut ndy.

CHU THICH 3: Dang ham khéi lugng xac suét néu
trong dinh nghfa nay thuedng dugc goi 1a “phan bd
Pascal” véi diéu kién ¢ 1a sb nguyén lén hon hodc
bing 1. Trong triréng hep A6, ham khéi lwgng xac
suat md t3 xac sudt 1an xuat hign thir ¢ cla bién cd
(2.2), o6 xac suét (2.5) 1a p, xuét hién trong 1an thir (c

+x).

CHU THICH 4: Trung binh (2.35) clia phan bd nhj
thirc am 13 (cpV(1 - p). Phwong sai (2.36) cla nhj

TCVN 8244-1:2010

NOTE 3 Under certain conditions (for example,
n is small relative to »), then the hypergeometric
distribution can be approximated by the binomial
distribution with nand p = MIN.

NOTE4 The mean (2.35) of the hypergeometric
distribution equals (nM)/N. The variance {2.36) of the
hypergeometric distribution equals

[, M=
N N/JN-1
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negative binomial distribution
discrete distribution (2.22) having the
probability

mass function (2.24)
(c+x-1)! ,
A A 1—
ey 7 0P

where x = 0, 1, 2, ..., n with parameter ¢ > 0 and

P(X = x)

parameter p satisfying 0 <p < 1.

NOTE 1 If ¢ = 1, the negative binomial distribution
is known as the geometric distribution and describes
the probability (2.5) that the first incident of the
event (2.2} whose probability is p, will occur in trial (x
+1).

NOTE 2 The probability mass function may also
be written in the following, equivalent way:

— c M
P(X=x)=[ . ]p‘ﬁ-p)
The term “negative binomial distribution” emerges

from this way of writing the probability mass function.

NOTE3 The wversion of the probability mass
the definition is often called
the “Pascal distribution” provided ¢ is an integer

function given in

greater than or equal to 1. In that case, the
probability mass function describes the probability
that the ¢ incident of the event (2.2), whose
probability (2.5) is p, occurs in trial (¢ + x).

79



TCVN 8244-1:2010

thirc 4m 13 (cp)/(1 - p)2.

2.50

Phan bé chuin

Phin bé Gaussian

Phén bé lién tyc (2.23) co ham mat dé xac suét
(2.26)

;J -n):

e I

f(x)=

o2n

trong 6 - < x < 0 v cb tham sb —w < y< 0 va

o>0.

CHU THICH 1: Phan bé chuln 1a mét trong cac phan
bd xac sult (2.11) dwoc sir dung rdng rai nhat trong
théng ké ng dyng. Do dang clia ham mat dd, né
thudng dwoc goi l1a dudng “hinh chubng”™. Bén canh
viéc s dyng nhir mét mé hinh dung cho cac hién
trgng ngdu nhign, phan bd ndy con nhu phan bd
trung binh (1.15) gi¢i han. Nhu mét phan bé tham
chidu trong théng ké, phan bd nay dugc st dyng
rdng rai dé danh gia tinh bat thudng clia céc két qua
thye nghiém.

CHU THICH 2: Tham sb dinh vi g 1& trung binh
{2.35) va tham sb thang do ¢ 1a 49 léch chudn (2.37)
cta phan bd chudn.

2.51

Phén b chuén chuan héa

Phin bd Gaussian chuin héa

Phan bé chuén (2.50) c6 4= 0 va o= 1.

CHU THICH: Ham mit d§ xac suit (2.26) cla phan
bé chudn chudn héa la

f(X) = _1_ex’f2

Var

trong d6 —w<x<w. Cac bang phan bd chudn c6 ham
mét d6 xéc suét nay, dwa ra 1am vi du, viing phu £ 6di
véi cac gia tri trong khodng (—ec, ).
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NOTE 4 The mean (2.35) of the negative binomial
distribution is (¢p)}(1 — p). The variance (2.36) of the
negative binomial is (cp)/(1 - p)2.

2.50

normal distribution

Gaussian distribution

continuous distribution (2.23)
probability density function (2.26)

having the

(x-p)?
e 20?

f(x)=6\{2_11:

where —o < x < w0 and with parameters — < y <

o and o> 0.

NOTE 1 The normal distribution is one of the most
widely used probability distributions (2.11) in
applied statistics. Owing to the shape of the density
function, it is informally referred to as the "bell-
shaped” curve. Aside from serving as a model for
random phenomena, it arises as the limiting
distribution of averages (1.15). As a reference
distribution in statistics, it is widely used to assess the

unusualness of experimental outcomes.

NOTE 2 The location parameter i is the mean
(2.35) and the scale parameter o is the standard
deviation (2.37) of the normal distribution.

2.51

standardized normal distribution
standardized Gaussian distribution

normal distribution (2.50) with y=0 and o= 1

NOTE The probability density function (2.26) of
the standardized normal distribution is

1 2
f(X)=—=e""
J2n
where —w<x<co. Tables of the nomal distribution
invoive this probability density function, giving for
example, the area under ffor values in (—w, ).



2.52

Phan bé l6ga chudn

Phan bé lién tuc (2.23) cd ham mat d§ xac suit
(2.26).

(Inr-p)®
')
e la

S(x)=

X217

trong d6 x>0 va voi cac tham sé ~w< u<w va

o> 0.

CHU THICH 1: Néu ¥ c6 phan bd chuin (2.50) voi
trung binh (2.35) 4va dd léch chuin (2.37) g, thi
phép bién ddi cho bdi X = exp(¥) c6 ham mat dé xac
suét néu trong dinh nghia. Néu X cé phan bd l6ga
chudn cé ham mét d8 xac suét nhu néu trong dinh
nghta thi In(X) c& phan bé chuln véi trung binh 4 va
dd léch chudn o

CHU THICH 2: Trung binh clia phan bé 16ga chuén I1a
explu + (c)/2] va phrong sai 13 exp(2y + o2) x
{exp(c?) — 1]. Didu nay chi ra rdng trung binh va
phwrong sai clia phan bb 16ga chudn Ja ham sb clia
tham sé pva o2

CHU THICH 3: Phan bd léga chudn va phan bd
Weibull (2.63) duge st dung phd bién trong céc (rng
dyng lién quan t&i 36 tin cay.

2.53

Phan bd ¢

Phan bé Student

Phén bé lién tuc (2.23) c6 ham mat dd xac suét
(2.26)

~{ve1)r2
I(v+1)/2] 12
= 14—
/o avl'(v/2) x( N v]

trong d6 —= < ¢ < = va voi tham sé v, 1a sb
nguyén duong.

CHU THICH 1: Phan bbé ¢ dugc s dung rong rai
trong thirc té @& danh gia trung binh méu (1.15) trong
trwérng hop chung khi dd léch chudn cua téng thé
duoe uéc lwgng tir di ligu. Thong ké mau r cb thé so
sanh véi phan bd t c6 n — 1 béc tw do d& danh gia

e TCVN 8244-1:2010

2,52

lognormal distribution

continuous distribution (2.23) having the
probability density function (2.26)

where x >0 and with parameters - < y<

and o> 0.

NOTE1 If ¥ has a normal distribution (2.50)
with mean (2.35) uand standard deviation (2.37) ¢,
then the transformation given by X = exp(}} has
the probability density function given in the definition.
If X has a lognormal distribution with density function
as given in the definition, then In(X) has a nomal
distribution with mean u and standard deviation o

NOTE 2 The mean of the lognormal distribution is
explu + (62)/2) and the varance is exp(2p + o) x
[exp(e?) — 1]. This indicates that the mean and
variance of the lognormal distribution are functions
of the parameters yand o°.

NOTE 3 The lognormal distribution and Weibull
distribution (2.63) are commonly used in reliability
applications.

2,53

¢ distribution

Student’s distribution

continuous distribution (2.23) having the
probability density function (2.26)

~{va1)i2
(v +1)/2] 12
= 14—
J@ Jnvl‘(v/Z) x[ i v]

where —« < t < = and with parameter v, a
positive integer.

NOTE1 The ¢ distribution is widely used in
practice to evaluate the sample mean (1.15) in the
common case where

deviation is estimated from the data. The sample ¢

the population standard

statistic can be compared to the t distribution with n
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trung binh quy dinh nhir mé ta cla trung binh téng
thé thyc.

CHU THICH 2: Phan bd 1 phat sinh nhr phan bé
thvong sd cua hai bién ngdu nhién (2.10) doc 15p,
trong d6 tlr sé ¢4 phan bé chuan chuin héa (2.51)
va méu sb dugc phan bé theo cin bac hai dueong cla
phan b khi binh phwong (2.57) sau khi chia cho sb
béc ty do cUa nd. Tham sb v dwgc goi 1a bac tw do
(2.54).

CHU THICH 3: Ham gamma dwgc dinh nghia trong
2.56.

254
Bic tw do
v

Sb cac sb hang trong mét tdng trir di sé cac rang
bufic d8i véi cac sb hang cla téng d6.

CHU THICH: Khai niém nay da gap trudc day trong
ng canh s* dung n 1 trong mAu sb cia ham
uwérc lugmg (1.12) cia phwong sal mdu (1.16). Sé
bac t¢ do dugc dung dé higu chinh cac tham sé. Thust
ngl¥ bac ty do clng duge s dyng rdng rai trong ISO
3534-3 trong do6 binh phuong trung binh duge cho
nhe tdng cac binh phuong chia cho sé bac ty do
thich hgp.

