SYE6043 Quiz #1FEEIiHN

2026 £ 10 B 2 HE#H. XHOHNEENEMEETENRY, AERBSERTE. BIRREESR: SEEEE D
BAtASRE, BFEEAREHERNEE, REFEAFITRERERENS. HERNERBANIESR
g, BXEHNECHIERE, FREMAIINESE.

e S%HE

Quiz BAR 2026 £ 10 B 2 B (RAMIHY) , KIERIBIEAMNE 2 TEFE Week 5 B—(F5H "2 Oct/
Quiz’ . HEEERRREAE 19:00-22:00, # AC2-2510, EBA. HAER, EAWHS. SSHA, B
EEAIA,

SOEHE Week 1-4 3, KEFFHIHOEE, WRABESFUT, TEXEMOBRHFS, REMHME 1-
4%,

HER ANEH AE PoIviES L
Week 1 2026-09-04 Introduction to Quality FREEHRH L1
Week 2 2026-09-11 Applied Statistics & Probability Z5it+ 5= L2
Week 3 2026-09-18 Variable Control Charts & &#=5E L3
Week 4 2026-09-25 Process Capability 13286 L4

H T XU R AR 2 ZRHIRRFNZS) . Tutorial 58 1-2 TARY 9 1&RR, LUK Assignment 1 BBXIRLXPUERY Q1-
4, EEJIBRNREIRHUHE.

AERB—RENE, BNFE: E1EAE - F2ERTIME - E3ETHE - F4E20E8EN - %56
E Tutorial — 55 8 N, SLEXRAK, #iHCH Tutorial B9 Ex 1.2, Ex 1.3, Ex 2.1-2.2. Question 1.1 0
Question 2.2 {#Zh,

[RIaFHEFITTBLAIE
TXRITUSERZ PDF RUSEJLIR, ARHEMTUY. REEXHRSTEMESENARL, IEER.

e L1: 1 Introduction, 22 7q; KHXIMZEH4 Chapters 1-4,

e |2: 2 Statistics and probability, 19 TR; AMIINEAS Chapters 5. 8,
e L3: 3 Variable chart, 19 TQ; KMXIMZHSF Chapter 6,

e L4: 4 Process capability, 11 53; XKXINZ44 Chapter 6,

T: Tutorial, 5T,

A1: Assignment A1, 3 T,

1 RETENEHR

1.1 H42RE

[REZ Quality ARZE "R . L1 5E 1 RET=MiA: FFSME Conformance to specifications, &&1E
F Fitness for use, LAINF=RREBiREHTSHRAVRE. EREBERRE "EAERTFEEE" |, Taguchi 229
—1: "GRESKT, BEREESD? " B4EM Performance / Expectations RERRIERIXMESR, F2
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EREHHIAI.

BT —MRR 10 mm BIEEEARIF 9.9-10.1 mm, {5k 10.09 mm EHEHE, TIe0sR 10.00 mm EEERERIT,
BRI 10.00 ki), ABREBREEE L1 (UIRKE, BE "REBIRHBEIRE" MiE7T.

1.2 REHEMEFANIE

L1 58 2 BT MEE, HRFHHCHI{T: Performance #3088, Feature fffNZHEE, Conformance fFEHIE,
Reliability BERTEIRIFINAE, Durability %54, Service #EHEFIGIFALIE, Response AFRIRSZEIRL,
Aesthetics /MRS, Reputation BE, BRIEMIR "/\EE" , KiREZT— Response, 3lifE.

USL ERIFHIISRAE, LSL 2RFHISIME, MBS “2.50+£0.05" , EEBE LSL=245_ USL=255, MiZEESR
0.10, &£ 0.05, Nonconforming unit $§A&RHI—E4F=5; Nonconformity 1E8NGRE, —4 =SRR8 FaTLL
BEF1. Defective —fI5ELFMERIEAM, Inspection BIEEINXEEARS, Testing EEMATMIK
Hi%. KR L1583\,

QC BiAF|. HFNNERENREIEN. SQC 2RFitAAM QC, B4F SPC Mg, SPC FTHIZSFERERT
iBA9ZE{L,; Acceptance sampling RIH—EB0 RREBMKIARIE, TQM BENMARA—FCERE, FE2EAKK
BB IRTeE. Reliability RO RE—ERATAIEAEARRE—EIEE TIE, Dok 2EiIHKINMELIE, KHEMPLERZEIIG
BN, KR L15E 2, 21/,

1.3 ERMREESMERE

FREEBENAEINFR: BESEE - TKEs — KRR — SitRERE - £EEESE — Six Sigma. A
BOILUXEERSRL: Shewhart &ZBBIEHIE, Deming #ESRITRERAE, Juran #HERM, Taguchi HRE BIRAR
K. B EREDHIECIZERRT, AATREHITE. KR L1 $F 4/,

RERESNEINS: EHEFFEFEMFA, RIHEEREME, RWEFHE, TZME-EREME~RE,
REREEAEE, BRCHIIEREFA, ERRIEBFEERR. XERE, MAT 1M FEMENTRE. X
B L1 5-6 1A,

Lean FE@A OBBOMNEERYE). CMIREE: SBEF. F5. T, M. E7. aifF. ZEINI. One-
piece flow BEREILFm—HHHE FE, BRAMEES, )T SRENMERIFERFTENHE, "PEF &
FTEREEFEIE. KR L1555 6-7 ;.

TQM BT ERNRS: EBERESSE, URINEERATL, 2RSS, FENE, MANREMKE, B35
WE, IR, —REREEFEFHER. BRI, MANE—EXE, BRGREER, ENRORXEEREN
R, KR L158-1113,

L1 55 11 TUREIZEEHHER Deming 14 points, BARIAIC: & MEISOHBER, BRRFHNREERS, PR
=10, RKWELSMNA. HPHNEXER, FSHRS, NSl RSEBRTEETE, HRTIE, FTHE]
1%, BE=0S,; AREHERIEAN, FRIAREATFESNES, F8HE, 2RS5HE, IREEEZR
FHRNRL, BEMXINBRER.

1.4 CHRETREHFEE

Pareto tHAIE]: [EE—AME, SoEREELERIBRLR. REM. MEBEFEERE— KA, EER. FFN
SENEHE, Rit&—IREL. 80/20 Z2&MHE, MEER—ERIFE 80%.

Fishbone &BE|: REE FRLGE, REMIIHATENERR. ERNDERA. M. & & U 3K BE7IRR
BRig, BESHIERIL, EHRAMERERKEIT. Brainstorming SLIRNEM ERFCILEARKIFR, HiAAH
it ZEHE.
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Check sheet 18ERMRTE. EMRIBICTITEL. AIE. SBIAME. Flow chart FiEEBEIHLSER. o3A0zH
R, Scatter MRESNRE—X (x y), BRIEEX. MBXERSXR, BEXAEFTEER. Histogram H7;
EEmRERR, MR, RAREPO. B RNMEFESE, BEXE THEIRF. Control chart 2
HIEEREARE A, ARAMIEEREHIRETW. KR 15 12-20 1T,

T T EEIXFEEERA: Pareto IHIFENE — 5EFIER — WEHIERIE — X5SHBE—X Pareto R,
L SPC 21, BSIEITRE. BREKMETE. EEE. EFHETR, SERET A iKeeh, 2ahes
=, kR L1517, 22T/,

2 FTHIE NS0

2.1 H/INRFS

YK Population 2IRFOEILERFM, A Sample REEIFEHRERIEF—EFD. SARESCYE p FIESSiME
Z o Y Parameter; FAEFAEHFRAIFIE x FOtREE s 1Y Statistic, ENEL. RBIBIEWEN Attribute data,
ECAIASTEAEL, ESENERIHEEN Variable data, tIHKE. =X,

Accuracy EIREREEEILAIR, Precision BEEEESNERIIEA T L, —IE8REZIR 2 mm BRF, R
a5, BAER, Repeatability EE— M ABE—RIRERENE—HERA, EREAIR; Reproducibility 27
A BTEEURESD, KR 1252, 6T, L1522 A,

2.2 HY RE HE IREE

Y x=2x/n, PLEL Median ZRFFFETEBINE, SR HREEHEBFERNMITY, RE Mode ZHIR
IREEREZHE, FREARLE—. #RE R=max(x)-min(x), HARSE s2=X(x-x)?/(n-1), HFREE s=Vs2. 1B
FIEBENRARNEEEUE. EERANGERN, 2848 N, s REERSM, 2 RRMUNFTH. EEHENEE
BEMRK: SRR, RIEREZE. WETRRIERE TR MNIRE, BEEIAETEL.

FRNARG: B8R 2. 4. 6, FY=(2+4+6)/3=4; thE=6-2=4; (RER -2. 0. 2, =8, HAXHE
=8/(3-1)=4, HAINEE=2, INEENINEZREE.

STEERRI T =2 (fx)/2f, BiREERERTSIES MENREFHEERHE. L2 5 5 TAMRAREE, 98
HE 3, IREHE 4, RUSRINEER 2.6 11 44, BEFIHANEHIEEFAHXNMER. ERAFRNREEDBIE
1.16775 %1 1.61015, XTUEIRBARIEIFIREE: IEFINRE—F, WEEBAILIARE.

Measurements: 2, 4, 6 Squared deviations: sum = 8
) Al
5
s 37
©
>
Q
® [ ® 5
o
L
i8]
>3
@ 14
T T T T T 1 O' T
1 2 3 4 5 6 7 4-4
Value

Worked example in section 2.2. Mean = 4; range = 4; sample variance = 8 /(3-1) = 4;s = 2.

1Y, IREFREENT IR
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23 ESRHEEER

XIEIAEZSBI SR X~N(p,0%), FPRZEAXIFAIH. p EROHER, o EBEE. EXNMERMERRATHNER
20, HXEE-RKETHER. WEHL Z=(X-p)/o, ELHER "XMEFROIVMREE" .

AAMG—RERIT ®(2)=P(Z<z). BE P(X>a)=1-®((a-p)/0); R P(X<a)=®((a-p)/0); X[E
P(a<X<b)=0((b-p)/0)-P((a-p)/0). z AR O(-2)=1-0(2),

BRAITERL. WRFENEZ 03 z NEKH A, BBA z>0 ARITRE 0.5+A, ARER 0.5-A; NRFKEES
B, EHKMEEE. FEF 0.2909 SHACERURER. RKISER, STH#iREH z, B u=a-zo,

Z55EN: u+o 29 68.27%, p*20 £ 95.45%, u+30£999.73%, LELENREN "4 99%" , —f%iE 30; W
SRR BFrRE(AIESY 99%, A3 2.575830. KiR: L2 5 7-9 I,

2.4 BB SHEFIERED

MNE— MBS n MY, FAIYE x IERE p, BEriNEE (IRER) 3k o/Vn, BEFI8EE—ED
ShETIRENRE, (ERFERRZEARE. (T8, EXERSERANEEFET v, FT IR EX.

