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Abstract

The majority of electronic products' functions are integrated on the motherboard, so in
order to ensure the quality of electronic products, the quality of the motherboard needs to be
strictly controlled. The board-level functional test aims to ensure a more comprehensive test
function, but often requires a higher testing cost. In order to reduce the test cost, this thesis
performs a reliability analysis on the motherboard and proposes a board-level function test
strategy based on reliability analysis. This approach optimizes both the quality of the test and
cost-efficiency, enhancing the overall economic benefits of the laptop testing process. The
main content of the thesis are as follows:

First, to address the problem that the lack of repair data on the motherboard makes it
difficult to accurately assess the reliability of the motherboard, a fault tree analysis-based
methodology for evaluating circuit board reliability is proposed, which fully takes into
account the interconnection information between the components and can accurately assess
the reliability of the motherboard. Firstly, taking a typical laptop motherboard as an example,
a fault tree oriented to the board-level functional test is established. Following this, bottom-up
and top-down motherboard reliability analysis methods are developed for scenarios with both
sufficient and insufficient maintenance data for the motherboard. Importantly, our method
incorporates detailed component interconnection information during the establishment of the
fault tree model, thereby improving the accuracy of reliability assessments. Experiments show
that the fault tree with component interconnection information is more accurate for the circuit
reliability analysis, and the proposed method can ensure the quality of circuit board functional

testing and reduce the time cost of the process.

Second, for the industry's current board-level functional test strategy design methods are
poorly interpretable and often has the overfitting problem, this thesis proposes an interpretable
test strategy design method that integrates the decision tree and reliability analysis, which can
improve the overall economic efficiency of the board-level functional test process, and has a

strong interpretability, which can provide targeted advice for the motherboard production



process and further improve the motherboard yield rate. Firstly, the reliability analysis method
of the circuit board is used to obtain the reliability index range of each test item in the
motherboard. Then, the training data of the first layer decision tree model is generated within
the index range, and the reliability index range of each test item is narrowed and feature
selection is performed according to the trained decision tree model. Next, the training data of
the second layer decision tree is prepared based on the training results of the first layer
decision tree model, and the test strategy is designed for the motherboard based on the
training results. The experimental results show that the proposed method has strong
interpretability and can make full use of the information in the test results, which significantly

improves the overall economic efficiency.

Key words: Board-level functional test, Test strategy design, Reliability analysis,

Decision tree model
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FEARIEINNZREE R BETE AR NS o 55 Ja R 5205 AT ML IUAT RO s de v ik
PR, IS BB RSRES:, SRIE 1 TR TR R

B o, BEE B W ARSI T N EMANHT AT B4, HRARR TR AT R

i
(B—%&)
v

[ A8 Eap AR ]

(=)
¥
[ HETF AT AN ERTER TS ]
(F==)
¥
[ﬂ%&%ﬁﬁﬂ%ﬁﬁﬁ%ﬂﬁﬁ%ﬁ%%&ﬁ]
(=)

B 11 AEaE

Fig. 1.1 Structure of this thesis
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BE MRERAIR

2.1 R AT

OB I3 AT A — R W AT SR T T, AR SO T iR Hr S e AR AR
FISEPERST R — R = AR A S AT SRR, SOSL T S (1 2 R PR G
Fo Hrb, MR TIEAE . PRSI ARESE, WA AT S R S T
BT WA N N EAE R I TR, TSR R EHILIRES, T
PR R AR R, X6 S PR e () S A, 2 — 8 20 i S B Al A R AR 1 R A
HERBITA AR A RIRA R, X LR A R R RO AR N Z 2
BTSN B EREAARE, 5T EFRN RS RECEEEA0 A, Wil 51 TS,
HNEE-FRER S SBCEE SRR, M TR .

A ER R RN, BN RS AR AR O, AT U Bk R A
IR AERE . AN EARIZ AT

(1) 545

PX=i61PXi= ~, Py, 2.1
Hrp, FEFHMAXEES1TS T ERAXAHE.
(2) BRITEH
Py = ingPXi =1-TIL, (1 Py,) (2.2)
Hrb, EERSEAXEEETS FEHEMXAHE.

BRI R GAAERKAERFAT, B ARG E A F AR BT A X, A
Hh ) A M, RN R A, THERAET R A FEAR X B, KA, Ba S8rh i Sam,
KA MZRGT LLENL AP 2.1 FITs i Sy o

B 2.1 HERRRE

Fig. 2.1 The example diagram of fault tree
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HE ARERRNR

BERRBE R X N — A R RIB I, AR IE A “n ol sh i 5171, feu”
RN ) BT AR 2 AR A R A AR T, L 2.1 B ] LR O

WA RQ23) B R RIE T
T =X,nNM,
:X1 N (Xl UXZ)

= (X; NX) U (X; N X,) 23)
=X, U(X, NX,)
FIPy R B EX, IR R, T AT 0 R B T o A R (2.4).
PT = 1_(1_PX1)(1_PX10X2) (24)

= 1_(1_PX1)(1_PX1'PX2)

22 PORWEBITE

JURB R IAE 1 2 U 2 BT, R —ANBR R 2 2 A1) SR TR Iess el — A
AL P FPSRIL LS s R IR AT e AR RS RHE I E E A FARAIE
BRI, ERARKDSE, W R X HEEIGER .

DRATR BT AR RIESENE [r) AN B O L, R LA SRR AL, 1A 7Y B 5 /Y
(EESY/ RN

Xcont = C» (2.5)
HAS Xeon (NRIESHFE,  crRRIEX con, S HUE T B B — A0 F{E
R B HCRF AR, A 8] B 45 20 R Floss
Xgisc = d» (2.6)
Horf, g IRRELERHE,  dRERHEx 50 B BUBUE T — >

(BB SR S 0 XS0 H R LA R 25 R (E Vi ] AT AR Ry
T ={Ty, Ty, -, Tp}o A I TEARAEA R A BIE AL N HEAT hAEM BT L 9% (0 I Bl siAS m]
AR p 25, HEBYV = Vi, Vo, V3R, TR IR 57 m 006 B — AN JESR
A ERAE L, 2 PR R A AR S U BB BCE T L T = (T, T, - Ty} R
s e, g PSR B ) 2 R EOH

A AU TR R A AR s o 1) 45 3R B S B0, BV ATk 3 B AR AR o 19 a5 b 7 1Y)
IGRASE ] - e F D050 1% B R v R PR SRR AR L 25 A G B 2.2 s



S SN T e S AT

B 2.2 RERBEEREE

Fig. 2.2 An example diagram of a decision tree model

K 2.2 o, AP BIE G TR R AV, T, AT, B M5 )
(B AT DA BN ANV 500 Bedh, HZIRT . T, 0T, v I BRI R A 7T LA 3
TR RAS AV, RIS o AT AT LIORE P e R R BRME B AL G HEAT EUAG, ikt Bod &
I BIE e 2 5

R )RR D HIENE, WA 2.2 Fox, BATA TERET, TR ML
S PN DU TR ) R A B BEAT BOEA T Al DA 2R A NV G Bl B84 EIF AN
BLA A DI RV R, 3K T A S I T 55 AN 200 1k B AS (R 5 S A B A
LRI /N, BRI FRAT T A eI I BR A b b () 45 f (5 B B M) R 2 B, 3L RETT
e AN BT, TR LT, FATR] DL RRAAREAT I, B AR AT, K
XA AN SRIS A AL ] AT AN 78 70 R FH R SRR R A

R — A E T NI AR R, RS i LI U SRR S i (s 1
XA RE 2 FF 22 BIX RN BE 5 58 70 R PT AT N ZRFE I BUAE A 1 P R 1k o 5 A iEAT8Y
B MBS WEIER, BT os I S 8RN 5 SR 5 RS2 i ok S R U5
R0 FATAT LA R ] GRS 57 R AN RO AT e 8 b, ] DU AU R 2 57
VEBEAT 5 B 00,