2.55

Phin b F

Phan bé lién tuc (2.23)c6 ham mat 46 xac suét
(2.26)

e GRA)E) ST

F(v] /Z)F( L) / 2}
trong db

x>0
v va v, I3 sé nguyén duong
I la ham gamma xac dinh trong 2.56,

CHU THICH 1: Phan b Fla phan bd tham chiéu hiru
ich d& danh gia i sé cia cac phwong sai (2.36) doc
iap.

CHU THICH 2: Ham F phat sinh khi phan bé ia
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— 1 degrees of freedom to assess a specified
mean as a depiction of the true population mean.

NOTE2 The ¢
distribution of the quotient of two independent
random variables (2.10), the numerator of which has
a standardized normal distribution (2.51) and the
denominator is distributed as the positive square root
of a chi-squared distribution (2.57) after dividing by

distribution arises as the

its degrees of freedom. The parameter v is referred
to as the degrees of freedom (2.54).

NOTE 3 The gamma function is defined in 2.56.

2.54

degrees of freedom

v

number of terms in a sum minus the number
of constraints on the terms of the sum

NOTE This concept was previously encountered in
the context of using n — 1 in the denominator of the
estimator (1.12) of the sample variance (1.16).
The number of degrees of freedom is used to
modify parameters. The term degrees of freedom is
also widely used in ISO 3534-3 where mean squares
are given as sums of squares divided by the
appropriate degrees of freedom.

2.55
F distribution
continuous distribution (2.23) havingthe
probability density function (2.26)
METH S
(Mx 4wy )02
where
x>0
v and v, are positive integers
I" is the gamma function defined in 2.56.

NOTE 1 The F distribution is a useful reference
distribution for assessing the ratio of independent
variances (2.36).

NOTE 2 The F distribution arises as the distribution



thwong s6 cla hai bién ngau nhién déc 1ap, méi bién
c6 mot phan bd khi binh phwong (2.57), chia cho
bic ty do (2.54) ctia n6, Tham sé v bac ty do & t
sb con v, 13 bac ty do mau sb clia phan bb F.

2.56

Phan bé gamma

Phan bb lién tuc (2.23) c6 ham mat d9 xac suat
(2.26)

xu—le-xﬂ)

BT(a)
trong d6 x > 0 va cac tham sb o> 0, #> 0.

f)=

CHU THICH 1: Phan b gamma dugc siv dyng trong
c4c ng dung lién quan t&i do tin cay ddi véi md hinh
théi gian tinh dén khi hong. Phan bd nay bac gém
phan bd mi (2.58) nhw treéng hep dac bigt cling
nhur cac trudrng hgp khac vai ti 1@ hdng tang theo
tudi d&i.
CHU THICH 2: Phan bé gamma dugc xac djnh bdi

_ a-l_-r
[(a) = j: x* e dx.
Déi véi cac gia tri nguyén clia a, I'(a) =(a- 1)!
CHU THICH 3: Trung binh (2.35) clia phan bd
gamma la af Phwong sai (2.36) clua phan bd
gamma la af.

2.57
Phan bé khi-binh phwong
Phan bé ¥
Phan bd lién tuc (2.23) ¢6 ham mit dd xac suét
(2.26).
a

3 2 e-xﬂ
f(X) = ————
S 2" (v 2)
trong doé x > 0 va véi v> 0.

CHU THICH 1: Déi v&i dix ligu phat sinh tir phin bé
chudn (2.50) c6 d§ léch chuén (2.37) o da biét,
théng k& n52/a? ¢ phan b khi-binh phwong v&i n -1

TCVN 8244-1:2010

of the quotient of two independent random variables
each having a chi-squared distribution (2.57),
divided by its degrees of freedom (2.54). The
parameter v, is the numerator degrees of freedom
and w is the denominator degrees of freedom of the
F distribution.

2.56

gamma distribution

continuous distribution (2.23) having the
probability density function (2.26)

xa-!e-xrﬂ

O @

where x > 0 and parameters (a> 0, > 0.

NOTE 1 The gamma distribution
reliability applications for modelling time to failure. It
includes the exponential distribution (2.58) as a

is used in

special case as well as other cases with failure rates
that increase with age.

NOTE 2 The gamma functionis defined by
= * _a-l -rx

I'a) J., x" e dx.

For integer values of e, T (a) =(a- 1)!

NOTE 3
distribution is af. The variance (2.36) of the gamma
distribution is /2.

The mean (2.35) of the gamma

2.57

chi-squared distribution
y? distribution
continuous distribution (2.23) having the

probability density function (2.26)

)
x; e-rf!

R TE Y7

where x > 0 and with v> 0,

NOTE 1 For data
distribution (2.50) with known standard deviation
(2.37) o the statistic nS%¢? has a chi-squared

arising from a normal

83



TCVN 8244.1:2010

bac ty do. Két qua nay la co s& dé thu dwgc khoang
tin cdy ddi v&i o2. Linh vipe ng dung khac ciia phan bd
khi-binh phuong [a nhw phan bd tham chiéu dbi véi sy
phu hgrp cda phép kiém nghiém,

CHU THICH 2. Phan bb nay 1a mét trwdng hop diic
biét ciia phan bd gamma (2.56) véi cac tham sb a=
vi2 va g = 2. Tham sé v dugc goi 1 bac ty do
(2.54).

CHU THICH 3: Trung binh (2.35) cGa phan bd khi
binh phwong la v. Phwong sai (2.36) cia phan bb
khi binh phwrong la 2v.

2.58

Phan bé mi

Phan bé lién tyc (2.23) co ham mat dd xac suét
(2.26).

Sx)=pe®
trong d6 x > 0 va tham sé 4> 0.

CHU THICH 1: Phan b m cung c¢p cor s&r cho cac
trng dyng lién quan dén dd tin cay, twong (ng vo&i
trrong hop “khéng bi lao héa” hogc tinh chét khéng
c6 nha.

CHU THICH 2: Phan bé ma 1a mét trwong hop dic bist
cua phan bé gamma (2.56) véi a = 1 hodc trong
duong phan bd khi binh phuwrong (2.57) voi v=2.
CHU THICH 3: Trung binh (2.35) clia phan bd mii la
B. Phuong sai (2.36) clia phan bé mai fa g2.

2.59
Phan bo beta

Phan bé lién tyc (2.23) c6 ham mat d6 xac suit
(2.26).

Ta+f)
Ma)rp)

trong d6 0 < x s 1 va véi tham sé g, > 0.

S(x)= (1-x)*"

CHU THICH:  Phan bé beta rét linh hoat, c6 ham
mat 33 xac sudt ¢6 nhidu hinh dang khac nhau “don
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distribution with »n — 1 degrees of freedom. This
result is the basis for obtaining confidence intervals
for o2 Ancther area of application for the chi-
squared distribution is as the reference distribution
for goodness of fit tests.

NOTE 2 This distribution is a special case of the
gamma distribution (2.56) with parameters a=
vi2 and g = 2. The parameter vis referred to as the
degrees of freedom (2.54).

NOTE 3 The mean (2.35) of the chi-squared
distribution is v. The variance (2.36) of the chi-
squared distribution is 2v.

2.58
exponential distribution
having the

continuous distribution (2.23)

probability density function (2.26)
Sx)=pe?

where x > 0 and with parameter 5> 0.

NOTE 1 The exponential distribution provides a
baseline in reliability applications, corresponding to
the case of “lack of aging” or memory-less property.
NOTE 2 The exponential distribution is a special
case of the gamma distribution (2.56) with @ = 1 or
equivalently, the chi-squared distribution (2.57) with
v=2,

NOTE 3 The mean (2.35) of the exponential

distribution is g. The wvariance (2.36) of the
exponential distribution is g2,

2.59
beta distribution
continuous distribution (2.23) having the
probability density function (2.26)
f(x)= I+ p) X' (1 = x)P
Ia)rp)

where 0 s x < 1 and with parameters a, 6> 0.

NOTE
having a probability density function that has a

The beta distribution is highly flexible,



thizc, dang chi *j", dang chi¥ "u”). Phan b ndy cb thé
st¥ dyng nhu mot md hinh clia do khdng ddm bao di
kém vé&i mét ty 18, Vi du, trong (rng dung bado hiém
bae, ty 1& hw hong mong muén déi véi mét loai két
cAu vai tdc dd gio cho trwdc ¢6 thd 14 0,40, mic dd
khdng phai gia dinh nao gap phai tredng gié nay
cling 1a do ciing loai hu hai. Phan bé beta c6 trung
binh 0,40 ¢4 thé dung cho mé hinh thiét hai khéng
gidng nhau theo loai két chu nay.

2.60

Phan bé déu

Phan bé hinh chi¥ nhat

Phan bé lién tuc (2.23) c6 ham mat dd xac suét
(2.26)

1

f(x)=b_a

trongdéasx=sb.

