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DOE, BP525%1%1t (Design of Experiment), @ AMAIES
AF5myEEXAN—FRE 5L, Bl S EmPERn &
fF, RFLLW, FHES R EIRN DM, MR HRLBIBOE S
=, M EMELE20FERE S (Ronald Fisher) fER IV SLIS AR E IR
HDOEMIRES, BINFEREERA TR CENNESAE, DOE
BERTE—MENERHE, TFARMBLRYKE TR

SHEE,
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TEAR, AAREENERREXRELR T ESN 959187
%, R—AAEREMTMARF VN SBIRITHIRE T EXK
Mo 5L, “B5& T E B E L IKIFFRDOEB I FEA RS
AT ESEREER, TROOENAEHEBESMBFEF ERETE
WA —ARIARA R BRI, HiE s EF IrER L, &
MevEERE+ 28R,

fraZsL®igit (DOE) ?

mESARERRAZ, YT |
Gl By %
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1 SRR IHE N

MAEF L, DOERXF—IRZ AR NEUERENH
ARLHERLE, BINERERNDITURRNEREREFN
UL, DOEE AR AT SRI MK DA 75 7%

« TRIEFRY: TE). FEHGIE 5 = MR, AR T EF
BIERRBTRE, #ITR T AL SMOVEIERE

© BRGEDRENZRHEE, WMNEMEF 2 B8 x
RIRIR, WHBNRER

—REPRR AL EER. T RN, BEEEIUR
EARR, FT7A LR A E S B LUR T 5 — iR B SRR
g ERHE— e EE LT EERE, HhYl, V2ETERHK
MNELNEHE S, FIINREIER. EF=E DA ASE, @B W
N MmN E” (Response) ;X1, X2EL 8 2FAE T ERBILMN
MEFIBMATE, HIINA R GE&E EMERIES AT RS,
WBEWHN FIEE T (Factor), BT U ELA T8, tBAT 1L
EBRHETE; PRI B2 2" (Process), fERIFAE Z 8]
REARERNER, E5TETTL. REF G AR ARZTIE
X, BEAEERA LUAY=f(x) WEF R R KRR XM FEIN A
RFA TS, WBAFA T XN T R RVIERE R Z, MDOERE
EMBIERNBRRIIFZEF R B R AXBIF 2R,

Controlled (Hold Constant) Variables

manipulate in
the experiment

X1

Experimental X2
Factors

Y1 Measured
Y2 Responses
3 of Interest

Process or System of
X3 Interest

T

Uncontrolled (Noise, or Nuisance) or Lurking
Variables
&_— Covariates are measured and
included in the analysis.
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AREERTSNIEFER, AEFFEZA—1ERNE
FRAUKERIEN 2R, EELETHBSHLNEF
XN EE, BERFZEFEEREEMINXRF X



BY, “EXN” (Main Effect)fl “ZREER” (Interaction)®] LIFEE BN
BIEEXLR @, TN EE— MRAFEFARKETHNELS
Hm R R TR [EWNE AT, XTE- 1+ 1N KFRY(E
SR E R BALE E M. R EEARIE S HME FHIKFERE
B, — MREAFHRERE R FIH TN E. ENELPTR, B4aREATF
ASTYRIRIME B 2 A FBM L HTEN, MAASYNEAE LT
217, RBAFASBZENEERRAREER; k2, El4b
FAWYR M2 A FBNEHME, MAASYNETELAE
183, /AR FASBZ BIFEEEZEMNREEA.
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FEDOEAAS I NLUFT, AR K A EFFRRAREE (trial
and error) ZEKF5LL05% (OFAT, one-factor-at-a-time) @, OFAT
S TIEEM LN, B R BRIARFAOFATH AN, AF 28
MR EEARFME, IFLUERN L EE, EEHF HENE
BEEBTUNMAA(E, H BHFRRBEIGITTFEPH D H RIS,
MEREFEEMZE, HFEENNLERAMNER, OFATH
AR EEREAEN LR A BEIEITY,

HHLtE 2T, DOER—MsB8 KNV EIEREMDITTE, EMNE
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MRz BI S8, FIRBIERBOFAT AN AR RN EE X B E
Fo.DOEARIFITHF A A1 1T, Al LR ARV LI B i ik 5
AT RAMNNRERE, ILEERETFZ BN EER, (it

