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EXCEL aladiuls J) gal) ciliidial e RS

1 Ao Al &

ol A1 ) A g 8 (1

f'(x)=f(x+h)2_hf(x_h)+0(h2)

ol Ay 5V AgiAA) 55 (2

f,(x):—f(x+2h)+6f(x+6}2—3f(x)—2f(x—h)+0(h3)

Lalas dady oY) AELE oy 58 (3
f,(x):—2f(x+2h)+16f(x+h2)4—hl6f(x—h)+2f(x—2h)+0(h4)

sAll) dlidiad) o i

dalis 4350 400 ddida) (58 (]
f”(x):f(x+h)—2];l£x)+f(x—h)+O(hz)

Lali a5 A0 Al oy 5 (2
f”(x)zf(x+h)—2];l£x)+f(x—h)+0(h2)

ol dady A ASiAAN 5 (3
f"(x)z—f(x+2h)+16f(x+h)—3102j;lz(x)+16f(x—h)—f(x—2h)+0(h4)

WS Cuss P s € e 22513 =0 22 O(h?) 0585 g(h) O J5S g >0 Aadl o
(cos(h)=1+0(r*) 5 sin(h)=h+0O(h") 4Lal) |g(n) <C|n?| O W< D SIS
Aapall (e dGide AL aall jABaNa

f(x+jh)=3,

n=0

k f(")(x) . i '
— () +O(R), j=0.£142,..



:Jbia
h=01 5 x=0 e f(x)=¢" Al Aall 5 A5V iidal o f

A | B | C [ b [ E ]
| 1 |h= 01 f(x) Fill= 1
| 2 |x= 0
| 3 |3 poirt =(EXP(B2+B1)-EXP(B2-B1INZ*B1) errar= =E1-C3
| 4 |4 poirt =[-EXP(B2+2"B1 )45 EXP(B2+B1)-3*EXP (B2} 2"EXP(B2-B1)WE B 1) =E1-C4
| 5 |5 point =(-ZEXP{B2+2°B1)+16" EXP(B2+B1}- 16EXPE2-B1)+2"EXP(B2-27B 111/ (247B1) =E1-C5
B
A | B | ¢ | b [ E [ F |
1 |h= 0.1 %) = 1
2 |x= 0
3 |3 point 1.00166S error= -0.00166875
4 |4 point 0995313 3.681E-05
5 |5 point 0.995997 3.3373E-06
B
HE S

Lol e LaaMi 13k =0.01,0.001 o s

2394 ) S ) gall a8

555 (1) ) L i By 535 g Ll e 55 5 7 () A0 o o
L_AL”J\S pn_l(x) JJ..\;
n-1 f(k) x
P (=Sl ey
k=0 '
;‘;JCJ\SQJ\)SSLHLM;;OSAQZ\LM\ ANl |l 0 gan ) )G ?AMU..L“;.I.MJ

()
Py (9)= Py () + L (o)

x, =1 Akaill J a2 9383 S f(x)=sin(x) alall o 8
Sl Lageal) aladinls s Jal
po(x)=f(x,)=sin(1)
()= o)+ (5 (x5 =sin (1) +cos(1) (x-1)

pa (%) =y (8) 5 77 (5) (=5, =sin (1) +cos(1)(x=1)=sin (1) (v-1)

p(x)=p, (x)+éf(3)(x0)(x—x0)3 =sin(1)+cos(l)(x—1)—%sin(l)(x—l)2 —écos(l)(x—l)3






EXCEL alaaiuly d‘gﬁ\ ) AL e o A0

S N > 1 Y peli [g,5] ) cLbf(x)dx JSa (pe Apaae LSS 6 jaly a gl i gus
LA =Xy,X,,.., X, =b Bl Nie

ool x, vie Al Sayis x  =x +h O5Ses h>0 el shall aaal e i
Al Jlae B ALE (2 5 f, = /()

rdasoall a9 3 yill Bacld (]

h _ K,
Lof(x)dx~§(fo+fl), error = 12f(;’)

:w\ U gtann Bac @ (2
X, h h5
[0/ ()dv=2(fy+ 4 +1). error == f9(¢)

[ 1= 33150 ). error == 1)

Aol 2 g 32c 18 (4
X4 2h 8h7 (())
L f(x)dng(7ﬁ)+32f2+32f3+7f4), err0r=—%f ()

“ 1S e 20 68
;," a8 shadll aaal 3a il gu
Jalsill Jlae 8 Adats
Al g el Bl (1

Lbf(x)dx (f0+f+ A+ fu fj, error——(b a) f”(;’)
Adaadll a9 3 il Bacd (2

J.bf(x)dxﬁh(fo"'ﬁ"' + Syt fN) (f1+f1+le fN+1)

a

LA fk=f(xk) SX =X +th sh=x_-x =

error = —11([)7—61)}14 (g“)

A pall () grsans B2 (3
ij(x)dxzﬁ[ﬁ) +4(fi+ fitot+ L)+ 2( L+ 1 +---+fM_1)+fM],
(b a)h4

@) [

180

b_“), M =2N
M




s gl
AUl saaell JalSill aa
["10sin (1-0.1x) dx
0

45.96977 L Al L)

[ £ (x)de~ B[ £ (5)+ £ (x,) -+ £ (x,)]: h= ”]‘V
x_/=a+(j—%jh, j=12,..N
SRTp T
Lbf(x)dxzh{%f(x0)+f(xl)+---+f(xN_1)+%f(xN)}, h= b]:/a,

x, =a+jh j=012,..N

A.LSJM O}u,\mbj.cuj

b h
[, £ () =L (v 4(F () + £ () #ooo £ (510)
(f(x2)+f(x4)+ 1 (x5))+ ()
M=2N, h= s xj:a+jh, j=0,1.2,... M
:Jadl

A | B | E [ o TJeE[ F [ & JH[ 1T [ J ]
j Midpoint Formula a= 0 h=(b-a)N |1
2| ] ) #(])) Int b= 10
=Rl =HGHT+HAS05RE =10°SIN(-0.17E3)  =J1"5UM(C3:C12) true= 4596977 errar= =z3-D3
4|2 =5GHT+HAL-057IF1 | =10°5IN{1-0.1*B4)
513 =5GHT+HAS05RIE1 | =10°5IM{1-0.17B5)
B |4 =5GHT+HAB-0.5IE1 | =10"5IM{1-0.1*B6)
sl =5GHT+HAZ-D.5IE [ =10°5IN{1-0.17E7)
816 =5GHT+HAS-0.5F1 | =10"5IN{1-0.1%B3)
=N =5GHT+HAS-05RIE | =10°5IN{1-0.1%B9)
aols =§GH1+AT0-0 57551 |=10°SIN(1-0.17B10)
EEE] =§GH1+HAT-0E75IH1 [=10°SIN(I-0.17B11)
2010 =FGHT+HA12-0.575J51 | =10"5IN{1-0.1*B12)
13
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A [ B [ ¢ T D [ E T F [ & [ ®H [ 1T T J ]
1 [Midpoint Formula a= 0 h={b-a)iN 1
12| ] () ) Int = 10
| 3 1 0.5 8134155 4598893 true= 45497 error= -0.014
|4 2 156 7512604
|5 | 3 25 G.81633
6 4 35 6051864
|7 5 45 5276872
R B 65 4349655
9 7 6.5 3.428973
10 8 75 247404
11 9 8.5 1.494381
|12 | 10 8.5 0.499792
13

A | B c [ D TET F ] G
_1|Trapezoidal rule =1
2] j ) fl() a= 0
3|0 =$G32+A3™$GE1  =107SIN{1-0.1"B3)  =0.5"C3 b= 10
41 =$GE2+A4GE1 =107SIN{1-0.17B4)  =C4 Int=" =G1"SUM{D3:.D13)
512 =$GF2+A5™$GE1  =107SIN{1-0.1"B5)  =Ch5 true= 4596977
B3 =$GE2+A6$GE1  =107SIN{1-0.1"B6)  =CE& afror= | =G5-G4
74 =$GF2+ATS$GE1  =107SIN{1-0.1"BT)  =C7
815 =§GE2+A8GE1  =10"SIN{1-0.17B8)  =C8&
95 =$GF2+A0$GE1  =107SIN{1-0.17B9)  =C4
a7 =§G52+A10"$GE1  =107SIN{1-0.1"B10) =C10
118 =$GF2+A117$GE1 =10"SIN{1-0.1"B11) =C11
129 =§GE2+A127$GE1 =107SIN{1-0.17B12) =C12
1310 =$G$2+A13°$G$1 =10"SIN(1-0.1"B13) =0.5"C13
ﬂ

A | B | ¢ | b | E | F | 6 |

1 | Trapezoidal rule h= 1

20 | () T a= y

3| 0 0 84147 472074 = 10

4 1 1 78333 78333 Int= 45931

| 5 2 2 7736 71736 true= 45897

B | 3 364422 64422 error= 0.0383

7 4 4 5B464 55464

8 5 5 47943 47943

9| B 5 3.8042 23942

10 7 7 29552 29552

11 8 8 1.9867 19867

12 9 9 09983 09983

13 10 10 0 0
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M-point Simpson's | rule h= |05
] () () a= 0
0 =$GE2+ATEGET =10PSIMNM-017B3) =C3 b= 10
1 =$GEI+AL$GET  10°SINGI-0.17B4) | =IFISODD(A4) 47 C4 JF{ISEVEN{A4),2°C4, ™)) N= 10
2 =$GEI+ASTEGET  =10PSINGI-0.17B5) | =IF(ISODD(AS) 4*C5 JF{ISEVEN{AS),2*C5.™)) M= 20
3 =$GE2+AETEGET  =107SINGI-017B6)  =IFISODDAB) 4*CE IFISEVEMN(AB),Z*CE ™) int= =G SUMD3.D23)
4 =FGE2+ATEGET  =107SINOCI-017BT)  =IFISODDAT) A CT IFISEVEN(ATY,ZYCT ™) frue= |45 96977
5 =$GEI+ATEGET  =10°SINGI-0.17B8) | =IF(ISODD(AS) 4*C8 JFISEVEN{AS),2*C8.")) error= | =G7-G6&
6 =FGEI+AFEGET  10°SINGI-0.17BY) | =IF(ISODD(AS) 4*Ca IF{ISEVEN{A9),25C9,™))
7 =$GE2+A107GET =107SINM-017B10Y  =IFISODDA 10 4 C10IF(ISEVENATD) 27C10," )
8 =$GE2+A11TRGET =107SINC-0 1B =IFISODDAT T A S IFISEVENTA T 2911,
9 =$GE2+A1Z* G =107SINM-017B12)  =IFISODDIA12) A C12 IF(ISEVENATZ) 27C12 ™)
10 =$GE2+A1FGET =107SINM-0 1B =IFISODDIA13) A C13 IF(ISEVENAT2) 2713,
11 =$G52+A14*SGE1T =10 SIN{I-0.1"B14) | =IF{ISODD{A14) 4*C14 IFISEVEN{A14) 2*C14,™)
12 =$GE2+A157FGET =10PSINOI-0 17B15) =IFISODDA1S) 415 IF(ISEVEN{ATS) 27015 ™)
13 =$GE2+A167FGET = 10PSINOCI-0 17B16)  =IFISODDATE) 416 IF(ISEVEN{ATE) 2FC16 ™)
14 =EGE2+A1TTEGET =10FSINOI-0 1TBATY =IFISODDATT A AT IF(ISEVEN{ATT) 27017 ™)
15 =FGE2+A18TEGET = 10PSINOCI-0 17B18)  =IFISODDAT8) 4 18 IF(ISEVEN{ATSE) 2FC18 ™)
16 =EGE2+A19°EGET = 10PSINOCI-0 1 B19)  =IFISODDA19) 4 C19 IF(ISEVEN{ATS) 2719 ™)
17 =$GE2+AZ0°FGET =10PSINC-017B20)  =IFISODDAZ0) 47 C20 IF(ISEVENAZD) 27020 ")
18 =$GE2+AZTTEGET =10 SINO-017B21) =IFISCODDAZ T A C2 IFISEVENIAZ ) 27021,
19 =$GE2+AZEGET =1TSINC-017B22) =IFISODD{AZ2) 4022 IF(ISEVENAZZ) 27022 ™)
20 =$GE2+AZTEGET =10TSINM-017B23) =C23
A | B | ¢ | © [ E [ F ] G |
M-point Simpson's rule h= 05
| ) fx()) a= 0
0 84147 84147 b= 10
0.5 81342 32537 M= 10
1 7.8333 15667 = 20
15 75128 30,051 int= 45 96977101
2 71736 14.347 frue= 4596977
6.8164 27266 afror= | -1.00983E-06

3 64422 12884

35 60519 24207

4 56464 11.293

e Rls o RESN RN RES, BIENE FURY R o
[
n

45 52269 208907

_;_;_;_\_;_\_;_\_;_\
e R o e s = = = e B L R o R L

10 o 47943 95885
11 55 43497 17.399
12 6 38942 77884
13 65 3429 13716
14 7295502 59104
15 5 2474 98962
16 8 1.9867 39734
20 17 85 14944 59775
21 18 9 09953 19967
22 19 95 04995 19992
23 20 10 0 0
24
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Curve Fitting and Parameters altaall ,uaiis ciliadal) gukad

Estimation:

1994 43 21984 dius (e J) 5 b gun 5 S laiial (3 guad) A st o 40U L)

Year 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994

Market | 3.0 2.5 4.0 7.5 7.0 13.0 | 17.0 |29.0 |46.5 |50.0 |495

Value

Lo yig piidadia Je cUlal) oda Jaas

A B cC D
LYear Market Value Base Year
1984 3 0
1985 25 1
1986 4 2
1987 7.5 3
1988 7 4
1989 13 5
1990 17 6
1991 29 7
1992 46.5 8
1993 50 9
1994 49.5 10

Market Value

80 -

p

40 -

30 1

20

10 1

0 T T T T T T v
1882 1884 1986 1888 1990 15952 1584 15998

MRNMMNMNMN S A A s
O R QNS0 m~Noob B =o@ONGOEWN

b N Sl Al s g e sl il Apald 038 5 S Ciya (K3 e aial) Gl al
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a
X(f)=m,f20

A g Ul gaadat Jeadl i Al g ¢ 5 b 5 a0 albaal) aid e 3 3 RS Ul e
(AU y3idaiia & cblal) Jaxs