CHU THICH 1: Phanbd déu véia=0vab=113 phan
bé co ban ddi véi bd tao sé nglu nhign dién hinh,

CHU THICH 2: Trung binh (2.35) cla phan bé déu
Ia (a+bY2. Phwong sai (2.36) clia phan bé déu la (b-
)12,

CHU THICH 3: Phan bd ddu 1a trudng hop dac bigt
cla phan bd beta véi a= 1 va g= 1.

2.61

Phan bé cuc tri loai |

Phan bé Gumbel

Phan bé lign tuc (2.23) c6 ham phan bé (2.7)

~faswih

F(x)=e™
trong d6 —oo < x < o V& cac tham sb -~ < a <, b >
0.

CHU THICH: Phan bd cyc tri dwa ra phan bd tham
chiéu thich hgp cho cac théng ké thir tw (1.9) cye tr
X va X,. Ba phan bd gioi han ¢o thé khi n cd xu
hudng tién dén « dugc dua ra bdi ba loai phan bd
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variety of shapes (unimodal, *j"-shaped, ‘u"-shaped).
The distribution can be used as a model of the
uncertainty associated with a proportion. For
example, in an insurance hurricane modelling
application, the expected proportion of damage on a
type of structure for a given wind speed might be
0,40, ailthough not all houses experiencing this wind
field will A beta
distribution with mean 0,40 could serve to model the

disparity in damage to this type of structure.

accrue the same damage.

2.60

uniform distribution

rectangular distribution

continuous distribution (2.23) having the
probability density function (2.26)

i
f) =5
whereasx<b.

NOTE 1 The uniform distribution with @ = 0 and b =
1 is the underlying distribution for typical random
number generators,

NOTE 2 The (2.35) of the uniform
distribution is {a+h)2. The variance (2.36) of the
uniform distribution is (b a)2/12.

mean

NOTE 3 The uniform distribution is a special case of
the beta distribution with &= 1 and = 1.

2.61

type | extreme value distribution
Gumbel distribution
continuous distribution
distribution function (2.7)

(2.23) having the

- =le=a}p &
F(x)=e™®
where —wo < x < « with parameters o< a < w, b>

0.

NOTE Extreme provide
appropriate reference distributions for the extreme
order statistics (1.9) X;;and X,.,. The three possible

value distributions
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cire tri néu trong 2.61, 2.62 va 2.63.

2.62

Phén bé cwc trj loai Il

Phan bd Fréchet

Phan bé lién tuc (2.23) c6 ham phan b (2.7).
fxza)’

Flx)=e'"*

trong d6 x > a vacac tham sb —w <a <o, b> 0,

k>0.

2.63

Phén bd cwe trj loai Il

Phan b6 Weibull

Phan bé lién tyc (2.23) c6 ham phan bé (2.7)
F(x)=1- o1
trong 6 x > a v&i cactham s -0 <a <, b>0, k>
0

CHU THICH 1: Ngoai viéc ding lam mét trong ba
phén bd giti han cla thdng ké ther ty cye tri, phan bd
Weibull chiém vi tri quan trong trong cac ¢ng dung
khac nhau, dac biét trong nghién ctru d9 tin cay va k¥
thuat. Phan bé Weibull 43 chivng t6 cung cép tinh phi
hgp vé thyc nghiém cho nhidu loai tap d lieu khac
nhau.

CHU THICH 2: Tham sb a 1a tham sé dinh vj theo
nghta 14 gi4 tri nhd nhét c6 thé cé dugc trong phan bé
Weibull, Tham sb b |a tham sé thang do [lién quan dén
d$ 1gch chudn (2.37) cla phan bb Weibull]. Tham sé
k 1a tham s6 dinh dang.

CHU THICH 3. Béi v6&i k = 1, phan bé Weibull c6
dang phan b6 ham mo. Nang &n phan bé mo véia =
0 va tham sb b Ién luy thira 1/k tao thanh phan bd
Weibull theo dinh nghta. Mgt truérng hop d3c biét khac
clia phan bd Weibull 12 phan bb Rayleigh (v&i a = 0 va
k=2).
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limiting distributions as » tends to = are provided by
the three types of extreme value distributions given in
2.61,2.62 and 2.63.

262

type Il extreme value distribution

Fréchet distribution

continuous distribution (2.23) having the
distribution function (2.7)

c-a)’
F(x)= e'{T]
where x > a and with parameters - <ua <, b >
0,k>0.

2.63

type Ill extreme value distribution
Weibull distribution
continuous distribution
distribution function (2.7)

(2.23) having

F(x)=1- e{‘_’;:}

where x > a with parameters — < g <, h> 0, &
>0

NOTE 1 In addition to serving as one of the three
possible limiting distributions of extreme order
the Weibull distribution occupies a
prominent place in diverse applications, particularly
reliability and engineering. The Weibull distribution
has been demonstrated to provide empirical fits to a
variety of data sets.

statistics,

NOTE 2 The parameter a is a location parameter in
the sense that is is the minimum value that the
Weibull distribution can achieve. The parameter b is a
scale parameter [related to the standard deviation
(2.37) of the Weibull distribution).
kis a shape parameter.

The parameter

NOTE 3 For k= 1, the Weibull distribution is seen
to include the exponential distribution. Raising an
exponential distribution with 2 = 0 and parameter b to
the power 1/k produces the Weibull distribution in the
definition. Another special case of the Weibull



2.64

Phén bé chuan nhiéu chiéu

Phéan bé lién tuc (2.23) c6 ham mat dé xac suit
(2.26)

(x=p)" £ Mx-p)

S =eng e T

trong do
0 < x; < o dbi v&i méi i;
13 vecto tham sé n chiéu;
¥ 1a ma trén xac djnh duong, d6i xéeng n x n
tham sé; va
chir dam chi thj vécto n chiéu.

CHU THICH:; M&i phan bd bién duyén (2.18) cia
phén bd nhidu chidu trong didu nay co phan bd chuin.
Tuy nhién, ¢6 nhidu phan bd nhidu chidu c6 phan bd
bién duyén khac dang phan bé néu trong didu nay.

2.65

Phan bé chuén hai chidu

Phén bb lién tyc (2.23) c6 ham mat dé xac sult
(2.26)
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distribution is the Rayleigh distribution {for« = 0 and
k=2)

264

multivariate normal distribution
continuous distribution (2.23)
probability density function (2.26)

having the

(" E '(-n)
f@=@oy e T

where

—0 < x; < o for each i

# is an n-dimensional parameter vector;

2 is an n x n symmetric, positive definite
matrix of parameters; and

the boldface indicates n-dimensional vectors.

NOTE  Each of the marginal distributions (2.18)
of the multivariate distribution in this clause have a
normal distribution. However, there are many other
multivariate distributions having nommal marginal
distributions besides the version of the distribution
given in this clause,

2,65

bivariate normal distribution

continuous distribution (2.23) having the
probability density function (2.26)

2
f(x,y) = S (x—,ux]’_2p{x—ﬂx1)’—ﬂyJ+[)"#r]:l
210.0,+J1-p 2(1-p" )i\ o O gy o,
trong d6 where
—¢ <X < B, —00 < X < 09,
—x<y<w® —o<y<®
TR <0, -0 < fy <,
o <[4 < 00, @ < g, < 0,
o,>0 a.>0
g.>0 a>0
It <1 el <1

CHU THICH: Theo ky hiéu goi y, déi vdi (X,Y) ¢6 ham
mat do x4c suit (2.26) néu trén, E(X) = i, E(V)= 1,

NOTE As the notation suggests, for (X.F¥) having the
above probability density function (2.26), E(X)
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NX) = a2, V(Y) = 62, va pla h@ sb twong quan (2.44)

gilra Xva .
266
Phan b6 chuin chuin héa hai chiéu

Phan bé chuan hai chiéu (2.65) cé cac thanh
phan phan bé chudn chudn héa (2.51).

2.67
Phan bd miu
Phan bb cia mét théng keé.

CHU THICH: Minh hoa v& phan bé miu cy thé dugc
néu trong chi thich 1 cla 2.53, chu thich 1 clia 2,55
va chd thich 1 cliia 2.57.

2.68

Khéng gian xac suét

(2. N, p)

Khéng gian mau (2.1), va sigma dai sd cua
bién cé (2.69), va dd do xac suit (2.70).

VI DY 1: Mét trerng hop dac bigt, khéng gian miu ¢
thé chira tat ca 105 ca thé san xuét trong mot ngay
quy dinh tai mgt nha may. Sigma dai sé cua bién cb
gdm t4t ca nhimng tap con c6 thd. Cac bién cd nay
bao gdm {khong ¢6 ca thé nao), {ca thé 1), {ca thé 2},
... {cA thé 105}, {ca thé 1 va ca thé 2}, ..., {tht ca 105
ca thd}. Mot thude do xac suét co thé duge xac dinh
1a 56 cé4 thé trong mdt bién cb chia cho téng sb ca thé
duwge san xudt. Vi dy, bién cd {ca thé 4, ca thé 27, ca
thé 92} c6 d6 do xac suét 1a 3/105.