SRR, LIRF R HLAE & RN AY bR ST 2R FUN P i, 7 B 7
VSRR E RIEI 5 BATRIA E1E Z BV SR R

a) OVAT Approach b) DOE "Response Surface

!mw

® Faiso Opsimum

DoE “Factor Screening" d) Optimization”

X1

5 OFAT/OVAT vs DOE®

SR8t 2R
ZADOERET AT AR fHikig 1t MM #E IR GR R

BT SR, SADOEM EEBFEHIZIT I 7i&IT
ENMETEIRIT EEAFRIRIT R MIRITS,

S4RDOE
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¥ 7igit
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KRt MATR
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1RIDUE, DOERMZ RN AR DI RABYGF#E T, H N AR LU 25
TEENR.FSE BF U IAEBE EL. BmEREIT
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B, NEIRAFRABEFHICPUS F, KEITHAILF A0
BYAEI R YL, BB A DOERIN A,

DOEF A BB B RE s BT UM LA = M T Z, {F
HELF. ERRE LR, MRS X, IR EBERD T

(® What Is Design of Experiments (DOE)? | ASQ
(@ Design of Experiments Introduction. Victor Guiller. Medium

(3 “A Design of Experiments (DoE) Approach Accelerates the Optimization of Copper-Mediated 18F-Fluorination Reactions of Arylstannanes”, Gregory
D. Bowden, Bernd J. Pichler and Andreas Maurer, Sci Rep 9, 11370 (2019). https://doi.org/10.1038/s41598-019-47846-6
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ST LB B IR B E B F
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MVZIE, SRI MR o

B RENBRAROERE. SBUEFHEREN
= h, BRI A R F R, BV mR BT =, 12
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D
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L
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. - R . E nﬁmm - RERERE
. iﬁﬁ AIZEER . R L, —HSEE R, ZRME
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- REME BHREG BERFEGT . REERE ReREe. Bt ieRne mabma. ShE - fEFAE: BRI, EME

8 KIIRITRHER B’

KIig it TIER

REDOEMN AR TEHK, BREIGITHRITHIRESE
BEME, BEA EATLURIE N A RS E, BILRBIGITH RS . 1F
SN EMDOEL ML 2, # 0] LUKIEDOER TIEMRAERLSE
3075 RHMBIEE, ALBIE RO, MM RRIZ, F
R ARV IR AR (B DOEREF, TRAIRNARNEEY
FEmE, BEHEMITENS T TARMEX —RENXR,
WS RER IR 18T RE AT, DOERETEEEBY T2 )M
1EBMHBAM KL BAF, MR E~T 2,
ik (Describe) :E SRR BT, 2EMIERIGITHEAN, BIF
BEUTAE:

« BRI BAR;

« JRB—N(FHEN) ML E;

- BENERARTERET,;

« IRAIKRBEEFAEFKF;

o IRBUSTHENL LAY PRSI A K A5

« BRETFMMLNZEXR, FBEREE

« HER AR TR,

E BRI

%1t (Design) [ iRIELIOIG TN, S ASRIIE T o
RE (Collect) (RIFLNFRIGERFRE, BITRLE, KEM
[z B9 SE I 4E REHE.

WA (Fit) . USRI RE, €8%)
%O

EPS R IEVAESES oS

i (Predict) : W AREL, RHEE F UMM, AR L1550
HRAFHER, HENEETBIEHEI,

Key engineering steps: process knowledge and
engineering judgment are important.

Identify factors Compute design Use de5|gn toset Compute best fit Use model to find
and responses. for maximum factors: measure  of mathematical best factor settings
information from response foreach model to data  for on-target
runs. run. fromtestruns.  responses and
minimum variability.