PORPRERRAIE: RN, HEBRXERMT, HAEMA, HAYENSHBIRLTES. BiRRRREES
BHCTHIES. MRSAARKHARES, BAE n ZX, HERRES. BUHE "'n24 YEMNUES" 285 L
EHAERNEN, TREREERMTAENER. kR L2EIX; L3FE 25|,
2.5 BEES
Sample space S ZFEHREAR, Event A REF—HSER. RESNMERBIMTEEM—HT, F8EM P(A)=
BREREYSERE, HRE 02 1 28, MEBEDEEER 100%,

o REKE: P(A)=1-P(A),

e AE;B: P(AUB)=P(A)+P(B)-P(ANB), BFAIZRZEAN 0,

* AHB: P(ANB)=P(A)P(B|A). RBIRIATABESHY P(A)P(B),

o FHEER: P(B|A)=P(ANB)/P(A), ZK P(A)>0,

o 2R AL A BREIEATEAREESER, P(B)=IP(B|A)P(A). HMHRE "SEHBIRZMN=1" HEFHEX

MR

EREMHEAERNASL; MUZEME—HERET, FAEMB—HEMTER, R MEREAT 0 (EH, R
BR, Mi—EAMIZ, Without replacement AEIRY, #Hx—NSEAILLFIFEZT; With replacement pi[EIFH
BES, 8XReILEFEEZ. #MERAZ, KR 125 10-13 &,

2.6 =HMERST

HRLREC: XN ENZERRESHA? "B REEFERIOIBMNER, T2IUE "HIEAEasm" .
#8J1{7 Hypergeometric: —3t N {4, HAp D 4AE1E, AMEH n 4, [EIEF d HASEIIHEER,

P(X=d)=C(D,d)C(N-D,n-d)/C(N,n), C(a,b)=al/[bl(a-b)!], 0!=1, DF2 "HMFEITIEEL x PRIFHHRIIE
B, DEEMBE. N E—T: 9E nD/N, 5% np(1-p)(N-n)/(N-1), H p=D/N,

IR Binomial: EEM n XIAE, BXREMMER, 37X p 7%,

P(X=d)=C(n,d)p*(1-p)"™, & np, #xEZE VInp(1-p)l. @ “t&EFFHHE" ME—IN, | "ZOHME" BER
1-P(0)-P(1), XFEALBZIRI.

Poisson iAfA: EERIE. EREREERGERERIRE, SHZEIRL. REEFRBE.
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P(X=c)=eAX/c!, HEN, REE VA, N EFIRBENRAREX L, LaIsEs 8 /et 1R, 8 4 NSHtA
A=0.5, A=np 2% Poisson IE{l “IRTIIE%X, BIRF Poisson BYEZEIEZRIGH A,

JUMIEIARER : BMABIREMEELCEIRNGT, #ILERTLUEIIRRZIR; n X, p /Nat, ZIRATLARS A=np Y Poisson
U ZIRRY np 0 n(1-p) EBAAK/NES, STLARBIERIAIL. R84 T n/N<0.10 ZEMEWK I, MESE 7 B
MOTFIREER. “IAESTURNEMIESMEIE: B2 2, 3. 4 WROESXE 1.5-4.5; X22 X$M X>1.5,
KiE: L25 14-18 A,

3 BEEHEMNSHR

3.1 =HRIBAREIRE

HUASSPR USL. LSL BEFEORITER, FBRAMBHEAEHE. SEERFR v 3o MdiEESIERESR M
RBABCEEM. HERFIFIR u+30/Vn ARAMFENERIRE BSERE T,

EHIFIREMIEEUERE R, FeEEESZ USL/LSL 3 UCL/LCL, —MNIFEALIRIRE, I—BEHAEE
i, BALNIETRE, FeEidratg. "RARE M 815" ERNEE, KR L3% 341, L1458
1-3 T,

3.2 Common cause #fl Special cause

Common cause HEFERE (FHRER) 2EBEASHBEIVINES; Special cause F4RE (FIHAERR) 28K
G, LEAE T ANARGRIRET. KT —#HBEENEN. B8R T, SERREERERSKE, FHRERSLE
BEARRETHA. 13 FE 1 UMBERSRE—HRER. 4S5HzE. FREZE=/M, KIFCTsEEN s, 7
kB, ABNE.

Rational subgroup §EFH: F—HABRNNEREEEAZHIANE. E—&H88. A—MEEETRE. XA
NNERSIRBENIKE, EfEZ BENERZEE LR ENEL. HEARYZERIEUEEERH—A,
3.3 '5HE x R

’6 9 MFE, 84E n 4, 888 x=2x;/n 1 R=max-min, ZUIE x=Ix/g, FYKE R=2R/g9, n 2BAH/L
%, g ZBJVH, BEEFIEEERAE n,

MEE: CL=x, UCL=x+A,R, LCL=x-A,R,
RZEE: CL=R, UCL=D.R, LCL=D;R, B4 o RY&EITRE d=R/d,, WERRERE d/Vn, ATLA A2=3/(d.Vn).

& RE, BEYEE, RAYEENFREAENKNIEN, RERR, HWEENFREATE. BEENIR
gE=D 25 A, FEMHONERRE, ARMEET 10 £AHKA s B. FR: L35 5-9 K,

AA n d. A; D: D, Cs A; Bs B,
3 1.693 1.023 0 2.574 0.8862 1.954 0 2.568
4 2.059 0.729 0 2.282 0.9213 1.628 0 2.266
5 2.326 0.577 0 2.114 0.9400 1.427 0 2.089

B n=4, x=100, R=8, HEEFR=100+0.729x8, BN [94.168,105.832]; R E|_LPR=2.282x8=18.256,
TR 0. fMFeiXRB/EE VC-2.
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Mean chart limits

Lo MCL = 105,832
105 -
©
2 100 oL =100
i
wn
95 __LCL=94.168 __ _ _ _ _ __ o
Range chart limits
Lo MO = 18,256
15 -
e
2101 clL-s
E _________________________________________________________________
w 5 -
04--LtCL = 0 e

Worked example in section 3.3: n=4, grand mean=100, average range=8. Limits only; no invented sample points.

FHIFIRA IR

3.4 EHiE x s

BRAEFNIEE s, A5 5=2s/9, B o=5/c,. HEE CL=X, UCL/LCL=X£A:s; s B CL=5, UCL=B,
LCL=B:3, HBHEZEZEAN n &, 5= R ERI A, D, KA,

3.5 iAok

L3 55 14 TWARRIAISMN: — i 3o ZHIFR, &L 7 s O&E—MN; &% 6 R—ELFAE—ET
B, LR 3 MEEE 2 SEEM 20 LIS, HELE 5 MEBEE 4 SERM 10 LISk, BHER, BHEMESEE, T
BERIRREHAYET. BIRSBE "8 mEM" ZKRIRE, FRIEARRMLEK,

ERAEAATRERE: RAB— I al, URRIRTIRE. ASH, 550, TREIEER, BiHEX,
HJREIREEECIIE X, SRGREHREE—R, YiREARIRE, FEURREEHE THRIET. EVRREEL
R FEESREEMA. KR L35 15-16 I,

3.6 WIS Ti=HIE

WEE: HES - BEFATHRERE — XEUERE — EZFRNBENEEMERSE — AR THEEER
SKEIRFOLMAR — BRE—E. RRAE R "EEE" 5, 279, RIERBBEIHLLRXARIR.

EEr ALR, AMoEEHER g-r. ASREERIRES, JENRSEEHNFSIANRESEHER. FRKE
[FANRELHFRIES, BRERE, FEENACtECARERTLM.

3.7 B—REBTHEIR

Type | /o IIEEXIEE, BAHRET, HEiRKk. EFSRETRA "B 30" X—FMN, Bkl
~0.0026998, BP 0.27%.,

Type Il / B: BREEELE T, BARIRE, UHEHiR. 9EBE . o 7R, B=O((UCL-p,)/(o/Vn))
—O((LCL-u1)/(o/Vn)), tHHER=1-, ;FEXEAMEIAFRRERHEEFNIE. SIN/IESEIANEEGESREE,
NERREETE, FRE: L3FE 13, 15&,
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4 JiEREINEF IR

4.1 At aFcREBREE

TiEReE, HEMKNZE—MILURUREE. FEEE, SRR/ VMIERE—RN, BEAHTEN Y
Mo, B— 1M EENEREMUAKRREZREA. FHNESEADIMEERRANIES. BEETSR. #EEAE
M. XF: L4561, 3|

AFSBERE W=USL-LSL, SfEEEE =60, Cp=W/(60) ERIRDHEEREIERAMEE, FEPOEW. Cp>1 5
BAEE, Cp=1NI#FE#, Cp<1 BAET. (B Cp>1 ABFERBIENSHRERELES.

Cpl=(u-LSL)/(30), Cpu=(USL-p)/(30), Cpk=min(Cpl,Cpu), BRRIHEEBLHIABFANELENEANE. Cpk
KIEARET Cp; HEEFAEMEFREY Cpk=Cp; HHEBFFSIMERS Cok 220%. RERNMEE, [RE30
—IRSFE4L.

ICAERR M=(USL+LSL)/2, #& h=(USL-LSL)/2, W k=|u-M|/h, Cpk=(1-k)Cp. k FEIHE, X—REZ
. M FERUASIET k £ 0 2 1 ZjA), TERMEIMNT k>1,

Cpm=W/[6V(c?+(u-T)?)] BRIRERITBIR T iR, p=T 8 Cpm=Cp; R T IEFHBEMEHR, =MEE
8%, CR=100%/Cp, TRIRBELTAERENESZ/L. KiF: L4 5 6-9 T, 20 NIST IRERENEN—
.

4.2 A SEENB~Em

Pbad=P(X<LSL)+P(X>USL)=®((LSL-p)/0)+1-P((USL-p)/0). XEREMET 0, FZ o/Vn, ERFIKEIZ—H
—4897 . ppm=Pbadx10°;, BXWItFAEHRM4E=Hr"ExPbad, HHRAILIH/, REEESIE,

TR T EARRE, KEPERE, BHEARE, BFEK), XENE, FAEEHER. 145 10 TaEEEE
EER: GEUE. WEIE. EEHE - AR MEBMITARE — RERITEEEED — EHRBIHEE
BRRENTZ. SIRESE. £RFBIEEIET — 8ENBERTHMENES — Stnlz, FRASKIOREUH.
BB ERIRITEEFIKIE, TREATHFIFERERE. KR: L4553, 9-10 1T,

4.3 Six Sigma KPR

HREED . MHETE ux60 Y, Cp=2, MMEZFINEEEKL] 0.001973 ppm (EEA 0.002) . MNRZIEFURSIIES
"% 1.50, IEAYBP—MIRR 4.50, Cpk=1.5, E&BL 3.4 ppm., W MEFRIBIEARRE, FHAFE.

JEHRES 1. 42, 3. +4, £5  +60 MMHIAEE ppm KL 317310.5, 455003, 2699.8, 63.34,
0.5733. 0.001973, L4 % 11 @ +20 B—(T5H 485500 ppm B8, FHZE4) 45500 ppm; +10 SRR
68.27%, T2 68.7%.,

5 IR ERBIRRS 55

5.1 L1 pEIRAER6IF

RHIAR: Pareto HEFHIRITEDIL, BBEGITRRE, MERIKENE, S~BEERX, MEENESERA
& (W14) .