VI DY 2: Xét vi dy thir hai dbi voi tudi tho cia pin. néu
pin dén tay khach hang va khéng hoat ddng thi tudi
tho 14 0 h. Néu pin hoat déng thi tudi tho tuan theo mét
phan bb xac suét (2.11) nhét dinh, vi dy nhu phan
bd ma (2.58). Khi d6, thoi gian tn tai b chi phéi boi
xac suét pha trén gitka rovi rac (ty 1& pin khdng hoat
déng tir ban diu) va lién tyc (thai gian séng thyc). Dé
don gidn cho vi dy ndy, gia dinh rang tudi tho cia pin
twong dbi ngdn so véi thdi gian nghién clru va thei
gian t8n tai dwoc do lién tuc. Tat nhién, trén thyc té
¢6 thé bi ngt theo d&i thei gian tén tai bén phai hoac
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= ux, E(V) = . V(X) = &2, (1) = 62 and pis the
correlation coefficient (2.44) between X and Y.

2.66

standardized bivariate normal distribution

distribution (2.65) having
distribution (2.51)

bivariate normal
standardized normal
components

267
sampling distribution
distribution of a statistic

NOTE lllustrations of specific sampling distributions
are given in Note 2 of 2.53, Note 1 of 2,55 and Note 1
of 2.57.

2.68

probability space

(22 N, p)

sample space (2.1), an associated sigma
algebra of events (2.69), and a probability

measure (2.70)

EXAMPLE 1 As a simple case, the sample space
could consist of all the 105 items manufactured in a
specified day at a plant. The sigma algebra of events
consists of all possible subsets. Such events include
{no items}, {item 1}, {item 2}, ... {item 105}, {item 1
and item 2}, ..., {all 105 items}). One possible
probability measure could be defined as the number
of items in an event divided by the total number of
manufactured items. For example, the event {item
4, item 27, item 92} has probability measure 3/105.

EXAMPLE 2 As a second example, consider
battery lifetimes. If
hands of the customer and they have no power, the
survival time is 0 h. If the batteries are is functional,
then their survival times follow some probability
distribution (2.11), such as an exponential (2.58).
The collection of survival times is then governed by a
distribution that is a mixture between discrete (the

the batteries arrive in the

proportion of batteries that are not functional to
begin with) and continuous (an actual survival time).



bén trai (vi dy, thdi gian hdng duoc biét ¢6 thé xay ra
itnhédt ta 5 h hodc tir 3 dén 3,5 h), trong d6 cac wu
diém cua két cdu nay co thé phat huy. Khong gian
mau gdm mdt nira dwdng thdng thyc (cac sé thuc Ion
hon hodc bang khéng). Sigma dai sb cla bién cé
gbm tdt ca cac khoang clia dang [0.x) va tap {0).
Ngoai ra, sigma dai s bao gdm tét ca cac hop dém
dugc va giao dém duge cla cac tap ndy. D do xac
suat xac dinh déi voi tixng tap hop, thanh phan cla
né dai dién cho pin khéng hoat ddng va pin cé thoi
gian tén tai dwong. Chi tiét vé viéc tinh toan théi gian
hong dugc dé cap trong toan bd didu nay & nhizng
ché thich hep.

2.69

Sigma dal s cta bién cb

odai sé

sigma trrong

otruong

N

tap hop cac bién ¢b (2.2) cé tinh chét:

a) thudc ;

b) Néu mét bién cd thudc N, thi bién cé ba (2.3)
ciing thudc &

c) Néu {4, 1a tap hop bién cb bat ky trong X, thi
hop U"_’ A; va giao ﬂ;Af cua bién cb cang thudc

N

Vi DY 1: Néu khéng gian mau la tap hep cac sb
nguyén thi sigma dai s cta bién cb cé thé dwgc chon
14 tap ho'p 14t ¢a cac tap con ciia cac sd nguyén dé.

Vi DY 2; Néu khéng gian mau |a tap hop cac sé thyc

TCVN 8244-1:2010

For simplicity in this example, it is assumed that the
lifetimes of the batteries are relatively short
compared to the study time and that all survival
times are measured on the continuum. Of course, in
practice the possibility of right or left censored
survival times (for example, the failure time is known
to be at least 5 h or the failure time is between 3
and 3,5 h) could occur, in which case, further
advantages of this structure would emerge. The
sample space consists of half of the real line (real
numbers greater than or equal to zero). The sigma
algebra of events includes all intervals of the form
[0.x) and the set {0}. Additionally, the sigma algebra
includes all countable unions and intersections of
these sets. The probability measure
determining for each set,

involves
its conslituents that
represent non-functional batteries and those having a
positive survival time. Details on the computations
assoclated with the failure times have been given
throughout this clause where appropriate.

2.69

sigma algebra of events

o-algebra

sigma field

o-field

N

set of events (2.2) with the properties:

a) belongsto A

b) If v, then its
complementary event (2.3) also belongs to
NS

an event belongs to

c) If {4} is any set of events in X, then the union
U’l A, and the intersection ﬂ'c A; of the
=] i1
events belong to N.

EXAMPLE 1
integers, then a sigma algebra of events may be
chosen to be the set of all subsets of the integers.

If the sample space is the set of

EXAMPLE 2 If the sample space is the set of
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thi sigma dai sd cua bién ¢b ¢o thé dugc chon bao
gdm cac tap hop ng véi cac khoang trén dwéng
thdng thyc va tit cd cac hop vo han va dém dugc
ciing nhr giao cla cac khoang nay. Cé thé mé réng vi
du nay ra sd chidu I&n hon béng cach xét "khodng” k
chidu. Cy thé, véi hai chiéu, tap hop cac khodng cb
thé bao gém cac vung x4c dinh bdi ((x¥): x <5, ¥ < 1)
36i véi tAt ca céc gia tri thyc cla svar.

CHU THICH 1: Sigma dai sé 1a tap hop bao gém
phan t&r 1a cAc tap hop. Tap hop cac két qua 2c6 thé
c6 12 phan tir clia sigma dai sé cOa bién ¢b, nhur chira
trong tinh chét a).

CHU THICH 2: Tinh chét c) lién quan dén t4p hep cac
phép tinh trén cac tap con (co thé 1a hiru han dém
dugc) cla sigma dai s6 cla bién cb. Ky hiéu dugc
cho chi ra ring t4t ca cac hep dém dugc va giao dém
duwoc clia cac tap hop nay cing thudc sigma dai sb
cla bién cb.

CHU THICH 3: Tinh chét ¢) bao ham ca tinh khép kin
(cac tap hop thudc sigma dai s6 cua bién cb) theo hop
hiru han hodc giao hiru han. Han dinh sigma dugc
diung d& nhdn manh ring A khép kin trong cac hop
ho#c giao vd han dém duorc.

2.70

Do do xac suit

0

Ham khong 4m xac dinh trén sigma dai sb cla
bién co (2.69) sao cho

a) p (=1,

trong 66 2biéu thi khéng gian mau (2.1),

b o, 4) =37 0(4)

trong d6 {4} 1a day céac bién cb (2.2) tach réi nhau
86i mot.

Vi DY: Tiép theo vi dy vé pin & 2.1, xét bién cé pin
hoat ddng it hon mot gi¢r. Bién cd nay gdbm cap cac
bién ¢4 tach rdi {khong hoat dgng) va {hoat ddng it
hon mot gier nhung hoat dong tr déu). Tuong ing, ¢6
thé biéu thi cac bién cb {0) va (0,1). B6 do xac suit
cua {0} Ia ty 1& pin khdng hoat déng ngay tir Ian dau.
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real numbers, then a sigma algebra of events may be
chosen to include all sets corresponding to intervals
on the real line and all their finite and countable
unions and intersections of these intervals. This
example can be extended to higher dimensions by
considering k- dimensional "intervals”. In particular, in
two dimensions, the set of intervals could consist of

" regions defined by {(x,y): x <s, y < 1} for all real values

of sand .

NOTE 1 A sigma algebra is a set consisting of sets
as its members. The set of ali possible outcomes
2is a member of the sigma algebra of events, as
indicated in property a).

NOTE 2 Property c) involves set operations on
a collection of subsets (possibly countably infinite) of
the sigma algebra of events. The notation given
indicates that all countable unions and intersections of
these sets also belong to the sigma algebra of events.

NOTE 3 Property c) includes closure (the sets belong
to the sigma algebra of events) under either finite
unions or intersections. The qualifier sigma is used to
stress that A is closed even under countably infinite
operations on sets.

2.70

probability measure

o4

non-negative function defined on the sigma
algebra of events (2.69) such that

a) g (=1,
where 2denotes the sample space (2.1),
o) o 4) =37 p(4)

where {4} is a sequence of pair-wise disjoint
events (2.2).

EXAMPLE Continuing the battery life example
of 2.1, consider the event thal the battery survives
less than one hour.
disjoint

This event consists of the
pair of events {does not function} and
{functions less than one hour but functions initially}.

Equivalently, the events can be denoted {0} and



D9 do xac sudt cua tap hep (0, 1) phy thuge vao xac
suat phan bd lién tuc cu thé [vi dy, phan bé mi
(2.58)] chi phéi phan bb hdng.

CHU THICH 1: D6 do x4c suét 4n dinh mot gia tri tir
[0, 1] 86i véi mdi bién cé trong sigma dai sb cia bién
cb. Gia i 0 Ung véi bién cb khong thé xay ra, trong
khi gia tri 1 bidu didn kha nang chic chédn xay ra. Cy
thé, 6 do xac suét cda tap tréng bing khéng va do do
xac sudt &n djnh cho khéng gian mAu 13 1.