LT N5k, AR 7 R M RRERIBGE AR, e n] LA Shit A J s %
PP P2 AT IS S, AHREXN ERE IR M Re A F AR K, MBI & X 25,
ARSEA ST ANZE S REST; MEAh, ML TP R4, AR BA RSB AT iRErE, ]
235 RURITIHE 5 3 R AT AR R 55 R (0001,



HE ARERRNR

2.3 KENG

AT T AT FEVE S A AR R AR T IR AR SRR AR . e, wT SRR A
JHRERE G T SR o B AN E B RO AR, AR AT IR AR T R
O FEAK AT R R B, o 7 R SRRAR R R i A DL S 8 3G, R TR 5
NILTTiER. MEMEEEMRT L, TEH T RERBR RIS .
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B=F ETUHFIERBRERTEESTE

FE AR, AR A AEAE s Bk = 5 B DU 4R 10 ) SE PR BEAT HERA I 7 o
NRGRIX R, AR T — M TSR 1) EAR TS AT ik B e DA A 2
CATERCOAB, iz EARCE L 1 1 A AR REIAIA T B, SR 5 3 AR E2 5L
Y8 TR AR Z K PN 55 0 i et 1 B R R AR R e U iR TR R
MR SEPE AT TR o eI, O T ST RIS 0 A A HER I A SCHE S ST S PR R AR AR I
G JE T e R S . SEIR R W], A o EEAE B iR o AR ) R SR
Oyt S INVEERS, IR H PRI IR RE NS USRI LT, PRIE T ARG R, RN AR
1 AR 8] plAs o

3.1 MR R L

3.1 EE R ERR AR R AL

SUAT P RIS 20 BT 12 g Y I A T B 1 B SR, A A L 4 i 4 R A
FIT- 0 sms vt fE . il ok Bk )i, A w0 B A D BN 1R Il A TR
FENT AR AR, P T AT SR . R T SR R R, AR AR A Y
AR FRAB, o34 51 T 12 A AR R S A W (AR AR T R o e R B AR R R D L
R 3.1 B

CPU Z 7R
HDMI i #58 —— 1T
HE %
LVDSH 5 | A Bk
HD Audio
PCI—E(WLAN) " Q
PCI-E Mini PCH¥: A4 iif .
Card #E#1 USB(BT)
LPC
PCI-E Mini HDD% £ %
Card#i /&2 PCI-E(WWAN)
| EC EC BIOS
SIME |
A R G-sensor &% AR e AT

Bl 3.1 FRAEWAFRERRE
Fig. 3.1 The circuit diagram of a typical laptop motherboard
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HE BT U S B BT SEE T T

H P 3.1 AT, iR 2B O AR EAREL T 16 AN ThEETRE R, T AR A Th 6 0 n &
3.1 fiw, Rk, B 3.0 Tl 53 3.1 R FARThREMI I —— X B . fE FARThEE
DAFRAT, 25 TR AN L, ) AR g e A e, A5 A I s e aed
T AR AR R s A

DB AR T P S, AR T DA AR S T R . S,
AL AT P o ) A 5 I T B, TR A 5 B I T A A S R AR A S R . T AE
PRI REMRIRTT, FEA DI R 2> 3 BOCEAR T Re MA@ I, i DA TH0S e 0 o i) 44
(] B8

R RGBT T B AR T REI I B AR AR S R, AR SO E AR A3 DA R 4 RN
Az B (embedded controller module, EC), HH gt Ab 3 #3154k (central processing unit,
CPU) , “F&EFH|BIGHIE (platform controller hub, PCH) FIZffEMH:, Hr, EC
PefudE EC i85 7 F1 EC BIOS, FiTBA EC iy #f# 1 EC BIOS #(f# 2> 550 EC Bl ;
CPU Bk CPU v, Frbh CPU i b o R BUZ B U & . ik EC &5 k& CPU
O AN PCH Gt Fr b J& T b . T A2 7 T2 o R G o A IR 4%
FEENRI L BRAR b, AP RS SR . B SE E,  Pr DUES e s R s s 28 o

[ B B RS R b
R 31 FRATERA RN AT E

Tab. 3.1 Functional test items for a typical laptop motherboard

RS W44 TR %5 W44 FR

1 & HMIREm 9 LVDS Ll 1

2 B 25 Ty e DN 10 Ta g fe

3 JA B Ty R T 11 TG L Re I 1

4 G-sensor JJ H& Il 10 12 TR Ty R 0

5 & DRe I 13 WA Ty e I

6 b P55 1 e 10 14 Jo&Jm I8 T RE 13
7 g AT e I 15 75 45 2 e 10

8 HDMI L Gl 75 16 2 50 Ty eI 35T

F ] 3.1 AT, DRGSR AT 4 P ANy . — o ThRe itk B HeE 4% PCH #EE, 4R
J& PCH #guilind FDI S 240 DMI &L £ki%EHz CPU #itk, il LPC B2k EC ik,
XKD AP AR TR M FREUBRSE . — ¥ DhRB T EC Bz PCH At
B, SAJ5 PCH U@L FDI & Z8F1 DMI 2R E: CPU Bile, XRIhRe B e
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Mg, KB, Rk, 530 PCH B R AT 2 M, 735k PCH B
B 1 A PCH ARkl 2. PCH RBEHHM 1 B CPU AER#RAT EC AR il 5] &2, PCH
BB 2 i CPU AR il 5] T .

SR AR AR R I S5 R T DA R A3 D R AR By iR DL B 5 1% D RS
PEADE B . B, SEA 3.1 H B A T AR T AR s 1 R R AT DAy A
PIERSY, 3 AR B AR B AN BC B

ARG E IR I TR o0 A 5 B A T B AR R A B (R R R, e T AR ) e T A
N 3.2 fion. HIER 3.2 AIAL, IXBUMBERN AL 22 ASrrial e, Hodr, i e e My 3
M 5 EMRMTHEEMTE (5N 1 8] 16) — X8, HEIZEE Mi; 2] My £ S 30fE

I TG e ) L LA
R 3.2 EITA AR A Y (R S R

Tab. 3.2 The description of intermediate events in the fault tree of a laptop motherboard

(=) Hi PR A IR (iie) B

My )RR M TR
M, AT Mis W
M; A Mis To L Jay 3 W
Ms  G-sensor #{fFE  Mis 75 A i
Ms i Mis 7 oo R

Ms i bl o B Mi;  PCH i A 4H A B 1 s
M5 i R Mis  PCH i 4k HR 2 Hif
Mg HDMI # & My  PCH Ol &

Mo LVDS i Mao CPU b i
Mo ot M, EC Ry
M 5 SN My, EC & s

BRR, S5a ERAEAC A EACRER S5, 32—t SBCPEIFF Mg, Mis.
Migs Maov Mai Al Moo K ZE R AIARAS RN, FREIX L8 i DA D i B b F) SR A - e g
R IC AR TP R SR R 3.3 Fra

N VA DR IS RO, A 48 DA Th RENI ITUAS R O TOUSEAF ) e v 7
SO RE . R G PIABIR: SRS LA BB AR AR R 4 RS, 5y
BT IR LA B A o 12 D R I 0 A 2R R, X o RS A T REU TS R A LA SR IR, X AR
PRt Dy i B 3 ST A B A, P — M dd R ER AR AR AR AR SR, A gl B



HE BT U S B BT SEE T T

I SR

R 33 BiLAERESERN R EFRR
Tab. 3.3 Bottom event description of the laptop motherboard fault tree

g i A ik iR T ik
X TR A Xis W B SR
X, PCHEHEHEAR Xu IS EEgida
X; PCH it /#5348 Xis G-Sensor H & ([
X4 CPUSLHBEHEAR X i 2 Bl
Xs CPU 5 #itbh Xi7 AR 1] b
Xs EC BIOS [ Xis i RUFF B Sl
X7 ECOHEEAR X LVDS H & &
Xs EC & Fr sk Xa0 A8k B Sl
Xo  BEALEHSEHUKRE X P 2% H Bl
Xio HDMIEE#HHE X 7 50 AU S b
Xy IROUEERE BHE X SEARARID A H 5
X,  HDD BHEE X BRI A Sk