A B C D E F
1 |Year Base Year Market Va Fit Error
2 1984 O 3 =$F$15/(1+$F$16*EXP(-$F$17°B2)) =(D2-C2)"2
3 11985 1 2.5 =$F3$15/(1+3F316"EXP(-$F$17*B3)) |=(D3-C3)*2
4 1986 2 4 =$F3$15/(1+3F316*"EXP(-3F$17*B4)) |=(D4-C4)*2
5 1987 3 7.5 =$F$15/(1+$F$16*"EXP(-$F$17*B5)) |=(D5-C5)*2
6 1988 4 7 =$F$15/(1+$F$16*EXP(-3F$17°B6)) =(D6-C6)"2
7 1989 5 13 =$F315/(1+$F316*EXP(-$F$17°B7)) =(D7-C7)"2
8 1990 6 17 =$F$15/(1+$F316*"EXP(-$F$17*B8)) |=(D8-C8)*2
9 1991 7 29 =$F$15/(1+$F316*EXP(-$F$17*B9)) |=(D9-C9)*2
10 11992 8 46.5 =$F$15/(1+$F$16*EXP(-$F$17°B10)) =(D10-C10)"2
1111993 9 50 =$F$15/(1+$F$16"EXP(-$F$17°B11)) =(D11-C11)"2
12 11994 10 495 =$F$15/(1+$F$16*"EXP(-3F$17*B12)) =(D12-C12)"2
13 Error sum of squares =SUM(E2:E12)
14
15 a= 10
16 = 50
17 = 1

O O oy s sl iaiall) jieally laliy s 5 el 400K 1984 4l LA Ll Laa
&= Fit s Market Value as s c=1 5 h=50 5 a=10 alaall 4l gl o Jani ¢(iall
e
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i
Market Vali Fit

3

2.5

4

7.5

7

13

17

29
46.5
50
49.5

D

0.196078431
0.515624132
1.287537486
2.865860462
5.219800734
7.480005851
8.897291025
9.5639840746
9.835035655
9.938673512
9.977351447

Error sum of squ

s

1982 1984 1986 1988 1990 1992 1994 1996

A B
1 |Year Base Year
2 1984
3 1985
4 1986
5 1987
5] 1988
7 1989
8 1990
9 1991
10| 1992
11| 1993
12| 1994
13
14
15 60
16
17 50 4
18
19 40 4
20
21 30 4
22 20
23 |
= 10
25 |
26 .
27 N
28
29

E
Error

7.861976
3.937748
7.357453
21.47525
3.169109
30.47034
65.65389
377.7604

1344.32

1604.91

1562.04
5028.955

10
50

allaall 4alise af o yad 13¢) UL e il el e ape ddidadl) adll iaiall f JaaY

680

40

30

20

1882 1584

1586

1988

1990 1992 1594

1996

a=

15

30
50

s Sulls



80 = 40
= 100

20

0
1982 1934 1936 1988 1990 1992 1994 1995

il i dadlic 0 =1 5b5=100 5 a=40 allaall 40 V1 2l () aad Cpiilall CISAl e
;QL”JS <l a1 Aild (e Solver JUi s E13 Wil peaal ol ) @;ﬁ\‘;

Tools | Data Window Help Acrobat
39 Speliing... F7
\(ﬂ.’} Error Checking. ..

Speech »

Share Workbook...

Track Changes >

Protection 3

Euro Conversion...

Online Collaboration 3
Solver...

Goal Seek...

Scenarigs...

Formula Auditing 3

Tools on the Web...
Macro 3
Add-Ins...
ZE  AutoCorrect Options...
Customize...
Options...
Conditional Sum. ..

Lookup...

Data Analysis...

aalll) saalal) yelata
Solver Parameters @E]

Set Target Cell: SES13 %%, Salve

Equal To: CMax & Mn  Vaeof: |0
By Changing Cells:

|sFsi5:eFe17 ES| Guess

Subject to the Constraints:
| Add
Change
J Delete

Close

i

Options

Reset All

Help

il
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o3 Al il L) (5 gaia (A o1 Min U5 (Askhal) 45 giall BaY) SE$13 Alad sl
il el Solve & SFS15:SF$17 ol Al s allaall l 50 4y 83 g sall Jlaall i

A B c D

LYear Base Year Market Value Fit

2 1984 0 3 0.414542265

3 11985 1 2.5 0.852705443

4 1986 2 4 1.739946887

5 1987 3 7.5 3.493689512

6 1988 4 7 6.800502541

7 11989 5 13 12.51540951

8 1990 B 17 21.04921791

9 1991 7 29 31.36782219

10 | 1992 8 46.5 41.08403009

11 /1993 9 50 48.3020243

12 11994 10 495 52.77515711

13 Error sum of squares

14

156 80

16

17 0

18

19 | |e0;

20

21 20 4

22

23 | |20

24

25| |0

26

27 0 : . . . . . .

28 1882 1984 1836 1988 1980 1882 1884 1586

29

E
Error

6.684591701
2.713579359
5107840073
16.05052372
0.039799236
0.234827947
16.39616568
5.606581939

29.3327301
2.883121473
10.72665407

95.7764153

a=
b=
c=

57.76
138.3
0.729

Al

il e aa JS8 Galaii i) o 6 Bl bl e caiall Gudat Juadl 128

x(1)

57.76

- y>
1+138.3¢7 7

17



A B © D E
L X f(x) fit error sq a=
2 0.25 0.316 0.17227 0.0208658 b=
3 0.5 0.422 0.238651 0.033617
4 1 0.602 0.232544 0.136498
5 1.5 0.573 0.173343 0.159726
6 2 0.546 0.11702 0.184024
7 4 0.282 0.01798 0.069706
8 0.25 0.273 0.17227 0.010147
9 0.5 0.415 0.238651 0.031099
10 1 0.604 0.232544 0.137979
11 1.5 0.622 0.173343 0.201293
12 2 0.516 0.11702 0.159185
13 4 0.279 0.01798 0.068131
14 SSE=  1.212063
15
1S 0.7
17 ’
18 06 » P
o, /™ /N
21 0.4 / \ / \
——1(x)
22 03 / \ \ —=—fit
23 ’ —4 +
24 0.2 .//'“—'\ PN
5 | AN
27 0 . \'/ — \
28 1.2 3 4 5 6 7 8 9 10 11 12
29
alal) o2a
a(e—bx e—ax)
a-b
A B o]
1] x f(x) fit
2 025 0.316 =3F31(EXP(-A2"$F$2)-EXP(-A2*$F51))/($F$1-$F $2)
3 05 0.422  =$F51%EXP(-A3*$F$2)-EXP(-A3*$F51))/($F51-5F$2)
4 1 0.602 |=$F317(EXP(-A4*$F$2)-EXP(-A4*$F31))($F$1-5F$2)
5 15 0573 | =$F$1*(EXP(-A5*$F$2)-EXP(-A5*$F$1))($F$1-$F$2)
6 2 0.546 | =3F31*(EXP(-AB*$F$2)-EXP(-AB*$FS1))($F31-5F$2)
7 4 0.282 | =3F$15(EXP(-A7*$F$2)-EXP(-A7*$F31))/($F$1-5F$2)
8 (025 0273  =$F$1*(EXP(-AB*$F$2)-EXP(-AB*$F$1))/($F$1-5F$2)
9 05 0.415  =$F51%(EXP(-A9*$F$2)-EXP(-A9*$F51))/($F51-5F$2)
10 |1 0.604 |=3F31*(EXP(-A10*$F32)-EXP(-A10*$F$1))($F$1-3F$2
1115 0.622 |=$F$15(EXP(-A11*$F$2)-EXP(-AT1*$F$1))($F$1-3F$2
12 |2 0516  |=$F$15(EXP(-A12*$F$2)-EXP(-A12*$F$1))V($F$1-3F$2
13 |4 0.279  =$F31%EXP(-A13*$F$2)-EXP(-A13*$F$1))($F$1-$F$2
14 SSE=

18

o o o

s AT Jla

D
error sq

B'IO-C'IO)"Z
B11-C11)2
B12-C12)2
B13-C13)2
=SUM(D2:D13)

L—

Gllall e Sakai (8 gu

E F
a= 1



:Jall asi Solver  pladiul g

—_ | | |
WN o ©oNGO O R WN =

14 |
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

A B C D E F
X f(x) fit errorsq | a= | 1.3739
0.25 0.316 0.27576233 0.001619 b= | 0.4022
0.5 0.422 0.44498469 0.000528
1 0.602 0.58780591 0.000201
1.5 0.573 0.59336895 0.000415
2 0.546 0.54195088 1.64E-05
4 0.282 0.27718074 2.32E-05
0.25 0.273 0.27576233 7.63E-06
0.5 0.415 0.44498489 0.000899
1 0.604 0.58780591 0.000262
1.5 0.622 0.59336895 0.00082
2 0.516 0.54195088 0.000673
4 0.279 0.27718074 3.31E-08
SSE= |0‘005489_|
07
N 3

06 /PK\
05

\ —e—fix)
—=—fit

M
ot

02

01

12 3 4 5 6 7 8 9 10 11 12
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A B | © o] E
| 1 Fitting Polynomial of degree 2
| 2 p()=a(0)+a(1)x+a(2)x*x
| = to the data by Least Squares
|4
1 5| x(j) f(x(j)) poly(j) error errorSq
|6 -2 0  =$B$12+SB$13*A6+$B$14*A6"2  =B6-C6 =D6'D6
|7 |1 1 |=$B$12+$B$13°A7+$B$14°A72  =B7-C7  =D7°D7
|60 2 =$B$12+$B313°AB+$B$14°A8"2  =B8-C8  =D8'D3
a1 1 |=$B$12+$B$13°A9+$B$14*A0’2  =B9-CO  =D9*D9
102 0 =$B$12+3B$13"A10+$B$14*A10°2 =B10-C10 =D10*D10
1"
|12 [a(0)= 1 |=58/35 =C12-B12 =SUM(E6:E10)
113 [a(1)= 1 o =C13-B13
14 a(2)= 1 [=37 =C14-B14
15
[ 16 |
? 8
E 7
119
20| |,
21
E 5
| 23|
| 24 | 4
125
|26 3
27
E 2
[22] |
130
31 o
T 1 2 3 4 5
|33 |
[ 34]
A |8 | e 1B | E | F |6 | H [ Y S
1 |Fitting Polynomial of degree 2 .
12 | p(x)=a(0)+a(1)x+a(2)x"x :
| 2 [to the data by Least Squares .
L4
15| x(G) | i) poly(j) error | errorSq s
| 6 | -2 0 3 -3 9 .
| 7 | -1 1 1 0
s | 0 2 1 1 1 :
| 9| 1 1 3 -2 4 2
[ 10] 2 0 7 7 49 1
|11
| 12 [a(0)= 1 1.6571429 0.65714 63 o : 2 ; Y .
113 la(1)= 1 0 -1
| 14 |a(2)= 1 -0.428571 -1.4286
15

20



A [ B ] C [ D [ E

2sszlalel=|~oala[w v ]~ |

a

Fitting Polynomial of degree 2
p(x)=a(0)+a(1)x+a(2)x*x
to the data by Least Squares

X(j) 1(x(j)) poly(j) error errorSq
-2 0 -0.057143004 0.057143004 0.0033
-1 1 1.228571448 -0.228571448 0.0522
0 2 1.657142857 0.342857143 0.1176
1 1 1.228571225 -0.228571225 0.0522
2 0 -0.05714345 0.05714345 0.0033

a(0)= 1.66 1.657142857 -7.2476E-11 0.2286

a(1)= -0 0 1.11512E-07
a(2)= -0.4 -0.428571429 9.24087E-08

21

oy




The Solution of Ordinary Differential :dsalal) dlalisl) e alaall Ja
Equations

S el dgatal) Abealil Aataal) Ja

y'(x)zf(x,y(x)), y(x()):y()
33 gasall 5 yidl) o Jall aa ;-'1 s 5 [nitial Value Problem Uﬂ\ Al ey g

Euler’s Formula sl 4 (1

kl :f(x(/ayj)
h h
k2 =f(xj +§’y1 +§li
Yia :yj"‘hkz
Heun Method s 4% 31 (2
klzf(x(/ny_/)

2 2
k2 Zf(xj +§h’y1 +§hklj

1 3
Y=Y, +h(zk1 +Zk2j
Runge-Kutta Formula U sS-zi 5 4aua (3
ki =f (x 5 Y /)

1
f( +2hyj+ th

Kan
I

1
f(x +2h Y+ hkj
k4=f(x_/.+h,y]+hk3)

Vi = 2(k +2k, + 2k, +k,)

Al Ja sl
VY =x"+%, y(O):O

Jo.1] Bl 4
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A | E | C | D = G |
_1 |Euler's Formula b=
2| x() ()] k(1,j) k(2.j) n= 10
20 0 SA32+B32 S(AIHSGSA/2)Y2+BIH$GS4/2)'CIN2 x(0)= 0
4 |=A3+3G$4 =B34$G34'D3  =AAD4BA2 =(A4+H$GS42)I2+(BA+($GS4/2) CAY2 h=  =(G1-G3)G2
5 |=A4+3G$4 =B44$GS4' D4 =AB24BE2 =(ASH$GS4/2)P2+(BE+H$GS4/2) CEY2
6 |=A5+3G$4 =B5+$G$4'D5  =AB'2+BE2  =(ABH$G$4/2)2+(BE+$GS4/2) CEY2
7 |=A6+3G$4 =B6+$GS4'DE  =AT'24BT2  =(ATHSGSA2)P2+(BT+HEGS4/2) CTy2
8 |=A7+3G$4 =B74$G34'D7  =AB'24BE2  =(ABH$GS$4/2)2+(BB+H$G54/2) CEY2
9 |=AB+3G$4 =BB4$G34'DB  =AR4BO?  =(AGH$GHA/2)P2+BI+HEGS4/2) COy2
10 |=A9+3G$4 =BO+3GS4'DI  =A10°2+B10°2 =(A10+$GS4/2)"2+HB10-H$G$4/2)"C10)2
11 |=A10+3G54 =B10+$G$4°D10 =A1142+B112 =(A11+$GS42"2+HB11 H$GF4/2)7C1 112
12 |=A11+3G54 =B11+4$G54°D11 =A1292+B122 =(A12+{$GS4/2))"2+HB1 2H$G54/2)7C1 212
(12 |=A12+5GS4 =B12+$G$4°D12 =A13°2+B132 =(A13+$GS4/2))"2+HB13H$G$4/2)"C13)2
i
A | B | ¢ | b | E | F | 6 |
1
1 |Euler's Formula b= 1
2 () ¥ k(1,j) k(2.)) n= 10
3 0 0 0 0.0025 x(0)= 0
4 0.1 0.0003 0.01 0.0225 = 0.1
3] 0.2 0.0025 0.04 0.0625
3] 0.3 0.0088 0.0901 01227
7 04 0.021 01604 0.2033
3 05 00414 02517 03054
9 06 00719 03652 043086
10 0.7 0115 05032 05821
11 08 01732 067 0.7652
12 09 02497 08723 09885
13 1 0.3485 11215 1.2662
14
A | B [ € | 5} [ELF ] &
1 |Heun Method b= 1
2] x) ¥0) K(1,) K2)) x(0)= 0
30 0 SAS'2+B32 =(A3+2'$G$4)/3)2+(B3H2 $GS4'CINBYI2 n= 10
| 4 |=A3+$GS4 =B3+$GHAT(CIMA+3'D3M)  =AM2+BA?  =(AdHZ'$GHAN3V2+(BAH2 $GSA T2 h=  |=(G1-G2
| 5 |=A443G54 =BA+$G 4T (CAA+3'DHY)  =AS'2+BE2  =(ABH2'$GH4)/3)2+(BEH2 $GS4'CEEYI2
|6 |=A5+5GS4 =B5+$G$4*(C5/4+3'D5M)  =AB'2+BE'2  =(ABH2'$G$4)/3)2+(BEH2 $GS4'CEI3Y2
| 7 |=AB+5GS4 =B6+3GH4 (COMI'DEM)  =AT'2+4BTA2  =(A7+(2'$G54)/3)M+(B7+(2'5G54'CTH/AN2
| & |=A7+3G54 =B7+5G54°(C7/4+3'D7/M)  =AB2+B82  =(ABH2'$G54)/3)"2+(BBH2 SGS4°C8Y3)2
|9 |-AB+5GS4 =BB+$G4'(CBM4+3'DBM)  =AG'2+BO2  =(A9+H2'$G34)/3)2+(BIH2 $GS4'COY/3Y2
10 |=A9+$GS4 =BO+SGEA"(COM+3'DIM)  =A10°2+B10°2 =(A10+2°$G$4)/3)"2+(B10+(2°$G34°C10)/3)'2
l=A10+$G$4 =B10+$G$4*(C10/4+3*'D10/4) =A11°2+B1142 =(A11+(2*$G34)/3)*2+(B11+(2'$G$4*C11¥/3)"2
£=A11+$G$4 =B11+$G345(C11/4+3'D11/4) =A12"2+B12*2 =(A124+(2*$GSN)/3Y2+{B12+2'$G$47C12)/3)"2
£=A12+$G$4 =B12+$G$4°(C12M4+3'D12/) =A13"2+B13*2 =(A13H2'$G$4)/3)*2+HB13+2'$C54C13y/3)"2
4]
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A

B

Lo I B 0 B I [ Y S G S I

0
0

0
1

04

0
0
0
0
0

A

5
B
7
8
9

1

Heun Method
x(j) '

0.
2
3

¥({)
0

0.0003333
0.0026667
0.0090024
0.0213546
0.0417764
0.0724106
0.11565772
0.1739125
0.2505858
0.3496395

k(1.))