Pareto FIE, L1355 13 T, RKEURINFR T7. T4, T2, T5, T1, T3, T6, ¥ 25, 20, 12, 8. 5. 5. 5, &
it 80, REit#25. 45, 57, 65, 70, 75, 80, REitEHLL 31.25%. 56.25%. 71.25%. 81.25%. 87.50%.
93.75%. 100%. &&= 80% LA EZENEIPUSE, RENEIFRT 56.25%. REB/IMrEVERZEE, URITH
yg;ﬁo
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L1 Pareto example

25 - - 100
20 - - 80
S
> =
© 15 - -60 U
v =
3 [iv]
1 E
£ 10 A L 40 E
3
o
5 - 20
0 L0

T7 T4 T2 T5 Tl T3 T6
Failure category

Source: Lecture 1 p13. Redrawn from the listed frequencies; first four categories cover 81.25%.

L1 tehrEfRR

Fishbone Example 1, L1585 15 10, [RIERZEEELE, REISEMHIR. RENEKRR: Hlas—sHEmam.
WENEE, Tix—RAEIRS: MH—aFKMHRE. HUEKER NE—SR. NEE U
kETIIﬂE’%ﬁ, AR—AEARE, BR. HRE. ERRHRCRSERIMEGXRE, B/ \EhinX. E15
RRFE, XEKEVEREER, BLLFINENENSR, ESICRERE.

Methods Materials
Machines
Wrong Packing Material
=
< Travel Vehicle \ Labelling machine Misguiding description Wrong Product received from supplier
W 5 breaks down
»~ »~
oo ee Wrong/Delayed
e P+ /Damaged
o Heavy Rain& Faulty estimation of Mis-handling of delivery
Too humid delivery time products
Environ
ment Measurem P |
ents s Negligence |I15ufficient
training
L1 BEeiXa@E sE/RE (515m)
Fishbone Example 2, L1516 1, [AAEBNEREZE. FEE: Hsi—HERZITREARE. HIPE; B
(RSB ME—RRIARAFE AL R, BRARE,; ME—K BEFIR,; NE
—@Hﬁﬁag, AR—ERY, #BEARE. TENEEFE)IAE, NRRFERENERSER, tkin "$

DIREARE" |, e "H" SENMREX SRR —E.
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Methods Materials

Not Fresh
Not as per
/ /prescﬁbed quality

Raw material >
Unhygienic packagini

Flawed Not Followed \

Incorrect quantity of
spices

Machines

Storage and cooking
equipment

SN

Poor Poor
hygiene maintenance

/Too hot will impact
quality of food

>
Humidity also affects food
quality

>

’ Bad Burgers

Mis-handling

Measure

Environment ments Personnel

Insufficient training on how

Unhygienic
to cook and store

storage
L1 RERasERE (55160)

Temperature check sheet, L1255 18 T0, ~MANEEX AR 310-330. 330-350, 350-370. 370-390, @AY
TR4RNE, Eean 9:30. 10:00, 10:30, ESLEEIICHNNXE, SiEERM, URIEFEEAR ERYERH
A, XWRTEER, FARRAEAREE, KB LHELRAYSREL

Example: Temperature Check Sheet (Time is recorded)
310
320 10:00
330
330 9:30

340
350
350
360
370
370 10:30

380
390

L1 BREIRERFE (518))

Scatter diagram, L1585 19 T2, 16 SIZEIEFLAFEREEUE: Z&E 30, 30, 35, 35 40, 40, 45, 45, 50,
50, 55. 55. 60, 60, 65, 65; XJK mileage 38, 35, 35, 30, 33, 28, 32, 29, 26, 29, 32, 21, 22,
22, 18, 24, FREISREAZMIEX: FEES, SNCHENERE—KEL . BEHARS M RETESETE, XK
EEIERR T EREE—RE.
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L1 Speed and mileage

s
—~ 351 @ &
c
o o
s o ™
o
7 301 = o
'E @
o ]
> 25 o
= [ ]
= °
20
s
30 35 40 45 50 55 60 65

Speed (miles/hour)

Source: Lecture 1 p19. All 16 listed pairs are plotted; correlation does not establish causation.

L1 ZEi S e AR
HRTEMESHEIF, L1 5 1-22 W. RIFWHIRFBETF nonconforming, WHEAIEZIR defective; F3JATIE)
RS, RENNME. SREEE. SRR XLELHBUNGTF, ERAECHNEHEREAIRERMT, 26
BER. BEFE. #EE. EFEBRFEFERS LR, ERXNE4ITEE.

Hold

Telephone |———

Fax | Ldaia & | Credit OK Contract

Check Review
Letter —

Inventory 4 Schedule | Production
Check Production etc.
Y
Notify Customer

as to Delivery Date

L1 m2E/RE (%18)

10/47



- — e - — |ograncs — = = e
2 =
- Capahility — -
e
X
] i Moming
E‘ r | ree
ol | |
iz 10 i

L R

-

0 15,08 15313 = 1327 1223

Hnole Loaation — Em

L1 BESERE (%20R)

5.2 L2 Example 2 1 XS EH
SRR AR, SURLLOISHEEALLE), MK, SFEFEARLLHIRRRIIERRLASEERE (W 2.1)

ARG 800 NIEBR, 200 NMRIK; 8 MFA. B 103K, FBEHBIZ 1. 2. 5. 1. 3. 0. 2. 1, SREDKER
=200/1000=20%, HEAELT 15 NMEEK/80 1NEk=18.75%, RHTUZHANER 18.8%. HALUFIARFSHEN
TiEFa), EMMERBREIRG 50%, RNRBRWAZER T 50%, KiR: L2 55 6 I,

Population: 1,000 balls Eight samples, 10 balls each

50 1

—— Population 20%

Count
Green balls (%)

Blue Green
Sample

Source: Lecture 2 p6. Pooled sample green share = 15/ 80 = 18.75%.

BRI S ) \MEAREL]
5.3 L2 Example 2 2 IEFSAR

BRHNAR: [ESHf, z=(x-w)/o; ERit 02 5AR 1-0@2); BEFRMNEAN (I 23) .

u=44.3. 0=2.1, BT 46 HOLLG). FRIERMERY: z=(46-44.3)/2.1=0.809524~0.81; ®(0.81)~0.7910; AR
=1-0.7910~0.2090=20.90%, EHTENARER 20.9107%, 79.1% AR, FRL=, E: L2 58 &,
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Example 2-2 Right-tail probability
0.40 —— Standard normal density

P(X = 46) = 20.91%
0.35 +

0.30 A

0.25 4

0.20 -

Density

0.15 A

0.10 -

0.05 4

0.00 +

-4 -3 -2 -1 0 1
Standardized z = (x - 44.3) / 2.1

N A
w
=Y

Source: Lecture 2 p8. Original measurement threshold 46 mapped to z=0.809524.

IESARNER

5.4 L2 Example 2 3 B¢ 53181
RIS BoHMRSIeNE, SRARRRIENRE); KEBREETRE (025) .
50 4EBH 10 ARG, SXHSE, 7T 900k, &E 16 XAEMH. EiISHi%E=10/50=0.2, LIORE
=16/90=0.177778, EJIRBEHFABIRTERABENIE. HIOREHZ, IERAMA ELIRETR, EREEBSM—R
M—EFERET 0.2, kKF: L2F 11,

Example 2-3 Probability and observed frequency

0.25 A

Proportion
e o o o©
[=] = = ]
w o wu o
1 1 1 1

0.00 -

Theoretical: 10/50 Observed: 16/90

Source: Lecture 2 pl1l. Actual counts only; no fabricated trial sequence.
B4 R SSR p RS

5.5 L2 Example 2 4 85F5(4
SRR HATEMNEMY, QATFRTFIISFIENE, PE)=FMEaFHNERE/MBERE (W 2.5)

NIRRT S={1,2,3,4,5,6}, 1B# E={2,4,6}, P(E)=3/6=0.5, FIRERF Y, SEOALLHER, FRoXEE, K
R L2FE 11/,

12/47



Example 2-4 Fair die: even outcomes

0.20 4

0.1667 0.1667 0.1667 0.1667 0.1667 0.1667

0.15 A

0.10 -

Probability

0.05 A

0.00
1 2 3 4 5 6

Number of events / selected outcomes

Source: Lecture 2 pll. P(even) = 3/ 6 = 0.5. Highlighted bars form the event in the question.

NFRFHBEEM

5.6 L2 Example 2 5 #££
PRINAR: FHE. &, AL P(AUB)=P(A)+P(B)-P(ANB) (I 2.5) ,
A={4,56} (KF3) , B={24,6} ({B%) . x&={4,6}, 7H&={24,5,6}; P(AUB)=3/6+3/6-2/6=4/6=2/3, i
1B, B2RAN 4 6 wE TR, KR L2512 .
Example 2-5 Aunion B = {2, 4, 5, 6}

A>3 B even

Outside: 1, 3

Source: Lecture 2 pl2. Intersection {4, 6} is counted twice before subtraction.

BRFEHRIFESRE

5.7 L2 Example 2 6 M 37f@mH

WRENAR: JRI7SEM; REAT P(ANB)=P(A)P(B); FHEEMAITNMLEER (W 2.5) .

K AF, B A9EmERIER: P(H:NH,)=0.5%0.5=0.25, %IH3E HH, HT, TH, TT 9%, R[E HH &F
B, KR L2FE13 R,
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Example 2-6 Two independent fair coins
0.30 1

0.2500 0.2500 0.2500 0.2500

0.25 A

0.20 A

0.15 A

Probability

0.10 A

0.05 A

0.00 -
HH HT TH T

Number of events / selected outcomes

Source: Lecture 2 pl3. P(HH) = 0.5 x 0.5 = 0.25. Highlighted bars form the event in the question.

PIROE T DA AZS(A)

5.8 L2 Example 2 7 A5{[ElH A
WRANRR: AERE, SR, FELQT( P(ANB)=P(A)P(B|A); £R5HMER (L 25) .

52 SKHEEEA 4 3K A, F—3KE A B9 4/52=1/13, F—KZ ARIRIET, F KR A BIFRMHRR=3/51; $—
SKAE A BIRIR T2 4/51. MEKERRE A B =(4/52)(3/51)=1/221~0.00452489,

SIRR\ "BIKE A - AIMEEISRMY, BRERE 4/52, BEMRATIHERLR. B b NaEaREERNE
HRERE—REE T, =@ET?E%%1¢'—5E}§EI° KR L2 5 13,

Example 2-7 Drawing without replacement

Second ace
Ace 3/51
4/52
Not ace
48/51
Second ace
4/51
Not ace
48/52
Not ace
47/51

Source: Lecture 2 p13. P(two aces) = (4/52)(3/51) = 1/221. Conditional branches differ.
ENIEL G S )
5.9 L2 Example 2 8 #8J1{1
PRINAR: BREAAE,; B/LE9%h; HEEE CNn); 2aEMEFIFE (I 2.6) .

9 /NEZ=RER 3 MARY, AHEHR 4 4, @18 1 DREIREER, N=9, D=3, n=4, d=1. #&¥M4 C(3,1)=3
R, Pkt C(6,3)=20 1, K3t C(9,4)=126 F; #IZF=60/126=0.476190=47.619%., XKi&: L2 5 14 T,
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Example 2-8 4 drawn from 9 (3 defective)

0.4762

o
(9)]
1

o
B
I

Probability

0 1 2 3 4
Number of events / selected outcomes

Source: Lecture 2 pl4. Exactly one defective: 60/126 = 0.476190. Highlighted bars form the event in the question.
e r R P
5.10 L2 Example 2 9 IR
SRIRR: —IohmiEH, BEnfp;, "RE BB "EL BHSEHRDTE (W 26) .