AT EC B 5 4MARE, EC SHulid LPC SZ6F1 PCH & dHARIE, Bl
() e B A i B T S A B S LS (Xe) . BC EHUEEE (M21) F1 PCH
O AR 2 (Mig) AHIE. b, B8 SRR R R, OFFE T o
H RN . EC BHuE T AElH EC S iR (Xs) BREC SHBFEAR (Xo) 5liE,
JITLL EC Pl i 5 TR EC 8 Bl EC S IR A R . 7E PCH O Fy 4B HR
2 W1, PCH & F41{0ET FDI A ZEA DMI B8R0 CPU &5 Fi%EHE, Frbhrh (e FH4E“PCH
OSBRI EE 27i@5d 5101 PCH SO F 4R (Mio) A CPU BB ISR (Mao) AHIE
DB A 5 55 Sy T = P i e 2 S ] 3.2 B

Bl 3.2 GRATHEERSR AR 3
Fig. 3.2 The fault tree branching for the keyboard function module
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L EIRTERE, MR AR B AE A, 3B B AR T BRI IR K SR SR DY, IR B
FABTh REMI A By TREFAT AR 7 326 18 3.1 i RS R B0 A EAR B 16 TR
t, FAAEE A TR TR 2L R FE EARA G %, RV ESCR b, [,
T RE DN 3G A e R ol S AR A B R £ P ) 20, DA S ST B0k S AR 2 e B B T2
PR, Al 3.3 s

3.3 FEBTIEIT A TRk AR
Fig. 3.3 The fault tree of a typical laptop motherboard

Herpr, T AR MR (1 TSR 2B 0 AR AR, ML B Mie 70 AR Th RENI U A= b
I H My 2] M 8 B TER AT, B R R 1 BRI . Mg AT Mas 73931
A& B FAF“PCH sy AR 17 A0 o 8] SR “PCH iy A BB f 27 X
(i=1,2,...,24) AARESFM, RGN EEFAREMBERRATIA . b
ANiE, B 1 TR AR AR S B, DA IE SR Mgy Mis A1 Moy
DN TGTER A R B o S B — 2K

BERUH AN 73 STIYR N — DN EEERIE T, FROA R R IE e RIEF X iR AW

T Pa (i=1,2,...24) 5 HRAEANQ1-2.2)FE 3.3 Fh sk By 25 H 15 i i v 1)
FAF R AR AR RIEI, W PR:
iy =g
i€Sj
=1~ Tlxes; (1= Pr). 3.1)
i=12,...,24
j=12,...16,

Horbr, Sy SARRAR P o R S PE R RS IR, IX SRS S EOh R AR R
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FRIEAE M (=1,2,...,24) FTERRRFFEGIE 3.4 Pos:
R34 FRABRAERDENRNHEREEES

Tab. 3.4 Collections of failure causes for each test item in a typical laptop motherboard

5 AR JRFHES
M, LR 3 i (X1,X2,X3,X4,X5,X6,X7, X5}
M, A {X2,X3,X4,X5,X6,X7,X5,Xo0}
M; A 5 {X2,X3,X4,X5,X6,X7,X8,X14}
My G-sensor i f& {X2,X3,X4,X5,X6,X7,X8,X15}
M;s G {X2,X3,X4,X5,X6,X7,X3,X 16}
Ms il P AR i {X2,X3,X4,X5,X6,X7,X8,X17}
M- B AT (X2,X3,X4,X5,X6,X7,Xs8,X 18}
Ms HDMI # 5 {X2,X3,X4,X5,X6,X7,X8,X10}
Mo LVDS & {X2,X3,X4,X5,X6,X7,X8,X19}
Mio EFP {X2,X3,X4,X5,X6,X7,X5,X11}
M Ffg ki e {X2,X3,X4,X5,X6,X7,X8,X20}
M, THIAR 5 5 {X2,X3,X4,X5,X6,X7,X5,X12}
M3 W {X2,X3,X4,X5,X6,X7,X8,X13}
Mis Jo 2k Ry ek o it e {X2,X3,X4,X5,X6,X7,X8,X24}
Mis 75 AR iR {X2,X3,X4,X5,X6,X7,X5,X21,X23}
Mig 2 5o A i {X2,X3,X4,X5,X6,X7,X8,X22,X23}

3.1.2 &M EEE R ERBENE

BERTIAT B FE AP SR 14 20 B AH OCHIE 0K 22 g T e A [A] EL 3% s ) [l i, A5 78 O
HREIUIFIR I EEE R, NEICA AL S o (S B M

AR AR 3.1 A SR B0 AR O, SRNE E AR EE M 7 B 4 B, IR
I 35— 43 b 3 B M FOAR AR SRR o T 7 BRI % 2 oA AR & o |
AT R R ) ST

fE 3.1.1 T EEat b, 70 R R R R RS S, BT U =07 H 4T 5
FHREMITA RIJRE . Thaeih 3 SRR, 5T B A E MBI R DL %4
PR E S A R

BTG R 3.2 A TE] 3 Mi7. Miss Mios Moo Mot Al Moo K AE AR AS SR,
XY J5 R R RGBS RS A, AR 3.5 P AHEL T 3.1.1 T pradi Sr s ey, 1t
PR NVER, R 23 AN E| 32 4.
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BOR, FRE AT RE M IA ROVW, SRR 70 oot HIEE S, T
TG A IRAS R0 SR, SR 5 S ST DA A o e T e o TSP P B g o3 S 1 T

29 2 L A o SO L R
#3.5 BETUIELERSRREITA TR SR iR B R

Tab. 3.5 Bottom event description of the laptop motherboard fault tree containing component
interconnect information

g W f ik iR T ik

X R A b Xi7 USB2.0 4% F i &
X,  PCLE M Xis HDD i
Xs PCH &HEEAR X SATA J& 25 i
X4 PCH 8 J7 #5188 X0 W B S
Xs CPUGHBEEAR X KU B S
X CPU & F i3k X2 G-Sensor H & #([#
X7 FDI a2kt X3 T H Bl
Xs DMI j 25 it [ Xo4 AR B B
Xo EC BIOS [ Xos BT E B i

X1 LPC &2k X2 LVDS ZEE#:8s H &
X ECOHRBEHEAR Xy LVDS H & &
X2 EC & itk Xos A8k B St
Xiz SRR EH SR X 7 f B Sl
X4 HDMI B HEE  Xao 2 5l A B i
Xis  HDMI E:HbE Xsi  &dnfiisas 5 5 s
Xie FREOEHE SR Xa HD Audio #[%

BRI EC 5 4k S, EC BLBUEIT LPC ML PCH &5 T 4LRHAIE, 7
DVEESEHOE (M) BT TS HE S B SR (Xyy) o LPC M4 (X,0) « PCH
RSB 2 (Myg) HE. LA MR T B R 49 3 AP 3.4

X

o

Bl 3.4 DASRART) RE T DR RN THEH 1 R 20 2

Fig. 3.4 Fault tree branching with keyboard functional test item failure as top event

Hor, B4 A SHHER LPC SR RIRFHF, Jof BHE b o b Holdbs J5 A
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FEE T IUFEER BN ERA STk

£ PCH s s, PCH i H A 0GE I FDI S Z6F1 DMI B2 F1 CPU 5 Fri%ER:, A
PArb e FAE<PCH &5 Fr A S 2 #feilid 5] 5 FDI S 4iffe (X,) « DMI S 4
(Xg) « PCH N 4H#fE (M) A1 CPU BELHERH[E (My) HI%E

AR 2 10 AR A4 1) P L A e i AR I 1 i e S5 T, e 24 7 2B AT AR AR
PR A 3.5 Brom. Horb, TAQSREER BT AF B0 A TR, My, MMy g 23 AR
Fe B S <PCH 5 P bk 1 8 AePCH & 4 2R B 2 e, b4 g 1 &5 4> v 1]
FHAFMy, FIM g 1R 5337

A\

[
| [ Ms [ [ Mo | [ My ]]

AT A A A &1
@i@ ¢—@ZL¢@ @@

&) &9
B 3.5 FiRAERKBEENEETHLIERR)

Fig. 3.5 Fault tree of a laptop motherboard (with component interconnection information)

H - B 45 K R A IR R IE N —— X B, PR AT DUAR B A /R a8 A Ak 4 20K 28
O AR P AR A 1T S AT S 7 280 DA T S v D) S P B A 70 S Bt o2 P 763 vty
MIRFRIE.

