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2.1 CH13-5 I EHR
2.1.1 EHigit

St F %At 2 S B, AT R s 2 SR Ie R, DR I SR FE 1T o (2 [l
VAR TR SR AL BRI A B, FRATT T SR 2 BN I el 28T A C1 A i s i — A5 B, S84
AT A TR 2 R M, 0 R B, Hdd B R B S XA, R2 R p . LA
S OSANEBCR G A M ERT RN . TR, MWREH &, B R — KRR R
AFo WA BT RATF &, % BAE HLIT a2 & T

WX A EAE, T, B AR B

y=PBo+ Bixas+ Poxp + €

Hh oy Ml zp FTEZR 21, 20, 23 WAFHASE, 7LERH MATLAB 424 regressif
o AT 2.
BMSINT AR AR, (HARESEE R A E, 6 R AR R A

y = Po + Bix1 + Boa + Baxs + €
TESAT IR ZZ ML RS, AT AR A MATLAB #2451 rcoplotbfi%i.

2.1.2 MATLAB &R~

FRETFWT:

1 %% Math Exp Homework 10 13—T5

2 % Crime rate problem

1 %% Input data
5y = [11.2 13.4 40.7 5.3 24.8 12.7 20.9 35.7 8.7 9.6 14.5 26.9 15.7 36.2 18.1 28.9 14.9 25.8
21.7 25.71;
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x1 = [16.5 20.5 26.3 16.5 19.2 16.5 20.2 21.3 17.2 14.3 18.1 23.1 19.1 24.7 18.6 24.9 17.9
22.4 20.2 16.9];

x2 = [6.2 6.4 9.35.37.35.96.47.64.96.467.45.88.66.528.36.78.628.46.7];

x3 = [587 643 635 692 1248 643 1964 1531 713 749 7895 762 2793 741 625 854 716 921 595 3353 1;

n = length(y);

%% Draw simple plot
figure;
subplot (1, 3, 1);

scatter (x1, vy, '+');

5 xlabel ('x1"); ylabel('y’);

subplot (1, 3, 2);
scatter(x2, y, '+');
xlabel ("x2"); ylabel('y");
subplot (1, 3, 3);
scatter(x3, y, ‘+');

xlabel (‘x3"); ylabel('y")

%% Try out xA and xB
X = [ones(n, 1), x1', x2'];

[b, bint, r, rint, s] = regress(y’, X);
%% Try out x1,x2,x3
X = [ones(n, 1), x1', x2', x3'1;

[b, bint, r, rint, s] = regress(y’, X)

%% Now draw plots

rcoplot (r, rint);

%% Eliminate bad points and recalculate

5 newX = X([1:7, 9:191, :);

y = y'; newY = y([1:7, 9:19]1, :);

[b, bint, r, rint, s] = regress (newY, newX) ;

2.1.3 HEERMSHT

F—ia]  EIRE BTSN Sl AN R X e i — AR B YU TR A s ] 1R
MR AT DUHBE B, NS SR 0l S0 TR R I 0 RKBURZ M, H2 A D EEE U
RIEZEIEAREE B R MR e, T REX TR DTk A K.

8] MATLAB Ziit H FIRPERVABR A R B E S E S NEF (R 1 24 = 21,25 = 29,
K2 xa=m0,2p =123 K3 xa=x1,28=213). MNEFHITLLEH, FH 2, Al 2z AL
EEHIEE R? Him, AXRMEORETE 2 &/h. BREMKSEGRBEA S HEZ T
z3 Xy AR, (R MBUE EAT LA o3 &30 8 MEE XA E 0. Fk HIEHH
ANFE, BIFPBERSENZHE 19ee, BEGEEN:

y = —34.07+ 12221 + 4.4x4

Eia] SR =ASRE MRS [ IR BEAT U5, R i 500 2 LA R, O
HEARINR APTR.