0.01

0.04
0.0901
0.1605
0.2517
0.3652
0.5034
0.6702
0.8728
1.1222

B

k(2.))
0.0044
0.0278
0.0711
0.1347
0.2188
0.3245
0.4538
0.61
0.7989
1.0298
1.3179

| [

[B]

0
=A3+§H$4
=A4+§HS4
=AB+§H$4
=AB+§HS4
=AT+§H$4
=AB+5HS4
=AQ+§H$4
=A10+5H3$4
=A1143H34
=A12+5H34

|2 @]~ oo o ]~ |

=1

[

w

=

()

Runge-Kutta Formula

0

¥

k(1.)
=A3"2+B3"2

=B3+5H$4*(C3+2'D3+2°E3+F3)/6 =A4"2+B4"2
=B4+3H$4"(C4+2* D442 E4+F4)/6 =A5"2+B5"2
=B5+5H$4*(C5+2'D5+2°EE+F5)/6 =AB"2+BE"2
=B6+3H$4*(C6+2'DE+2EB+FE)/6 =A7"2+B72
=B7+5H$4*(C7+2'D7+2'E7+F7)i6 =A8"2+B8"2
=B8+5H$4*(C8+2'D8+2*EB+FB)/6 =Ag"2+B9"2
=B9+5H$4*(C9+2'D9+2*E9+F9)/6 =A10"2+B10"2
=B10+$H$4*(C10+2°D10+2*E10+F10)/6 =A112+B112
=B11+$H$4(C114+2°D11+2'"E11+F11)/6  =A12"2+B12"2
=B12+5H$4*(C12+2°D12+2*E12+F12)/6 =A13"2+B13"2

E

F

k(2,])
=(A3+3HS4/2Y 2 +{B3+FHS4 CI2)A2
=(Ad+3H$4/2°2+(B4+5H$4" C4/2)"2
=(AG+3HS4/2Y 2 +{BE+FHS4 CE/2)A2
=(AB+$H$4/2)°2+(B6+5H$4" CB/2)"2
=(AT+3HS4/2Y 2 +{BT+3HSA CTI2)A2
=(AB+5H$4/2)2+(BB+5H$4" CBI2)"2
=(AQ+3HS4/2Y 2 +{BO+3HSA CO/2)A2
=(A10+$H$4/2)"2+(B10+5HF4°C10/2y°2
=(A11+5HS4/2)"24(B1 1+5HS4°C11/2)2
=(A12+$HF4/2)"2+(B12+5HF4°C 12722
=(A13+45HS4/2)"24(B1 3+5HS4*C13/2)2

| & | H

o o el e )

k(3.))

=(A3+$H$4/2)*2+(B3+$H$4* D3/2)"2
=(Ad+$H$4/2)*2+(B4+$HS4* D4/2)"2
=(AB+$H$4/2)"2+(B5+$H$4*D5/2)"2
=(AB+$H$4/2)*2+(B6+$HS4* D6/2)"2
=(A7+$H$4/2)*2+(B7+$H$4* D7/2)"2
=(AB+$H$4/2)"2+(BB+$HS4*D8/2)"2
=(A9+$H$4/2)*2+(BI+$H$4* D9/2)"2
=(A10+5H$4/2)"2+(B10+$H$47D10/2)*2
=(A11+$H$4/2)2+(B11+$H$4*D11/2)*2
=(A12+5H$4/2)"2+(B12+$H$4*D12/2)'2
=(A13+5H$4/2)"2+(B13+$H$47D13/2)"2

k(4.))

24

b= 1
x(0)= 0

=(A3+$H$4Y2+(B3+$H$4*E3)"2 n= 10
=(A4+$H$4Y2+(B4+$HS4*E4)2 h=  =(H1-H2)H3
=(AB+$H$4)2+(B5+$HS4 ES)2
=(AB+$H$4)2+(B6+$H$4*EB)2
=(A7+$H$4Y2+(B7+$H$4*E7Y2
=(AB+$H$4)"2-+(B8+$HS4 EB)2
=(AQ+$H$4)2+(BI+$H$4* EQ)2
=(A10+3H$4)"2+(B10+$H$4*E10)*2
=(A11+3H$4)"2+(B11+3H$4*E11)"2
=(A12+3H$4)"2+(B12+3H$4*E12)"2
=(A13+3H$4)"2+(B13+$HS4*E13)*2



1

0.350233742

1.122663674

1.267634078

25

1.273577737

1.438093656

A B | C D E F | ¢ | H |
_1 |Runge-Kutta Formula b= 1
(), y() k(1.)) k(2,)) k(3.)) k(4.)) x(0= 0
3| 0 0 0 0.0025 0.002500016 0.010000063 n= 10
4 0.1 0.000333335 0.010000111 0.022500694 0.022502127 0.040006675 h= 0.1
5| 0.2 0.002666875 0.040007112 0.062521783 0.062533558 0.090079571
6| 0.3 0.009003498 0.090081063 0.122682454 0.122729148 0.160452686
7| 04 0021359447 0.160456226 0.203363317 0.20349399 0.251739628
8| 05 0041791288 0.251746512 0.305457034 0.305756316 0.365236971
9| 06 0072448125 0.365248731 0430728406 0431333095 0503359068
10| 07 0.115660305 0.503377306 0.582332855 0.583460365 0670278207
11| 08 0.174081004 0.670304196 0.765596188 0.767597115 0872921065
12| 09 0.250907869 0.872954758 0.989263005 0.992722749 1122626133
13
14



: Monte Carlo Integration 5Saall Jalsi slay)

(S (e OIS alagY (1IS i ge A8y sl cansile sf) BlSLaall a2a0 (i g
b
1= f(x)dx
g saaally g yi

(b-a) <
I~
N ;f(x’)
/N a0 (e s Uadll 3aaae Lol die s HL8) (e Yy 4 i 45 yhay x jliialy elly
(S Sy JalSll A py e aaiegV g Lalad 3l gl 98
:JUe
;AU JalSill 7 dad Loae 38 Cl g
1 el
ﬂzj_lj_lf(x,y)dxdy

L x*+y* <1
f(x’y)_{o, otherwise
s
~iN L x*+y <1
ﬂ~N]Z=1:f(x,,y,), f(x’y)_{o, otherwise
A B C
L=|F{{{RAND{}}“EH{{RAND{}}“EF:1,‘1,0} =COUNT(AA) =SUM{AA)
2 =IF(((RANDQ()*2+((RAND())"2)==11,0) =(4/B1)y*C1
3 | =IF{{(RAND()*2)+({(RAND{))*2}==11.0)
A B C
1 1 25036 19657
2 1 3.14059754
3
: Al Jla

f(x)=[ Vrdr s

26



&) ghadl)
o g X, ~ U (0,4) Goms XX 500X, lpde 65 551

A 1 n 1 n
.f=;;f(x,~)=;;\/x_; a2

AL Jalsill i -3

jjf (x )dx z(b —a)xf
j:\/x_dx z(4—0)><f:4f

@Ml Uadl) s,

s [T=0 (x)

error (b —a)
n n ;.

1 QU Jasl Excel (e 4aia b

CA2-A1501 dad) (81500 N 1 e a8 ¥ ol s ST AT o -1

B1501 s il s =4*(RAND()) 4sall B2 8 Jaal 5 x K1 B 4 -2

. =SQRT(B2) dauall C2 i Jaais f(x) <X C1 -3

=AVERAGE(C:C) 42l D2 & Ja3) 5 fHat i8I D1 8 -4

=4¥D2 dapall E2 & Jai 5 Integration «iSI E1 8 -5

Ladll Caal s sl JalSHl) Caal -6

A | B | ¢ | b | E | F | 6 |
1 |n X fix) fHat Integration True Value |Error
2 1 2731632 1.652765 1.33264% 5330181 5.33333333 0.003152
3 2 066217 0.813738
1 lad
X E[O,l] Jadl e [ (x)= JalS5 aa i -1

l+x?

X €[0,1] Jad e £ (x) =vx +Vx daSsansl 2

fxy)=4-x7-p? 4 g

I 5o

[ (4 i g

27



) ghadl)
X ~U(O,%) sy (x1:J/1)a(xzay2)a-"a(xn»yn) 4l gle dadip A5 -]

cd el aeal Y, ~U(O,%) s

1 1

f :;Zf (xi’yi):;Z(él'_xiz_yiz) A.Aji'2
i=l1 i=l

AL Jalsill g -3

N

jj,[:df (x,y)dydx z(b —a)x(d —c)xf

..‘0%_[0%(4—x2—y2y]ydx z(%_ojx(%_ojxf:f_zf

AL Uadl) s,

—), fzziifz(xwyi)

1Sl Jaal Excel (e 4adia b

CA2-A1501 dad) 8 1500 N 1 o0 a8 Y Jadi s ST AT G3-1

B1501 s Wil s =(5/4)¥(RANDY()) daaall B2 (8 Jaal 5 x ST B 8-2
C1501 s il 5 =(5/4)*(RAND()) &l C2 4 Jadl sy €1 C1 8 -3
. =4-B2*B2-C2*C2 dapall D2 & Jaal5 fix) i8I D1 8 -4
=AVERAGE(D:D) 4sxall E2 & J33) 5 fHat <SIE] 8 -5
=(5/4)%(5/4)*D2 4l E2 & Jaai 5 Integration <8I E1 8 -6

Lasll Gl g sl QoS Caaf -7

A | B | ¢ | b | E | F | 6 [ H |
1 |n X v fix.y) fHat Integration TrueValue Error
2 1 0.59825| 0.100495| 3.631997 2958536 4622712 462293 0.000268
3 2 1.235862 0.640263 2.062707
HUTS o

x €[0,5/4],y €[0,5/4] daall e f (x,y ) =4/4—x2—y? culS1y.]

X,V,z =4—x’—yp?—z? caciion
Yy Yy )
h.JB

28



!

9/10

i)

4/5

!

(
(

1/10
Lj (4—x2 —y? —zz)dz )dy }lx
. 2.9634= 4gall Aol

J.Ajuf(xayazﬂfl)zs_xz_yz_zz

(J;(I;l/lo(S—x Poytoz? —uz)du )dz )dy ja’x

. 2.99663= 4aiall 4agl)

2
—U" Sy -3

9/10
J

T

: Al Jha

1

V27

o se saleS bl Jasl Excel (e daia b

ey

z €[4,0] g e f(2)= e Al Julsall sy

A | B | C | D | E [ F |
1 |n X fix) fHat TrueWalue Error
2 1 =4*RAND{)  =(1/SQRT(Z*PI))FEXP(-(B2*B2)2) =4*AVERAGE(C:C) 0.5 =E2-D2
;Gﬂ\_ﬂ\
A | B [ ¢ | D | E | F |
1 In X fix) fHat TrueValue Error
2 1) 2344258 0.02556 1 0.500305 0.5 -0.00031
3 2 0463453 0358318

Jadi e z ~ N (0,1) cun Pz <0) sa bl JalSl Akada

Sy Vi yia —4 1) —00 e JalSH oY AeVLS —4 Ly Z € (—00,0)
(4]
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iy ) A ) Jilews Ja (8 EXCEL SOLVER alaiiad

Agaanll 5 dglaal) Aoyl (& Jibss Ja] EXCEL SOLVER padiasi < gas Jocail) 2 b
A8, 580 aal jall Calitg (e de giie Jiliss o @lld (1 paiind g A8 jall 5 Ay il
sl

11 Jba

skl Ayl e U

iy dnl 12 Ge OsSHpon (B 7 5 S el (e (e 5 el JUilal ilall i 38 50
() deln 40 5 e e ) 1000 (o Zalidl o) gall Sl (e gald & 6 0
ds¥ g sl e llall Zalii) 4o s 700 go 238 latiall (5 ud e 48530 5 )8 LY
3 sall cilidlaie ey MU Jgaad) da 3 350 0o w Y e A g gl e STl g

oY ad
Product Profit per Plastic (Ib.) Production Time
Dozen per Dozen (min.) per Dozen
S $8 2 3
z $5 1 4

Max  8x, +5x,
St 2x,+ x, <1000
3x, +4x, <2400
x, + x, <700
x, — x, <350

xX,%x, 20

30



:EXCEL SOLVER 4dauw) g3 Jal)

Al bl Jaa

A | B C D | E | F |
1 S Z
2 \Dozen 0 0
3 Total Limit
4 |Profit 8 5 0
5 |Plastic 2 1 0 <= 1000
6 |[Prod. Time 3 4 0 <= 2400
7 | Total 1 1 0 <= 700
s |Mix 1 -1 0 <= 350

(AU Jaal D4 4l 3

=SUMPRODUCT($B$2:$C$2,B4:C4)
;=i D5:D8 WAl L) o

31

D4 ~ A& =SUMPRODUCT($B$2-5C52 B4-C4)
A | B | ¢ | ® | E | F |

1 S Z

2 Dozen 0 0

3 Total Limit

4 |Profit 8 5 0 |

5 |Plastic 2 1 0 <= 1000

5 |[Prod. Time 3 4 0 <= 2400

7 | Total 1 1 0 <= 700

s |Mix 1 -1 0 <= 350

guall JS5 A



o oo = o || ||k

S i

Dozen 0 0
Total Limits

Profit a b =SUMPRODUCT($B%2:5C52,B4:C4) <=
Plastic 2 1 =SUMPRODUCT($B52:3C%2,B5:C5) <= 1000
Prod.Time 3 4 =SUMPRODUCT($B%2:3C5%2 B6:CE) <= 2400
Total 1 1 =SUMPRODUCT($B%2-5C%2 BT-CT) <= 700
Mix 1 -1 =SUMPRODUCT($B%2:5C52, B8:C8) <= 350

Jmiwj\um\wezpﬁﬁu\gﬁy\cg

Tools | Data  Window Help Acrobat
v Speling... F7 L
\@5 Error Chedkng...