AT f, AR () S el T e #5300 B D &R F AR, FIH AR Q2) 1A RIS
DIt i A A AR AR 3 BRI AR X IR AE MR N Py, UE TR A (M) X
A IR FIE N R AE MRk K R R

PMj = PUieSin
—1- Hu —Py)) (3.2)
ies;
i=1,2,...,32,j=1,2,...,16

Forpr, S DA I e M; o TOUS A RSB g 23 SCh SRS T B B o SR A TP KRR
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WA 3.6 fis.
£ 3.6 FUBZLAFRF SR HEREFESESTTHELERER)

Tab. 3.6 Failure cause sets for each test in a typical laptop motherboard (with component
interconnect information)

(i) iR IR RS

M, ToLk) $ 0 i {X1,X2,X3,X4,X5,X6,X7,X8,%9,X10,X11,X12}
M B A {X3,X4,X5,X6,X7,X8,X10,X13}

M; IR {X3,X4,X5,X6,X7,X8,X10,X21}

Mg G-sensor {X3,X4,X5,X6,X7,X5,X10,X22}

M;s G {X3,X4,X5,X6,X7,X8,X10,X23 }

Mg i P AR 5 {X3,X4,X5,X6,X7,X8,X10,X24}

My =PV o {1 {X3,X4,X5,X6,X7,X8,X10,%X25}

Mg HDMI # [ {X3,X4,X5,X6,X7,X8,X9,X10,X11,X12,X14,X15 }
Mo LVDS i {X3,X4,X5,X6,X7,X8,X0,X10,X11,X12,X26,X27}
Mio FRariE {X3,X4,X5,X6,X7,X8,X9,X10,X11,X12,X16,X 17}
My Foetg kb {X3,X4,X5,X6,X7,X8,X9,X10,X11,X12,X28,X17 }
Mia THI AR A e {X3,X4,X5,X6,X7,X8,%9,X10,X11,X12,X18,X 19}
Mis W {X3,X4,X5,X6,X7,X8,X9,X10,X11,X12,X17,X20 }
M4 TC 28 Jo e, oA i i {X3,X4,X5,X6,X7,X38,X9,X10,X11,X12 }

Mis Y 2 {X3,X4,X5,X6,X7,X8,%X9,X10,X11,X12,X29,X31,X32}
Mie 2% o KR {X3,X4,X5,X6,X7,X8,%X9,X10,X11,X12,X30,X31,X32}

3.2 EMWRATEMES A E

321 HRFE LK ERATEES T

FRA TR AR Al JEE A 1) A AR W T SR v 1) SR R T S R R AR W R D VR R O 1 T
) ) ERR AT EEVE A 5. BRI B AR TS T ONE A S PN IR E R
FERGEASEAE IR S AR TR R AR, AR5 28 10 A AR ) B AR 45 4 15 2R
5 A S AT R A . A RN T

AR SO EAR T REMNA T FE R BAL R BEAT G T E 04T, 53] 51K FARA R il
B DR BRI R AR, K ER RN E IR X R AR, I8P (X)) Prax (XD
Hri=1,-,32,

Hi Pl 3.5 F bR (R S R mT ,  RA R R SR S, R THDE S A R (2.2) FR

3.6 IO R B SRR I R RS, 12 N[ Ponine (M) P (M, )] 5304 B 254
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Dot AT SRR AR AR, BRI S AR & ) R R A (3.3 o
Bmin(le) =1- Pmax(Mj),
:Bmax(Mj) =1- Pmin(Mj): (3.3)

Her, j=1,-,16, FRPEFARF T,
3.2.2  BIRM T AR AT ST

H A0 E R IO ARG ) R T 53— 25 A L A AT Th AR A A R 2 1 4R
AN ], TR R AT RE TR AT, A RES BN HERB S T AR A R A
M. LA, BRI AR AT S BT AR RIS R e R AT EE AR iR
FARMRHTIARAE TR A LRI, AR T BT R RS T,
AR TR S 1) R A AR R A AR A R o ) S 1 R AR

B T N B BB BT TR A A RBP4 4 2
R R 2 2 2R H ) S AN TH A A

P FEA AR IR IR 3 =2 R R PR . 8 IR A R AR5 AT

oo E B, =R 50N Bis ByFIBg. MIBEARFHAFSISEERINFE 3.7 Fin.
K37 EREHHRER

Tab. 3.7 The results of basic event classification

) AEIEARE
Bi X2,X7,X8,X9,X10,X15,X17,X19,X27,X32
B: X3,X5,X11

Bs  X1,X4,X6,X12,X13,X14,X16,X18,X20,X21,X22,X23,X24,X25,X26,X28, X29,X30, X31
WY 23 5 B ARFAERT ] 3.5 il AodE— 5 AL AT AL B, i I g 10 MR
HAETB 2K, A3 MEARFMETBE, A 19 MEAFHMETB K. HIrKEN
A ERAT RN 3.6 B

T

£

[ |
B, <0 B. [} | Bs [x9

B 3.6 JEEMHKIEHETLA EAR AR

Fig. 3.6 The fault tree of a laptop motherboard after bottom event classification
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FAEZER], BIRGE [FIREEARFAT ) R AR AR R, AN RIS EE AR S 1) 5 A 22 i B A3

H L BIARIE PR A = I HUE . BEARKI B, By By —ZRIEARFH MR A MR 2 tid -

Liryiry, WA DR = 2REEARFAT KA KI5 R I8 Ap nips rop. RIEE] 3.6 KT
TERAEMAR PRI N K T oy M, T ER AL

Pr =1-(1-p)*° - A -np)® 1 —rp)* (3.4)

RIEA XG4 3.7 PESH AT P EFE R R AR, RIIIA R 3R K

?p\ rlﬂ}rz E@%ﬁﬁﬁﬂi@ 3.8 ﬁﬁi_\‘o
£ 3.8 EARFMRAEMERL LA SRR A BERIER

Tab. 3.8 The expression for the failure rate of each test item when the occurrence probability of the
basic event is proportional

TAS] Ty R 5 ARBFRIEX
1 B&BMIEENI 1 -1 -p)° - (1—np)d-(1—np)*

2 S A Th A 1-(1-p3P -A-nrp)? A-nrp)?
3 JREE Th B 5 1-(1-p3P -A-np)? (1-nrp)?
4 G-sensor ZNAEMIH ~ 1— (1—p)*- (1 —nyp)? - (1 —1pp)?
5 & 5 Dy Re N T 1-1-p)P°-A-nrp)? (1-rp)?
6 s AR L e ) 1 1-1-p)P*-A-nrp)? (1-rp)?
7 B U Dl e 15 1-1-p) -A-nrnp)? - (1-nrp)?
8 HDMI IRl 1- (1 -p)*- (1 —np)®- (1 —rp)*
9 LVDS gl 1—-(1—-p)° - (1 —rp)* - (1 —1p)*
10 LU R I3 1-(1-p)P° (1-np)3* (1-rp)*
11 BN 1-A-p)° A -—rp)* A -nrp)*
12 TR S i 00 5 1-(1-p)P° (1-np)? (1-rp)*
13 W Zhfe 1-(1-p)P° (1-np)? 1-rp)*

14 ELRBMIIFENTH 1- 1 -p)5 - (1 —nrp)® - (1 —1np)3
15 BERENIT 1-(1-p)5 - (1—np)®- (1 —nrp)S
16 52 v T BE N I 1-(1-p)° - (1-np)?-(1—nrp)®