Key mathematical steps: appropriate
computer-based tools are empowering.
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gt E AARIE
Mg (Response)

[&F (Factor)

7K (Level)
31K (Coding)
b2 (Treatment)
=17 (Run)

FM (Main Effect)

<k

R

B (Interaction)

Kt

FENLIRE (Random Error)

10 SRR EAARE

IR =KEN

522 EE Replication

(+ EEEUH¥ Repetition)

FEH1% Randomization

X281 Blocking

11 SREIGIH =R RN

JMP#E G DOEMSTIRTE
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Iy EENEE
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REFZKTFE, NNIENTFEZES
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BRREXRFEFTIRE, X/NHHERAEBREE

FERNIRE, MMERISITERT, MARRTESNFFISERRMG
HHENIREZIE ARG

U5t BB 75 R AR R SEB AR S P BRI SR IR 8 7T
BATERDREIRERS, BRNEMIE—ELEERMPIETERYY
MR EF LR RS MR MAIER

—ARRTFTERNERBTHEA—IXAE, BeBERBTIINETK
HRV G EMAXAL
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BYLEERPISLUHRR, EENKLENIFEINER

SIDENE IMPAEmDOENANIRIE, THEE %!

DOEANI iR : M\ ERIKER, 607 FHEMEIRDOE
https://www.jmp.com/zh_cn/events/ondemand/local/jmp-doe-from-zero-on-demand.html
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https://www.jmp.com/zh_cn/events/ondemand/local/doe-industry-cases-study.html




SEHISELY

Sf51: 7 RV Bz B TR T AU PCBIiHA R LIRS

EHE=

SERHBFPCBIGITHN TR A SR wBUHEEAR, BT MWESTEIE(Signal Integrity). BE BT ALKV FESH
REMNESFESHRE.MEAERESHRE, FRITENEK, BIHEMESHY, KIWNE RANESTEUER +2HM8, B
BAMER N AR E I AERE (ARSI, Al 2 FFRLIRE, FehEd By AEEA RS EHRFPCBILIT,

AERFIETFT10Gb/sEHPCBEMRITTR, BAR NN ERHEBTR ZWRHEETR. ZE0ER. AR KENYERHBUEK
HEREIR IR S MR,

Case 1: 10-Gb/s Differential PCB Interface Optimization with RSM

+ Response Surface equation ~ With estimates for coefficients, #, we have an
describes the relationship equation which approximates the characteristics
between the explanatory of the response. This can be expressed as:
variables (the x's) to the
response (the y's). v =PBo+ By + Boxy + Byxyx; + Byxf + Boxd

'
1! A !“_

Xs Ys

Input System
Conditions Response

Model is defined by the

form of the equation and
the equation’s coefficients
Factor Minimum  Typical Maximum
Response
Transmitter termination, Rux{((2) 40 50 60
Receiver termination, Rrr(Q) 40 50 & o M 0
Differential impedance, Zs(0))  84.0 100.3 179 VSRS =
Trace length, L(m) 0.254 0.381 0.508

Eye Width (ps) Max 70

Equalization coefficient, EQ -0.1 -0.2 -03

+ Hall, S. & Heck H. (2009). Advanced Signal Integrity for High-Speed Digital Designs.
+ Alred, Richard & Katz, B. & Hosagrahar, I. & Xu, C. & Gillmor, Wiley. (2014). How design of experiments saved my CEl VSR 28G design.
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SO
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WERE 0
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RETIEHE
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PCB_DOE_RSM - JMP Pro
XHHF) W\EE) T FR) FUC) XBEHD) SIHA) EEG) ITRO) AN #MEV) mOMW) EnH)
Hafod @ [ i+ HE NBEHP @, SFEEL> R