CHU THICH 2. Tinh chét b) chi ra ring néu day céac
bién ¢b khbng co phan chung khi xét theo cap thi do
do xac suat clia hop cac bién cb db 1a tdng cac db do
xac suét don 1&. D& chil r6 thém cho tinh chét b), néu
sb bién cé la vé han dém dwec thi didu nay van
dung.

CHU THICH 3: Ba thanh phan cia x4c sut co lién hé
théng qua cac bién ngdu nhién. Xac suét (2.5) cia
cac bién cé trong tap dnh ctia bién ngiu nhién (2.10)
tinh dwoc tlr xdc sudl cla bién cb trong khdng gian
mBu. Bién ¢b trong tap anh cda bién ngiu nhién dugc
4n dinh xac suét cia bién cb trong khdng gian mau
chiéu 1&n nd béng bién ngau nhién.

CHU THICH 4: Tap anh cua bién ngdu nhién 14 tap sé
thire hodc b n sb thye. (Cha v tap anh 14 tap hep ma
bién ngdu nhién chiéu Ién do.)
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(0,1). The probability measure of {0} is the proportion
of batteries that do not function upon the initial
attempt. The probability measure of the set (0, 1)
depends on the specific continuous probability
exponential (2.58))
goveming the failure distribution.

distribution [for example,

NOTE 1 A probability measure assigns a value
from [0, 1] for each event in the sigma algebra of
events. The value 0 corresponds to an event being
impossible, while the value 1
cerainty of  occurrence.

represents
In particular, the
probability measure associated with the null set is
zero and the probability measure assigned to the
sample space is 1.

NOTE 2 Property b)
sequence of events has no elements in common

indicates that if a

when considered in pairs, then the probability
measure of the union is the sum of the individua
probability measures. As further indicated in property
b), this holds if the number of events is countably
infinite.

NOTE 3 The three components of the probability
are effectively linked via random variables. The
probabilities {2.5) of the events in the image set of
the random variable (2.10) derive from the
probabilities of events in the sample space. An event
in the image set of the random variable is assigned
the probability of the event in the sample space that is
mapped onto it by the random variable.

NOTE 4 The image set of the random variable is
the set of real numbers or the set of ordered n-
tuplets of real numbers, (Note that the image set is
the set onto which the random variable maps.}
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Phuluc A Annex A
(tham khao) (informative)
Ky higu Symbols
Ky hiéu Thuat ngir Tiéng Vit Thuit ngir tiéng Anh sé didu
Symbol(s) Vietnamese term English term Term No.
A bién cb event 22
AC bién ¢6 bu complementary event 23
sigma dai sé clia bién ¢b, odai sb, sigmal sigma algebra of events, o algebra,
N tneong ‘sigma field i
a-treding  ofield 289
a mirc y nghia significance level 1.45
Aubonpy tham s6 parameter
PN Me va b k
yi hé s6 nhon coefficient of kurtosis 2.40
E(X%) momen méu bac k sample moment of order k 1.14
ElgX)] ky vong cla ham g cUa bién ng8u nhién |expectation of the function g of a
X random variable X 212
Fx) ham phan bd distribution function 2.7
/(x) ham mat db xac suét probability density function 2.26
N hé sb bat dbi xrng coefficient of skewness 2.39
H gia thuyét hypothesis 1.40
H, gia thuyét khodng null hypothesis 1.41
Hp Hy abi gia thuyét allemnative hypothesis 1.42
k sb chidu dimension
kor.s bac clia mdémen order of a moment 1.14,2.34,
241,242
[ trung binh mean 2.35
v bac ty do degrees of freedom 2.54
n c& méu sample size
& khéng gian méu sample space 21
(2R, ) khong gian xac suat probability space 2.68
PlA) xac suét ciia bién cb 4 probability of an event 4 25
P(4|B) xac suét co diéu kién cla 4 cho trude B | conditional probability of A given B 26
£~ a6 do xac suét probability measure 2.70
Txy hé sb tvong quan miu sample correlation coefficient 1.23
s gid tr quan tric cia 66 I8ch chudn mAu observed value of a samplestandard;t
deviation
S dd 1éch chudn méu sample standard deviation 1.17
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Ky hiéu Thuat ngi Tiéng Viét Thuét ngir tiéng Anh S6 diéu

Symbol(s) Vietnamese term English term Term No.
$2 phuong sai miu sample variance 1.16
Syy hiép phwong sai mau sample covariance 1.22
o dd léch chuén standard deviation 237
a2 phuong sai variance 2.36
Oyy hiép phwong sai covariance 243
a sai sb tidu chuén standard error 1.24
oy sai sé tiéu chuén cla trung binh mau standard error of the sample mean
8 tham sé cua phan bd parameter of a distribution
é ham wéclugng estimator 1.12
X phuong sai cUa bién ngdu nhién x variance of a random variable X 2.36
Xa) thdng ké thi ty i #h order statistic 1.9
LYz gia trj quan trac observed value 14
XYzt bién ngdu nhién random variable 2.10
X, X, p phan vj p-quantile 213
XX trung binh, trung binh méu average, sample mean 1.15
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Phuy luc B
(tham khao)

So dd khai niém thong ké

Annex B
(informative)

Statistical concept diagrams

+ tbng thé (1.1)
¢ population (1.1)

e mdu(13) —

¢ sample (1.3) L_—. o gonvildymiu(1.2) o ham phan b6 (2.7) i
0 sampling unit (1.2) 0 distribution function (2.7)

L

. gi;‘i tri quan + mau nglu nhién (1.6)
trac (1.4) ¢ random sample {1.6)
0 observed \
value (1.4) :
+ bién ngdu
. nmzn(z.m} + théng ke (1.8) o théng ké kidm
:‘;‘:ia‘l')'?‘ (2.10) 0 Statistic (1.8) == nghigm (1.52)
ele 0 test statistic
(1.52)
+ méu nglu nhién .
don gian (1.7) ¢ :[‘f{':?g‘;" ther
+ théng k& mé 0 simple random 0 order
ta (1.5) sample (1.7) statistic (1.9)
0 descriptive ¢ ham woc lwgng (1.12)
statistics (1.5) 0 estimator (1.12)
+ trung vj mau (1.13)
¢ sample median (1.13)
+ (thdng ké thir tir cyre trf)
¢ (extreme order statistic}
¢ dordng cua miu (1.10) - ¢ tam dd rong (1.11)
¢ sample range (1.10) ¢ mid-range (1.11)

Hinh B.1 — Khai niém co ban vé téng thé va mau

Figure B.1 — Basic population and sample concepts
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+ miu ngau nhién don gian (1.7)
¢ simple random sample (1.7)

¢ bac mémen miu (1.14)
0 sample moment of order (1.14)

¢ trung binh mau (1.15)
¢ sample mean (1.15)

i

+ hé sé nhon miu (1.21)

+ phuong sai méu (1.16) hé s6 bét dbi ximg ¢ sample coefficient of

+ héshbién dongmiu © sample variance (1.16) mdu (1.20) kurtosis (1.21)

(1.18)
¢ sample coefficient of
variation (1.18)

s hesbtuwongq

uan
miu (1.23) + dot&ch chudn mau (1.17)

¢ sample coefficient of
coefficient (1.23)

|

+ phuong sai mau (1.22)
¢ sample covanance
(1.22)

¢ sample coefficient of
skewness (1.20)

N\ /o

¢ sample standard deviation (1.17)

Y

+ bién ngdu nhién miu
chuén hoéa (1.19)

¢ standardized sample
random vanable (1.19)

Hinh B.2 — Khai niém vé mémen méiu
Figure B.2 — Concepts regarding sample moments
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¢ ham uvéc lugng (1.12)
0 estimator (1.12)

=7

¢ uoc lvgng ¢ vdclwong (1.31)

khodng (1.25)

¢ interval estimator
(1.25)
¢ khoang dy
doan (1.30)
0 prediction
interval {1.30)
Y
+ tham sé (2.9)
¢ parameter (2.9)
+ khoang tin c8y khodng dung sai
(1.28) thdng ka (1.26)
¢ confidence

¢ statistical tolerance

interval (1.28) interval (1.26)

0 estimate (1.31) e—am phép wéc

¢ sai s tidu chuén (1.24)
¢ standard error (1.24)

=

+ phép woc lwgng (1.36)
0 estimation (1.36)

+ saisbcua + ham véc * phepube
leong hep ly lugng hop ly
lwong (1.32) cye dai (1.35) cye dai (1.37)
¢ error of 0 maximum ¢ maximum
estimation likelinood ™™ Ilke_l;hoqd
(1.32) estimatar estimation
(1.35) (1.37)
ham wéc lugng
db chéch ¢
* (?33}9‘: R khﬁl;lg Ché':h‘“ .34)
0 bias ¢ unbiased estimator
(1.33) (1.34)

¢ ham heply (1.38)
¢ likelihood function

. . (1.38)
+ ham mét dd xac

suét (2.26)
0 probability density
function (2.26)

* khoang tin cay mét
phia (1.29)