MR L R 298y A, WOE @ I BUE, MR ARG S R B T 2R T SE 4
PR E Pr VB L, PR & 2 G4 RIA SR Hp HIVEH o F45 RARAER 3.8 I EMTHIA R

B RIA, T S TR A s TS, 32 9P (M) P (M) ], 1] =
1o 160 HEHH, A 5(3.3)35 45 AR b 4% 50 T e b
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3.3.1 BiAERE
BRI FEPE S8 F T AR D AR B R T AT I, TR AR T SR S A
SESLH T B AT REMNR S B it B ORAESE 3.1.2 TSI o HOESE
JSNIOR Rt il s 7 I 2 N = RTINS = 1ol [ W T Y T E 3 6 7 i R P T X & B X 4
AW ) o] SEPEAR BR G R, AR 58 3 1 -0 SR M T T 11 R e il 7 ] St B 2 A
W FAR AT SRR T 45 SR H TR B AR T RE I WS Bt EEA S PN, 43
ol W TP T S H R AR 1 A E AR D AR SR G i, BRI 4.1 FR

ET o REMD T ERINGE
M SREER T T77%
¥
AFHREL B ETHEE
15 BRI ER

FAR— B

TR LR
SEAEHIET IR BORR

ERIEAR

TERAIER
i
ENACRNCES BIE Ak TS EIR
DITTE
BER LA FERTTEM
DTTSE

e

ERPF IR o] SRR
v
WITERAIA KR

B 3.7 MHAREE BT RE
Fig. 3.7 Flow of functional test strategy design method based on reliability analysis

3.3.2 PUTHIAT SRR IRE

£ ERIMAYRAE R EAE A e 2 B OLS, R B T N TSk, 521
R AT I AT SRS s AE4EBRER R R B e R, A B T T AR SR
BT 7 R4S BTN I ) SEE T R

ASSOHs R RN B AT SEVE R, BT DO S INIBOE — > R BIE, 2R EH
ML R IR RRMEZ R, BIATORAIE EAR AT SV B T DT R R BB R %

V0L FEL A e T AT BB S 1 A SR 3 S)FF S« FrH [t (M), e (M)
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[ B (M; ), Bomase (M )] 4350 25 7500 5 M, 9 B4 25 B0 {1 8 5 R B 60 R 7 = 1,2, o
S(M;) RARIEL R AW BEMAIE, 46(M) = O, [RWE R ERE, MR
BT EARR P Rz, X R B B SRARS AR o H [Emin (M) ), Emae (M) ]S P9
P49 1 E A B R B, (M) -
tmin(Mj) = Bmin(M;) + 8(M;),
tmax(Mj) = Bmax(M;) + 8(M;), 3-5)
3.3.3  ERINERMHA KIS Wit
TE MR TN RIS AL, B 2005690 SEBR P48 b AR b U B, 4 5t
IE (M) FELLE:, BRI 8] AR R R SemE , 0 ASRG.6)FFr .
s = [s(My), s(My), .., s(M))],j = 1,--,m, (3.6)
Heh, s(M)) € Z, = (0, 3R MM IR S E Rk, HIUEN 0 A1 1, 4 HZR %
PITGEEAT I AR, b R AR
s(M) = = (y(M) = ¢(M))) ) = 1,-m, (3.7)
Foeh, y (M) 5 TAR T R B B o M, B S B 2%, ¢(M ) Fe s M T5UM, ) R 26 BRI

ONPRUE AR T EEE , 24 280 T (R 2R TA 31 R A BRI, 7 Z0 iz it AT It &z,
ATEENR . BT L) sehrd A2 A%, BREINIT R 2 bl RN R

A, AR TMI RS I EZS), FEARGSHTEESERNZHS(M,).

3.4 BERE KM IESS
341 ERFERBIER

FETT) R B — 2 ST B0 AR IR EE 2R, IR G vt &0 e i K ]
B BRI S ACAD € 2,7, Hhz, € {0, 13, “0” fRFEIMRL R A A @I,
“17 FoRiBid MR, npep AENCEE , mOyBES T AHE B9 H S &0 10T
MR AAE R BET € R'er>™epr, Hodh, REIRSLHL.
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B SR ERRIMR AT RAFEAT M, R AE A I I R 1 n R
e, 58 7 IR R, TH RN o Jorh, Dy 20 B iR SRR AR 500 0 ) Nt
S, m AT B SRR I R = [, s ]

_ 2:11‘1=1 D;

uj di=12,...,m (3.8)

Npch

A&, gt XA R I 2 R T 402 3G9 R :

n
_ Zi=1Tij

Npch
o, & R SN IR T SR 1], T 38R 55 B A AR A0 58 A T A U R ) o BT
AW 27 DB A1) K BE A m IR Tl e = [, by, .0, t] "o

HLARI, T A B AR a5 1715 LR IR ss 1, SRS 16 MR
LiH, FEHARG.8-3.9)Fn,, = 1715, m=16.

i R AR AR AN R %, FEGevt AR P A E . RS

A0S FEA R BT ) F S R FR A2 0 i ] ) B AR AR L an 3R 3.9 P
3.9 BT A TR P A WA ESE R AP 8]

Tab. 3.9 The true yield and average test time for each test item in a typical laptop motherboard

t:

; j=12,...,m, (3.9)

g M H AREY% TN A/
M BT IIEENET  0.0287 2.44
M, B D REI 15 0.0191 521
M; IR Ly i 0 2 0.0190 0.44
Ms  G-sensor LREI I 0.0191 0.33
Ms & 5 Dy e I 0.0188 10.89
Ms fink F5 AR 1 e O 15 0.0190 1.85
My i AT ) RE 15 0.0188 0.68
Mg HDMI Ty & i 75 0.0287 7.73
Mo LVDS T g i 0.0289 9.34
Mio & 4Ly RE M T 0.0286 8.78
M 2 S EIEAETT 0.0285 1.35
Mi2 THIBS 2y e ) 1 0.0288 1.41
Mis WS Dl el 1 0.0286 1.41
My RZREMIIREMT  0.0264 62.93
Mis 75 45 D e il 1 0.0306 0.82
Mis 22 50 Ty REI 15T 0.0305 0.72

1 H AT RSBt b, 75 22 S PR Bictis b SR IR HH A T IR RRALE . SR JE AR
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YERFIE & BT A

ASSCAE AT B 7 2R 628 3.9 16 NIRRT H IR R 3R AE A 07 A0 R R
FMIA R, Horr, AR AR F AR A S0 00 U4 2R B0 e & H B A %
MR P 7 VAR T 07 LA A I A g S 07 e R I IR AL, ORAIE T &I
() R ZBFFAEAAL, FEitb A% 50000 He AR MRS R, XL as R S —(E5EFED €
Z30000%16, FEEEHIGER “0” A “17 IR
3.42  JURKESHIPEN $E R

Sy £ DR SRS T S AR T RE IR IR A s AT &, A T = AR
=R eI 3 1 RF e TN N i S 3 U R i e N s DU SN SR 5 T RN 1 P (e
A4 R AR IR SR AT T R R A P 2y g e S A BT A B PRI RN TR, AR A AR AR
U7 14 2 N7 0 SR T N7 PRI A8 5 Ro 7K SF o 420 1o 0k S s U P — bk AR R AT
BRI EAR I L, 2R bR R A M W T L PR By PSS S A 2 4R
S35 R TP A T (R ST BT, 2 1] EH IR A (9 AN R 2 AT I RS P A A B T R 4 )T
Py IS 8] 3L [F] A4 B o

RBCE R TM, THCH IS Tt = [t ty, ..., 6], e ol
I 2 DA 8] o A3 ISR s = [s1, 55,..., s A HBEAT DO REM K, Horbs; € Z, =