MEHREEE L, M T =R RS R? b2 FEEERMEM 2 Mz 7
AR 2, AR TR () AR ) SR, ELRIA T AT TR, SR A R R
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BN AINIPRNIE S PN PSS i op LE i) A1)

EARY | EAEARKGITE | EEARHKEEXE
Bo -34.07 [—48.26, —19.88]
B 1.22 [0.03,2.42]
Bo 4.40 [1.18,7.62]
R? =0.80,F = 34.43,p < 107, 52 = 21.61

R AT 2 A zy ERIERIAREAL T LR

EVAR% | EARKMEITHE | EAEARBEEXE
Bo -31.60 [—46.84, —16.36]
B 7.35 [5.27,9.43]
Bo 0.0 [—6 x 1074,2 x 1073]
R?=0.76,F = 28.01,p < 4 x 105, s = 25.41

R 2T 2o M as MZMERNABR R TR AR

EVAZRE | EVEARMEITHE | BEFRBEEXE
Bo -31.22 [—48.73, —13.70]
B 2.60 [1.74,3.45]
B 0.0004 [—0.001, 0.002]
R?=0.71,F = 20.84,p < 2 x 107°, 52 = 31.61

R 3 AT 2 Mz BRIE RN 5,

EVEAERY | EVFAREIHE | BEARBEEXIE
B -36.76 [—51.63, —21.90]
8 1.19 [0.0015,2.38)]
Bs 4.7198 [1.48,7.96]
Bs 0.0008 [—0.0006, 0.0021]
R?2=0.82,F =24.02,p < 3 x 106,52 = 21.07

R 4 M TR =R R A R R 5 4G

2000 4000 6000 8000
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Residual Case Order Plot

Residuals

2 4 6 8 10 12 14 16 18 20
Case Number

B 2: a2 — IRl 1 5 O e A A Bk 22 A

RBIE I L, XAREEIN 3 X FIZEAIRR B TTRFA K. I Bs FEBEMEE X
FIFTLVE Y, os (UG y ARSI, BEXEAE 0, SEhE OIFA K.

MG —ANTTHERE A — W E A i A AR B 2 B n 18] 2o, Al = AN AR Y
sz E W 3pr. XFHOXmiEE, ol g = R A0, B
7 IR AR GG A KR = . ISR =B K R 2 LRI 25 X
BB N TR, FRATHRIRIN N I A«

y = —34.07 + 1222, + 4.4x4

SE=ia) AN KW 2R, KIIHA 2 DRE A (WSO8 8 A 200, RHbA1%
R, Bl AR TR R ANER SPR, PR EIE 4R

EVAZR%E | BEVFRFEIHE | EAEARKEEXE
Bo -35.71 [—45.26, —26.16]
B 1.60 [0.78, 2.43]
Bs 3.39 [1.22,5.57]

R?=091,F =78.39,p < 1 x 108, s = 0.18

R 5 BB T RHE R A R TR LS

XECIE 2R1E 4, DLRER ISR 5, BEWEE . EERR 17 H R Rk E BT R iRz
X 0, B DMIRHE R, tAh, R? A F EHBSE D8N, R 2 KR
Ny BRI ER TR AN ] DR A B

LR NI

y = —35.71 + 1.60x; + 3.392-
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A B 73 B el UG, SRR RH SN Rl AN CRUBAR O, (ER AR 5 2%
WA R R oK. Bk, R SEIART 5000 SET0 5 EE M 7 FERUIE FE R &,
SRR IE IR

2.2 CH13-10 AFRIGERZ I E =
2.2.1 EFREit

WA A, AS AT DUEFEN B EA 1, 20, 2170, 22, 23, BILTT AL H 7R B 2]
AR .

y = Bo + B111 + Baxo + B3x1T2 + Baxi + Psxs + €

9T R BRI AT LS MATLAB B rstooldfgfl) quadraticiFiIighiT it
S, R T E BN, [FIR R DLERE MATLAB Hi ) stepwisedf 41758 UK
WoabT. AR rstoolsi#ATHMT, M F—#UKH stepwiseidAT40#7.