EFRASIEER 0.1, 5 4. 18 X AAEEMEEL, X~Bin(5,0.1), 1&8%F 1 #4: C(5,1)x0.1x0.94=0.32805, 0 {4:
0.95=0.59049, % 1 {4=0.91854, Z=/> 2 {4=1-0.91854=0.08146, EHS—TUIN=(/N, =FEEZ
0.082; FIZHIZNE 0.08146, F&E: L2 5 15 M@,

Example 2-9 Binomial n=5, p=0.1

e
~
1

Probability

0 1 2 3 4 5
Number of events / selected outcomes

©c o o o o o ©
o = N w E=Y w [«)]
L I I I I 1 I

Source: Lecture 2 pl5. Red bars P(X<=1)=0.91854; remaining bars P(X>=2)=0.08146. Highlighted bars form the event in the question.
TR IS
5.11 L2 Example 2 10 #1 2 11 Poisson
RHENAR: BEIERERRISMREL Poisson 50, A SYIZREKAIRIAL; 0'=1; #F==4E0 (I 2.6) .
Example 2-10 A BFHFERERIESGIF: Reegy A7JLR" |, "=IAUR" ZERYX, FLUESFHEETERRY
Poisson, BRI A, IQEBEHEREEF.

Example 2-11: $RITEHE 8 BT 1 RIKEEIR, A=1, 1EFFIR P(2)=e1x12/21=0.183940, EE—RX
P(0)+P(1)=e1+e™1=0.735759, 37T 0!=1, KJR: L2 5 16 Iq,
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Example 2-11 Billing errors in 8 hours (lambda=1)

0.4 4 0.3679 0.3679

o
w
1

Probability
=)
N

o
=
1

0.0 -

Number of events / selected outcomes

Source: Lecture 2 pl6. P(2)=0.183940; P(0)+P(1)=0.735759. Example 2-10 supplies no numerical rate. Highlighted bars form the event in
the question.

RITIKERERAGEIA D 1D

Example 2-10 Count failures in a fixed interval

[Fixed observation interval]
v

[Count failure events: 0, 1, 2, ]

¥

[A rate lambda is required for a numerical probability]

Source: Lecture 2 pl6. Concept diagram only; no invented failure rate or observation history.

W BSEEREESE
5.12 L2 Example 2 12 V===
RENAS: JRIEpME,  "EO—NKRM B "2EBRI BURNEE /N p BS IS #RRY Poisson Ml A=np (I
2.5-2.6) ,

1232 NERIZAIEEME, BNUEER 1/100000, (HA—MATIES LM, BHH_IN:
P(fail)=1-(1-0.00001)1232=0.0122444803, Poisson Jffil A=1232x0.00001=0.01232,
P(fail)=1-7°.1232=0,0122444195, FEEERA 1.22445%, JLF—HE, BHEE—LER 0.9999, 1 p=0.00001 X¢

AL, Rz 0.99999, KiF: L2517 I,
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Example 2-12 Probability of mission failure
1.50 A

1.25 1.22444803% 1.22444195%
1.00 A
0.75 ]

0.50 -

Probability (%)

0.25 A

0.00 -

Exact binomial Poisson approximation

Source: Lecture 2 pl7. n=1,232, p=0.00001; failure means at least one component fails.

N RIS TR (E SR

5.13 L2 Example 2 13 E£EMH(E1E
BRHEAR: —IRSmEESIER, u=np. o=V[np(1-p)]; EEMIEIE; 2<X<4 IR 1.5<X<4.5 (I 2.6) ,

RED 12K, KRELH 2, 3 3 4 REMRR, ZINEHHME=[C(12,2)+C(12,3)+C(12,4)]/212=
(66+220+495)/4096=0.190673828,

FIERIEL: p=6. 0=Vv3=1.73205; ELEX[AJEX 1.5-4.5; z;=-2.59808, z,=-0.86603; ®(z,)
-®(z)=0.18855073, R4S o 1 z NA/NIBER, 158149 0.1875, EFIRBIAMASHPEEN. &R
RESHEXZIESAN, AEEm_IE. KR L25% 18 K,

Example 2-13 Continuity correction

1 1
1 1 —— Normal approximation
: : Il Exact binomial
0.20 - , |
= I I
n 1 1
5 1
8 0.15 - !
= I
= I
S 0.10 A :
2 I
Q
o] |
T |
% 0.05 - !
|
I
0.00 -

0 1 2 3 4 5 6 7 8 9 10 11 12
Number of tails

Source: Lecture 2 pl8. Bars X=2,3,4 correspond to normal area 1.5<X<4.5. Exact 0.190674; normal 0.188551.
BB TEN BT SIESERR

5.14 L2 REmSHBRESIINERH
SRR SEFNIRITEL ALY, IREMEATREES, FAYERREVNTBEE (W22, 24) .

55 3 TRIERFHIERE 6. 5. 10, 5. 4. 7, &1t 37; RitgER6. 11, 21, 26, 30, 37, JEFTEEME 1-
6, RMHEIRSE LESHFF. % 5T "FERRE" RFIFR 2.2 BIENHR. 5 9 WESHRRMNZ—MEARR
1y, HYERIKAIERANT, XREERIENS T, AFARRE R FIMETESTYE.
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Dice frequencies Distribution 1 Distribution 2
15.0
12.5
10.0

7.5 1

Count
Count
Count

5.0

2.5 A

0.0 -

2 4 6
Outcome Value

Source: Lecture 2 pp3,5. Both distributions have mean 3 and range 4, but sample s differs: 1.16775 vs 1.61015

BRI EREEEE

L2 Subgroup means reduce scatter

[ ] L]
(]

7.5 1 ¢ ° e o]
P ] [ ] @
[ @ [}

o ° o o o
= o
@ 7.0 A o o]
5 ) e o | e
© °
2 6.5 - 0
: L]
6.0 - —@— Mean of each column (n=5) °
1 2 3 4 5 6 7

Column / subgroup

Source: Lecture 2 p9. Actual five-by-seven table; means recomputed without rounding.

MRS FRISE

5.15 L3 Example VC 1 3+ ZB9(E
BRNAR: SERRSEHFRER,; §ETE,; HERER o/Vn, EREERORMERNED (124, 3.2) .

[ RENLAEIAMTIAIREIRE—R, SABERREERLER? NEENGETFA. (TEFAYE. WERMETHS
#@/\E| o/vn, HE—BERHMESZELR, FINA R B s BIMERIAN. REIRZENEIIKE), FAEE
EEEARRESPE, KR L35 2-3 1.
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TABLE | Groove Dimensions (in inches) of Ignition Keys, Subgroups of n = 5 Taken Every

20 Minutes
Subgroup
i Measurements X R;
1 0.0061 0.0084 0.0076 0.0076 0.0044 0.00682 0.0040
2 0.0088 0.0083 0.0076 0.0074 0.0059 0.00760 0.0029
3 0.0080 0.0080 0.0094 0.0075 0.0070 0.00798 0.0024
o 0.0067 0.0076 0.0064 0.0071 0.0088 0.00732 0.0024
5 0.0087 0.0084 0.0088 0.0094 0.0086 0.00878 0.0010
6 0.0071 0.0052 0.0072 0.0088 0.0052 0.00670 0.0036
7 0.0078 0.0089 0.0087 0.0065 0.0068 0.00774 0.0024
8 0.0087 0.0094 0.0086 0.0073 0.0071 0.00822 0.0023
9 0.0074 0.0081 0.0086 0.0083 0.0087 0.00822 0.0013
10 0.0081 0.0065 0.0075 0.0089 0.0097 0.00814 0.0032
11 0.0078 0.0098 0.0081 0.0062 0.0084 0.00806 0.0036
12 0.0089 0.0090 0.0079 0.0087 0.0090 0.00870 0.0011
13 0.0087 0.0075 0.0089 0.0076 0.0081 0.00816 0.0014
14 0.0084 0.0083 0.0072 0.0100 0.0069 0.00816 0.0031
15 0.0074 0.0091 0.0083 0.0078 0.0077 0.00806 0.0017
16 0.0069 0.0093 0.0064 0.0060 0.0064 0.00700 0.0033
17 0.0077 0.0089 0.0091 0.0068 0.0094 0.00838 0.0026
18 0.0089 0.0081 0.0073 0.0091 0.0079 0.00826 0.0018
9 0.0081 0.0090 0.0086 0.0087 0.0080 0.00848 0.0010
20 0.0074 0.0084 0.0092 0.0074 0.0103 0.00854 0.0029
2 l _ d
x = 0.007966 R = 0.002406
VC1 [RigEHER (L35852M)
VC1 Why subgroup means are more sensitive
0.8 -
—— Individual X: sigma
——— Mean of n=4: sigma /2
0.6 -
B
2 0.4 -
Q
[m]
0.2 -
0.0 - = -
-4 -3 -2 = 0 1 2 3 4

Distance from process mean (units of individual sigma)

Source: Lecture 3 pp2-3. Analytical normal curves, not observed data; n=4 shown to explain sigma/sqrt(n).

BHSTEIENSHEE

5.16 L3 Example VC 2 i#E x R

SRHIAR: BAx RERMAX R xRE; B A, D D, BRUHR, AREKERNMEAMIET (W 3.3,

3.5-3.6) .

25 HEYE, BAN 4R, FUERMISTHY: 35 K3F 6.35 mm, 2 35 mm, F—H 6.35, 640, 632, 6.37,
Y13 6.36, R=0.08, s~0.03367, HAHANTRERNT*E.
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RES ENECPFNE mm X mm R mm s mm

1 6.35, 6.40, 6.32, 6.37 6.3600 0.08 0.033665
2 6.46, 6.37, 6.36, 6.41 6.4000 0.10 0.045461
3 6.34, 6.40, 6.34, 6.36 6.3600 0.06 0.028284
4 6.69, 6.64, 6.68, 6.59 6.6500 0.10 0.045461
5 6.38, 6.34, 6.44, 6.40 6.3900 0.10 0.041633
6 6.42, 641, 6.43, 6.34 6.4000 0.09 0.040825
7 6.44, 6.41, 6.41, 6.46 6.4300 0.05 0.024495
8 6.33, 6.41, 6.38, 6.36 6.3700 0.08 0.033665
9 6.48, 6.44, 6.47, 6.45 6.4600 0.04 0.018257
10 6.47,6.43, 6.36, 6.42 6.4200 0.11 0.045461
11 6.38, 6.41, 6.39, 6.38 6.3900 0.03 0.014142
12 6.37,6.37, 6.41, 6.37 6.3800 0.04 0.020000
13 6.40, 6.38, 6.47, 6.35 6.4000 0.12 0.050990
14 6.38, 6.39, 6.45, 6.42 6.4100 0.07 0.031623
15 6.50, 6.42, 6.43, 6.45 6.4500 0.08 0.035590
16 6.33, 6.35, 6.29, 6.39 6.3400 0.10 0.041633
17 6.41, 6.40, 6.29, 6.34 6.3600 0.12 0.055976
18 6.38, 6.44, 6.28, 6.58 6.4200 0.30 0.125433
19 6.35, 6.41, 6.37, 6.38 6.3775 0.06 0.025000
20 6.56, 6.55, 6.45, 6.48 6.5100 0.11 0.053541
21 6.38, 6.40, 6.45, 6.37 6.4000 0.08 0.035590
22 6.39, 6.42, 6.35, 6.40 6.3900 0.07 0.029439
23 6.42, 6.39, 6.39, 6.36 6.3900 0.06 0.024495
24 6.43, 6.36, 6.35, 6.38 6.3800 0.08 0.035590
25 6.39, 6.38, 6.43, 6.44 6.4100 0.06 0.029439

JR=2.19, R=0.0876; FHRIAFUEE 2x=160.2475, x=6.4099, n=4 Ff A,=0.729, D;=0, D,=2.282; HEER
fR [6.346040,6.473760], R [E[_LFR 0.199903,

HEEHFRIZESE 4. 16, 204H, R EHANES 18 H, RMHEHTEPNRR: 5 4 BRIGRHEEL, 5 20
BEIIEL, 5B 18 BEHERIR. % 16 BIRBHRERERA, FrLAREEm.