{0, 13RI M R 5 e s, FLEUEY 0 A1 1, 43 59l 3R R S T A 7 IR A 0]
e SRS ST BL AP 1A ] L 3R /K PRSP 2 U AR T B R
i R S sy, B AR AP S50 18] £ TR T
fi=ts (3.10)
B KT F AR H 1 FE AR o A W s 0 AR I Bl A B R 3 AR g R it
MW, AR EHEARBER. SFHAR G.10)F(3.12) 1 A FH IR 5 8 sl
I AR A p SR S AR A po, ARG A2 (3. 13)TH BB IKT £, -

p=n-3i, [(i§1(vi,k = 0ls; = 1)) = T], (3.11)
Po=N—Xk=1 Ki\Z(D”‘ = 0)) = Tl, (3.12)
fr =55 (3.13)

IR AR g X T AR S AR ol ) A A B AT, i3 S 1 I 5
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W& 2R A 7K, PS8 A T H SR A S R -
f=fi+22L, (3.14)

n

Horp, wiy— BB PR ARG R 4B A

3.5 SEREH

351 HEHE
BT R RES AR RREEE, AR ER 1715 SRR ANNEE R 2. 3 Xi7r
D inie M D steqay o Dinir F7n 805 BRI LA MNART BRAF IS5 2R, FRONHILaRH B,
X BN [t SR ABHE AW B AR B, JRABTE S5 T DA SR o3BT 2 A8 e o [R] S B
PR AR Dreqay T NAAR D BEAT N BT 3RAF B AL R, 28 BOVR A e i B
B SR 2 30(3.9) TH S B PR S I 0 AT A 5% 1R ST R I R, R LR N
P 2% AT H BB E], 12t B35 0 GE T H D i M1 D s gy, BE T B2 DU T

R, BN SR b1 i o R EEAP] s B 50 o -0 30T It 18] 45 R AR 3% 3.9 Fo
R 310 EERBARD inie M _EDreqay FITEIA K ZRAFL 0 5]

Tab. 3.10 The failure rate and the average test time of each test item on D;,;; and Dgeqqy

5 Thiee I i WRRESEl/s Dy N RZF/%  Dgteqay ™ BRFE/%
1 T M D) RE 2.44 0.0167 0.0257
2 S A D A 1 521 0.0189 0.0279
3 A Dy e 15 0.44 0.0201 0.0291
4 G-sensor L AE 0.33 0.0225 0.0315
5 & i D Re 1 10.89 0.0181 0.0271
6 fink F AR L e 15 1.85 0.0222 0.0312
7 i R Ty e I 0.68 0.0132 0.0222
8 HDMI I 5l 1 7.73 0.0117 0.0207
9 LVDS g i 9.34 0.0233 0.0323
10 & 8Ly RE M T 8.78 0.0152 0.0242
11 TG L D Re I 1.35 0.0204 0.0294
12 TR Ly i 0 23 1.41 0.0196 0.0286
13 WEF Ty fe D 1.41 0.0125 0.0215
14 ToL R Dy RE 62.93 0.0296 0.0386
15 75 25 DI e 1 0.82 0.0293 0.0383
16 2 5 ATy e I 15 0.72 0.0306 0.0396
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K SEBR B D 130 1D s gy £ A T R ZRAE A7 A TR AT 4R B BN AR € B B %
T R 22, RO B ARzl i a4 2R B 1 o 2 B E 3, 4 b AR B 20000
130000 HLF AR IR LS R, 7 AHE D 1y € Z3°°° YR D' pe0ay € Z3°°°°7C D' iy
D' spoqqy 3 FIZH B HIMX LD«

BED i FID seqay 70 H% 12 4 R3O 3, 43 BHCAED imie1~ D'iniez~ D' steadyr
D'steadyzo FD iniea FD sroqay: VENIINRSE , FEDASE b A% F 8 S g 50 i 7 7%,
A 3o U S WA b R I AR R i P £ T A R

TSR B RF AR, TEMNBIZED 10 F1D sreqay: IR R 2E L,
D' 1ita MD speqay E I R R IT AHEAIRIED 1102 1D seqayz EHIRFBEUE . D' jpyjeq M

D’ steqqyr IR 0 BAREHLINER 3.11 B,
% 3.1 ﬁﬁﬁﬁl)’initlanD’steadyIJ:%‘mumEl‘] E$

Tab. 3.11 The yields of each test item on simulation data D’;;,;;1 and D'gieqqy1

MIFET D' ipyer LI RZEIE Y% D' seqayr-EHIA R ARE %

1 0.0200 0.0233
2 0.0250 0.0233
3 0.0150 0.0333
4 0.0400 0.0233
5 0.0250 0.0233
6 0.0100 0.0233
7 0.0100 0.0233
8 0.0200 0.0133
9 0.0500 0.0200
10 0.0200 0.0233
11 0.0150 0.0200
12 0.0250 0.0200
13 0.0150 0.0300
14 0.0450 0.0467
15 0.0100 0.0267
16 0.0300 0.0400

3.5.2 SRR S0
NG E oAt HEAE B 3 ARRT 0 M 92 A G 1 T B AT SR T 2k I HE A
YE, 3 AAEEEEED A AT\ B S etk 3T s A 1) AR
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Ty RE I AW BT 5 1% VA Sk TR 55 Jo A EOEAS 2 AR AT S 20 (1 JE AR T RE TN i
RISk, A5 B FENA SRS BT 200 BRI SRS N R 3.12 s .

302 3 PR SR L5 VR N A P SR
Tab. 3.12  Test strategies corresponding to the 3 test strategy design methods

TAS) I TRAENS BT 75 WSS (WIARBT BOFI AR 2 B BY)
1 ATV IAT DU SR W T 72 [0,0,0,0,0,0,0,0,0,0,0,0,0, 1, 0, 0]
ST G BT B EAR eI [0,0,0,0,0,0,0,0,1,0,0,0,0,1,0, 1]
S R WP [0,1,1,1,1,1,0,0,1,1,1,1,0, 1,1, 1]
; TG T HEE BREER 8 [0,1,1,1,1,1,0,0,1,0,0,0,0,1,1,1]
FAR Ty REI R RS Bt T iE [0,1,1,1,1,1,0,0,0,0,0,0,0, 1,1, 1]

THERLX =P SR BT J7 RN LT B0 I AR P 287 00 g B R a6k g 7 T

% 3.13 s
R 313 3 FhIR RIS BT T vt B AP IR R A . P 3473 3aR A TR A s 7K P

Tab. 3.13 The average total test cost, average test time and defect level corresponding to the 3 test
strategy design methods

9w'5  fis/board) f1(s/board) f2
1 78.895 9.775 0.003202
2 56.669 50.909 0.000268

3 52.771 33.763 0.000883

SR, T 0 A L R AT AT 1 R R WS R 0 e
B R o HE L T3 A O M B ik, %7 R BB R T 91.63%,
SRTE T 32 7% A AL T T Bl 447 1 A R S 77
W, TS T 6.9% WA o el FT4 7 v (0 FE 0 J2 6 A T T 5 L b
T 775 Fh s PR ST S, 7 DAL 7P L £ L b 5 43
TR RN, TG o TR A B

3.2.2 H5 R 0 1 TR0 B AR T S 23 W7 5 0 PR, BRI, AR 2073
PSR I G W 65 TR R SR, T DA 52 4 B AR AT AT O MR M 7 05,
I ELAENS 7 — 5t R AR TR A o T R B 1 AR T 5 4047 7 v L 43R A
B S SEI A AT, BT 7S AR R R e B R, A2 SR T A
B AT 7 7 B AT A O S0 e 1y v A B, B 2 R 3 T
SEME S HT I A T B SR 1 7 v

A B4R 7 VAL T SEPE ST AR Pl B A TSP S0 I V5 A R R AL B, 75
BAEHARAED' E ISR, S BIRIRE 4 RIS T 7ED i FID scoaays )
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s AT NI B BE B2 75 0 e AT ML I I ERME ¥ € 5920 B e ) B ) =R AT

FEVE M50 S9AE R B T AN B SEAR AT SRR 0 M D590 LUK e AR B TR £ AR RS
FEVE M D5 A0 B e 1 ) AR AT PR A T i

N RO IS I BAEAT W I BRME BOE TR R A) L BTS04 7 ik
ANE AN 0 AR AT SEE 2 MR R A R B A7k A BT R BRME B T3 V2 4 i
AT A AR BE B E N 0.05%. Ja PRI ERME B E J7 A s B2k T s ol K 2500y
PrEfR A AT SEVE, IRJEAS & TSR A A R BUOE BIE .