2.2.2 MATLAB 12

FEREFUT:

%% Math Exp Homework 10 13—T10

% Insurance problem

%% Input data

5y = [196 63 252 84 126 14 49 49 266 49 105 98 77 14 56 245 133 133];

x1 = [66.290 40.964 72.996 45.010 57.204 26.852 38.122 35.840 75.796 ...
37.408 54.376 46.186 46.130 30.366 39.060 79.380 52.766 55.916];
x2 =[75106 4546952743518 6];

n = length(y);

%% Test rstool

rstool ([x1’ x2'], y’, ’‘quadratic’);

%% Use the prediction to do regression

5 X = [ones(n, 1), x1’, x2', x1’' .* x2', x1' .A2, x2' .A 2];

X _new = X([1:2, 4, 6, 8:18]1,:);

7 ynew = y’; ynew =y new([1:2, 4, 6, 8:18],:);

%[b, bint, r, rint, s] = regress(y’, X)

[b, bint, r, rint, s] = regress(y_new, X_new)

%% Barplot

rcoplot(r, rint);

2.2.3 HEERMOHT

S rstool R HE A PUFP AL TF B 4E R UNER 6P . & FSEAY TS B it L] 5,
6, 7, SHT7N.

BB, T (full) quadraticfBiHHEAGRIN RMSE /), faidfEAm 4
AL, RIS I 5 R B ) B AR

y = —65.39 + 1.02z; + 5.22z5 + 0.0362% + 0.17x5 — 0.01962, 75
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P

Bo b1 B B3 B Bs 8
linear -158.77 | 4.84 | 5.20 9.25
interaction -149.72 | 4.71 | 3.32 | 0.29 9.52
purequadratic | -60.91 | 0.93 | 445 | 0.04 | 0.11 1.81
quadratic -65.39 | 1.02 | 5.22 | -0.02 | 0.036 | 0.17 | 1.74
# 6: HH rstoollyitH 4,
I 7 ™
| L,/ |
250 | Vi |
l S l
I e I
I I
200 - \ 7 |
| 7, |
I /0 I
I R I
Predicted Y1 150 F } A } o
1116111 N | 7
+- 7/7 _ -
6.8481 /‘(// 4//“r’ ==~
A4 L ————— -7
100 [ i -
N - |
7 // | —- |
// 7/ ! |
50 // 0 | |
.07 I I
i | |
s/ | |
op // ! !
/ | |
N R . L .
35 40 45 50 55 60 65 70 75 2 3 4 5 6 7 8 9
Export
Lincar » 50.0368 5.3889
Close X1 X2
5: {E rstool M linear BLAYLF B THE Kt
I T
| ,/ |
250 f | ./ |
\ o \
| / |
I Ry I
200 f ! , !
7/
I 7/,
| ///// } _
Predicted Y1 150 + } //// } _ - -
111.3655 N I P
e | 7/, _ -
/7 [
8.2166 Y S -7
// 4 T 4
100 , //‘ -7
2 - |
7/ -
////// : - :
50r // // : :
P I I
s / | |
7 | I
o’ ,” I I
, I I
N R . L .
35 40 45 50 55 60 65 70 75 2 3 4 5 6 7 8 9
Export
- 50.0368 5.3889
Interactions ~
Close X1 X2

6: 7 rstool Hf#i [ interaction M5 3 )1 B b
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T T T T T T T T T T T T T T T T
| |
| |
250 r } } 1
| |
| |
| |
200 | | 1
| |
Predicted Y1 } }
102.8302 | |
+- 150 r | | ]
2.664 | | - .
Iy I P
724 | ===
77 L===""
100 [ //)( = 1
771 |
| |
| |
| |
I T I 4
| |
| |
| |
L L L 1 L L L L L L L L P B L L L
35 40 45 50 55 60 65 70 75 2 3 4 5 6 7 8 9
Export
8 50.0368 5.3889
Pure Quadratic
X1 X2

Close

K 7: £ rstool H{# ] purequadratic FAITS B AT+ 54 H

250
200 [
Predicted Y1
102.7678
+- 150
2.8085
100
|
|
|
|
|
|
L L L 1 L L L L L
35 40 45 50 55 60 65 70 75
Export
50.0368 5.3889
Full Quadratic
X1 X2