EERERER 4. 18, 20 =H=3s, Kl 22 4H: 1x=140.6675, XR=1.68, x=6.393977, R=0.076364; H{EEFRR
[6.338308,6.449646], R ELFR 0.174262, EFESAIM, [R5 9. 15 ARUIEBHTH LR, FTE2H4EE
B, TRERLIRSIECERE, BARIRFEEIME. /RS 16 H¥1Y 6.34, XREERRAT.

RS 9 WERIETEHIORE 6.40. R=0.079, A% 6 MAMIEXREX=EHREAHXNMER, XERFIAEHE
8, RUERIE2R, WEEGIRER. KR L35 6 9.
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Lec

ture Example VC-2 Depth mean and range

6.65 1 —e— Observed statis_tic

6604
655 @
6.50 -

6.45

Subgroup mean

6.40

6.35

-+ Trial center

— = Trial LCL / UCL
Outside 3-sigma limits

0.30 A

0.25 A1

Subgroup range

© o o o

o B R N

(8] o w o
1 1 1 L

Source: Lecture

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Original subgroup number

3 p6 raw measurements; depth in mm; n=4. Trial limits shown; additional run-rule signals are explained in the guide.

REESREE

Subgroup mean (revised)

6.45 1

Statistic
(=]
o
o

6.35 A

Statistic

e = e

o = [

a o wn
1 1 1

0.00 A

T T T T T T T T T T T T T
1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 19 21 22 23 24 25
Original subgroup number (not renumbered)

Source: Lecture 3 pp6-11. Removed original groups: [4, 18, 20]. Recheck remaining signals; removal requires known causes.

REEEN R ERREEEAHETTE
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5.17 L3 Example VC 2 i x s

WRINAR: BAFMMIEE s; Y5, s BR As. B, By, WEES s BR—MEA (W34, 36) .
E—EREHIE, 2s~0.96568913, 5~0.03862757, ARRANIUEER, HWEEFIR

=6.4099+1.628x0.03862757=[6.347014,6.472786]; s ELPR=2.266x0.03862757=0.087530, HEEIHFH

2% 4. 16, 204H, s ER% 18 HHA.

RMHE BRHRAVEE 25~0.965, $~0.039, XmENERIRIAE, FRESS 11 TWAYELT: X, ENFH s

X FBVENA L, IEXFRIE T 6.65F16.51 (4. 204H) , s FRMTSE 18 4H, tnR 4. 18, 20 &P

INERHRE, Miz=H—M. fZ—hELVE: #0=6.393977, $~0.03369339; HEEIFRL
[6.339124,6.448830], s [E_EfR~0.076348, &5 9. 15 ARMFHIUYERES, EXE. RKE: L3F 10-11 &,

Subgroup mean

Statistic

Standard deviation

0.10 A

0.05 A

Statistic

0-00_ T T T T T
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Original subgroup number (not renumbered)

Source: Lecture 3 pp6-11. Trial limits from the original data. Red markers show single-point 3-sigma signals.

REHIRIYESTNEER
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Subgroup mean (revised)

6.45 1

6.40 A

Statistic

6.35 1

0.08 ~

0.06 A

0.04

Statistic

0.02

0.00 A

T T T T T T T T T T T
1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 19 21 22 23 24 25
Original subgroup number (not renumbered)

Source: Lecture 3 pp6-11. Removed original groups: [4, 18, 20]. Recheck remaining signals; removal requires known causes.

REHESINEEERNS—MEET

5.18 L3 Example VC 3 i2iRiFiR

ERMIAR: HESHIINER, BEERIRR, F 2888 o (IRKR) ;| BXER P (BkR) | ahR1-8 (B
37) .

Mo=120 kg. 0=8 kg. n=5, RHEIR=8/V5=3.577709; FFFR=120+3%3.577709, B}
[109.266874,130.733126],

(a) Type | #EZ=2[1-®(3)]=0.0026998=0.26998%.,

(b) #EZSAE 125 kg, 0 35, TR z=(109.266874-125)/3.577709=-4.397542; iR z=
(130.733126-125)/3.577709=1.602458, B=®(1.602458)-D(~4.397542)=0.945467, #] 94.55%, tHFhEiHT
—MEARRE 5.453% BISIRE. 9ERR T —==Y, BE 3o HRX—FMNUERENZ, KR: L35 13 & .
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In control: Type | error alpha

0.10 A

0.05 A

Density

0.00 -

Shifted mean: Type Il error beta

0.10 A

0.05 A

Density

0.00 -

100 110 120 130 140
Subgroup mean (kg)

Source: Lecture 3 pl3. n=5, sigma=8; fixed limits 109.266874 and 130.733126. alpha=0.26998%; beta=94.5467%.
[RIZFIFR TAIRIR SIRIRER

5.19 L3 Exercise VC 1 E]JFHHY 25 4H

SRR [RInEEREEERL x M1 R; n=5 pUzHIEEE; 30 FIR; &L 5 R 4 _ERM 10 LA (W 3.3,

35) .

XEHSIREINEE, B4 n=5, ML 850-950. [/ PDF BRNFRE—KiEtINE R, THEE 125 MNieipst
REKBE, BH% 18 WIPERIHIEFAZE—E.

RS AMNE X R
1 933, 897, 885, 900, 879 898.8 54
2 911, 898, 900, 905, 862 895.2 49
3 889, 915, 905, 902, 873 896.8 42
4 882, 913, 930, 900, 871 899.2 59
5 903, 930, 890, 890, 900 902.6 40
6 890, 940, 895, 909, 915 909.8 50
7 892, 912, 895, 896, 902 8994 20
8 908, 920, 892, 894, 906 904.0 28
9 895, 920, 922, 928, 926 918.2 33
10 916, 890, 891, 920, 915 906.4 30
11 901, 892, 892, 895, 898 895.6 9
12 908, 895, 896, 925, 933 911.4 38
13 909, 904, 906, 872, 927 903.6 55

14 895, 902, 902, 932, 932 912.6 37
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[RES A NE X R

15 893, 906, 917, 910, 925 910.2 32
16 909, 907, 904, 923, 888 906.2 35
17 885, 892, 942, 911, 916 909.2 57
18 897, 904, 916, 912, 920 909.8 23
19 912, 896, 932, 936, 913 917.8 40
20 882, 894, 941, 934, 917 913.6 59
21 896, 912, 907, 928, 926 913.8 32
22 912, 909, 913, 915, 928 9154 19
23 926, 903, 908, 910, 885 906.4 41
24 917,903, 918, 914, 925 9154 22
25 884, 889, 912, 919, 898 900.4 35

x=906.872, R=37.56, n=5 FIEEFRPR=906.872+0.577x37.56=[885.19988,928.54412]; R E| LR
=2.114x37.56=79.40184, TR 0. iRERHLER. FI/RE 1-4 HAYI(E 898.8, 895.2, 896.8, 899.2 HFfE U
10 £ 899.64796 LA, 58 5 4HR 902.6, ATLAZISE 5 MNREIRRA T "&ELL 5 R 4 mERM 1o LSN . 845!
HEMEIEIR . SICRBEFAE, FERNREAMNREZE, BBERSHRE, FUAIETA. %
B L3177 &,

Lecture Exercise VC-1 Mean and range
930

| —e— Observed statistic
- Trial center
9204 —~— Trial LCL/UCL

910 A

900 +

Subgroup mean

890 A

Subgroup range

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Original subgroup number

Source: Lecture 3 p17 image transcribed; n=5. Trial limits shown; additional run-rule signals are explained in the guide.

BUSINIESREE
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5.20 L3 Exercise VC 2 E|FHhAY 20 4H

SRR x-S B, n=5/ A;, B, RERRRINAEERE,; EEL 7 |BEMFN (8 3.4-3.5) .
XEBR—EAER groove dimension BT #4E, n=5. BE x=0.007966, 520.0009672; =HYEF s W0
-

as X in sin
1 0.00682 0.0015881
2 0.00760 0.0011023
3 0.00798 0.0008955
4 0.00732 0.0009418
5 0.00878 0.0003768
6 0.00670 0.0015264
7 0.00774 0.0010831
8 0.00822 0.0009834
9 0.00822 0.0005167
10 0.00814 0.0012361
11 0.00806 0.0012915
12 0.00870 0.0004637
13 0.00816 0.0006309
14 0.00816 0.0012219
15 0.00806 0.0006656
16 0.00700 0.0013248
17 0.00838 0.0010941
18 0.00826 0.0007403
19 0.00848 0.0004207
20 0.00854 0.0012402

A;=1.427, B;=0. B,=2.089, EEFPR~[0.006585813,0.009346187]; s ELPR~0.002020470, &BEmREH
5. 8% 8-15 AL/ \ N REEROLE—MN, ZFAR &R 7 AR AIRNERES. MxSERRERAR
H, FEEEEMEX/\H, T PC-1 (NETPRGEERRKEIRE. SIFELE, EEHENITEMETEX
MRIR TR, FR: L35 18 T,
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Lecture Exercise VC-2 Subgroup means

| —e— Observed statistc ~~~~~~ "~~~ """ TTTTT oo oo oo o oo mmmm e e e e e e e e
0.0090 { ---- Center
—— LCL/UCL

c 0.0085 4 8 points above center
5
AL R =] S L L LTy AL i L R T nT i r T T e S A LT
c
4]
E 0.0075 |
[m]

0.0070 A

0.0065 -

0.0020 A

0.0015 A

0.0010 A

Dimension (in)

0.0005 A

0.0000 A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Original subgroup number

Source: Lecture 3 p18 image transcribed. n=5; highlighted mean run triggers the course rule.

EIHIRIYESIVEER

5.21 L4 Example PC 1 i@iER S8
BRANRS: B R/d, 5 5/c, T EH o; IURFIR; ESHEAAIES; WEFES; Cp5Cpk (14.1-42) ,

B RIIFERE. ITUES. Mg 0.0072+0.002 in, ArLA LSL=0.0052, USL=0.0092, 1i=0.007966.
R=0.002406, d,=2.326, 1§ 6=0.001034394; F335/c, tBr]LA, =0.0009672/0.94~0.001029,

i R j&#ERE: 2£=(0.0092-0.007966)/0.001034394=1.19297, z =
(0.0052-0.007966)/0.001034394~-2.67403; ER#) 11.6441%, TR 0.3747%, &it£912.0188%, 445G
18 o BXA% 0.00103, z BURALNEL, 1BEIL0 11.87%, EFEERBHEENGITTIE AHEEERFSTE—
.