G PCB_DOE_RSM L [ R -wn; Eye Height | Eye Width
- PORSRL B RIX@ RT@ zdif@ | Lem)  EQ (L) ®3)
2L PR -
P SERHEE
b RSENEN
P Eye Diagrami{lZ481
| Eye Diagramfil 2482
P Combined Profiler vz 2 1% r) o £ 025 03 174 o
P> Simulator+De... Space Profiler 1| ++44- 60 60 179 0508 -03 21.64 45
: :::ﬂ‘—::s:m 2| ++t-t 60 60 179 0254 -0 10652 86
R Eye . 25C: Eye Width 3| -4+--+ 40 60 84 0254 -0.1 68.65 88
4 0000A 50 50 10095 0381 01 8202 85
5| -++es 40 60 179 0508 01 7224 83
6| ----- 40 40 84| 0254 03 10762 o
w71 (11/0) Be| 7| —4+—- 40 60 179 0254 -03 133.38 90
a 800020 50 50 10095 0254 02 1276 92
ARn® B 9 -+t 40 40 84 0508 04 568 84
'Y == 10 0A000 50 60 10095 0381 -02 95.09 90
ARk 1100002 50 50 10095 0381 03 79.43 77
‘;;'* 12 00000 50 50 10095 0381 02 96.24 89
:1** 13 +---+ 60 40 84 0254 04 7689 88
e 14 +emer 60 60 84 0508 -04 584 79
A e Height 15 00400 50 50 179 0381 02 10596 89
A Eye Width 3 16| =msms 40 40 179 0254 -0 9397 87
A FINAT: Eye Height @ e Xk 17 | 00000 50 50 10095 0381 02 96.24 89
A TR Eye Width @ o 3k 18 | ——+4- 40 40 1179 0508 03 3093 52
19—+ 40 60 84| 0508 03 3263 62
20| +-+-- 60 40 179 0254 03 1484 89
21 |a0000 40 50 10095 0381 02 9041 8
22 |00a00 50 50 84| 0381 02 83.83 20
23| A0000 60 50 10095 0381 02 10064 8
e 28| 4-ses 60 40 1179 0508 04 7985 84
0 25| 00040 50 50 10095 0508 02 5713 78
1 26| +--+- 60 40 84 0508 03 17.43 40
1 27 | 0a000 50 40 10095 0381 02 93.19 89
0 28| ++--- 60 60 84| 0254 03 187 91
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STRNIEIREL 3 FHITE EMIRK. K ZHUIER T, UpfE= 0.05
AR, — N pBEATF0.05MM NI AT R EEWN, Fithikx
125 pEATF0.0589 NI, JERZEEM (Hierarchy Principle,
— A BIIERIBRE M 22 B I 2 /i, Bl A PR &R E L)

= PCB_DOE_RSM - #1&%H 2 - JMP Pro

XHHF) EWAEE) /T GFR) FUC) EWRHD) HEHA) BEEG) TRO) FEEHN)

EHae G |

LaE (o  BfGeged isEE
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4 “FNE-TFE B
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-

120+
]
ﬁ 100
£
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E
5. LSL
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20

20 40 LSL 80 100 120 140
Eye Height FEME RMSE =2.8169 RSq=0.99638 p
{li=<.0001
4 HELCE

& LogWorth pili
1(0.254,0.508) 15.105 0.00000
L'EQ 12474 0.00000
Zdiff(84,117.9) 8637 0.00000
EQ'EQ 6.705 0.00000
Zdiffsl 4563 0.00003
RTX*L 4004 0.00010
RTX{40,60) 2408 0.00391 A
RTT*Zdiff 2376 0.00421
RTX*RTT 2070 0.00850
Zdiff'EQ 1995 001012
RIX*EQ 1591 [l 0.02562
LAL 1434 [l 0.03684
EQ(-0.3-0.1) 04173 067181 ~
RTT(40,60) 0.086 | 085872 ~

BES G S HES AN [ FOR
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> PCB_DOE_RSM - #1164 2 - IMP Pro
XHHF) BEE =D TR
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100
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80
ﬁ LSL
Z‘ 60|
3 s0-
i 40
w30

20

10

0 10 20 30 40 50 60 LSL 80 90 100
Eye Width FEME RMSE =2.6179 RSq=0.98099 p
{B= <.0001
AHRECE

& LogWaorth pil
L(0.254,0.508) 10.685 0.00000
I*EQ 9.140 0.00000
EQ(-0.3,-0.1) 8079 0.00000 ~
EQ'EQ 4245 0.00006
RTX(40,60) 2181 0.00659
RTX*L 2012 0.00973
L*L 1.809 001551
RTT*Zdiff 1.515 [l 003057
RTX*EQ 1.515 [l 0.03057
RIT*EQ 1.355 [l 004420
RTT(40,60) 0418 ] 038216 ~
Zdiff(84,117.9) 0317 048243 ~

HibE EbD BSE e W (] FOR

( =~ ETRARSAE LEN AL
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MIRRFOIEE R RIMIRERFONE R HEE S S NMEZF BT
RE R IR . A0 FEIFT R, W F RS MR, RAFMIAERA AL
B85 (>0.9), FEDITEE (pfE<0.05), REMNAHBEES
M, ALEREIT T —F 04,