i FH B e 1) B EAR AT SEVE AT T IR AT SRS AR R T e IR B EEE, Frlizdy
A RERE M BUE M o B SeRIEMI GG BOR R IR BHEE, St RN AR K

HERER IR 3.14 FTR
314 EEXBEMHREMER

Tab. 3.14 The occurrence probability of basic events

RIS RAEMEY% HEAFAFS  RAEME %

X 0.0022 X17 0.0023
X2 0.0023 X1 0.0023
X3 0.0031 X19 0.0025
X4 0.0019 X20 0.0022
X5 0.0030 X1 0.0021
Xe 0.0019 X2 0.0022
X7 0.0024 X23 0.0019
X3 0.0023 X24 0.0021
X9 0.0023 X2s 0.0019
X10 0.0023 X26 0.0022
X 0.0030 X27 0.0025
Xi2 0.0019 X28 0.0021
X13 0.0022 X29 0.0020
X14 0.0022 X30 0.0020
Xis 0.0024 X1 0.0022
X6 0.0022 X32 0.0023

SR JE R A 03 2) I 3.6 FHAE A IS B, VB e TR My -Me BB A MR, )
TR 2 O R, th BT AR B 2, e MR AR 0 S (3.5 B LR BRI,

B H R AR R R, WO B, ARIE L KA BE S, =-5x107, (g
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ST M 0 5 A

FEBTE N R AT S T, B R ARG REER TR A MR L
#l, JEH r=13, =09, ¥ n M rnEAEBERANANG4), [BENAEEE p KFE
B 2% AT N EE SR B IL A FARLER AR — P45 s A 0.05%, &
EARGAT T=0.05%, THHEEFH p=0.0021%. HBEF ri. M p B RAANE 3.8 |
F R FAE A R R RE I RIA I, 7530 S T A R 2 R .

T F R 1A _F R 3 AR S AT O R [ TR 0 SR AR AT S AT T VR AR S

WA B BB AN 3.15 s
£ 3.15 HJKF LM E T TR R FEED P70 KA RERE

Tab. 3.15 Failure rate thresholds corresponding to the bottom-up and the top-down motherboard
reliability analysis methods

TITAS K2 B/ %

W5 e T HIRME ERER TR R R
CIETSE R TR E A C 5 I RS

1 JodJ B Dy Reil 1 0.0282 0.0264

2 AL D Re I 15 0.0186 0.0175

3 A Ty e i 1 0.0185 0.0175

4 G-sensor gl 1t 0.0186 0.0175

5 & 5 Dy e I 0.0183 0.0175

6 Fk 5 ) e 0 0.0185 0.0175

7 it T D RE I I 0.0183 0.0175

8 HDMI Yj el T 0.0282 0.0264

9 LVDS Ty Rg 1 0.0284 0.0264

10 Fa Sy eI T 0.0281 0.0264

11 o SRR 0.0280 0.0264

12 A5 2y e i 1 0.0283 0.0264

13 W Dy e D 0.0281 0.0264

14 Jog =g D e il 1 0.0259 0.0245

15 P A5 Dy RE I I 0.0301 0.0283

16 27 5 T REl 15 0.0300 0.0283

IR A5 BT ML A B A BB BEE D598 B R I _E ) A ) SE PR A iR A
B T 1) T 9 AR AT SE PR 0 A IR R A AR ERME . 45T R TSR B AT IR B B
D' i A E M BED steqay T EMRAEAS IR HEME BETHJ592 N (9 AT 2 I i AR
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V- A0 A ) R 8 7K T o R BB ) = ARE S D SR M v 2 8 AR T R
B AT R aRE: B, il R ERTh AR B b AR LR AN R 3 5 Hx
RLIAS R BMEAS BRSBTS A8 A U SR I, K 3 AT 8 2% (113
I T AMER B 1 AR H s S8 8 TR B 1 S AR R H B AR LS A BREE KT A
Jei s R )R BH P 3 AR I B 4B BT TR R AT, R A) T s AR . DASE —Fh
MRS BT E RS, TR IR = AP R PR S E T I R . HARI S s Bt Uy
R R AR SRR T RO S 5 — P SRS Bt A R AR — B

S — AR S S B VR TED i FUD st oaayz F 38 FAAT WA ) 4 152 52 7V
BT HAED e DA ATV I R IR 152 78 J7 V2200 6 B = TR bR B K - I AN
RERBE 0.05%73 HAME 3.10 FHE I (D i A RREUE) BHTHE, RIAAR
(3.6-3.7) 75 Z 25 U TSR mg o FRARHE 2 20(3.10)THRAZ A SN T D 15, AR
FITAE B I T, AR 22 2X(3.11-3.13)TH AR BH 1% = i H A /K -F, 285 I A 20(3.14)
T AED i EAE AT MV IAT (10 BB 5 J5 15 T A B R DI B A o 2 R RIS AE
D' sveaayz A FRATMVEAT (0 108 1 1 7 Y06 %ot B F) = TR ARME : H5 0.05% 40 AN 3.10
H 58 =81 (D speqays A R ZEHUAED HEAT LA, 152125 D0 100 (1 AR e s FRARHE 22 30(3.10)
THEAZIMR S N INED seqay2 T BRI AE e ORI (8], ARYE A X (3.11-3.13) 1A
FHAZ ISR M IS (SR 7K T, AR5 A 2 33 14) R e 1) AN BH P T2 ARG A 412
I ) SR, BIAT S RS BAS o B JEHED 1302 FID spoqay 2 1 = TR ARAE 73 73 SR A,
19 2107 B R ASF B — Fl SRE M ST VR I R R R R A A

SAERAEED FAE BiR 4 AR SRR ik, 5 BRI SR B VR
LR HEHE ISR 3.16 iR

3.6 4 FhIASRIS BT T5 R TR L AP SR
Tab.3.16 Test strategies corresponding to the 4 test strategy design methods

U5 T3 SR B T T IR WS (VLRI BRI AR B B BY)
1 AT IA ISR W T 72 [0,0,0,0,0,0,0,0,0,0,0,0,0, 1, 0, 0]
5 ATMIRAT B ISR s 15 T T v+ [0,0,0,0,0,0,0,0,1,0,0,0,0, 1,0, 1]
B R IA) b ) 3 AR AT S oA 7 vk [0,1,1,1,1,1,0,0,0,0,0,0,0,1, 1, 1]
3 SR I Y TR TS s R [0,1,1,1,1,1,0,0,1,0,0,0,0, 1,1, 1]
AR Qmﬁrmimﬁ%ﬁﬁmﬁf [0,1,1,1,1,1,0,0,1,0,0,0,0,1,1,1]
B 1) b 1) AT S oA 7 i [0,1,1,1,1,1,0,0,0,0,0,0,0, 1, 1, 1]

L B IR THSRR] DLAS RUAS RN S et VAN B SRR A | P2
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[ AR RE KU1 3.17 o .