Speech L
Share Workboak. .. |
Track Changes 3

Protection 3 g

Euro Conversion...

Online Collaboration (|

Solver... |

sl Canle

Solver Parameters

Set Target Cell: ened| %, Solve |

Equal To: “Max Mn O vaueof: [0 Close
By Changing Cells:

[sBs2:6082 X Guess
Subject to the Constraints: Options

$D$5:D58 <= SFS5:5F58 | Add

2Ll yelaia thions gL L)
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Solver Options

Max Time: 100 seconds | 0K |
Iterations; 100 Cancel |
Precision: 0.000001 Load Model... |
Tolerance: 5 o Save Model.., |
Convergence: 0.0001 Help |
[+ Assume Linear Model | Use Automatic Scaling
v :Assume Mon-Megative: [ Show Iteration Results
Estimates Derivatives Search

{* Tangent {* Forward {* Mewton

™ Quadratic " Central " Conjugate

& OK hazl o5 Assume Non-Negative s Assume Linear Model i) (e U

i Solve
A | B | ¢ | B | E | F |
1 S Z
2 | Dozen 320 360
3 Total Limit
4 |Profit 8 5 4360 |
5 |Plastic 2 1 1000 <= 1000
6 |[Prod. Time 3 4 2400 <= 2400
7 | Total 1 1 680 <= 700
8 |Mix 1 -1 -40 <= 350

528 ﬁ Solver ¢l aie ;Z-BAM

Solver Results

Solver found a solution, All constraints and optimality
conditions are satisfied.

{* Keep Solver Solution

" Restore Qriginal Values

Ok | Cancel Save Scenario... | Help |
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(st s el Lasal aaa Claiin 2D elats Jullailly ia sall Reports s Al

Al B | C | D | E [ F |G|

Microsoft Excel 11.0 Answer Report

Worksheet: [Book1]Sheetl

Report Created: 9/17/2005 9:54:04 PM

Target Cell (Max)

Cell Name Original Value Final Value

$D%4 Profit Total 0 4360

Adjustable Cells

Cell Name Original Value Final Value
$B8%2 Dozen S 0 320
$C32 Dozen Z 0 360

Constraints

' M S| —| | ||| || k| —&|—=
-H—kcmm-qmm.p.wm_hgtﬂm-ﬂmm#—wm_u

Cell Name Cell Value Formula Status  Slack
3035 Plastic Total 1000 $D%5<=53F%5 Binding 0
$0%6 Prod. Time Total 2400 $D36<=5F%6 Binding 0
$D3%7 Total Total 680 $D57<=5F57 Mot Binding 20
3038 Mix Total -40 $D0%8<=3F%8 Mot Binding 390

danboad) Jaladl 4l
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Al B | C | D | E

1 |Microsoft Excel 10.0 Limits Report
2 Worksheet: [Book1]Limits Report 1
3 Report Created: 2/28/2003 8:42:28 PM

1 |Microsoft Excel 11.0 Sensitivity Report
2 \Worksheet: [Book1]Sheet1
3 |Report Created: 9/17/2005 9:54:04 PM
4
g
6 |Adjustable Cells
7 Final Reduced Objective Allowable Allowable
8 Cell Name Value Cost Coefficient Increase Decrease
g 3B8%2 Dozen S 320 0 8 2 425
10 $C32 Dozen Z 360 0 L 5 GEEERBRAT 1
11
12 [Constraints
13 Final Shadow Constraint Allowable Allowable
14 Cell Name Value Price R.H. Side Increase  Decrease
15 30%5 Plastic Total 1000 34 1000 100 400
16| $0%6 Prod. Time Total 2400 04 2400 100 B50
17| 307 Total Total 680 0 700 1E+30 20
18 3038 Mix Total -40 0 350 1E+30 390
G P
A B C D E F G H | J

Target
Cell Name Value
$D%4 Profit Total 4360
Adjustable Lower Target Upper Target
Cell Name Value Limit Result Limit Result
$B%2 Dozen Space Rays 320 0 1800 320 4360
$C%2 Dozen Zappers 360 0 2560 360 4360

AL A g o) e (3883 dpdadl) daa ull clin) 5o (e 3
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:2 Jbia

Adaill daell e AT Jl
: 3 s EXCEL SOLVER plasiuly
Minimize 0.6X,+0.5X,

ST 20X, +50X, >100
25X, +25X, >100
50X, +10X, >100

X,X,20
s
IS S8 dain e
D4 - H =SUMPRODUCT($B32:3CH2,B4:C4)
A | B [ ¢ [ b | E | F |
1 X1 X2
2 |DecisionVar 0 0
3 Total
4 |Objective 0.6 0.5 I 0 _l
5 [Const. 1 20 50 0 == 100
6 (Const. 2 25 25 0 == 100
7 |Const. 3 50 10 0 == 100
faall US55 el
A | B | ¢ | D | E | F
1 *1 x2
2 |DecisionVar 0 ]
3 Total
4 |Objective 0.6 0.5 =SUMPRODUCT(3B%2:3C3%2 B4:C4)
5 |Const. 1 20 50 =SUMPRODUCT($B%2:3C32 B5:Ch) == 100
6 |Const. 2 25 25 =SUMPRODUCT{$B%2:3C%2,B6:CB) == 100
7 |Const. 3 80 10 =SUMPRODUCT(3B%2:3C3%2 BT7-C7) = 100
8

: s laid 40U 3280l e dat 3 gall A8 e Solver HWid) 5 D4 4l ‘ﬁ i gl T
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Solver Parameters

Set Target Cell: S04 %%, Solve |

?:Zlh:gmg c;s:max o+ QE")SE
[sBs2:5082 ES| Guess

Subject to the Constraints:

Options

SDS5: 8057 == SF&h:SFs7

Solver Options

Max Time:
Iterations: 100
Predsion:

Tolerance:

Conyergence:

[v Assume Linear Model

[v Assume Mon-Megative

100 seconds

0.000001
5 %
0.0001

Estimates Derivatives Search
+ Tangent {* Forward (* Mewton
" Quadratic ™ Central ™ Conjugate

Cancel
Load Madel...
Save Model...

Help

[ Use Automatic Scaling
[ Show Iteration Results

37




D4 - f =SUMPRODUCT(3B32:3C52,B4:C4)
A | B | ¢ | b | E | F | G
X1 X2
DecisionVar 1.5 2.5
Total
Objective 0.6 0.5 I 2.15 _|
Const. 1 20 50 155 = 100
Const. 2 25 25 100 = 100
Const. 3 50 10 100

Solver Results

Solver found a solution. All constraints and optimality
conditions are satisfied.

() Keep Solver Solution
() Restore Original Values

= = = e e e A S EE R B Bl S L

[ QK ] [ Cancel ] [ Save SCenario... ] [ Help
A B C D E F G
1 |Microsoft Excel 10.0 Answer Report
2 Worksheet: [Book2]Sheet1
3 Report Created: 2/28/2003 9:21:11 PM
4
5
6 Target Cell (Min)
7 Cell Name Original Value Final Value
8 $D%4 Objective Total 0 2.15
9
10
11 Adjustable Cells
12 Cell Name Original Value Final Value
13 $B%2 Decision Var. X1 0 1.5
14 $C%2 Decision Var. X2 0 2.5
15
16
17 Constraints
18 Cell Name Cell Value Formula Status Slack
19 $D%5 Const. 1 Total 155 $D$5>=3F%5 Not Binding 55
20 $D%6 Const. 2 Total 100 $D$6>=%F$6 Binding 0
21 $D%7 Const. 3 Total 100 $D%7>=%F%7 Binding 0

38



A B cC D

2 Worksheet: [Book2]Sheet1

E

1 |Microsoft Excel 10.0 Sensitivity Report

3 Report Created: 2/28/2003 9:21:12 PM

1 |Microsoft Excel 10.0 Limits Report
2 Worksheet: [Book2]Limits Report 1
3 Report Created: 2/28/2003 9:21:12 PM

4

5

6 |Adjustable Cells

7 Final Reduced Objective Allowable Allowable

8 Cell Name Value Cost Coefficient Increase Decrease

9 $B%2 Decision Var. X1 1.5 0.6 1.9 0.1

10 $C%2 Decision Var. X2 25 0.5 0.1 0.38

11

12 |Constraints

13 Final Shadow Constraint Allowable Allowable

14 Cell Name Value Price R.H. Side Increase Decrease

15 $D%5 Const. 1 Total 155 100 55 1E+30

16 $D%$6 Const. 2 Total 100 0.019 100 150 23.91304348

17 $D%7 Const. 3 Total 100 0.0025 100 73.33333333 60
A B C D F G H | J

4
5

6 Target

7 Cell Name Value

8 $D%4 Objective Total 2.15

9

10

11 Adjustable Lower Target Upper Target
12 Cell Name Value Limit Result Limit Result
13 $B%2 Decision Var. X1 1.5 1.5 215 #N/A  #N/A
14 $C%2 Decision Var. X2 2.5 25 215 #N/A  #N/A

N g Jall (e (il ClUall @l S s s



Excel Solver plasiuly JUI Ja 3¢ pal

Minimize 18x1 + 22x2 + 10x3 + 12x4 + 10x5 + 9x6 + 4Ox7 + 16x8 + 50x9 + Tx,

subject to

90x, +110x, +100x, + 90x, + 75x_ + 35x,+ 65x, +100x, +120x, + 65x,, > 420

6x1+ 4x2+ 2x3+ 3x4+ x, + x, + xlOZS

2Ox1 + 48x2 + 12x3 + 8x4 +30x5 + 52x7 +250x8 + 3x9 + 26xlO > 400

3xl + 4x2 + S5x, + 6x4 + Tx,+ 2x6 + x, + 9x8 + x, + 3x10 > 20

Sx, + 2x2+ 3x3+ 4x +

y x, + 3x10 > 12
2x2 + 2x3 + 2x4 + 5x5 + 3x6 + 4x8 + x, < 20
270x5 + 8x6 + 12x8 < 30
x =2 0

40



Max. 12000X, +20000X,

St. 2X,+  6X,<27
X, 22
3X,+ X, <19

X,,X, 20 and integers

:3 Jua
Integer Programming 4sssaall 400el da il
AU da

A B
1 X1
2 |Decision V 0
3
4 | Objective 12000
5 |Const. 1 2
6 Const 2 0
7 |Const. 3 3

Solver Parameters

C D E F
X2
0
Total
20000 0

6 0 <= 27
1 0 >= 2

1 0 <= 19

Equal To:
By Changing Cells:

Set Target Cell: gDs4
f* Max © Min

Y Solve
" Value of: o

|sms2:ecs2

Subject to the Constraints:

E Guess

SB52:8CS2 =integer
§DS5 <= &FS5
8Dsh == 5F56
SDST <= §FS7

| Add
Change
J Delete

41



Solver Options @

Max Time: seconds [ |
Iterations: [ ]
Predision: [ Load Model... ]
[ |
[ ]

Ok

Cancel

Tolerance: :I %o Save Model...
Conyergence: 0.0001 Help
Assume Linear Model [+]iUse Automatic Scaling
Aszsume Mon-JNegative [ ] show Iteration Results
Estimates Derivatives Search

{(¥) Tangent {(*) Forward {(¥) Newton

() Quadratic ) Central i) Conjugate

90 caagdl Al Cua HlE HY) Ay BAY @by Use Automatic Scaling JLis) LYy
ALY A 50 (e sl g YV A 5o (e Q)

:Jal) =i
A B C D E F
1| X1 X2
2 |DecisionV 4 3
3 Total
4 Objective 12000 20000 108000
5 Const. 1 2 6 26 <= 27
6 Const. 2 0 1 3 >= 2
7 Const. 3 3 1 15 <= 19
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Al B cC D E F G
L Microsoft Excel 10.0 Answer Report

2 Worksheet: [Book2]Sheet1

3 Report Created: 2/28/2003 9:51:06 PM

4

5

8 Target Cell (Max)

7 Cell Name Original Value Final Value

8 $D%4 Objective Total 0 108000

9

10

11 |Adjustable Cells

12 Cell Name Original Value Final Value

13| $B$2 Decision Var. X1 0 4

14 | $C$2 Decision Var. X2 0 3

15

16

17 |Constraints

18 Cell Name Cell Value Formula Status  Slack
19  $D$5 Const. 1 Total 26 $D$5<=%F%5 Not Binding 1
20 | $D$6 Const. 2 Total 3 $D$6>=$F$6 Not Binding 1
21 $D$7 Const. 3 Total 15 $D$7<=$F$7 Not Binding 4
22 | $B$%$2 Decision Var. X1 4 $B%$2=integer Binding 0
23 | $C$2 Decision Var. X2 3 $C%2=integer Binding 0

b o g i)y (385 Aaaall Aa yall i) 5 (e 30 a0
R\ NP NP (S N YT

Minimize 8x,+10x, +7x; +6x, +11x, +9x,

Subject to
12x, + 9x, +25x, +20x, +17x, +13x, = 60

35x, +42x, +18x; +31x, + 56x, +49x, =150
37x, +53x, +28x; + 24x, +29x, +20x, =125

0<x,x,<1
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:4 Jtia

:(M..\}QM_:’\ ;sd\_"m
- - - . oy - P
aalll) A sl Jail) AlEa Ja
Warehoise
D1=1100
$1=1200
D2=400
$2=1000
D3=750
$3=800
D4=750

Al dpdadll daa yall S5 e LeIEs Al
Min(Total Shipping Cost)
St :
Amount shipped from each source < Supply at that source
Amount received at each destination = Demand at that destination
No negative shipments
S 7 =1,2,3,4 058l A i=1,2,3 ghaall (e 0l Sl Claa gl saad X G 1)
JA) e AKE)

Min 35X, +20X, +40X,; +32X, +37X, +40X,, +42X,, +25X,, +40X, +15X,, +20X,, +28X,,
St X+ X,+ X+ X, <1200
X+ X+ X+ X, <1000
Xy+ X, + X+ X, <800
X + X, + X, =1100
XIZ + X22 + X32 2400
X + X, + X, =750
X + Xy + X5, =750
X,; 20, foralliand j
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45