SNERIEYEVEE) 0.0072, o A3, MM RIE, MUGT=5.3175%; RHRIENEIEL 5.24%, BEHOEEE,
EREERERRE, EA Cpx0.6445<1, [RRIHERMIAK. KR 4HE 4R,
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PC1 Groove nonconformance

Original mean: Cp=0.6445, Cpk=0.3977

400 ! !

i i Below LSL

! ! Above USL
>, i i
_-l:' 1 1
P 200 A H !
3] i i
[m)] ! !
i i
1 1
O T 1 :

Centered: Cp=0.6445, Cpk=0.6445

400
Below LSL
Above USL
by
% 200 1
Q
=]
O L T T - T T T
0.004 0.006 0.008 0.010 0.012

Individual measurement

Source: Lecture 4 p4. Same sigma before and after centering. Specification limits: 0.0052, 0.0092.
IAEETRIE SN SSER
5.22 L4 Example PC 2 {85TIRIESIRT

PRHAR: ZRRESARRL, HEBINRENFIN, B z & v, ESETMEAETEAT (W23,
42) .

SBE “tolerance 0.05" BE&HA, {BE_EHFRIBMAE 12.45-12.55 mm, XE#EE +0.05 iR, p=12.50.
0=0.02, M/NTREERE, MATHLURT,

(@) ZVF LSL: z=(12.45-12.50)/0.02=-2.5, #REZE=0.62097%, LMXIFR, IRTZHBLZ 0.62097%.

(b) RHE p EER 12.52, BT z=-3.5, IRRFIEF 0.023263%; LM z=1.5, RTH=6.68072%, RE
0>0, IESHHHNEEHMASRE 0, MERATRETHET. MRRRYE z=-3.59 NEFRRE, p MiZ2E
12.5218, YJRHRE=0.016534%, IRT =7.92698%, MARHREFE—TI5RY 6.68%,

FTLAR R "HRRE" MIERITRIESMREN, JUE: HNEREIERERERAN, p=12.52 iiRTH
6.68%. FISH#HF LNET. XR: L45 5 K.
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PC2 Pin scrap and rework

Density
'_3
o

mu=12.5: scrap=0.62097%, rework=0.62097%
; Below LSL
Above USL

Density
|_3
o

mu=12.52: scrap=0.02326%, rework=6.68072%

Below LSL
Above USL

Density
'_l
o

mu=12.5218: scrap=0.01653%, rework=7.92698%

Below LSL
Above USL

12.425 12.450 12.475 12.500 12.525 12.550 12.575 12.600
Individual measurement

Source: Lecture 4 p5. Third mean solves the slide z=-3.59 condition; finite normal tails remain positive. Specification limits: 12.45, 12.55.

HEIYERHNERHRK SR TER

5.23 L4 M#zRRENS>D
SRS 60 SAERE,; Cp BEE. Cpk BRtg, EESHREIMMER, SEHOSREERE (W 4.1-

42) .

At% 1.5£0.005 in, BD [1.495,1.505], BMBL%LHIZE 60, 2 o, Sohrll 6. MUEHIFEPRIZIGE. E&. 315,
255, 330. 365 Z2REHIRARIT AL, ARILIFEZ o =k vn K.

ez
1

pin 60G in oin Cp Cpk FARAEE %
1.495 0.004 0.000667 2.5000 0.0000 50.0000
1.502 0.006 0.001000 1.6667 1.0000 0.1350
1.500 0.012 0.002000 0.8333 0.8333 1.2419
1.498 0.012 0.002000 0.8333 0.5000 6.7040

(a) FEE—FEH CARHAMERIR, ENEYIERAESHEZRSER u fl o BLEX. Hl=8 1 &%, BAhOEETR
L H8s 2 teiE, MR H8s 3 BHELLRES; 88 4 NEXRT. WTE.
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Machinel Cp=2.500 Cpk=0.000

— 600 1 = Normal model !
c . e . 1
= Outside specifications !
= 400 --—- LSL/USL |
> i
.";' 1
@ 200 - !
g :
Q :

0 A d

Machine 2 Cp=1.667 Cpk=1.000
400

200 A

Density (1/in)

Machine 3 Cp=0.833 Cpk=0.833
200

100 -

Density (1/in)

Machine 4 Cp=0.833 Cpk=0.500
200 A

100 ~

Density (1/in)

1.492 1.494 1.496 1.498 1.500 1.502 1.504 1.506 1.508
Part dimension (in)

Source: Lecture 4 p8. Normal PDFs use the given means and sigma = spread / 6.

mEatlesRE It

(b) aNRPOGFIAE: kLR 1. 38 p EE 1.500 LUfE, B7E Cp=25, &7,

() MRFOFART . MBIRTHURERD: =8 2. BRNUETHAEIERL 0.1350%, EEHEE 3 A9 1.2419%. 1
7% 4 B9 6.7040%. #2% 1 BY£9 50% EHE.

(d) #las 1 @D, Hl=5 2 BEEMBEY—R, ke, =8 3 BN, =8 4 BERAPONXERRH. XE
BinBE, Cp &SR —ERR FRURFN. KR L4581,

6 £E3GE| Tutorial £f#

6.1 Exercise 1 Ex 1.1 Pareto B4

—RFH AISMERRIMEA, B F3TT, ZEFNE Pareto B, JRIAEEE: complaints 20, returned goods
30. retrofit 50, warranty 90, liability 10, penalties 5. goodwill 25, &it 230,
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HEFr IR RYZERY 8 F=7 RitEW it %

Warranty 90 90 39.13
Retrofit 50 140 60.87
Returns 30 170 73.91

Goodwiill 25 195 84.78

Complaints 20 215 93.48
Liability 10 225 97.83
Penalties 5 230 100.00

Tutorial Ex 1.1 External failure costs

- 100
80 A
- 80
a S
£ 60 0
T r60 o
] 0
0 —8— Cumulative percent 4]
2 £
£ 40 - 5
o - 40 E
S 3
20 4 20
0- -0

Warranty Retrofit Returns Goodwill Complaints Liability Penalties
Failure cost category

Source: Tutorial pl. Categories sorted by cost; cumulative share = cumulative cost / 230.

Tutorial Pareto

SR warranty claims, EDRZ retrofit, XL 60.87%, BEitE 80% AL, FENE returned goods
customer goodwill, [UINEIT 84.78%, EIEREMBIRESEINAZNAEIZEE, EETET, GHERITES

tb. kiR: TS 1R,
6.2 Exercise 1 Ex 1.2 ERFRK13(E

E5K P(X<0.567)=0.015, 0=0.018 kg, IEAER, ARit 0.015 X$M z=-2.17009, H
(0.567-)/0.018=-2.17009 18 u=0.567+2.17009x0.018=0.606062 kg, EFEIIESEELL RS, WREHK
ER, MEMSHEERSBFRT. KR TH 1R,
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Cereal: choose mean for a 1.5% lower tail

—— LSL = 0.567
20 A © mu = 0.606062
15 A
=
‘0
& 10 -
a
5 _
0 -
0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.68
Weight (kg)

Source: Tutorial pl Ex1.2; Assignment Al pl Q3(a). sigma=0.018; Phi(z)=0.015; mean=0.606061627 kg.
ERRKIGESTS%ER

6.3 Exercise 1 Ex 1.3 =+/MlIE

[ReaEWE (in) @ 2,54, 2,52, 2,50, 2.52, 2,50, 247, 248, 2.51, 2.53, 2.53; 2,50, 2.51, 2.50, 247,
249, 250, 2.50, 246, 2.48, 2.48; 2.50, 2.51, 2,53, 2.51, 2.53, 2.53, 2.52, 247, 251, 2.50, ¥t&
[2.45,2.55],

(a) A3%E 0.01 in FYMBYBIX[E), tban [2.455,2.465), [2.465,2.475).... SFEUNT. EIEASHEHE 0.01, XiFo AN
TS MR EXEFE, ERkSE.

Af(E in et
246 1
247 3
248 3
249 1

2.5 8
2.51 5
2.52 3
2.53 5

2.54 1
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Tutorial Ex 1.3 Thirty measured dimensions

1
—-—=- LSL/USL

Count (measurements)

2.44 2.46 2.48 2.50 2.52 2.54 2.56
Dimension (in)

Source: Tutorial p1. Bin width 0.01 in; all 30 observed values satisfy specifications.

Tutorial histogram

(b) Ix=75.1, ¥x2=188.0134, n=30; x=75.1/30=2.503333 in, {REFSF1
=188.0134-75.12/30=0.013066667; s=v(0.013066667/29)=0.021226745 in,

(c) MBAAYE "these measurements” , X 30 NIEENNEA, FTLAEREEHFSHIELHIZ 0/30=0%. FNERE
NERRESHEMNIBUGSEZ/DBIIE, PR 1.9950%, BiESffASES, SEEERTN, FER.

(d) 2 empirical rule, £ 99% (/R 99.73%) &1 x+3s, B [2.439653,2.567014] in, WRE™HERIH(E]
99%, 2 [2.448657,2.558010] in, MMEPE _LLLiiRE,

(e) (c) AYRX 30 MEARLIRERIER,; (d) 2EZIEREE. IHUESE, WEMNIESHBEENMIT. 30 ©
HENOSE, MEKBEFKTASE. KR TE 1R,
6.4 Exercise 2 Ex 2.1 A5l

20 48 4 1R, 16 {447, BEHVAAIEN 5 4, KISHF 3 4 2 38, FREU:
P=C(4,2)C(16,3)/C(20,5)=6x560/15504=0.216718266, £ 21.6718%., XA _IUKEHE, EASHE
—f, RTRIELHRET. K TH 11,
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Tutorial Ex2.1: without replacement

0.5 1 0.4696

Probability

0 1 2 3 4 5
Number of events / selected outcomes

Source: Tutorial pl. N=20, D=4, n=5; P(X=2)=0.216718. Highlighted bars form the event in the question.
T EHHEEAIE A DT

6.5 Exercise 2 Ex 2.2 5[0

EER—R, B&ERHEmE., BS. p=4/20=0.2, n=5, I
P(X=2)=C(5,2)x0.22x0.83=10x0.04x0.512=0.2048, £ 20.48%., XEBAFEMH3E C(16,3), IEE/LANE
ik KR THE1RA.

Tutorial Ex2.2: with replacement

0.4096

o
\S]
1

Probability

o
=
1

0.0 -
0 1 2 3 4 5

Number of events / selected outcomes

Source: Tutorial p1; Assignment A1l Q4(b). n=5, p=0.2; P(X=2)=0.2048. Highlighted bars form the event in the question.

IREHHER — DT

6.6 Tutorial 1 Question 1.1 ¥8%}4% x R
25 4H, &=4H 4 14, AMBECKA/HEENIEIIRE,

RES X R
1 476 32
2 466 24

3 484 32
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RES X R

4 466 26
5 470 24
6 494 24
7 486 28
8 496 23
9 488 24
10 482 26
11 498 25
12 464 24
13 484 24
14 482 22
15 506 23
16 496 23
17 478 25
18 484 24
19 506 23
20 476 25
21 485 29
22 490 25
23 463 22
24 469 27
25 474 22

(a) Zx=12063, IR=626, x=482.52, R=25.04; n=4 &8 A,=0.729, D;=0, D,=2.282, JEERIR
[464.26584,500.77416], R & [0,57.14128], &k 52 482.52 #1 25.04,

(b) REIZERER. HEEHRNERSE 1248 (464) . 1548 (506) . 194H (506) . 2348 (463) , 4
B, % 2. 4BERRE 466, 18 30 FIR, AEHE. MRICHEHRIEMNEAEL, *2EE &4 3 At 2 [fE
B 20 LA : &0 2-4, 3-5. 4-6 FE MU, 14-16, 15-17 £ LM, 22-24, 23-25 &ET™M; B/4MEO 1-5%
TUfRR "5 Rt 4 =_E 1o LGN . ATl "4 A" iBRRHARIIEHE, FE2HESHIHE.