X LR 3.17 A RS YT 705 1 A 3 I SEaG 45 SR T DU Y5 RS AR H B2
b, XU 3 MR R ERMae s m T o5 1 IF BIS seA A BT N R, B
)N N I N S R 8 7 T P 2 o 4 B = B T =R = R s K i U G BU RS 2 L 720
SEME VT J7i 2 F1 4 (RSB0 45 Rn] UG 5 & ek A8 E A B, 9 B A
AT R A BT 59 3 R 4 1 X BIAE T AERI GG I B A 7 AN [0 ) B 1
SEITER, Y BONAT LI A BAR 3R 5 90 8 T T A AR AT SR A 7 ik, BT LAt
BR L T00 [ S F 32 0R AT 5 1 43 BT O vk B AT M I 1 B A 1 vk B TSR I AN R

A RE
R 307 4 PP SRS BETH 7 % N P 7 IR B P27 BB T R 7K P

Tab. 3.17 The average total test cost, the average test time and the defect level corresponding to the
four test strategy design approaches

45 f(s/board) fi(s/board) e

1 78.895 9.775 0.003020
2 53.067 30.027  0.001070
3 55.783 39.367  0.000763
4 52.771 33.763 0.000883
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Fig. 4.1 The flowchart of the interpretable test strategy design method based on decision tree and
reliability analysis
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Fig. 4.2 The relationship between the sets M, M; and M; formed by the test items
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Fig. 4.3 The flowchart of the decision tree based threshold setting approach
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Tab. 4.1 Probability ranges for the occurrence of bottom events

JRFHRS  RAEMEF/DPPM  JKFHFS  KAENR/DPPM

X [29.30,121.70] Xi7 [22.75,99.75]
X, [23.20,100.20] Xis [29.51,121.91]
X; [21.87,91.17] X1 [24.57,101.57]
X4 [25.88,118.28] X2 [28.80,121.20]
X; [20.82,90.12] Xa1 [27.45,119.85]
X [25.95,118.35] X2 [28.72,121.12]
X; [23.86,100.86] Xo3 [26.07,118.47]
Xg [23.41,100.41] Xo4 [28.16,120.56]
Xo [23.18,100.18] X [26.17,118.57]
Xio [22.69,99.69] X2 [29.38,121.78]
X1 [20.97,90.27] X2 [24.85,101.85]
X12 [25.68,118.08] Xog [27.69,120.09]
Xi3 [28.93,121.33] X2 [27.26,119.66]
X4 [28.71,121.11] X30 [26.66,119.06]
Xis [23.58,100.58] X3 [28.70,121.10]
X16 [29.08,121.48] X3 [22.53,99.53]

Hr, REH R AEMZE L DPPM (defect part per million) JyHA7, F84F /7 EAR K
F R A BIIREL
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Tab. 4.2 Initial yield threshold setting range obtained by statistical and mechanistic methods

PIhe R 2R B R BEE Vi

YT T 44 5 SEBR R
5N RN WL 77k
| RERTEMIIREII ) 99968 [0.99920,1.00000]  [0.99971,0.99875]
2 HERE 2 e 0.99968 [0.99920,1.00000]  [0.99981,0.99916]
3 PR D e 0.99912 [0.99860,0.99960]  [0.99981,0.99916]
4 G-sensor J el 1 0.99938 [0.99860,1.00000]  [0.99981,0.99916]
5 & it D 0.99940 [0.99900,0.99980]  [0.99981,0.99916]
6 MERIIRENIR 0.99972 [0.99920,1.00000]  [0.99981,0.99916]
7 TEEATDIRETI 0.99968 [0.99940,1.00000]  [0.99981,0.99916]
8 HDMI Zj el 51 0.99972 [0.99920,1.00000]  [0.99971,0.99875]
9 LVDS Jyhe i 0.99970 [0.99960,1.00000]  [0.99971,0.99875]
10 TR R 0.99982 [0.99940,1.00000]  [0.99971,0.99875]
T L Sl 0.99940 [0.99860,0.99980]  [0.99972,0.99875]
12 TR e 0.99960 [0.99920,1.00000]  [0.99971,0.99875]
13 2 ) e 0.99916 [0.99880,0.99980]  [0.99971,0.99875]
14 CEREPIEEINE ) 99953 [0.99920,1.00000]  [0.99974,0.99887]
15 PEERREI 0.99906 [0.99840,0.99940]  [0.99969,0.99863]
16 ZESLRALRE 0.99966 [0.99900,1.00000]  [0.99969,0.99863]

Forb, FIA 410 BRI INE VRS A M DU B AR BE 1 150E ERRZ 100%, X%
7N B IR P S0 I H B AS 8 I A 15 O

Be ROk, o IR Gt i LB 75 1 BT SR AR ) U R A e Y TR N R A
50000 MEEALEL, HE RS 50000 17 16 FURIAERE, 730H Bi Al By £ox. K, B
& 411 VTR TIEE A FIRIGE RE R e A S, By A& 4.1.2 1 4.1.3 W FTER T IEE W)

AERMEBOEA G

44



S SN T e S AT

RJE TS BEA G AED i LT BURA TR B RSA . RRABRE SR 4.2 FHIsE
b R RAF LR, ARAE A (3.6-3.7)1F B0 B A SRS . ARSI T, R 2 3(3.10)
TR P 18], AR 22 303 13) THE Y BRI KT o Rk B (8] AR A I 18] 22 A0 A
NERAJIMARBA, RYE L KL E w=120%60s, R AIHRE 22 3(3.14)TH 5 13X 50000
BREAR DA IR A

4.1.1 iR T REA R PR RT3, R BLES — R RS O AT SE 5, BRI
USRI L ) BEAR 22 5 R ot W TERIFAE,  PAIB SR B KI5 e, DI 7 B R 22 BT 2
R IR B bRERAE . 73 AIXS BIE & B1 Al By {8 ] k-means SLIEHEITRIE. L
DA A L2 T R N IEISRFAE,  WIREAS ) SRR EE R UK 4.3 P .

ARAE ZESE L A RN R AR A E BP0 30, IR 4.3 o, BRERBREE“rh, “fik”
Aoy s BB e DR s R AR R Ol Herp, IR SR SEAREE, RIOM SR

PR o F s i1 BT (2501
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Tab. 4.3 Sample clustering results for the methods proposed in subsections 4.1.1, 4.1.2 and 4.1.3

Gy MAKMS BT R KA O(s/board)  FEAKL

H 78.94 9621

1 4.1.1 1T T = 100.51 3323
& 58.23 7056

H 84.80 6516

2 412 TRk & 53.23 7961
= 98.66 5523

e =1 73.62 10288
‘1(;!&3%;;?;5; fis 52.42 8929

i 61.21 783

422 SHEE

K R 2L REL T 2 () SR AR RS R AR K, Se i 6:2:2 1 EL ks B &) 43y
YIRAE VIR SR AN IGAIE 5 , P 1A FH scikit-learn AL8% 2% > T H AL i R pk S 7 ik R AT 11 25
IR 75 B 5T class_weight. ccp_alpha 255 5 BUE .

R 4.3 HERBFEARRIMRR A, FH scikit-learn HLES % ] TH A2 4LH)
TIPS, K DecisionTreeClassifier FREH class weight Z %% B N
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Tab. 4.4 Test strategies corresponding to the 4 test strategy design methods

TAS) MR BTt 7% I S

1 AT M IRAT (Rt o s 1 Tt [0,1,1,1,0,0,1,0,0,0,1,1,1,0, 1, 0]

2 5.1.1 T TTE [0,1,1,1,1,1,1,0,0,0,1,1,1,0,0, 0]

3 5.1.2 T ik [0,1,0,1,0,0,1,0,0,0,1,1,0,0, 1, 0]
[

AR TR TTE) 5.1.3 HpTiR I
EIIREED (o b, FIHA(2.3-3.14) 50 501HFE R 4.4 HH1r) 4 AP0 SRS Bt B ) =

MMEPME, 15 4.5 PR
R4S 4 PPN BT I VEXT R PSR BRAS P25 R e [ AR s 7K P

Tab. 4.5 The average total test cost, average test time and defect level corresponding to the 4 test
strategy design methods

0,1,0,1,0,1,1,0,0,1,1,1,1,0, 1, 0]

YT fis/board)  fi(s/board) 5
1 74.056 65.194 0.003076
2 56.687 48.933 0.001076
3 54.182 40.889 0.001846

ACRFFHRITIE) 51944 41421 0.001461
FERER]— i BB 50 5E TR N R A R 22807 AP A5 I s, T e TR eie
HI AN PR S5 SR SRS AR 70 ol A o Ml AS AR AZ I ) o 25— 2K
FR2KT7 AT B M SIS R B B A AR 28 — 28 %, (R Dl e Ik i 75 22 B i ) <
EE2E =20 BB, DAIINRA R IE SRR, B AEEAR B RA s DA A
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