Close

8: 7E rstool HfiH quadratic #ERAF B (1) & 4 H
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Jioh, MRS regress THKIMFFE AN SHMESE X, [HKNLERWE TR, 5
BIME P AZ A ) S 5k 7 B 9. AR BB LA Y 2 DR i, AL R S E B
FHEL, BILRBRT 3 AN (NS 3. 5. 7 MR D R BN 45 R Ak 8FTR,
ERIE 1007R. BB 1AW R 2R 2R

y = —64.7762 + 1.1074z; + 3.8722z5 + —0.0160x, 25 + 0.03472% — 0.291623

EEARH | EEARKMAITE | BARKEGEXE
Bo -65.3856 [—78.7265, —52.0446]
B 1.0171 0.5202, 1.5141]
B 5.2171 [2.2785, 8.1558]
Bs -0.0195 [—0.0501,0.0109]
B 0.0357 [0.0310, 0.0405]
Bs 0.1661 [—0.0956, 0.4279]
R? =0.9997, F = 7110.2023, p < 10-2°, 5% = 3.0381

R T KBRS AT R AR R A R

EAZRY | BEVEARHKETHE EARKEEXE
Bo -64.7762 [—72.7255, —56.8270]
B 1.1074 0.8381, 1.3768]
B 3.8722 [1.7991, 5.9453]
Bs -0.0160 [—0.0331,0.001]
B4 0.0347 [0.0321,0.0373]
Bs 0.2917 0.0961, 0.4871]

R? = 0.99991, F = 20637.1319, p < 102, s = 0.8105

® 8 ERRAH R R BB T F AR

MRS LR A X B R N T DRSS (LSRR WS B B RIS i i P2 A
SRINERTER R, XN EAE M IR RN, A 1 TH 45 R IR A
FERAE AT FEN S0 A B ] o 38 T[] VAR R il DA DX i e P56 6 N\ 3 DR B B0 2 — OO
P B AR B N AR ORI AU — R IS EL AN

2.3 CH13-11 IEEFIRTH
2.3.1 EXEi

) S S AT RS, XTI SR BRI T R, R I B G RRIEAT RIS,
Bt AR B AT [ A 434

BRI AR y, FZHIEN o1, AN o MUERHRIN 250 B y BRI RA
RZ, WG v, 20, x5« IR 22, 23, 22 ML HIN 2129, 1173, 1273 F55. FREEE
NGRS AR TR R, BRI AT DR B 325 (B UE 1) 7 SR UOE B 5| ARITGIBR 1748 &, MATLAB
B TR R stepuisedfifefit T IXFEMDIRE, W LAEHRATAH .
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Residual Case Order Plot

Residuals
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2.3.2 MATLAB 12

FREFWT:

%% Math Exp Homework 10 13—T11

% Drugs and pains

%% Input data
y = [35,43,55,47,43,57,26,27,28,29,22,29,19,11,14,23,20,22,13,8,3,27,26,5]";

xl = [2,2,2,2,2,2,5,5,5,5,5,5,7,7,7,7,7,7,10,10,10,10,10,10] " ;
x2 = [0,0,0,1,1,1,0,0,0,1,1,1,0,0,0,1,1,1,0,0,0,1,1,1]";
x3 = [0.25,0.50,0.75,0.25,0.50,0.75,0.25,0.50,0.75,0.25,0.50,0.75,0.25,0.50, ...

0.75,0.25,0.50,0.75,0.25,0.50,0.75,0.25,0.50,0.75]";
n = length(y);

%% Draw intuitive plot
figure;
subplot (1, 3, 1);

5 scatter(xl, y, "+');

xlabel (‘x1"); ylabel('y’);
subplot (1, 3, 2);
scatter(x2, y, '+');
xlabel ('x2"); ylabel ("y’);
subplot (1, 3, 3);
scatter(x3, y, ‘+');

xlabel ('x3’); ylabel('y")

%% Prepare some features

x12 = x1 .* x2; % x4
) x23 = x2 .* xX3; % x5
x13 = x1 .* x3; % x6
xxl = x1 A 2; % x7
Xx2 = x2 N 2; % x8
xx3 = x3 A 2; % x9

X = [x1 x2 x3 x12 %23 x13 xx1 xx2 xx3];

%% Interactive stepwise

stepwise (X, y);

%% Use the prediction to do regression
filter = [1:3, 5:7, 9:18, 20:22];
X = [ones(n, 1), x1, x12, x13, xx1, xx3];

X _new = filter,:);