(c) &BiHY “out of control points” & EHE 4 NMRRLME, FHRIZE(IEE T LHBREUSTHRIRE., T 21 A:
T%x=10084, YR=532; #Ht9EHI)4£=10084/21=482.095238, #7 R fh\&%=532/21=25.428571, IEEIRIR
[463.557810,500.632667], R [E LR 58.028. TR 0, FTRIREIZHR. FIMFEAMUEE, FE 2. 3.
4 AETMURARA "3 2 7E 20 LGN |, AEEEE, TEHESTSRE. NRBINEXREEXESHEHA,
ERARMVEER TIRE, FeeBEAMEO—IUHE,
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Tutorial Q1.1 Mean and range charts

—e— Observed statistic
500 + Tr?al center — - e e e e e e e e e e
c — = Trial LCL / UCL
g @® Outside 3-sigma limits
£ 490
o
S e R N N B e A
5 480
o
S
)
470 +
Range chart
50 4
1]
2 40
il
g- 30 A
g
a 201
=]
wn
10 A
3 ——

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Original subgroup number

Source: Tutorial p2. n=4, A2=0.729, D4=2.282. Trial limits shown; additional run-rule signals are explained in the guide.

Tutorial variable charts

(d) IERIBEHLREIELERA/N, ox=0/Vn, FTLUSERM—IMESZELNR, BAEEFAREEERNERRESE
DI FRENEHEED 4 4, BEEHERIESTINRBEZ BEAIFE, RN ARV
it. FR: THE2@,
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Subgroup mean (revised)

500 A
490 ~

480 A

Statistic

470 A

60 -

40

Statistic

20 A

T T T
20 21 22 24 25

T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 13 14 16 17 18
Original subgroup number (not renumbered)

Source: Tutorial p2. Removed original groups: [12, 15, 19, 23]. Recheck remaining signals; removal requires known causes.

BRRRIERIEERYEITIEHIE

6.7 Tutorial 1 Problem 1.2 {B13{E2/M&

BB AskA 304H. §4H 44, A= 30 MYEXE individuals chart, B{HAEER?

XHEFEERR R 8 s YHRT, BNEmg RIS, RiEsENBREAHRN, RI9EMYEZERN
%, BEECRERESEER, HARRGTRMN o. ERBEERMNIRELIERR, nERMAET. ERHER
B x-R 8 x—s B, OIS TR,

W7E—a: WYERYIE—KIREERN -MR B, FARHABRTEAT. XENERE, EFRBRET T
HISE x B, tBREEENFEE LR AN EE, KR TE 2R,
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Tutorial Problem 1.2: retain subgroup information

[30 subgroups x 4 individual measurements]
v

[Within each subgroup: calculate mean AND range / SJ

v

[Mean chart monitors location; R / s chart monitors spread]

Source: Tutorial p2. Averages alone cannot recover the original within-subgroup variation.

FEMIMESENENER

6.8 Tutorial 2 Question 2.1 AL EEE

BN DT EERERIIENEBREGERANRAEAMEE, HMULENERR. 3B EE, ME—BER,
RRE—RERNEEREE— Cp/Cpk, SERARERMEE, NARIAMTESHE. FLANFZ: SRiEHERS
®. CUEE R, BREIESEINS, SEETHEEN. KR THE2 ).

Tutorial Q2.1: stability before capability

(Use control charts to investigate special causes)
v

[Establish a stable baseline and check the distributionj

v

[Compare individual process spread with specifications]

Source: Tutorial p2. A pooled unstable distribution can obscure changing means or variability.

TR ERDTTRENIET R

6.9 Tutorial 2 Question 2.2 s Ef&&H

254, B4 n=4, 2s=750 mm, 750 2 25 MERFTNEEIEEKAIHN, ~2Z o, $=750/25=30 mm; &i§
€4(4)=0.9213, d=5/c,=32.5621 mm, ##& 780+80, RP [700,860].

(a) Cp=(860-700)/(6x32.5621)=0.818949<1, FE[EH, DMK, BiEka); BEE Cp=1, o EFZ|
160/6=26.6667 mm LA, RFEFOIERA T BEEIRIREL,
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(b) p=700: Cpk=min(160,0)/(30)=0; p=780: Cpk=80/(30)=0.818949; n=820: Cpk=40/(30)=0.409475,
HEEAT Cp #4A%, B Cpk 2 FF, Bh&iF. KR TH 2\,

Tutorial Q2.2: same spread, different mean
mu=700: Cp=0.8189, Cpk=0.0000

; i Below LSL
0.010 A | ! Above USL
> | !
e e
T 0.005 - : :
] | i
i 1
| i
0.00D i T T T ! 1 1 T : T T
mu=780: Cp=0.8189, Cpk=0.8189
i i Below LSL
0.010 A ' ! Above USL
> ! !
i i
@ 0.005 - ! :
a i i
0.000 ) T T T : 1 1 T L T T
mu=820: Cp=0.8189, Cpk=0.4095
i i Below LSL
0.010 A ! ! Above USL
2 i i
@ i |
T 0.005 - ! :
o i i
0000 ) T T T i T T - T i T T
550 600 650 700 750 800 850 900 950

Individual measurement

Source: Tutorial p2. sbar=30, n=4, c4=0.9213177; sigma=32.562056. Specification limits: 700, 860.

=B E TRICPSCpk

7 Assignment 1 S EXEISHE

X—EREIIMES, Quiz @ASEERBRHAFIE, XBRF Week 1-4 X3RAY Q1-4,

7.1 Question 1 ¥&&HEES
B4H n=4, £ 24 4H, ##E [345,355] g, HF* 20000 i, RiaNEFNSHEERIT:

FER R BRE (Range) , MERFA—EARXEREIVE. F—HEE) 352, 348, 350, 3519, AlA
R=352-348=4g; &k "Rg" FHREMBMER. R#K, X—EANEEEBES, REFERNFHE A
KE R B AiARKE. HESER 2.2, 3.3,

[RES ENEE g xg Rg
1 352, 348, 350, 351 350.25 4
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[RES

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24

(a) x=349.9375 g, R=4.875g; IEEFIR [346.383625,353.491375]; R ELFR 11.12475, TR O,

(b) BHSIER, FRE#IRGIT ¢=4.875/2.059=2.367654 g; z~=(345-349.9375)/2.367654, zt=
(355-349.9375)/2.367654; FMIEZMERINFESRIT 20000, £ 695.344 #F/H, B2 695 #ERIE, XMHRE
RIEESHERETHMT. () £RINSEERMEE, FMUABRES S/EHIFT,

() RERBRHA, HEEIRS 94 (346) #5611 48 (353.75) Wi, TEAEERE.

M EE g
351, 353, 351, 350
351, 346, 342, 350
349, 353, 352, 352
351, 350, 351, 351
353, 351, 346, 346
348, 344, 350, 347
350, 349, 351, 346
344, 345, 346, 349
349, 350, 352, 352
353, 352, 354, 356
348, 353, 346, 351
352, 350, 351, 348
356, 351, 349, 352
353, 348, 351, 350
353, 354, 350, 352
351, 348, 347, 348
353, 352, 346, 352
346, 348, 347, 349
351, 348, 347, 346
348, 352, 351, 352
356, 351, 350, 350
352, 348, 347, 349

348, 353, 351, 352

xg
351.25
347.25
351.50
350.75
349.00
347.25
349.00
346.00
350.75
353.75
349.50
350.25
352.00
350.50
352.25
348.50
350.75
347.50
348.00
350.75
351.75
349.00

351.00

Rg

(d) BB RTHERTRREHR, MiERSE 9. 1148, T 22 48: %=349.943182, R=4.909091; HEEFIR

[346.364455,353.521909], R ELBR 11.202545, B&—iR, FTHAEEHER. KE: A15E 1R,
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Assignment Q1 Fill weight mean and range

- —8— Observed statistic  ~ +— e e e e A e
==+ Trial center

c 3524 —— Trial LCL / UCL
g Outside 3-sigma limits
S
o
= 1T I T L ST T Ly L) LR TTRTIey SRS W S
e
o
e
R 348

346 A

Subgroup range

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Original subgroup number

Source: Assignment Al pl. Weight in g; n=4. Trial limits shown; additional run-rule signals are explained in the guide.

Assignment variable charts

Subgroup mean (revised)

352 1

350 A

Statistic

348

10.0

Statistic

T T T T T T T T T T T T
1 2 3 4 5 6 7 8 10 12 13 14 15 16 17 18 19 20 21 22 23 24
Original subgroup number (not renumbered)

Source: Assignment Al pl. Removed original groups: [9, 11]. Recheck remaining signals; removal requires known causes.

EREEMPREE T 1EEAHEITE
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Assignment Q1(b): nonconformance estimate

Trial normal estimate: approximately 695 bottles/day

1 1
0.15 4 i i Below LSL
! ! Above USL
oy . i
3 0.10 1 ! !
= ! !
8 0.05 1 i !
000 L T T ! T T T ! T T
340.0 342.5 345.0 347.5 350.0 352.5 355.0 357.5 360.0

Individual measurement

Source: Assignment Al pl. This model estimate is not a reliable long-run forecast for an unstable process. Specification limits: 345, 355.

RIS Z SMIPRMIE SR

7.2 Question 2 Cp #1 Cpk
(a) BHHE Cp=1.2, IESHEHEERILLA CR=1/Cp=0.833333, AP 83.3333%,

(b) #I#& 5£0.01, Cp=1.2, Cpk=1.0, 0=0.02/(6x1.2)=0.002777778; k=1-Cpk/Cp=1/6; HJEEhHIIEE
=0.01x1/6=0.001666667. FFLAHERTAER 4.998333333, tHATAER 5.001666667, HE Cp I Cpk BAHIEH
LR, RNERHES., KR A1E T,
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Assignment Q2: the direction is not determined by Cpk
Centered: Cp = Cpk =1.2

150 - ! |

: : Below LSL

! ! Above USL
> 100 - ! |
@ i i
< | |
& 501 | |
01 I ; : ; I

Left-shifted: Cp = 1.2, Cpk = 1.0

150 - | :

! ! Below LSL

! ! Above USL
> 100 - i !
@ i i
< | |
8 501 | |
D i ; T - T T i

Right-shifted: Cp = 1.2, Cpk = 1.0

150 1 ; !

: : Below LSL

! ! Above USL
5 100 1 ! !
B i |
& i i
8 50 a a
0- | |

4,990 4,995 5.000 5.005 5.010
Individual measurement

Source: Assignment Al pl. Two symmetric means satisfy the same Cp and Cpk. Specification limits: 4.99, 5.01.