A B C D E F G
1 |Network Transportation Problem
2
3 |Solution
4 |Minimum Cost 0
5 Shipments (Cases)
6 P1 P2 P3 P4 Shipped
7 (W1 0
8 (w2 0
9 (W3 0
10
11 Received 0 0 0 0
12
13 |Input
14 P1 P2 P3 P4 Supply
15 ‘W1 35 30 40 32 1200
16 W2 37 40 42 25 1000
17 W3 40 15 20 28 800
18
19 Demand 1100 400 750 750
A B C D B F G
1 |Network Trans
2
3 | Solution
4 Minimum Cost =SUMPRODUCT(B7:ES,B15:E17)
5 Shipments (Cases)
6 P1 P2 P3 P4 Shipped
7 W1 850 350 0 0 =SUM(B7:E7)
8 ‘W2 250 0 0 750 =SUM(B8:E8)
9 W3 0 50 750 0 =3UM(BS:E9)
10
11 |Received =SUM(B7:B9) =SUM(C7:C9) =SUM(D7:D9) =SUM(E7:E9)
12
13 | Input
14 P1 P2 P3 P4 Supply
15 W1 35 30 40 32 1200
16 (W2 37 40 42 25 1000
17 (W3 40 15 20 28 800
18
19 |Demand 1100 400 750 750
20
Solver plaaiul



Solver Parameters

46

Set Target Cell: £Bs4 %%,
Equal To: " Max © Min " value of: |U
By Chanaing Cells: ﬂ
[sBs7:5E59 E| Guess
Subject to the Constraints: Options
SES11:5E511 = SB519:5E519 J Add
SGET: 5050 <= §G515:56517
Change
Q Reset Al
J Delete
Help
1055 dall
A B @ D E F G
1 |Network Transportation Problem
2
3 |Solution
4 |Minimum Cost 84000
5 Shipments (Cases)
6 P1 P2 P3 P4 Shipped
7 W1 850 350 0 0 1200
8 W2 250 0 0 750 1000
9 W3 0 50 750 0 800
10
11 |Received 1100 400 750 750
12
13 | Input
14 P1 P2 P3 P4 Supply
15 |WH1 35 30 40 32 1200
16 (W2 37 40 42 25 1000
17 |W3 40 15 20 28 800
18
19 |Demand 1100 400 750 750
s Al



A B C D | E F G |
1 [Microsoft Excel 10.0 Answer Report
2 Worksheet: [Book3]Sheet
3 Report Created: 2/28/2003 11:27:54 PM
4
5
6 Target Cell (Min)
7 Cell Name Original Value Final Value
8 $B%4  Minimum Cost 0 84000
2]
10
11 |Adjustable Cells
12 Cell Name Original Value Final Value
13 $B%7 W1 P1 0 B850
14 3C57 W1 P2 0 350
15 3D57 W1 P3 0 0
16 3ES7T W1 P4 0 0
17 36358 W2 P1 0 250
18 3C56 w2 P2 0 0
19 3D%8 W2 P3 0 0
20 FESE W2 P4 0 750
21 3639 W3 P1 0 0
22 3C50 W3 Pp2 0 50
23 3D%9 W3 P3 0 750
24 3E39 W3 P4 0 0
25
26
27 |Constraints
28 Cell Name Cell Value Formula Status  Slack
20 | $B3%11 Received P1 1100 5B%11=5B%19 Not Binding 0
30 | S$C%11 Received P2 400 $C%11=5C3%19 Not Binding 0
3 50%11 Received P3 750 $D%$11=3D%19 Mot Binding 0
32 | 3%E%11 Received P4 750 SE$11=%E%19 Not Binding 0
33 3G57 W1 Shipped 1200 $G37<=3%G%15 Binding 0
34 5G%8 W2 Shipped 1000 $G38<=3G%16 Binding 0
35 $G%9 W3 Shipped 800 3G59<=3G317 Binding 0

]
3
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A

B

C

D

E

1 |Microsoft Excel 10.0 Sensitivity Report
2 Worksheet: [Book3]Sheet1
3 |Report Created: 2/28/2003 11:27:54 PM

4
&
6 |Adjustable Cells
7 Final Reduced Objective Allowable Allowable
8 cell MName Value Cost Coefficient Increase Decrease
9 $BS7 W1 P1 850 0 35 2 5
10 $C87 W1 P2 350 0 30 5 17
11 $D37 WA P3 0 5 40 1E+30 5
12 SES7T W1 P4 0 9 32 1E+30 a
13 $B%6 W2 P1 250 0 37 5 2
14 $C38 W2 P2 0 8 40 1E+30 a8
15 5038 W2 P3 0 5 42 1E+30 5
16 $ESE W2 P4 730 0 25 9 1E+30
17 $B%9 W3 P1 0 20 40 1E+30 20
18 $C%9 W3 P2 50 0 15 17 5
19 $D%9 W3 P3 750 0 20 5 1E+30
20 $ES9 W3 P4 0 20 28 1E+30 20
21
22 |Constraints
23 Final Shadow Constraint Allowable Allowable
24 Cell Name Value Price R.H. Side Increase Decrease
25 $B6%11 Received P1 1100 a7 1100 0 250
26 3C5%11 Received P2 400 32 400 0 250
27 3$D%11 Received P3 750 a7 750 0 250
28 $E%11 Received P4 7480 25 780 0 750
29 $G%7 W1 Shipped 1200 -2 1200 250 0
30 $G%8 W2 Shipped 1000 0 1000 1E+30 0
31| $G$9 W3 Shipped 800 17 800 250 0
9
A B c D E F G | d
LMicrosoﬂ Excel 10.0 Limits Report
2 |Worksheet: [Book3]Limits Report 1
3 |Report Created: 2/28/2003 11:27:54 PM
4
5
6 Target
7 Cell Name Value
8 $B%4 Minimum Cost 84000
9
10
11 Adjustable Lower Target Upper Target
12 Cell Name Value Limit Result Limit Result
13 $B%7 W1 P1 850 850 84000 850 84000
14 $C3$7 W1 P2 350 350 84000 350 84000
15 $D3$7 W1 P3 0 0 84000 0 84000
16 $E$7 W1 P4 0 0 84000 0 84000
17 $B%8 W2 P1 250 250 84000 250 84000
18 $C3$8 W2 P2 0 0 84000 0 84000
19 $D%8 W2 P3 0 0 84000 0 84000
20 $E$8 W2 P4 750 750 84000 750 84000
21 $B%9 W3 P1 0 0 84000 0 84000
22 $C3$9 W3 P2 50 50 84000 50 84000
23 $D%9 W3 P3 750 750 84000 750 84000
24 $E$9 W3 P4 0 0 84000 0 84000
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:5 Jba
Transportation Problem Ji 4Séal A JUia

Ban gl ) e 558 S) e 3D 33 5k (g Amy )55l Al 5 (re g UY (pmias 4S5
Ll Conen AR 35l S50 ) aibaall (e JEil AEISS (S0 5 pileaal) qan (8 5 slasia

: A Jsaall 4
Distribution IDistribution Distribution Center 3
Center 1 Center 2
Plant A 4 6 4
Plant B 6 5 2

Ko dS8am 560 S8V e il ahian IS g sl DA g o) 85 e o5 Sl Ailee

Lol Ban 40 zlsy &) g8
il FAS5 (5 65 Casms g5 590 pe ) gieme O (e i 3 Clam gl 3 3038 ol
¢ Saila i
:dal)
(SIS i dadia e
A B C D E F G H
jA Distribution Problem
2
3 Distribution Distribution Distribution
4 Cost Center1 Center2 Center3
5 Plant A 4 6 4
6 Plant B 6 5 2
7
8
9 Shipment Distribution Distribution Distribution
10 QuantitiesCenter 1 Center2 Center3 Shipped Available
11 Quantities 40 20 0 60 <= 60
12 Plant B 0 20 40 60 <= 60
13 Shipped 40 40 40 cost = 460
14 >= >= =
15 Needed 40 40 40
doall JS4
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Cost
Plant A
Plant B

Shipment
Quantities
Quantities
Plant B
Shipped

Needed

Distribution
Center 1

4

6

Distribution
Center 1

=SUM(C11
s=

40

.C12)

D E F G H
Distribution Distribution
Center 2 Center 3
6 4
5 2
Distribution Distribution
Center 2 Center 3 Shipped Available
=SUM(C11:E11) <= 60

=SUM(C12:E12) <= 80

=SUM(D11:D12)
s=

40

=SUM(E11:E12)
s=

40

cost

=SUMPRODUCT(C5:E6,C11:E12)

1 NS =llll (e s SOLVER e

Solver Parameters

Set Target Cell: §HS13 Y
Equal To: " Max & Min { Valueof:

By Changing Cells:

o

|sce11:sE512

Subject to the Constraints:

E Guess

SCS13:5E513 »= SC515:5E515
SFS11:8FS512 <= sH511:5Hs12

Solver Options

Max Time: W seconds
Iterations: W

Predision: W
Tolerance: ’57 %
Convergence: W

[v Assume Linear Model

W

Estimates Derivatives
+ Tangent + Forward
™ Quadratic " Central

[ Use Automatic Scaling
™ Show Iteration Results

Cancel
Load Madel. ..
Save Model. ..

Help

Search
+ MNewton
" Conjugate

51
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A B C D E F
jA A Distri A Distribution Problem

2

3 Distribution Distribution Distribution
4 Cost Center1 Center2 Center3

5 Plant A 4 B 4
6 Plant B 6 5 2
7

8

9

Shipment Distribution Distribution Distribution
10 QuantitiesCenter 1 Center2 Center3 Shipped

11 Quantities 40 20 0 60 <=
12 Plant B 0 20 40 60 <=
13 Shipped 40 40 40 cost =
14 == == ==

15 Needed 40 40 40

52

Available
60
60
460

dall 8



A B C D E F G
1 Microsoft Excel 10.0 Answer Report
2 |Worksheet: [Book1]Sheet1
3 |Report Created: 7/6/2003 6:36:12 PM

4
5

6 Target Cell (Min)

7 Cell Name Original Value Final Value
8 $H$13 = Avaoclable 0 460
9

10

11 |Adjustable Cells
12 Cell Name Original Value Final Value

13 $C%11 Quantities Center 1 0 40
14 $D%11 Quantities Center 2 0 20
15 $E3$11 Quantities Center 3 0 0
16  $C%12 Plant B Center 1 0 0
17 $D%12 Plant B Center 2 0 20
18 $E3%12 Plant B Center 3 0 40
19
20
21 |Constraints
22 Cell Name Cell Value Formula Status Slack
23 $C%13 Shipped Center 1 40 $C$13>=$C%$15 Binding 0
24 $D%13 Shipped Center 2 40 $D%$13>=$D%$15 Binding 0
25 $E$13 Shipped Center 3 40 $E$13>=$E$15 Binding 0
26 $F$11 Quantities Shipped 60 $F$11<=$H$11 Binding 0
27 $F$12 Plant B Shipped 60 $F$12<=$H$12 Binding 0
2R

Anloal) 5 58
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A B C D E F G H
1 |Microsoft Excel 10.0 Sensitivity Report

2 |Worksheet: [Book1]Sheet1

3 Report Created: 7/6/2003 6:36:12 PM

4
5
6 Adjustable Cells
7 Final Reduced Objective Allowable Allowable
8 Cell Name Value Cost Coefficient Increase Decrease
9 $C%$11 Quantities Center 1 40 0 4 3 4
10 $D%11 Quantities Center 2 20 0 6 1 1
11 $E%$11 Quantities Center 3 0 1 4 1E+30 1
12 $C$%12 Plant B Center 1 0 3 6 1E+30 3
13 $D%12 Plant B Center 2 20 0 5 1 1
14 $E%$12 Plant B Center 3 40 0 2 1 3
15
16 Constraints
17 Final Shadow Constraint Allowable Allowable
18 Cell Name Value Price R.H. Side Increase Decrease
19 $C3$13 Shipped Center 1 40 4 40 0 40
20 $D3$13 Shipped Center 2 40 6 40 0 20
21 $E$13 Shipped Center 3 40 3 40 0 20
22 $F$%11 Quantities Shipped 60 0 60 1E+30 0
23 $F$12 Plant B Shipped 60 -1 60 20 0
24

Gl
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A B cC D |[E| F G H | J
L Microsoft Excel 10.0 Limits Report
2 Worksheet: [Book1]Limits Report 1
3 Report Created: 7/6/2003 6:36:12 PM

4
5

6 Target

7 Cell Name Value

8 $H$13 = Avaolable 460

9

10

11 Adjustable Lower Target Upper Target
12 Cell Name Value Limit Result Limit Result
13 $C3%$11 Quantities Center 1 40 40 460 40 460
14 $D%$11 Quantities Center 2 20 20 460 20 460
15 $E$11 Quantities Center 3 0 0 460 0 460
16 $C%$12 Plant B Center 1 0 0 460 0 460
17 $D%$12 Plant B Center 2 20 20 460 20 460
18 $E$12 Plant B Center 3 40 40 460 40 460

Al i g il (e GEall allall @ i 1 pal
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Assignment Problem (aa3ll) pavadill e Jba

Aaliie de siie dabins yie 200 Aibose (Blasd Cpualav 3aat Aalaw 3 58 (o saal) aad oy 5
sl ool 5 2 A5 (e 0585 (B ) ALl (g e 50 geamas pgie JS s Cpala Ay )Y
S ARl cliilie 8 (AL) agie IS 6ol Juadl (e il

Backstroke Breaststroke|Butterfly Freestyle
A 37.7 43.4 33.3 29.2
B 32.9 33.1 28.5 26.4
IC 33.8 42.2 38.9 29.6
D 37 34.7 30.4 28.5
E 35.4 41.8 33.6 31.1

Sae i g JB1 8 (Bland) Ailie adadl aalac 4 (e O 5Se (53 8 Jaabl 3paa ol

Jall
(U Sl dadia jea
A B | C | D [ E [ F | G | H ] |
| 1 |An Assignment Problem
2
13| Best Times Backstroke Breaststroke Butterfly Freestyle
| 4 | A 37.7 43.4 33.3 29.2
|5 | B 32.9 33.1 28.5 26.4
|6 | cC 33.8 42.2 38.9 296
| 7| D 37 34.7 30.4 28.5
|8 E 354 41.8 33.6 311
19
|10
|11 Assignment Backstroke Breaststroke Butterfly Freestyle
12| A 0 0 0 0 0 <= 1
13| B 0 0 0 0 0 <= 1
|14 c 0 0 0 0 0 <= 1
15| D 0 0 0 0 0 <= 1
|16 E 0 0 0 0 0 <= 1
|17 0 0 0 0 Time = | 0 _|
18 = = = =
19| 1 1 1 1
&\mﬂd&i