X (
y_new = y(filter,:);

[b, bint, r, rint, s] = regress(y_new, X _new)

%% Barplot

rcoplot(r, rint);

2.3.3 IHHELERMSH

S 2GR R A I K A R AR R e AR N TR R B A B 11 s A
P nT LUK I, FH 24 7915 45 0 R e A ) 80 9% 2 RSB RR ek, (ELR A AR B 5 9
I AN BEE R AP e IR &R, I U B AE T T ARk b 7 i 5 NS I

W T AGE A ) TR stepwiseft M HAAREIE R R, DL N HHs DU 7
EW VN prk JIDPUR

L AR B B 1207 s
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60 60 1 60
+ + +
+ +
50 50 f 50
+ + +
+ + + +
40t 40 40 t
+ +
> 30 > 30 4 >30F 4 +
E: T A '
+ F F + + +
20 + 20 + 20, +
+ + T + +
10+ + 10F 10+ +
+ + +
+ + +
+ + +
0 ‘ ‘ 0 ‘ ‘ 0 ‘ ‘ ‘
0 5 10 0 0.5 1 0.2 0.4 0.6 0.8
x1 x2 x3

11: FHZGFRIEE L 30 R AL X5 e ik 2 P T P 52 )

2. B MIAE P BRI Next Step ZHIZEAT B3R, RERW ML RILH LR
Ty, T, 3, WK 13F7R, HENHEY T RERIA K /N RMSE 4 6.298;

3. MR 11T, oy AREWRER y TEHIRAMER R, HRHAZ IR RES XA B
Fiom, R EETINIMALE o2, WK 14078, RMSE FEKE] 5.954;

4. BRI R AT R, IANE R 22, WK 155K, tE RMSE F#K2] 4.016, &
i HAl 2248 C 2 TR RMSE,  ED SRR i B RMSE.

AR RYy

y = 52.8084 — 7.0608z + 0.9551225 — 7.374621 25 + 0.51112% + 42.528212

T, BREEAEH] regress THRUHAAN SR EFXIE, FHMLERWR PR, 5
HMSE R Z AR 1 SR E ] 16, MWEITRRESLEE Y 2 DR AL A& fE2IA
PRI, SIEERBRT 4 D (R 4. 8. 230 24 MR RD ZJEHN AL S5 RN 77 Fr
s FRZEEWE TR KB TR R ARSI AN

y =46.7237 — 5.611x1 + 0.7045z 25 — 9.15492, 23 + 0.4938:6? + 55.1979:15%

AL b A 5 80 T 95 IR 14 R P TR ANASUASOR PR 24 700 A 5%, 3 M 8 A B ) AP 31 R
AT R, BT %, e n] US55 1Al MATLAB bR £ic2e H S0 95 58 8 2% I 18] [ 1X
A6, AENETT 2%, b, T BERY, Wt 7RI ZER 18], BT AR
H WA LU NS B IR e B it — 0 5% .