HBERICpFICPkXINAIA AP R

7.3 Question 3 IESHIZ=
(a) #0 Tutorial Ex 1.2 IZHE—H, u~0.606062 kg,

(b) BI7EEE p=9.07 kg. 0=04 kg, (i) /VF 8.03: z=(8.03-9.07)/0.4=-2.6, = 0.00466119=0.46612%.
(i) 8.00-10.10 Zj&): zF=-2.675, zk£=2.575, = 0.99125153=99.12515%, FARMA/ & z £E, &ERS
B—maNED. FFE: ATE 1R,
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Cereal: choose mean for a 1.5% lower tail

— LSL = 0.567
20 A © mu = 0.606062
15 A
=
‘0
& 10 -
a
5 _
O -
0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.68
Weight (kg)

Source: Tutorial pl1 Ex1.2; Assignment ALl pl Q3(a). sigma=0.018; Phi(z)=0.015; mean=0.606061627 kg.
fEArQ3(a)Z A RKITME

Q3(b)(i): below 8.03 kg = 0.46612%
1.0

0.5 1

Density

0.0 1 T T T T T T T

Q3(b)(ii): 8.00 to 10.10 kg = 99.12515%
1.0

0.5 1

Density

0.0

7.5 8.0 8.5 9.0 9.5 10.0 10.5
Bicycle weight (kg)

Source: Assignment ALl pl Q3(b). Normal model with mean 9.07 kg and sigma 0.4 kg.
BiTEEEFNEERSX A=

7.4 Question 4 IR
(@) n=5, p=0.06, =2 HAEHE: 1-0.945-5x0.06x0.944=0.0318712896=3.18713%,

(b) M 20 {4-EErEHH 5 4, MEEEHI 4/20=0.2, 18%F 2 49K, #0 Tutorial Ex 2.2 —#F, 5 0.2048, KiR: AT
B2,
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Tutorial Ex2.2: with replacement

0.4096

e
S
1

©
w
1

Probability

Number of events / selected outcomes

Source: Tutorial p1; Assignment A1l Q4(b). n=5, p=0.2; P(X=2)=0.2048. Highlighted bars form the event in the question.
R Q4 (b) B IENsHF

Assignment Q4(a): at least two nonconforming

o o o
I o ©
1 1 1

Probability

©
\S]
1

0 1 2 3 4 5
Number of events / selected outcomes

0.0 -

Source: Assignment Al p2. n=5, p=0.06; P(X>=2)=0.0318712896. Highlighted bars form the event in the question.
E DT AEIERI TR

8 ERIANIS ANES

=, EETEXLAIAAEHE: 5% QC. SPC. TQM 24 ; BEUR% TR (Pareto. BSE. Eﬁ
! = ﬁéJl) ;N ANEEYE xR s; DERR o FIENIVER,; AREREEEARKE,; Si5ir. 2.
DRI, EXIESHED. MIESEMEIE; B g N FAEERKEFIE,; IEHHRNRESTHEDT,; B o %DB
FRtEF0 o & Cp. Cpk. Cpm; EEBHUIEEDLL, DEHASEL. BEULITHIIRFEIUE.

BilliSRrEE

TE CEEERINFS, T RERENA A,

1.QC. SPC. TQM: QC RAE). SHSIMERRBIE); SPC FAMIIAMINTIEIG,; TQM BN
EFHPL—EEERE. | 12-13,

2 BABTR: RAESAIBIGBIE Pareto; SIAIRRRASBE; BEAGITRIEERESE; Bk
EEREREREHE. 114

45147



3.BAK x. R, s: x=Xx/n; R=gxKE-&IME; s=V[Z(x-%)%¥(n-1)], f5la0 2. 4. 6: x=4, R=4, s=2, I
2.2,

4. o fIFHER: o MIARERTRED; o/Vn EAEA n HHYERE). EREREERA o, EIYEBITIEHFRIRN
2= o/vn, W 2.4,

5. MEISAME: WEHFES RS, XM E p EENBEIIR,; SREMAHEHERREY., EErfRENE
HxE, HEENRIZATA Poisson, T 2.5-2.6,

6. 181F. EZ, EL: 181F kX2 P(X=k); % kIRZE IM0Fk P(X=i); = kXE 1-ZM0Fk-1 P(X=i), I
2.6,

7. IEESEERFIESEMEIE: 508 z=(x-p)/o; R P(2), AR 1-P(2), XEA Lin © & Tim O, EETINEH
a<X<b {EEEAIEURT, B5F¥A a-0.5. b+0.5, 1 2.3, 2.6,

8. BHIEMTKE: SHNCEIYEMR (8 s) ; BEMBAN X SR (83) . 9EEHN xtAR, REA
[DsR,D4R]; s AR x+Ass 1 [Bs3,Bs]. BEREHMAETAHMBGE n, g RFRELE. W 3.3-34,

9. BHRBREMET: HER S, BEEERN. BBREFEN,; RRASCR. FHERSEFMASRE T
BT, MieEedE. EEHOSRE, BRERI TR, T 3.5-3.6.

10. a ¥l B: o EIEEEIYEHEHSENIZRRER, p RIUECTSRENRIRER, 1-p 2EH=R, RA 308
N EIYEESEY, a=0.27%, W 3.7,

11.Cp. Cpk, Cpm: & W=USL-LSL, Cp=W/(60) BEIFFREEE; Cpk=min(USL-p,u-LSL)/(30) BEE &R
6, Cpm=W/[6V(02+(u-T))] IEEEEBR T HIES, EMiTELMAIEEENREENER. 1 4.1,

12. BHIEEDLL: ESEENT Pbad=®((LSL-p)/0)+1-P((USL-p)/0); 3k 100% SESLL, FTHFEERITA
BIEEEL, T’ 10°18 ppm. I 4.2,

13. 3B5E, BB, EMEAS: "30 MEALEE" EWNESL, "IESEREITY 2% BT BN, “z&
RANEHINER" BiEll. =&FSBEIRBKIE, BREALEBAEEHUUEERR. W 6.3,

8.1 1REF IS

"ATEREMEEHIFIRA, FL—ERE. " 8, EEERIRBIMEIUEL.

"Cp>1, FLAIESERBER. " 8, HETRERT, ESEEAET.

"Cpk gEEHIYEERAMR. " & BREUBEEREE—N, STRERIRER.
"AREHEAYS, —EBTI. " 55, BREWERRESSESELA.
"HERMRmERE o BRRLA v, " B, ERRAESENS L.
"HAEHEE, LULIEEER. " & BROMIEEART#HRAE,
"FEBHEGRREEL. " E, —Hr LA LR,

"B 2548, MIAEREHERA 25, " 5, BEEINHE n,

"ARENREITLM. " 8, BERRENHE, sE—EEEmHXERIR,
TREEFHMEEER Cp<1. " 18, BWFRE, SEERKIETSHENE.

—

© v © N o Uk~ W DN

[y

8.2 + Mz AR

1. x=2x/n; s=V[X(x-x)2/(n—-1)]; R=max-min,
2.z=(x—M)/o; ox=a/vVn,

3. P(AUB)=P(A)+P(B)-P(ANB); P(ANB)=P(A)P(B|A).
4. Hypergeometric: C(D,d)C(N-D,n-d)/C(N,n),
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5. Binomial: C(n,d)p¢(1-p)",
6. Poisson: e"A A¢/cl,
7.x RE: xtA;R; R & [DsRD.R],
8.x s B: xtAs;s; s & [Bs$,Bas].
9. d=R/d, B §/cs; Cp=W/(60); Cpk=min(USL-u,u-LSL)/(30),
10. Com=W/[6V (a2+(u-T)?)]; Pbad=®((LSL-p)/0)+1-P((USL-u)/0),

8.3 &F /W

®(0)=0.5; P(1)=0.841345; ®(1.5)=0.933193; P(1.96)=0.975002; P(2)=0.977250; ®(2.17)=0.984997;
®(2.5)=0.993790; ®(2.57583)=0.995; d(3)=0.998650, FHitE=sHI normal CDF RS, Eilse
TEEMItERE, BRIEAHIE.

9 FEHMIEREECR

BB RERE, MFRRIAIREHEY, SMHABRI)S, MEBEREHARKRTEHIIESRE. (7Ll
XIHR NIST x R s #=HIE], &S MALISE NIST IRSHBER. MREEEIMZEGHANRN, LURENIE,

ERNEDREBEXLE: 12 5 5 THREHITOREES; 89 TEKN=p MY $ 13 REHIRNSE £17TR
RZ79 0.99999; L3 55 9-11 TWMEAHEITEAISFIIAL; 517, 18 RESEMELIRE, 455 W REFHEH
T FORIRIAIOE; 557 T k BHHERHE; 5 11 7 +20 K9 ppm. ERISHARE,

9.1 FIEHA R Z B =S|

o L1551 WREENSRE, 2 WAHEER QC/SQC/TQM; 3 TuHiE. mRiEfiels; 4 WHE; 5-6 RRESR
£, 6-7 W Lean; 8 TW TQM 7\#ES:; 9 MRS, 10 mEF. RT. FHEEE, 11 N, 18R
Deming; 12-13 I Pareto; 14-17 MEAERAESHEM, 18 WaEXR. WEE; 19 AR, 20 WESMIEH
E; 21 Tuihike, 25, Dok &, 22 Tu SPC LiEP%. Xmzss 1 &40 5.1,

e L2 1 BN 2 RAITAKIE, 3-4 TWERSIFLE, 5 WEIREREE, 6 TUSWAMFAR Example 2-
1; 7-9 TUER. Example 2-2, CLT; 10-13 TaMf=RiE:E. MMFD Examples 2-3-2-7; 14 TTEBJ 1T 2-8; 15
TAIR 2-9; 16 & Poisson 2-10-2-11; 17 TUA{EIR 2-12; 18 Td 2-13; 19 IMELRER, XM, I
2 E#0 5.2-5.14,

e L3%E 1 MTER5¥KIR,; 2-3 W Example VC-1; 4 W=MFIR; 5 TEEFH,; 6-9 TUFRE Example VC-2 1Y
xR ZEFMELT; 10-11 WE—&UEA s B, 12-13 TR, RN VC-3; 14 MAFFAIRMN; 15-16
TUWEX 5EE,; 17 TIE4) Exercise VC-1; 18 Ta&Y Exercise VC-2; 19 MELERER, REFE. WNEE 3 E
#0 5.15-5.20,

o 45 1-3 THIRSBERRE. EM&EmSE, 4 WPC-1; 5T PC-2; 6-7 W Cp/Cpk; 8 TaPIH=&f CR;
9 T Cpm FIXE; 10 TAMEIBIEE; 11 T Six Sigma, XI55 4 &=F] 5.21-5.23,

9.2 BIPYEE% Tutorial E=Z3|

THE 15 Ex1.1—6.1; Ex1.2—6.2; Ex 1.3—6.3; Ex2.1—6.4; Ex 2.2—6.5, T 5 2 T3: Question 1.1—6.6;
Problem 1.2—6.7; Question 2.1—6.8; Question 2.2—6.9, iX 9 BIFIFFE/\AERMEARIHN B, Tutorial 58 3-
5 RETRE/ANARE, XX&K. Assignment 1 IR AERE Q1—7.1, Q2—7.2, Q3—7.3, Q4—74,

BEMWMEN ST, TLAERBRTH source-pages.json (JRIIEEN) . calculationsjson (£&BEE) FNEEH
K, XPHEERNFERR; E3oERAF#N 7R Week 1-4, Quiz BERBE "H&ANITRI" .
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