56



|19]1

0
113|0
114|0

0

0

 SUS Slld) (e s SOLVER

Solver Parameters

Set Target Cell: 81517 &,

Backstroke Breaststroke Butterfly Freestyle

37.7 43.4 33.3 29.2

32.9 33.1 28.5 26.4

33.8 422 38.9 206

37 34.7 30.4 28.5

35.4 41.8 336 311

Backstroke Breaststroke Butterfly Freestyle
0 0 0 =SUM(C12:F12) <= 1
0 0 0 =SUM(C13:F13) <=1
0 0 0 =SUM(C14:F14) <=1
0 0 0 =SUM(C15:F15) <= 1
0 0 0 =SUM(C16:F16) <= 1

| 17/=8UM(C12:C16) =SUM(D12:D16) =SUM(E12:E18) =SUM(F12:F186) Time = =SUMPRODUCT(C4:F8,C12:F16)

1 1 1

Equal To: " Max % Min " value of: |':'
By Changing Cells:

|sCs12:5F 515 EY Guess |

Subject to the Constraints:

SC$12:5F$16 = binary | Add
SC$17:5F$17 = SC§19:6F$19

$G512:5G516 <= SI§12:41516 Change |

Solver Options

Maix Time: 100 seconds | Ok I
Iterations: 100 Cancel |
Predision: 0,000001 Load Model... |
Tolerance: 5 Yo Save Model... |
Convergence: 0,0001 Help |
v Assume Linear Model [ Use Automatic Scaling
v {Assume Mon-hlegative: [ Show Iteration Results
Estimates Derivatives Search

{* Tangent {* Forward {* Mewton

™ Quadratic " Cenfral ™ Conjugate
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dall =i Solve e bl

A B C D F G I

1 |An Assignment Problem

2

3 Best Times Backstroke Breaststroke Butterfly |Freestyle

4 A 377 43.4 333 29.2

5 B 329 33.1 28.5 26.4

6 C 33.8 422 38.9 29.6

7 D 37 347 304 28.5

8 E 354 41.8 338 31.1

9

10

11 Assignment Backstroke Breaststroke Butterfly | Freestyle

12 A 0 0 0 1 1<= 1
13 B 0 0 1 0 1 <= 1
14 C 1 0 0 0 1<= 1
15 D 0 1 0 0 1<= 1
16 E 0 0 0 0 0 <= 1
|17 ] 1 1 1 1 Time = [126.2]
18 = = = =

19 1 1 1 1

dadl
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Al B C D E
| 1 |Microsoft Excel 10.0 Answer Report

2 Worksheet: [Book2]Sheet1

3 Report Created: 7/6/2003 8:13:19 PM

4

5

6 Target Cell (Min)

7 Cell Name Original Value _ Final Value
8 31317 = 0 126.2
9

10

11 |Adjustable Cells

12 Cell Name Original Value _ Final Value

13 $C%$12 A Backstroke
14 $D%12 A Breaststroke
15| $E$12 A Butterfly

16 $F$12 A Freestyle
17 $C%13 B Backstroke
18 $D%$13 B Breaststroke
19 | $E$13 B Butterfly

20 | $F$13 B Freestyle
21 $C%14 C Backstroke
22 $D%14 C Breaststroke
23| $E$14 C Butterfly

24 | $F$14 C Freestyle
25 $C%15 D Backstroke
26 $D%15 D Breaststroke
27 | $E$15 D Butterfly

28 | $F%15 D Freestyle
29 $C$16 E Backstroke
30 $D%16 E Breaststroke
31 $E$16 E Butterfly

32 $F316 E Freestyle

i) i g Al (e (GEal) llall @ iy 2 Al

O0000(0|0 000|000 (0000|000
OO0 00(0|—=00|00=0=200=0 00
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:7 Jbia
:Assignment Problem gared’ Jtc

iy I il il labie ) gaendl) o sh (pa J (503 ey Nl 52

Inspection Area
Assembly A B IC D E
Line
1 10 4 6 10 12
2 11 7 7 0 14
3 13 8 12 14 15
4 14 16 13 17 17
5 19 11 17 20 19

Oy B A pandll glalia ) LY Lo ghad (e adadll Lgy Jas 3 480 aaad g8 oo glladl)
Baal 5 pasd ddhid asl 5 mead bad Gacady Gf AasDl ae (Sas

A B cC D E F G H I J
1 Assembly Line Assignment
2
3 Assembly Inspection Area
4 Line A B C D E
5 1 10 4 6 10 12
6 2 11 7 7 9 14
7 3 13 8 12 14 15
8 4 14 16 13 17 17
9 5 19 11 17 20 19
10
11 Assembly Inspection Area
12 Line A B C D E
13 1 0 0 0 0 0 0 = 1
14 2 0 0 0 0 0 0 = 1
15 3 0 0 0 0 0 0 = 1
16 4 0 0 0 0 0 0 = 1
17 5 0 0 0 0 0 0 = 1
18 0 0 0 0 0
19 = = = = =
20 1 1 1 1 1
21

22| Mn= [0 ]
duall JG

60



NN alaaaalaaala

Inspection Area
A B C D E
10 4 6 10 12
11 7 7 9 14
13 8 12 14 15
14 16 13 17 17
19 11 17 20 19
Inspection Area
A B Cc D E
0 0 0 0 0 =SUM(C13:G13) = 1
0 0 0 0 0 =SUM(C14:G14) = |1
0 0 0 0 0 '=SUM(C15:G15) = |1
0 0 0 0 0 '=SUM(C16:G16) = 1
0 0 0 0 0 '=SUM(C17:G17) = 1

SUM(C13:C17)

SUM(D13:D17) SUM(E13:E17) =SUM(F13:F17) =SUM(G13:G17)

1 1 1 1 1

Min= =SUMPRODUCT(C5:G9,C13:G17)

1 IS =llll (e s SOLVER e

Solver Parameters

Set Target Cell: eps23| Sk, Solve

Equal To: T Max Mo T Valueof: [

Close
By Chanaging Cells:

[sC813:96517 E| Guess

Subject to the Constraints: Options
$C$13:3G8517 = binary | Add
SCS18:5G518 = 5520056520
§HE13:8HS17 = §1613:61517 Change

J Delete

Reset Al

Help

il
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Solver Options

Iterations: 100

[v Assume Linear Model
[v Assume Mon-egative

Max Time: seconds

Precision: 0.000001
Tolerance: 5 %
Convergence: 0.0001

QK

Cancel

Loa

d Model...

Saw

e Model...

Help

[ Use Automatic Scaling
[ Show Iteration Results

Estimates Derivatives Search
{* Tangent {* Forward {* Mewton
™ Quadratic ™ Central " Conjugate
Jall =i Solve (e baall g

A B C D E F G H J
1 |Assembly Line Assignment
2
3 Assembly Inspection Area
4 Line A B C D E
5 1 10 4 8 10 12
6 2 11 7 7 9 14
7 3 13 8 12 14 15
8 4 14 16 13 17 17
9 5 19 11 17 20 19
10
11 Assembly Inspection Area
12 Line A B C D E
13 1 0 0 1 0 0 1 = 1
14 2 0 0 0 1 0 1 = 1
15 3 0 0 0 0 1 1 = 1
16 4 1 0 0 0 0 1 = 1
17 5 0 1 0 0 0 1 = 1
18 1 1 1 1 1
19 = = = = =
20 1 1 1 1 1
21

122 Mn= [ 55 1
dall i
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Al B c D E

7 Cell Name Original Value Final Value

8 $D$22 Min= = 0 55
9

10

11 Adjustable Cells

12 Cell Name Original Value Final Value

13| $C$13 A 0 0
14 $D$13 B 0 0
15| $E$13 C 0 1
16| $F3$13 D 0 0
17 $G3H13 E 0 0
18 $C%14 A 0 0
19 $D$14 B 0 0
20 $ES14 C 0 0
21 $F$14 D 0 1
22| $G$14 E 0 0
23 $C%15 A 0 0
24 $D$15 B 0 0
25, $ES15 C 0 0
26 $F$15 D 0 0
27 | $G$15 E 0 1
28 $C3%16 A 0 1
29 3D$16 B 0 0
30 $ES18 C 0 0
31 $F$16 D 0 0
32 $G3H16 E 0 0
33| $C317 A 0 0
34 $D$17 B 0 1
35, $ES17 C 0 0
36, $F317 D 0 0
37 3$G$17 E 0 0

38
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:Shortest Path Problem (2 b il 4S5

Baic ) 12 aiall L) (Al i) 1 Baiall (pe iudll e yuus La sl Jiad Ll A2
el Jadl Adlia jeadl Gaaa o) all 5 (ke

QLIS Adad dae y JKG e 403w
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Min  599x,, +180x,; +497x, , +691x, ; +420x, ( +
432x;, +893x, , +345x, ( +440x, ( +554x,, +
432x, ¢ +621x,, +280x, 4 +500x,  +577xg, +
290x, o +268x,,, +116x,,,, +403x,,,, +314x,,,

ST x,+x;+x,=1

Xys T X6 =%, = 0
Xygt Xy, =X 5= 0
Xoo ~Xa~ X4 = 0
XsotXsg—Xy5 = 0
XegtXgog =Xy = Xy6—Xsg = 0
X8+ X750 =%, =0
XgotXg1g = Xgg ~Xg8 = 0
Xo1p = X5 = X5 ~Xgo =0
X001t Xi002 = X700 —Xg 10 = 0
X2 =X = 0
—Xo12 X012 " X2 = 0
All x,,'s=00rl

JusS) e dadia 6 M) Jaof

Al B

[ ¢ D

E |

oo oCocooooooooo

CcCoocooooooooo

Shortest Path Prol

|
blem

0 0 0 0 0 0 0 0 0 0 0 = 1

0 0 0 0 0 0 0 0 0 0 0 = 0

0 0 0 0 0 0 0 0 0 0 0 = 0

0 0 0 0 0 0 0 0 0 0 0 = 0

0 0 0 0 0 0 0 0 0 0 0 = 0

0 0 0 0 0 0 0 0 0 0 0 = 0

0 0 0 0 0 0 0 0 0 0 0 = 0

0 0 0 0 0 0 0 0 0 0 0 = 0

0 0 0 0 0 0 0 0 0 0 0 = 0

0 0 0 0 0 0 0 0 0 0 0 = 0

0 0 0 0 0 0 0 0 0 0 0 = 0

0 0 0 0 0 0 0 0 0 0 0 = -1
599 80 0 0 0 0 0 0 0 0

0 0 0 691 420 0 0 0 0 0 0

0 0 432 0 0 893 0 0 0 0 0

0 0 0 0 345 0 0 0 0 0 0

0 0 0 0 440 0 0 554 0 0 0

0 0 0 0 0 0 432 621 0 0 0

0 0 0 0 0 0 280 0 500 0 0

0 0 0 0 0 0 0 577 290 0 0

0 0 0 0 0 0 0 0 0 0 268

0 0 0 0 0 0 0 0 0 16 403

0 0 0 0 0 0 0 0 0 0 314

0 0 0 0 0 0 0 0 0 0 0

0

356l o e A gl
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L V| T T R V 1 Ilﬂ

|
==

Solver ) s~ 338l & Ul Jaal

Solver Parameters

setTaretcel:  [s052 (%
EualTo:  OMax @Mn  OvVaueof: [0 |
By Changing Cells:
=TT
Subject to the Constraints:
£B53:8M514 = hinary
Eﬁ :&ﬁﬁ 05450514 R
3 = . a
-Qelete
-
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Solver Options

x]

Max Time: seconds

Ok

Iterations:

Cancel

g [s

Save Model. ..

Convergence: 0.0001

Help

l
[
Predision: [ Load Model. ..
[
[

Assume Linear Model [ ] Use Automatic Scaling

Azsume MonJYegative [ ] show Iteration Results

Eztimates Derivatives Search

'@," Tangent {i} Forward '@,' Mewton

() Quadratic ) central ) Conjugate

Jdall =i
029 - A =SUMPRODUCT(B3:M14 B17:M28)
Al B | c[D[]E[FJ[e|H[I [J[]K[LI[M] | 3 [ P | a |

| 1 |Shortest Path Problem
2 X 1 2 3 4 5 6 7 8 9 10 11 12
EH 0 0 2E-16 1 0 0 0 0 0 0 0 0 q <= 1
4] 2 0 0 0 0 0 0 0 0 0 0 0 0 0 = 0
5| 3 0 0 0 0 0 0 2E-16 0 0 0 0 0 0 = 0
6| 4 0 0 0 0 0 1 0 0 0 0 0 0 0 = 0
70 5 0 0 0 0 0 0 0 0 0 0 0 0 0 = 0
8| 6 0 0 0 0 0 0 0 0 1 0 0 0 0 = 0
9| 7 0 0 0 0 0 0 0 0 0 2E-16 0 0 0 = 0
10| 8 0 0 0 0 0 0 0 0 0 0 0 0 0 = 0
1] 9 0 0 0 0 0 0 0 0 0 0 0 1 0 = 0
12| 10 0 0 0 0 0 0 0 0 0 0 0 2E-16 0 = 0
130 0 0 0 0 0 0 0 0 0 0 0 0 0 = 0
14 12 0 0 0 0 0 0 0 0 0 0 0 0 Bl = -1
15
|16 |x 1 2 3 4 5 6 7 8 9 10 11 12
| 0 599 180 497 0 0 0 0 0 0 0 0
18| 2 0 0 0 0 691 420 0 0 0 0 0 0
19| 3 0 0 0 432 0 0 893 0 0 0 0 0
20| 4 0 0 0 0 0 M5 0 0 0 0 0 0
B 0 0 0 0 0 440 0 0 554 0 0 0
2| 6 0 0 0 0 0 0 0 432 62 0 0 0
23] 7 0 0 0 0 0 0 0 280 0 500 0 0
24| 8 0 0 0 0 0 0 0 0 577 290 0 0
E3 0 0 0 0 0 0 0 0 0 0 0 268
26| 10 0 0 0 0 0 0 0 0 0 0 116 403
27| 0 0 0 0 0 0 0 0 0 0 0 31
28| 12 0 0 0 0 0 0 0 0 0 0 0 0
29 [ 1731

Microsoft Excel 11.0 Answer Report
Worksheet: [Shortest Path.xIs]Sheet1
Report Created: 11/24/2006 10:19:42 AM

Target Cell (Min)

Original
Cell Name Value Final Value

$0%$29 0 1731
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Adjustable Cells

Original
Cell Name Value Final Value

$BS$3 0

$C$3 0

$D$3 2.22045E-16

$E$3 1

$F$3

$G$3

$H$3

$1$3

$J$3

$K$3

$L$3

$M$3

$B%4

$C34

$D3$4

SE$4

$F$4

$G%4

$H$4

3194

$J%4

$K$4

$L$4

$M$4

$B%5

$C$5

$D$5

$ES$S

$F$5

$G$5

$HS$5 2.22045E-1

3185

$J$5

$K$5

3L$5

$M$5

$B%6

$C36

$D$6

$ES6

$F$6

$Gs$6

$H3$6

OO0 0O0O0O0O0O0O0O0O0OD0OD0D0OD0OD0O0OD OO 0000000000000 0O0OO|O|O|O|O
oo~ OOOjOOOO0O0O0O0ODOO|O|O|O|O|O|OOOO0OO0O0OOCO|O|O|O|O|O|O|O|O|O