¢ one-sided
confidence interval
(1.29)
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+ hq phén b (2.8)
o family of
distribution (2.8)

* ham hop ly bién
duyén (1.39)

¢ profile likelihood
function (1.39)

# ham khdi lugng
xac suét (2.24)

¢ probability mass
function (2.24)

+ gi¢i han dung sai théng
ke (1.27)

¢ statistical tolerance
limit (1.27)

Hinh B.3 - Khai ni¢m wéc lwong
Figure B.3 — Estimation concepts
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+ thdng ké kiém nghigm + phép kiém nghiém théng ké (1.48)

(1.25) - —= O slatistic test (1.48)
0 test statistic (1.25)

)

+ gia thuyét (1.40)
0 hypothesis (1.40)

|

+ p-gid trj (1.49)
¢ p-value (1.49)

+ gidthuyétkhong o dbi gia thuyét + gia thuyét don + gia thuyét
(1.41) (1.42) (1.43) hop(1.44)

¢ null hypothesis ¢ alternative 0 simple hypothesis ¢ composite
(1.41) hypothesis (1.42) (1.43) hypothesis (1.44)

/

+ muic ¥y nghia

NS

(1.45)
¢ significance level
(1.45)
+ “sai lam loai 1 {1.46) + phép kiém nghiém théng ké (1.48)
0 Type | error (1.46) 0 statistic test (1.48)
+ saildm loai Il (1.47) /
¢ Type Il error (1.47)
+ hiéu lyc cta phép kiém nghiém (1.50)
+ higulyccua ¢ power of a test (1.50)
phep kiém
nghiém (1.50)
¢ power of a test

(1.50)

+ ho phan bd (2.8)
¢ family of distributions (2.8)

Hinh B.4 = Khai niém lién quan dén phép kiém nghiém théng ké
Flgure B.4 - Concepts regarding statistical tests
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+ théng k& md ta (1.5)
¢ descriptive statistic (1.5)

l} l
¢ thbngkémotaddthi ¢ thdngkémbtaddangsd ¢ giatr quan tréc (1.4)
(1.53) (1.54) 0 observed value (1.4)
0 graphical descriptive ¢ numerical descriptive
statistic (1.53) statistic (1.54)
i
¢+ 16p (1.55) o tin sé (1.59)

0 class (1.55) <

Ve

+ gi¢ihanlop ¢ diémgika e dd dng lop ¢ phan bé tan sb + tan sé twong déi
(1.56) 16p (1.57) (1.58) (1.60) (1.64)
0 class limits ¢ mid-point of 0 class width ¢ frequency 0 relative frequency
(1.56) class (1.57)  (1.58) distribution (1.60) (1.64)
)
¢ tan sd tich loy
(1.63)
¢ cumulative

frequency (1.63)

b

# phan bé tan sé + tan sé tich lay tuong déi
(1.60) (1.65)

¢ frequency ¢ cumulative relative frequency
distribution (1.60) (1.65)

 bidu d4 phan bé + biéu d6 cot (1.62)
(1.61) ¢ bar chart (1.62)
0 histogram chart
(1.61)

Hinh B.5 - Khai niém lién quan dén 1&p va phan bd thwe nghiém

Figure B.5 ~ Concepts regarding classes and empirical distributions
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PhulycC
(tham khao)
So dd khai niém xac suat

Annex C
(informative)
Probability concept diagrams

# khéng gian xac suét,

(Q, N, p) (2.68)
0 probability space,
| + ky vong (2.12)
l | 0 expectation (2.12)

s khdng gian mdu, 2+ sigma dai s6 cia » 80 do x4c sult, s
(2.68) bién cé, ¥ (2.69) (2.70)
0 sample space, 02 ¢ sigma algebra of ¢ probability measure,
(2.68) ‘ events, & (2.69) £ (2.70)
| 1
¢ bién cb bl (2.3) e bién cb (2.2)
O complementary ¢ event (2.2)
event (2.3)

+ xac suét (2.6)
O probability (2.6)

* xac suét co didu kign g ;'Q '?Ihénf bo (2.8)
A cho tnio 842.8) distribution (2.8)
0 conditonal probability '
of A given B (2.6) + tham s (2.9)
0 parameter
o bién cd 4OC 13p (2.4) (¢, X) ~e——_ ¢ NAM phan b6 (2.7) (2.9)
¢ independent event (2.4) ¢ distribution ‘
function (2.7) RR
¢ phan bd xac sudt ¢ bién ngdu nhién
(2.11) - (2.10)
¢ probability 0 random rariable

distribution (2.11) (2.10)

+ p-phén vj (2.13)
0 p-quantile (2.13)

+ trung vi (2.14) + t&r phén vi (2.15)
0 median (2.14) 0 quartile (2.15)

Hinh C.1 - Khai niém co ban diing trong xac suit
Figure C.1 = Fundamental concepts in probability
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+ (tdng thé hru han)
¢ (finite population)
+ (md hinh théng k&)

/ 0 (statistical model)
+tbng thé (1.1)

+ (tdng thé vé han)
0 population (1.1)

© (infinite population)

+ (tdng thé gia thuyét)
0 (hypothetical population) +miu (1.3) + bién ngdu nhién (2.10) e tham sb (2.9)
0 sample (1.3) 0 radom variable (2.10) 0 parameter (2.9}

A

¢ gia trj quan trdc (1.4)
¢ observed value (1.4)

'

+ (thdng ké suy luén)
¢ (inferential statistics)

¢ phép wéc lugng (1.36)  + (dy doan)
¢ estimation (1.36) ¢ (prediction) ¢ statistical test (1.48)

Hinh B.6 = So @& khai niém suy lugn théng ké
Figure B.6 - Statistical inference concept diagram

+ kiém nghiém théng k& (1.48)
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+ phan bd xac suét (2.11)
¢ probability distribution

(2.11)
\

+ phan bé xac suét quy
tAm (2.30)

0 centred probability
distribution (2.11)

.

+ phan bd xac suét chuan
héa (2.32)

0 standardized probability
distribution (2.11)

+ sai sb tidu chuén (2.24)
0 standard error (2.24)

TCVN 8244-1:2010

¢ ky vong (2.12)

¢ bién ngéu nhién (2.10)
¢ expectation (2.12)

¢ random variable (2.10)

¢ bién ng&u nhién  « bién ngéu nhién + mémen hdn hop
rdi rac (2.10) lién tuc (2.29) bac rva s (2.41)
0 discrete random 0 continuous random 0 joint moment of
variable (2.10) variable (2.29) order r and s (2.41)
+ bién ngau nhién + mémen bic r (2.34)
quy tam (2.31) ¢ moment of order r (2.34)
¢ centred random
vanable (2.31) S
e momen hédn hgp quy
tAm bac rva s (2.42)
0 joint central moment of
¢ trung binh {2.35} order r and s (2.42
¢ mean (2.35) rrands (2.42)
« bién ngau nhién _ .
chudn héa (2.33) + hiép phwong sai
¢ standardized random (2-43!
variable (2.33) 0 covariance (2.43)

¢ hé sb bién dong e phuong sai ¢ hé sb bat d6i ¢ hé sb nhon

(2.38) {2.36) xirng (2.39) (2.40)
0 coeffiecentof ¢ viariance 0 coeffiecient ¢ coeffiecient
variation (2.38)  (2.36) of skewness  of kurtosis

N

¢ dj léch chuan (2.37) 7
0 standard deviation (2.37)

(2.39) (2.40)
// |

+ tong quan (2.44)
¢ correlation (2.44)

Hinh C.2 - Khai niém lién quan 4én mémen

Figure C.2 - Concepts regarding moments
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+ phan b xac suét (2.11)
¢ probability distribution (2.11)

ephanbd xac e phanbd xac ¢ ham khdi # phan bd xac « phan bd xac + ham mat dé
suit don bién sudtdabién  lugng xac sult sudt rdrirac  sudt lién tuc X&C sudt (2.24)
(2.16) {2.17) (2.24) - (2.22) (2.23) «—a O probability
¢ univariate ¢ multivariate ¢ probability ¢ discrete ¢ continuous density
probability probability mass function probability probability function (2.24)
distribution distribution (2. 24) distribution distribution
(2.16) 2.17) (2.22) (2.23)
+ mbt cia ham
* n"lét cla ham mat dé xac
khéi lugng xéac sult (2.27)
suét (2.24) 6 mode of
¢ mode of probability
pl‘obabllll)' densitv
'{232545)'0"“'0" function (2.27)
sphan bd xac e phan bd xac
suét bién suét c6 didu
duyén (2.18) kién (2.19)
0 marginal ¢ conditional
probability probability
?éﬂrét))uuon ?és:ngl;ullon ephanbdda ¢phan bd ephanbdsiéu ¢ phan bb nhjthire
. thirc (2.45) Poisson hinh hgc (2.48)  am (2.49)
o multinomial (2.47) ¢ hypergeometric ¢ negative binomial
distribution ¢ Poisson dislribution distribution (2.49)
(2.45) distribution  (2.48)
(2.47)
« dudng hbi + mat hdi quy
quy (2.20) (2.21)
¢ regression 0 regression
Zigrve (2.20) :E?faoe + phan l?é xac suét
(2.21) don bién (2.16)
0 univariate
probability