3 WERSEIWL
LKA, R4 T MATLAB SRAEENE 5 BT BB — i, 4

BrEFIRA T IR ER AR . A BBAE R IR A B2 T RENS 2 B3 AT A Q1 B X5 TR JF 45

HI b g



3 WREEW

Coefficients with Error Bars Coef f. t-stat p- val
X1t . 1 -4.13725 -7.4355 0.p000 Nextstep:
X2t —_—— 5.66667 0.9508 0.B8520 Move Xlin
X3 - 1 -1.5 -0.1007 0. 9207 Next Step
X4t - 1 -0.525157 -0.6344 0.5323
X5t o 1 6.875 0.6591 0.5166 All Steps
X6 - 1 -5.18325 -4.9372  0.p001
X7t (] 1 -0.307167 -5.6722 0.p000
X8 ——— 5.66667 0.9508 0.8520
X9t - . - - 1 -0.816327 -0.0554 0.§563 I
30 20 -10 O 10 20 30
Intercept = 26.3333 R-square = 7.77156e-16 F = Inf
RMSE = 14.5682 Adj R-sq = 7.77156e-16 p =NaN
Model History
16 T
w15 -
%]
s [ ]
o 14 -
13 ‘
1
12: ffH stepwise BEAT HEE T HOWILAARAS
Coefficients with Error Bars Coef f . t-stat p- val
X1t — 1 -10.7481 -5.0880 0.p001 Nextstep:
X2t - 1 -0.333333 -0.0552 0.9565 Move noterms
X3t > 1 -1.5 -0.2325 0.8187 e
X4t - 1 0.955056 2.4779  0.0223
X5 - 1 -4.375 -0.6063 0.5515 All Steps
X6 | —— -1. 64045 -1.8380 0.0818
X7t . 1 0.511111 2.9818 0.0074
X8 | - 1 -0.333333 -0.0552 0.9565
X9p | - o - 1 -0.816327 -0.1277 0.8997 (el
-20 -10 0 10
Intercept = 65.2124 R-square = 0.837486 F = 34.3555
RMSE = 6.29795 Adj R-sq = 0.813109 p = 4.38929e-08
Model History
15 ®
o
s 10
@ °
® [ ]
5 | | | |
1 2 3 4

B 13: {41 stepwise HE4T 25— %%

13
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Coefficients with Error Bars Coef f . t-stat p- val
X1} —-— -9.92789 -4.8516 0.p001 Nextstep:
X2r ———— -0.333333 -0.0583 0.9541 Move X9in
L —_————— |
X3 43.6765 4.6060 0.p002 Next Step
X4 r [ 0.955056  2.6211 0.0168
X5 ————— 2.53365 0.3175 0.[545 Al Steps
X6 - -1.64045 -1.8380 0.0818
X7t [ 0.511111  3.1541 0. 052
X8 ———— -0.333333 -0.0583 0.9541
X9 ‘ | —————— 1 42.5282  4.8735  0.p001 ISR .
-20 0 20 40 60
Intercept = 65.2124 R-square = 0.862019 F =29.675
RMSE = 5.95391 Adj R-sq = 0.83297 p = 6.18815e-08
Model History
15 ® T
0
s 10
o °
[
5 1 1 1 ? ,
1 2 3 4 5
K 14: f§H stepwise #E4T 5 DR %
Coefficients with Error Bars Coef f . t-stat p- val
X1t - -7.06082 -4.7055 0.p002 Nextstep:
X2t —— -0.333333 -0.0864 0.9322 Movenoterms
X3t - 11.6765 0.3889  0.[022 NexTeien
X4 r [ 0.955056  3.8854 0.0011
X5 r — -4.76955 -0.8676 0.8977 All Steps
X6 L 4 -7.37459 -5.5796  0.0000
X7 r [ 0.511111 4.6756  0.0002
X8 r —— -0.333333 -0.0864 0.9322
Xor ‘ —— 1 42.5282  4.8735 0.0001 (el
-50 0 50
Intercept = 52.8084 R-square = 0.940512 F =56.9166
RMSE = 4.01649 Adj R-sq = 0.923988 p = 2.11902e-10
Model History
15 L T T
|_u | -
g 10 . .
® )
@ 5| °
0 | | | | | |
1 2 3 4 5 6

K 15: fEH stepwise #E4T 28 = DR

14
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El)EAZR%E | BEAEARHEMEITHE EARKEEXE
Bo 52.8084 [43.6424,61.9743]
By -7.0608 [~10.2133, —3.9082]
Bo 0.9551 [0.4386,1.4714]
B3 -7.3746 [~10.1514, —4.5978]
B4 0.5111 [0.2814,0.7408]
Bs 42.5282 [24.1946, 60.8618]
R? =0.9405, F = 56.9166,p < 2 x 10710, 52 = 16.1321

R 9 ERRFH ST R FAE R

EYVFRY | BEERHKMEITHE EARHKEEXE
Bo 46.7237 [40.8625, 52.5849)]
By -5.6106 [—7.6900, —3.5313)]
By 0.7045 [0.3433,1.0657]
Bs -9.1549 [—11.0728, —7.2368]
Bi 0.4938 [0.3533,0.6341]
Bs 55.1979 [43.8045, 66.5913]
R? = 0.9863, F = 187.3349,p < 1 x 101, 5% = 4.0129
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Residual Case Order Plot
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Residual Case Order Plot
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