3186
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$J%6

$K$6

$L$6

$M$6

$B%7

$C$7

$D$7

SES7

$F$7

$G$7

$H$7

3187

$J%7

$K$7

$L$7

$M$7

$B%8

$C$8

$D$8

$ES$8

$F$8

$G$8

$H$8

3188

$J%8

$K$8

$L$8

$M$8

$B%9

$C$9

$D$9

$ES$9

$F$9

$G$9

$H$9

$1$9

$J%9

$K$9 2.22045E-1

$L$9

$M$9

$B%10

$C$10

$D$10

$E$10

$F$10

$G$10

$H$10

OO0 OO 00O 0OD0OD0OD0OD0OD0O0OD0O0OD0O0OD0O0O0O0O0OD0O0OD0O0ODO0O0O0O0OO0O0O0O0O0O0O0O0O|OO|O|O |O
olooooooooooboooojojojojojojojoojoojo|rooooooojoojojojlojlojojojojoojooooo/o|jlo|jo|o|o|o|o

$1$10
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$J$10

$K$10

$L3$10

$M$10

$B3%11

$Cs11

$D$11

SE$11

$F$11

$GS$11

$H$11

31811

$J811

$K$11

$L$11

$M$11

$B%12

$C812

$D$12

$ES$12

$F$12

$G$12

$H$12

$1$12

$J$12

$K$12

$L$12

$M$12 2.22045E-1

$B%13

$C$13

$D$13

$E$13

$F$13

$G$13

$H$13

$1$13

$J813

$K$13

$L$13

$M$13

$B3%14

$C$14

$D$14

$E$14

$F$14

$G$14

$H$14

OO0 0O0O0O0O0O0O0O0O0OD0OD0OD0OD0O0O0OD0O0O0O0O0O0O0O0O0OD0O0OD0O0ODO0O0O0O0OO0O0O0O0O0O0O0O0O|OO|O|O|O
olojloooojojojojojoooooojojojojojoobboojooooooojoojojojo|m~noojojooooooocojo|jlo|jo|jo|o|o|o

31814
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$J$14 0 0
$K$14 0 0
$L$14 0 0
$M$14 0 0
Constraints
Cell Name Cell Value Formula Status  Slack
$0$3 1 $0$3<=$Q$3  Binding 0
Not
$0%4 0 $0$4=3Q%4 Binding 0
Not
$0%5 0 $0$5=$Q%5 Binding 0
Not
$0%6 0 $0$6=$Q%6 Binding 0
Not
$0%7 0 $0$7=$Q%7 Binding 0
Not
$0%8 0 $0$8=$Q%8 Binding 0
Not
$0%9 0 $0$9=$Q%9 Binding 0
Not
$0$10 0 $0$10=%$Q$10 Binding 0
Not
$0$11 0 $0$11=3Q$11 Binding 0
Not
$0%12 0 $0$12=3Q$12 Binding 0
Not
$0%$13 0 $0$13=3Q$13 Binding 0
Not
$0%14 -1 $0$14=$Q$%14 Binding 0
$B3$3 0 $B$3=binary  Binding 0
$C$3 0 $C$3=binary  Binding 0
$D$3 2.22045E-16 $D$3=binary  Binding 0
$ES$3 1 $E$3=binary  Binding 0
$F$3 0 $F$3=binary Binding 0
$G$3 0 $G$3=binary  Binding 0
$H$3 0 $H$3=binary  Binding 0
3183 0 $I$3=binary Binding 0
$J33 0 $J$3=binary Binding 0
$K$3 0 $K$3=binary  Binding 0
$L$3 0 $L$3=binary Binding 0
$M$3 0 $M$3=binary  Binding 0
$B%4 0 $B$4=binary  Binding 0
$C34 0 $C$4=binary  Binding 0
$D$4 0 $D$4=binary  Binding 0
$E$4 0 $E$4=binary  Binding 0
$F$4 0 $F$4=binary Binding 0
$G$4 0 $G$4=binary  Binding 0
$H$4 0 $H$4=binary  Binding 0
3194 0 $I$4=binary Binding 0
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$J%4 0 $J$4=binary Binding 0
$K$4 0 $K$4=binary  Binding 0
$L$4 0 S$L$4=binary Binding 0
$M$4 0 $M$4=binary  Binding 0
$B$5 0 $B$5=binary  Binding 0
$C3$5 0 $C$5=binary  Binding 0
$D3$5 0 $D$5=binary  Binding 0
$ES$5 0 $E$5=binary  Binding 0
$F$5 0 $F$5=binary Binding 0
$G$5 0 $G$5=binary  Binding 0
$H$5 2.22045E-16 $H$5=binary  Binding 0
$1$5 0 $I$5=binary Binding 0
$J35 0 $J$5=binary Binding 0
$K$5 0 $K$5=binary  Binding 0
$L$5 0 $L$5=binary Binding 0
$M3$5 0 $M$5=binary  Binding 0
$B$6 0 $B$6=binary Binding 0
$C36 0 $C$6=binary  Binding 0
$D$6 0 $D$6=binary  Binding 0
$E$6 0 $ES$6=binary Binding 0
$F36 0 $F$6=binary Binding 0
$G$6 1 $G$6=binary  Binding 0
$H3$6 0 $H$6=binary  Binding 0
3136 0 $I$6=binary Binding 0
$J36 0 $J$6=binary Binding 0
$K$6 0 $K$6=binary Binding 0
$L$6 0 $L$6=binary Binding 0
$M$6 0 $M$6=binary  Binding 0
$B$7 0 $B$7=binary  Binding 0
$C3$7 0 $C$7=binary  Binding 0
$D$7 0 $D$7=binary  Binding 0
$ES7 0 $E$7=binary  Binding 0
$F$7 0 $F$7=binary Binding 0
$G$7 0 $G$7=binary  Binding 0
$H$7 0 $H$7=binary  Binding 0
3187 0 $I$7=binary Binding 0
$J87 0 $J$7=binary Binding 0
$KS$7 0 $K$7=binary  Binding 0
$LS7 0 $L$7=binary Binding 0
$M$7 0 $M$7=binary  Binding 0
$B$8 0 $B$8=binary Binding 0
$C38 0 $C$8=binary  Binding 0
$D$8 0 $D$8=binary  Binding 0
$E$8 0 $E$8=binary Binding 0
$F38 0 $F$8=binary Binding 0
$G$8 0 $G$8=binary  Binding 0
$H$8 0 $H$8=binary  Binding 0
31$8 0 $I$8=binary Binding 0
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$J38 1 $J$8=binary Binding 0
$K$8 0 $K$8=binary Binding 0
$L$8 0 $L3$8=binary Binding 0
$M$8 0 $M$8=binary  Binding 0
$B$9 0 $B$9=binary  Binding 0
$C39 0 $C$9=binary  Binding 0
$D3%9 0 $D$9=binary  Binding 0
$ES$9 0 $E$9=binary  Binding 0
$F$9 0 $F$9=binary Binding 0
$G$9 0 $G$9=binary  Binding 0
$H3$9 0 $H$9=binary  Binding 0
$1$9 0 $I$9=binary Binding 0
$J%9 0 $J%$9=binary Binding 0
$K$9 2.22045E-16  $K$9=binary Binding 0
$L$9 0 $L$9=binary Binding 0
$M3$9 0 $M$9=binary  Binding 0
$B$10 0 $B$10=binary  Binding 0
$C$10 0 $C$10=binary  Binding 0
$D$10 0 $D$10=binary  Binding 0
$ES$10 0 $E$10=binary  Binding 0
$F3$10 0 $F$10=binary Binding 0
$G$10 0 $G$10=binary Binding 0
$H$10 0 $H$10=binary  Binding 0
$1$10 0 $I$10=binary  Binding 0
$J310 0 $J$10=binary  Binding 0
$K$10 0 $K$10=binary  Binding 0
$L$10 0 $L$10=binary  Binding 0
$M3$10 0 $M$10=binary Binding 0
$B$11 0 $B$11=binary  Binding 0
$C311 0 $C$11=binary Binding 0
$D$11 0 $D$11=binary Binding 0
$E$11 0 $E$11=binary Binding 0
$F$11 0 $F$11=binary  Binding 0
$G$11 0 $G$11=binary Binding 0
$H3$11 0 $H$11=binary Binding 0
$1$11 0 $I$11=binary  Binding 0
$J311 0 $J$11=binary  Binding 0
$K$11 0 $K$11=binary  Binding 0
$L$11 0 $L$11=binary  Binding 0
$M3$11 1 $M$11=binary Binding 0
$B$12 0 $B$12=binary  Binding 0
$C$12 0 $C$12=binary  Binding 0
$D$12 0 $D$12=binary  Binding 0
$ES$12 0 $E$12=binary  Binding 0
$F3$12 0 $F$12=binary  Binding 0
$G$12 0 $G$12=binary Binding 0
$H$12 0 $H$12=binary  Binding 0
$1$12 0 $I$12=binary  Binding 0
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$J$12 0 $J$12=binary  Binding 0
$K$12 0 $K$12=binary  Binding 0
$L$12 0 $L$12=binary  Binding 0
$M$12 2.22045E-16 $M$12=binary  Binding 0
$B$13 0 $B$13=binary  Binding 0
$C3$13 0 $C$13=binary Binding 0
$D$13 0 $D$13=binary  Binding 0
$E$13 0 $E$13=binary  Binding 0
$F3$13 0 $F$13=binary  Binding 0
$G$13 0 $G$13=binary Binding 0
$HS$13 0 $H$13=binary Binding 0
$1$13 0 $I$13=binary  Binding 0
$J$13 0 $J$13=binary  Binding 0
$K$13 0 $K$13=binary  Binding 0
$L$13 0 $L$13=binary  Binding 0
$M$13 0 $M$13=binary Binding 0
$B$14 0 $B$14=binary  Binding 0
$C3$14 0 $C$14=binary  Binding 0
$D$14 0 $D$14=binary  Binding 0
$E$14 0 $E$14=binary  Binding 0
$F314 0 $F$14=binary  Binding 0
$G$14 0 $G$14=binary Binding 0
$H$14 0 $H$14=binary  Binding 0
$1$14 0 $I$14=binary  Binding 0
$J314 0 $J$14=binary  Binding 0
$K$14 0 $K$14=binary  Binding 0
$L$14 0 $L$14=binary  Binding 0
$M3$14 0 $M$14=binary Binding 0
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Source

Tank

(A385/0) s\ 1000) i) A ary Ml J5aa))

TO
1 2 3 4 5 6 7
0 10 10 0 0 0 0
0 0 1 8 0 6 0
0 1 0 0 12 4 0
0 0 0 0 0 3 7
0 0 0 0 0 2 8
0 0 4 3 2 0 2
0 0 0 0 0 0 0
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Max  x, +x,
St
Xy3+ X+ %)= X, %,=0
X0 F X5+ X6 =X 53— X3 X5 =0
Xyt Xy =Xy =X 4=0
Xso X570 = X35 =X 5=0
Xo s Xgq T X5+ Xgq =Xy 6= X5 6= Xy~ X5 =0
X, <10
x5 <10
X3 =1
Xy, <8
X,6 <6
x5, <1
Xy 5 <12
%ﬁ§4
X6 <3
X,7 <7
X5 <2
X5, <8
Xe3 <4
Xeq <3
Xe5 <2
Xe7 <2

All x,,'s20

o) (e dadia & Jay
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[=SUMPRODUCT(B3:H9.B12.H18) |
Solver ) s~ 338U & Jull Jan

Solver Parameters

Set Target Cell: SC821 Solve
Equal To: (iMax  (mn (O vaueof: |0 -
= = = . Close
By Changing Cells: -
e %
Subject to the Constraints:

SI84:168 = SKS4iSKSB

SI$5:81824 <= $K$9:5K524

Options

Max Time: seconds [

Iterations: [

Predision: [ Load Model...
[
[

S TR ) T —.

Tolerance: |:| %o Save Model
Convergence: 0.0001 Help
Aszsume Linear Model [ ] use Automatic Scaling
Assume Mon-Megative [ ] show Iteration Results
Estimates Derivatives Search
{(*) Tangent {*) Forward (%) Mewton
() Quadratic () central ) Conjugate

Al Jall iy
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=SUMPRODUCT(B3:H9,B12:H18)

D

E | F

G

Microsoft Excel 11.0 Answer Report

G ——
A | B C
Maximal Flow Problem

Worksheet: [Maximal Flow.xls]Sheet1
Report Created: 11/24/2006 10:38:48 AM

Target Cell (Max)

Cell

Name

Original
Value

Final Value

$C$21

17

Adjustable Cells

Cell

Name

Original
Value

Final Value

$BS$3

$C$3

$D$3

$ES$3

$F$3

$G$3

$H$3

$B%4

$C34

$D$4

SE$4

$F$4

$G%4

oo o/oojojo|o|o|o|o
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$H$4

$B$5

$C$5

$D$5

$ES$S

$F$5

$G$5

$H$5

$B%6

$C36

$D$6

$ES$6

$F$6

$Gs$6

$H3$6

$B%7

$C$7

$D$7

$ES7

$F$7

$G$7

$H$7

$B%8

$C$8

$D$8

$ES$8

$F$8

$G$8

$H$8

$B%9

$C$9

$D$9

$ES$9

$F$9

$G$9

$H$9

OO0 00O0O0O0O0O00O0O0O0O00O0O0O OO0 OO0 OO0 0OO0|0O0Oj0OO0O|0O/O|O|O

O 0O0O0O0O0OONOO OO 0O 0O MO |O0O0O0OjONO 0O 0O OO 0O 0O O|©|O|O|O|O|O

Constraints

Cell Name Cell Value Formula Status Slack
Not

$1%4 0 9$I$4=3K3$4 Binding 0
Not

$1$5 0 $I$5=3K$5 Binding 0
Not

$1$6 0 $I$6=3K$6 Binding 0
Not

3187 0 S$I$7=%Ks$7 Binding 0

$1%$8 0 $I$8=5K$8 Not 0

30



Binding

3189

$1$9<=$K$9

Not
Binding

$1$10

$1$10<=$K$10

Not
Binding

31811

31$11<=$K$11

Not
Binding

$1$12

31$12<=$K$12

Not
Binding

$1$13

$1$13<=$K$13

Not
Binding

$1$14

$1$14<=3K$14

Not
Binding

$1$15

$1$15<=%K$15

Not
Binding

$1$16

$1$16<=%$K$16

Not
Binding

$1$17

$1$17<=%K$17

Not
Binding

$1$18

$1$18<=%$K$18

Binding

$1$19

$1$19<=%K$19

Not
Binding

$1$20

$1$20<=$K$20

Binding

$1$21

$1$21<=$K$21

Not
Binding

$1$22

$1$22<=%K$22

Not
Binding

$1$23

$1$23<=$K$23

Not
Binding

31924

$1$24<=$K$24

Binding
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SageMath daul gy Aalidal) Ayasml) g 4udadd) dga yul)

SageMath (peddiue Anull ALY aren (2 yricd Cagus

Max 8x, +5x,

St

1pl
% =
1pl.
1pl.
1pl.
1pl.
1pl.
1pl.
1pl.
1pl.
1pl.
1pl.
1pl.