+ phén bé xac suét da

bién

¢ multivariate probability
distribution (2.17)

2.17) (2.46)

¢ binomial
distribution (2.46)

+ phan bé nhj thirc

distribution (2.16)

Hinh €.3 — Khai niém lién quan dén phan bé xac sudt
Figure C.3 - Concepts regarding probability distributions
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+ phin b xac sudt lign tyc (2.23)
¢ continuous probability distribution {2.11)

¢ phan bd ephanbd ephanbd: ephadnbd F
loga chudn .. chuin (2.53) (2.55)
(2.52) (2.50) Ot OF
0 loganormal ¢ normal distribution  distribution
distribution distribution (2.53) (2.55)
{2.52) (2.50) \ /
#bac ty do ephanbd  ephanbd ¢ (phanbd e phanbd
(2.54) gamma beta (2.59) cye tri) chuén nhidu
0 degrees of (2.56) 0 beta 0 (extreme  chidu (2.64)
freedom ¢ gamma distribution value 0 multivariate
o phan bd chudn chuadn  (2.54 distribution  (2.59) distribution) normal
pha 251 U Chii ) (2.56) istribution
¢ standardized normal (264)
distribution (2.51)
¢ phan b
o phan bé khi- ¢ phanbé ma e (phan bd g:.‘f“(gaés
binh pherong  (2.58) cwe tri) o tivaricie )
(2.57) ¢ expanentional ¢ (extreme n ::;':!e
¢ chi-squared distribution value istribution
distribution (2.59) distribution) 2 65
(2.57) (2.85)
+ phan b chuén hai
chidu chudn hoa
(2.66)
¢ standardized
bivariate nomal
istribution (2.65)

¢ phan bé cyc tri loai ¢ phan bd cyc tri loai ¢ phan bd cye trj loai

I, Gumbel (2.61) I, Fréchet (2.62)  IlI, Weibull (2.63)

0 type | extreme 0 type 1l extreme 0 type Ill extreme
value distribution, value distribution, value distribution,
Gumbel (2.61) Fréchet (2.62) Weibull (2.63)

Hinh C.4 = Khél niém lién quan dén phan bé lién tyc

Figure C.4 — Concepts regarding continuous distributions
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Phuy luc D
(tham khao)

Phwong phap luan st dung khi xay
dwng tlr vieng
D.1 Gii thiéu
(!ng dung phé bién cla bd tiéu chudn nay doi hoi
phai str dung b tir virng chdt ché va hai hda sao

cho nhitng nguei s dung céc tidu chudn théng ké
(rng dyng hiéu dugc mot cach dé dang.

Cac khai niém déu co lién quan dén nhau va viéc
phan tich méi quan hé gitra cac khai niém trong
finh vy théng k& ¢ng dung clng nhu sép xép
chung theo cac so db khai niém 1a diéu tién quyét
d6i véi mét bo tlr vieng chit ché. Phan tich nay
dwoc sir dyng khi x3y dyng tiéu chuan nay. Vi so
dd khai niém stv dung trong qué trinh x4y dung twv
ving cé thé hiru ich cho viéc tham khao nén céc
so d6 da duoc nhéc lai trong D.4.

D.2 Ni dung muyc tir vieng va quy tac
thay thé

Khai nigm Ia don vi chuyén dbi gitva cac ngdn ngtr
(bao gdm ca nhiing khac biét trong moét ngdn ngi,
vi dy nhw tiéng Anh My va tiéng Anh Anh). DGi véi
méi ngdn ngt, thuat ng thich hop nhéat cho tinh rd
rang phd dung cla khai niém & ngén ngl do,
nghfa la khdng phai mot ban dich, sé lya dwec
chon.

Binh nghia hinh thanh béi viéc md ta chi nhirng
dic trung thiét yéu dé nhan biét khai niém. Théng
tin lién quan dén khai niém cing quan trong nhwng
khong can thiét cho viéc mé ta khai niém duoc dat
trong mét hodc nhidu chu thich kém theo dinh
nghia.

Khi thuat nglr dwgc thay bang dinh nghfa cda no,
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Annex D

(informative)

Methodology used in the development
of the vocabulary

D.1 Introduction

The universal application of the I1SO family of

standards requires the employment of a
coherent and harmonized vocabulary that is easily
understandable by potential users of applied

statistics standards.

Concepts are interrelated, and an analysis of
these relationships among concepts within the
field of applied statistics and their arrangement
into concept diagrams is a prerequisite of a
coherent vocabulary. Such an analysis was used
in the development of this part of ISO 3534.
Since the concept diagrams employed during the
development process may be helpful in an
informative sense, they are reproduced in D.4.

D.2 Content of a vocabulary entry and
the substitution rule

The concept foms the unit of transfer between
languages (including variants within one language,
e.g. American English and British English). For
each language, the most appropriate term for the
universal transparency of the concept in that
language, i.e. not a literal approach to translation,
is chosen.

A definition is formed by describing only those
characteristics that are essential to identify the
concept. Information concerning the concept which
is important but which is not essential to its
description is put in one or more notes to the
definition.

When a term is substituted by its definition,



¢ thay ddi nhd vé ci phap, sé khong thay ddi
nghia van ban. Sy thay thé nhw vay tao ra mét
phuong phap don gidn dé kiém tra tinh chinh xac
cta dinh nghfa. Tuy nhién, khi dinh nghia phic tap
theo hwéng bao ham nhiéu thuat ngl, tbt nhat 1a
thec hién viéc thay thé cho mét hodic nhidu nhét 1a
hai dinh nghia. Viéc thay thé hoan toan tat ca cac
thuat ng sé lam cho viéc dat dugc cu phap tré
nén kho khin va sé khdng co ich trong viéc truyén
tai nghta.

D.3 M&i quan hé caa khai niém va viéc
thé hién ching bing so d6

B.3.1 Khél quat

Trong thudt nglr hoc, & chirng myc c6 thé, méi
quan hé gitka cac khai niém duwegc dea trén théng
tin ther bac vé dic trung cla loai sao cho md ta
ngan gon nhit khai niém bing cach goi tén loai
clia né va md ta dac treng phan biét né véi cac
khai niém me hodc anh em.

Co ba dang quan hé& khai niém chinh dwgc néu
trong phy luc nay: chung (D.3.2), bd phan (D.3.3)
valién két (D.3.4).

D.3.2 M&i quan hé chung

Céac khai niém phu trong hé théng thi bac ké thira
tat ca cac dac trung cla khai nidm chinh va bao
gdm mo ta v& cac dac trung nay d& phan biét
ching véi cac khai niém gbc (me) va ngang béng
{anh em), vi du quan hé gitra xuan, hé, thu va déng
véi mua.

Méi quan hé chung dwgc mo ta bing mét so dd
quat hodc cay khdng co miii tén (xem Hinh D.1).
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subject to minor syntax changes, there should be
no change in the meaning of the text. Such a
substitution provides a simple method for checking
the accuracy of a definition. However, where the
definition is complex in the sense that it contains a
number of terms, substitution is best carried out
taking one or, at most, two definitions at a time.
Complete substitution of the totality of the terms
will become difficult to achieve syntactically and
will be unhelpful in conveying meaning.

D.3  Concept relationships and their

graphical representation
D.3.1 General

In terminology work, the relationships between
concepts are based on the hierarchical formation
of the characteristics of a species so that the
most economical description of a concept is
formed by naming its species an describing the
characteristics that distinguish it from its parent or

sibling concepts.

There are
relationships indicated in this annex: generic
({D.3.2), partitive (D.3.3) and associative (D.3.4).
D.3.2 Generic relation

three primary forms of concept

Subordinate concepts within the hierarchy inherit
all the characteristics of the superordinate concept
and contain descriptions of these characteristics
which distinguish them from the superordinate
(parent) and coordinate (sibling) concepts, e.g. the
relation of spring, summer, autumn and winter to
season.

Generic relations are depicted by a fan or tree
diagram without arrows (see Figure D.1).
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mua

season

A

Xuan hé
spring summer

thu déng
autumn winter

Hinh D.1 - So dé thé hign méi quan hé chung
Figure D.1 - Graphical representation of a generic relation

B.3.3 Mbiquan hé bd phan

Cac khai niém phu trong mét hé théng thir bac tao
thanh cac bd phan cdu thanh cla khai niém chinh,
vi dy xuan, ha, thu va dong cé théd dugc xac dinh 14
bd phan clia khai niém nadm. Khi so sanh, sé khdng
thich hgp néu dinh nghia thoi tiét ndng (mot dac
trng cla mia hé) 1a bd phan cia nam,

Méi quan hé thanh phin dwgc mé ta bing hinh céi
cao, khong c6 mii tén (xem Hinh D.2). Cac b§
phan sb it dwgc md ta bing mot dwdng thang, cac
bd phan s§ nhidu duoc md ta bang hai dwdng
thing.

D.3.3 Partitive relations

Subordinate concepts within the hierarchy from
constituent parts of the superordinate concept,
e.g. spring, summer, autumn and winter may be
defined as parts of the concept year. In
comparison, it is inappropriate to define sunny
weather (one possible characteristic of summer)
as part of a year.