28 PCB_DOE_RSM - #1&%
SR \IE((E) =/
‘EHa® 5d|

LB E

2-MP Pro
FR) FUC) KIWBHD) HHT(A)
Q| R

4~ pad

4~ i@k “Eye Height”

ARISICE
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EEERE
HEIRIRE
MRz E5HE
TUME (FAER)
ARESH
Fid
s
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IER
5= PCB_DOE_RSM - #l&4
X)) BEE) =

HHE
14
13
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0.996381
0.992484
2.816935
83.27964
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Fr5H
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103.157
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85 FEE
2028.87 255.6827
794  BIESF
<.0001*

2 - JMP Pro
7(R) FUC) SEEIRIHD) HHT(A)
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4 = R "Eye Width"
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RFA 0.980986
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FUME (SANED) 28
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B 12 53038778 441990 64.4922
iBE 15 102.8008 6.853  BEESF
BIES 27 54066786 <.0001*

E
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"

Residual by Predicted Plot
4
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2
|

Residual Normal Quantile Plot
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Studentized Residuals
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YMRPE SN FEN, —REERI—ISHASH
BUE, it Z IR VS RIDEE &M a4, ERSHBREE 0 5B
RAER, ZHASHNEESZE —ENES . XF A LUK A
IMPRANEAUERIIEE, B —1M2HAs, 5% 1
MeI R R ] REEBY B 2SR B ARE, LEINE R LUBE A 2 MR
TEIRENRNE, LIMEMBIRL R,

BAHIMPXIE S (NS BL=A-ZER), FHFERIE (
Mz ERI=A-AUNER-BEERH ILEERR. RALE
B), BohiSEIN TEMTMRMESHAS (RTX=60, RTT=40,
Zdiff=117.9, L=0.254, EQ=-0.215) T, & MNER#EB AT LUR A AE
RSB HINILE BT,

= PCB_DOE_RSM - K& - MP Pro
XAF) WBE BN GR O TWRUO) HA) EEG) D!(o;-mm mOW) #EH)

Heesd LaE |Q BRR=@eit. 5@ NAREHRE K220 O Pa+ 2 MS0O X,
4~ pas

» = WAL “Eye Height"

b= WAEZ “Eye Width"

< - FRNSIE

)
)

534

§ oo
1007721)

BreWidth ) EyeHeight

075
=R0g33195

4 = iC{EARN
e Eye e e
om RTX RIT Zditt L EQ Eye Height Width 28
O |.optimal. 6 40 1179 0254 -0214777 14936328 14407316 1546534 96340887 91909676 1007721 0833195

19 Z IR B RS EE A TIA

B DRI REFRSMEEEIRE BTN AT, FHidd T
ZERFRASHAGREEBMER Nz BESL=H-RAF
RE-RIRBBMER), JUBIRNASHASE R THRSH
BREFUNE, H ol B B R E R SR I 5 SRR HUE R B,
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Case 2: Chemical Formulation Development and Process Optimization with Custom Design
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Case 3: Combining Space Filling Design with Machine Learning to Optimize Food Formulation

Bread Experiment: Identify mixture proportions and process settings that will make bread that is “tall” and tasty
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+  Accelerating Innovation with Space Filing Mixture Designs, Neural Networks and SYEM
+ Snee, Ronald, and Roger Hoerl. 2016. gies for F | ati Develop t: A Step-by-Step Guide Using JMP. Cary, NC: SAS Institute Inc.
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Model-based DoE Model-agnostic DoE

Starting from an a-priori model...

= 2
Y=ag+a, X;+a, X+ .. +ap X X+ .. 42, Xy

Main effects
Interaction effects
Quadratic effects
... To generate the most informative experiments
(precise estimation of model coefficients):

Factorial designs Mixture designs

54 BT vs RAELKRA®

The model is unknown or a priori complex, we
generate points in the experimental space in a
homogeneous way to explore it ...

Y=..7

... From the generated points and the results, we
choose the best predictive model:

Space-Filling mixture designs

Machine Learning modelization
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