Partitive relations are  depicted by a rake,
without arrows (see Figure D.2). Singular parts are

depicted by one line, multiple parts by double

lines,
mua
season
|
l - I ]
Xuan he thu déng
spring summer autumn winter

Hinh D.2 ~ So db thé hign mdi quan hé bg phan
Figure D.2 - Graphical representation of a partitive relation

D.3.4 Mol quan hé lién két

Mdi quan hé lién két khéng thé dua ra mé ta ngén
gon nhu trong mdi quan hé chung va quan hé bd
phan nhumg no rét hiru ich cho viéc xac dinh ban
chat méi quan hé gitra cac khai niém trong mét hé
thédng khai niém, vi du: nguyén nhan va két qua,
hoat Gong va vi tri, hoat ddng va két qua, cong cy
va chirc ndng, vat lidu va san pham.
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D.3.4 Associative relation

Associative relations cannot provide the
economies in description that are present in
generic and partitive relations but are helpful in
identifying the nature of the relationship between
one concept and another within a concept system,
e.g. cause and effect, activity and location, activity

and result, tool and function, material and product.



Mbi quan hé lién két dwoc mé ta bang duwong
thdng c6 mii tén & hai dau (xem hinh D.3).

trdi ndng

TCVN 8244-1:2010

Associative relations are depicted by a line with
arrowheads at each end (see Figure D.3).

mua heé

sunshine

" summer

Hinh D.3 — So 46 thé hién méi quan hé lién két
Figure D.3 -~ Graphical representation of an associative relation

D.4 So db khai niém

Cac hinh ti» B.1 dén B.5 thé hién so db khai nigm
1a co s& cla cac dinh nghfa trong didu 1 cda tidu
chudn ndy. Hinh B.6 la so dé khai niém bd sung
chi ra mdi quan hé gitra cac thuat nglx nhéit dinh
trvde d6 dwoce dé cap trong cac hinh tir B.1 dén
B.5. Cac hinh tir C.1 dén C.4 thé hién so db khai
niém 1a co sé ciia cAc dinh nghia trong diéu 2 cla
tiéu chuan ndy. Co6 nhidu thust ngi xudt hign trong
nhiéu so 44 khai niém dwoc dwa ra, cung cdp méi
lién két gitra cac so db. Diéu nay dwoc chi ra nhuw
sau:

D.4 Concept diagrams

Figures B.1 to B.5 show the concept diagrams on
which the definitions in Clause 1 of this part
of ISO 3534 are based. Figure B.6
additional concept diagram that

is an
indicates the
relationship of certain terms appearing previously
in Figures B.1 to B.5. Figures C.1 to C.4 show the
concept diagrams on which the definitions in
Clause 2 of this part of ISO 3534 are based. There
are several terms which appear in multiple concept
diagrams, thus providing a linkage among the
diagrams, are indicated. These are indicated as
follows:

Hinh B.1 Khai niém co ban vé tong thé va mau:

théng ké mé ta (1.5) Hinh B.5
mau ngdu nhién don gian (1.7) | Hinh B.2
ham wéc leong (1.12) Hinh 8.3
théng ké kiém nghiém (1.52) Hinh B.4
bién ngdu nhién (2.10) Hinh C.1,C.2
ham phan bé (2.7) Hinh C.1

Hinh B.2 Khai niém lién quan dén mémen mau:

Figure B.1 Basic populat—i::n and sample

méu ngéu nhién don gidn (1.7) | Hinh B.1
Hinh B.3 Khai niém wéc lwgng:

ham wéc lugng (1.12) Hinh B.1
tham s6 (2.9) Hinh C.1

ho phan bé (2.8) Hinh B.4, C.1
ham mat do xac suét (2.26) Hinh C.3

concepts:

descriptive statistics {(1.5) Figure B.5
simple random sample (1.7) Figure B.2
estimator (1.12) Figure B.3

test statistic (1.52) Figure B.4
random variable (2.10) Figure C.1, C.2
distribution function (2.7) Figure C.1
Figure B.2 Concepts regarding sample moments:
simple random sample (1.7) Figure B.1
Figure B.3 Estimation concepts:

estimator (1.12) Figure B.1
parameter (2.9) Figure C.1
family of distributions (2.8) Figure B.4, C.1
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ham khéi lugng xac suét (2.24) | Hinh C.3

Hinh B4 Khai nigm lién quan dén phép kidm
nghiém théng ké;

théng ké kiém nghiém (1.52) | Hinh B.1

ham mat 49 xac suét (2.26) Hinh B.3,C.3
ham khéi lwgng xac suit (2.24) | Hinh B.3, C.3
ho phén bb (2.8) Hinh B.3, C.1

probability density function
(2.26)
probability mass function (2.24)

Figure C.3
Figure C.3

Hinh B.5 Khai niém lién quan dén lép va phan bd
thyc nghiém:
théng ké mé ta (1.5) | Hinh B.1

Figure B.4 Concepts regarding statistical tests:

test statistic (1.52) Figure B.1
probability density function Figure B.3,C.3
(2.26)

probability mass function (2.24) | Figure B.3, C.3
family of distributions (2.8) Figure B.3, C.1

Hinh B.6 So @b khai niém suy luén théng ké:

tdng thé (1.1) Hinh 8.1
mau (1.3) Hinh B.1
gia trj quan tric (1.4) Hinh B.1, B.5
phép wdc lvgng (1.36) Hinh B.3
kiém nghiém théng ké (1.48) Hinh B.4
tham sd (2.9) Hinh B.3, C.1
bién ngau nhién (2.10) Hinh B.1, C.1,
c.2

Figure B.5 Concepts regarding classes and
empirical distributions:

descriptive statistics (1.5) Figure B.1

Figure B.6 Statistical inference concept diagram:

Hinh C.1 Khéi niém co ban dung trong xac suét:

bién ngdu nhién (2.10) Hinh B.1, C.2
phan bé xac suat (2.11) Hinh C.2, C.3
ho phan bé (2.8) Hinh B.3, B.4
ham phan bé (2.7) Hinh B.1
tham s6 (2.9) Hinh B.3
Hinh C.2 Khai niégm mdmen:

bién ngdu nhién (2.10) Hinh B.1, C.1
phan bé xac suat (2.11) HinhC.1,C.3

population (1.1} Figure B.1
sample (1.3) Figure B.1
observed value (1.4) Figure B.1,B.5
eslimation (1.36) Figure B.3
statistical test (1.48) Figure B4
parameter (2.9) Figure B.3, C.1
random variable (2.10) Figure B.1,
C1,C2

—Fi_gure C.1 Fundamental concepts in probability:

random variable (2.10) Figure B.1, C.2
probability distribution (2.11} Figure C.2,C.3
family of distributions (2.8) Figure B.3, B.4
distribution function (2.7) Figure B.1
parameter (2.9) Figure B.3

Hinh C.3 Khai niém phan bd xac suét;

phan bé xac suét (2.11) Hinh C.1, C.2
ham khéi lvong xac suat {2.24) | Hinh B.3, B.4
phan bé lign tyc (2.23) Hinh C.4
phan bd mét chibu (2.16) Hinh C.4
phan bé nhiéu chiéu (2.17) Hinh C.4

Figure C.2 Concepts on moments:
random variable (2.10)
probability distribution (2.11)

Figure B.1, C.1
Figure C.1,C.3

Hinh C.4 Khai niém lién quan dén phan bé lién
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Figure C.3 Concepts on probability distributions:
probability distribution (2.11) Figure C.1,C.2

probability mass function (2.24) | Figure B.3, B.4
continuous distribution (2.23)

- Figure C.4
univariate distribution (2.16)

multivariate distribution (2.17)

Figure C.4
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Figure C.4

[tyc:

| phan bd mét chidu (2.16) Hinh C.3
phan bé nhiéu chidu (2.17) Hinh C.3
phan bé lién tyc (2.23) Hinh C.3

Ch thich cuédi ctia Hinh C .4, cac phan bé dudi day
fa vi dy ctia phan bd mdt chidu: phan bd chudn,
phan bd 1, phan bd F, phan bd chuan chuln héa,
phan bé gamma, beta, khi-binh phuwong, mi, déu,
cire tri loai |, cwre tri oai Il va cye tri loai lll, Cac
phéan bd du¢i day la vi dy cia phan bd nhidu chiéu:
phan bé chuin da bién, phan bé chudn hai bién va
phan b6 chun chuén héa hai bién. Viéc dwra thém
phan bé don bién (2.16) va phan bd da bién (2.17)
vao so dd khai niém c6 thé 1am cho hinh tré nén réc
ri qua murc.

Figure C.4 Concepts regarding continuous
distributions:

univariate distribution (2.16) Figure C.3
multivariate distribution (2.17) Figure C.3
continuous distribution {2.23) Figure C.3

As a final note on Figure C4, the
following distributions are examples of univariate
distributions: normal, r distribution, F distribution,
standardized normal, gamma, beta, chi-squared,
exponential, uniform, Type | extreme value,
Type Il extreme value and Type lli extreme value,
The following distributions are examples of
multivariate distributions: multivariate normal,
and standardized bivariate
normal. To include univariate distribution (2.16)

and multivariate distribution (2.17) in the concept

bivariate normal

diagram would unduly clutter the figure.
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