2x,+ x, <1000

3x; +4x, <2400
x+ x, <700
X — x, =350

x.x, 20

= MixedIntegerlLinearProgram( maximization

lpl.new variable (nonnegative

set objective( 8*x[1] + 5*x[2])
<= 1000)
<= 2400)

2*x[1] + x[2]
3* x

add constraint
add constraint
add constraint
add constraint
show ()

solve ()

get values
get values
get values
polyhedron

o~~~ —

x[1]- [2]

(x)
(x[1
(x[2])
()

82

[1] + 4*x[2]
x[1] + x[2] <= 700 )
X

True)

<= 350

)
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: 2 Jha
Minimize 0.6X,+0.5X,

ST 20X, +50.X, >100
25X, +25X,>100
50X, +10X, >100

X, X,>0
1lp2 = MixedIntegerLinearProgram( maximization = False)
x = lpl.new variable (nonnegative = True)

lp2.set objective( 0.6*x[1] + 0.5*x[2])
lp2.add constraint (20*x[1] + 50*x[2] >= 100)
1p2.add constraint( 25* x[1] + 25*x[2] >= 100)
lp2.add constraint (50*x[1] + 10*x[2] >= 100 )
1p2.show ()

1p2.solve ()

lp2.get values (x)

1p2.polyhedron ()
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3 Jla

Max. 12000X, +20000.X,
St. 2X, + 6X, <27
X, =22
3X, + X, <19

X,,X, 20 and integers
1lp3 = MixedIntegerLinearProgram( maximization = True)
x = 1lp3.new variable (nonnegative = True, integer = True)
lp3.set objective( 12000*x[1] +20000*x[2])
1p3.add constraint (2*x[1] + 6*x[2] <= 27)
lp3.add constraint( x[2] >= 2)
1p3.add constraint (3*x[1] + x[2] <= 19 )
1p3.show ()
lp3.solve ()
lp3.get values (x)
1lp3.polyhedron ()

Ofe-0
: i
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4 Ja

Min 35X, +20X, +40X,; +32X, +37X, +40X,, +42X ; +25X,, +40X, +15X,, +20X,, +28X,,

St X+ X+ X+ X, <1200
X+ Xp,+ X+ X, <1000
X+ X+ X+ X, <800
X + Xy Xy =1100
X, + X, + X, =400
X5 + X, + X5 =750
X, + X, + X, =750
X, 20, foralliand j
lpnet = MixedIntegerLinearProgram( maximization = False)
x = lpnet.new variable (nonnegative = True)

lpnet.set objective(35*x[1,1] + 20*x[1,2] + 40*x[1,3] + 32*x[1,4]
+ 37*x[2,1] + 40*x[2,2] + 42*x[2,3] + 25*x[2,4] + 40*x[3,1] +
15*x[3,2] + 20*x[3,3] + 28*x[3,4])

lpnet.add constraint(x[1,1] + x[1,2] + x[1,3] + x| ] <= 1200)
lpnet.add constraint(x[2,1] + [2,2] + x[2,3] + x[2,4] <= 1000)
lpnet.add constraint(x[3,1] + x[3,2] + x[3,3] + x| ] <= 800)
lpnet.add constraint(x[1,1] + x[2,1] + x[3,1] == 1100)
lpnet.add constraint(x[1,2] + x[2,2] + x[3,2] == 400)

lpnet.add constraint(x[1,3] + x[2,3] + x[3,3] == 750)

lpnet.add constraint(x[1,4] + x[2,4] + x[3,4] == 750)
lpnet.solve()

lpnet.show ()

lpnet.get values (x)

Minimization:

35.0 x 0 + 20.0 x 1 + 40.0 x 2 + 32.0 x 3 + 37.0 x 4 + 40.0 x 5 +
42.0 x 6 + 25.0 x 7 + 40.0 x 8 + 15.0 x 9 + 20.0 x 10 + 28.0 x 11
Constraints:

x 0+ x 1+ x 2+ x 3 <=1200.0

x4+ x5+ x 6+ x 7 <=1000.0

x 8+ x 9+ x 10 + x 11 <= 800.0

1100.0 <= x 0+ x 4+ x 8 <=1100.0

400.0 <= x 1 + x 5 + x 9 <= 400.0

750.0 <= x 2 + x 6 + x 10 <= 750.0

750.0 <= x 3 + x 7+ x 11 <= 750.0
Variables:

x 0 is a continuous variable (min=0.0, max=+00)

x 1 is a continuous variable (min=0.0, max=+o00)

X 2 1s a continuous variable (min=0.0, max=+o00)

x 3 1s a continuous variable (min=0.0, max=+o00)

x 4 1s a continuous variable (min=0.0, max=+o00)

x 5 is a continuous variable (min=0.0, max=+00)

X 6 is a continuous variable (min=0.0, max=+00)

x 7 1s a continuous variable (min=0.0, max=+00)

x 8 1s a continuous variable (min=0.0, max=+o00)

x 9 is a continuous variable (min=0.0, max=+00)

x 10 is a continuous variable (min=0.0, max=+00)

x 11 is a continuous variable (min=0.0, max=+o00)

{(1, 1): 850.0,

(1, 2): 350.0,
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;5 Jhs
lpnet = MixedIntegerLinearProgram( maximization = False)
x = lpnet.new variable (nonnegative = True)
lpnet.set objective (4*x[1,1] + 6*x[1,2] + 6*x[2,1] +
5*x[2,2] + 4*x[3,1] + 2*x[3,2]
lpnet.add constraint (x[1,1]
lpnet.add constraint (x[2,
lpnet.add constraint (x[3,1
lpnet.add constraint (x[1,1
lpnet.add constraint (x[1,2
lpnet.show ()
lpnet.solve ()
lpnet.get values (x)

)

x[1,2] >= 40)

x[2,2] >= 40)

x[3,2] >= 40)

x[2,1] x[3,1] <= 60)
x[2,2]

+ 4+ + + +

1]
]
]
]

Minimization:
4.0 x 0+ 6.0x1+6.0x2+5.0x3+4.0x4+2.0x5
Constraints:
- x 0-x1<=-40.0
- X 2 - x 3 <= -40.0
- x4 - x5 <= -40.0
x 0+ x 2+ x4 <=560.0
x 1+ x 3+ x5<=560.0
Variables:
x 0 is a continuous variable (min=0.0, max=+00)
x 1 is a continuous variable (min=0.0, max=+00)
X 2 1s a continuous variable (min=0.0, max=+00)
x 3 is a continuous variable (min=0.0, max=+00)
x 4 is a continuous variable (min=0.0, max=+00)
x 5 1s a continuous variable (min=0.0, max=+00)
{(1, 1): 40.0,
(1, 2): 0.0,
(2, 1): 20.0,
(2, 2): 20.0,
(3, 1): 0.0,
(3, 2): 40.0}
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:6 Jlia

u;g~n$§3ﬁ§la
lpnet = MixedIntegerLinearProgram( maximization = False)
x = lpnet.new variable (nonnegative = True, binary = True)
lpnet.set objective(37.7*x[1,1] + 43.4*x[1,2] + 33.3*x[1,3] +
29.2*x[1,4] + 32.9*x[2,1] + 33.1*x[2,2] + 28.5*x[2,3] + 26.4*x[2,4] +
33.8*x[3,1] + 42.2*x[3,2] + 38.9*x[3,3] + 29.6*x[3,4] + 37.0*x[4,1] +
34.7*x[4,2] + 30.4*x[4,3] + 28.5*x[4,4] + 35.4*x[5,1] + 41.8*x[5,2] +
33.6*x[5,3] + 31.1*x[5,4])
lpnet.add constraint(x[1,1] + x[1,2] + x[1,3] + x[1,4] <= 1)
lpnet.add constraint(x[2,1] + x[2,2] + x[2,3] + x[2,4] <= 1)
lpnet.add constraint (x[3,1] + x[3,2] + x[3,3] + x[3,4] <= 1)
lpnet.add constraint (x[4,1] + x[4,2] + x[4,3] + x[4,4] <= 1)
lpnet.add constraint(x[1,1] + x[2,1] + x[3,1] + x[4,1] == 1)
lpnet.add constraint(x[1,2] + x[2,2] + x[3,2] + x[4,2] == 1)
lpnet.add constraint(x[1,3] + x[2,3] + x[3,3] + x[4,3] == 1)
lpnet.add constraint (x[1,4] + x[2,4] + x[3,4] + x[4,4] 1)
lpnet.solve ()
126.2
lpnet.show()
Minimization:

37.7 x 0+ 43.4 x 1 + 33.3 x 2 +29.2 x 3+ 32.9 x4+ 33.1 x5+
28.5 x 6 + 26.4 x 7 + 33.8 x 8+ 42.2 x 9+ 38.9 x 10 + 29.6 x 11 +
37.0 x 12 + 34.7 x 13 + 30.4 x 14 + 28.5 x 15 + 35.4 x 16 + 41.8 x 17 +
33.6 x 18 + 31.1 x 19
Constraints:

x 0+ x 1+ x2+x3<=1.0

x4+ x5+ x6+x7<=1.0

x 8+ x 9+ x 10+ x 11 <= 1.0

x 12 + x 13 + x 14 + x 15 <= 1.0

1.0<=x 0+ x4+ x8+ x 12 <=1.0

1.0 <=x 1+ x5+ x 9+ x 13 <=1.0

1.0 <=x 2+ x 6 +x 10 + x 14 <= 1.0

1.0 <=x 3+ x 7+ x 11 + x 15 <=1.0
Variables:

x 0 is a boolean variable (min=0.0, max=1.0)

x 1 is a boolean variable (min=0.0, max=1.0)

X 2 is a boolean variable (min=0.0, max=1.0)

x 3 1s a boolean variable (min=0.0, max=1.0)

x 4 is a boolean variable (min=0.0, max=1.0)

x 5 is a boolean variable (min=0.0, max=1.0)

X 6 1s a boolean variable (min=0.0, max=1.0)

x 7 is a boolean variable (min=0.0, max=1.0)

x 8 1s a boolean variable (min=0.0, max=1.0)

x 9 is a boolean variable (min=0.0, max=1.0)

x 10 is a boolean variable (min=0.0, max=1.0)

x 11 is a boolean variable (min=0.0, max=1.0)

x 12 is a boolean variable (min=0.0, max=1.0)

x 13 is a boolean variable (min=0.0, max=1.0)

x 14 is a boolean variable (min=0.0, max=1.0)

x 15 is a boolean variable (min=0.0, max=1.0)

x 16 is a boolean variable (min=0.0, max=1.0)

o0
o0



1.0)
1.0)
1.0)

max=

max
max

=0.0,
0.0,
0.0,

(min
(min
(min

x 17 i1is a boolean variable

x 18 is a boolean variable

% 19 is a boolean variable

lpnet.get values(x)
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7 Jlia

Ly=*.=53<Jtu
lpnet = MixedIntegerLinearProgram( maximization = False)
x = lpnet.new variable (nonnegative = True, binary = True)
lpnet.set objective (10*x[1,1] + 4*x[1,2] + 6*x[1,3] + 10*x[1,4] +
12*x[1,5] +11*x[2,1]1 + 7*x[2,2] + 7*x[2,3] + 9*x[2,4] + 14*x[2,5] +
13*x[3,1] + 8*x[3,2] + 12*x[3,3] + 14*x[3,4] + 15*x[3,5] + 14*x[4,1] +
lo*x[4,2] + 13*x[4,3] + 17*x[4,4] + 17*x[4,5] +19*x[5,1] + 11*x[5,2] +
17*x[5,3] + 20*x[5,4] + 19*x[5,5] )
lpnet = MixedIntegerLinearProgram( maximization = False)
x = lpnet.new variable (nonnegative = True, binary = True)
lpnet.set objective (10*x[1,1] + 4*x[1,2] + 6*x[1,3] + 10*x[1,4] +
12*x[1,5] +11*x[2,1] + 7*x[2,2] + 7*x[2,3] + 9*x[2,4] + 14*x[2,5] +
13*x[3,1] + 8*x[3,2] + 12*x[3,3] + 14*x[3,4] + 15*x[3,5] + 14*x[4,1] +
lo*x[4,2] + 13*x[4,3] + 17*x[4,4] + 17*x[4,5] +19*x[5,1] + 11*x[5,2] +
17*x[5,3] + 20*x[5,4] + 19*x[5,5] )
lpnet.add constraint(x[1,1] + x[1,2] + x[1,3] + x[1,4] + x[1,5] 1)
lpnet.add constraint(x[2,1] + x[2,2] + x[2,3] + x[2,4] + x[2,5] 1)
lpnet.add constraint (x[3,1] + x[3,2] + x[3,3] + x[3,4] + x[3,5] 1)
lpnet.add constraint (x[4,1] + x[4,2] + x[4,3] + x[4,4] + x[4,5] 1)
lpnet.add constraint(x[5,1] + x[5,2] + x[5,3] + x[5,4] + x[5,5] ==1)
lpnet.add constraint(x[1,1] + x[2,1] + x[3,1] + x[4,1] + x[5,1] 1)
lpnet.add constraint(x[1,2] + x[2,2] + x[3,2] + x[4,2] + x[5,2] 1)
lpnet.add constraint(x[1,3] + x[2,3] + x[3,3] + x[4,3] + x[5,3] 1)
lpnet.add constraint(x[1,4] + x[2,4] + x[3,4] + x[4,4] + x[5,4] ==1)
lpnet.add constraint(x[1,5] + x[2,5] + x[3,5] + x[4,5] + x[5,5] 1)
lpnet.solve ()
55.0
lpnet.show()
Minimization:

10.0 x 0 + 4.0 x 1 + 6.0 x 2+ 10.0 x 3 + 12.0 x4 + 11.0 x5+ 7.0
x 6+ 7.0x 7+ 9.0x8+ 14.0x 9+ 13.0 x 10 + 8.0 x 11 + 12.0 x 12 +
14.0 x 13 + 15.0 x 14 + 14.0 x 15 + 16.0 x 16 + 13.0 x 17 + 17.0 x 18 +
17.0 x 19 + 19.0 x 20 + 11.0 x 21 + 17.0 x 22 + 20.0 x 23 + 19.0 x 24
Constraints:

1.0<=x0+x1+x2+x3+x4<=1.0

1.0<=x5+x6+x7+x8+x9<=1.0

1.0 <= x 10 + x 11 + x 12 + x 13 + x 14 <= 1.0

1.0 <= x 15 + x 16 + x 17 + x 18 + x 19 <= 1.0

1.0 <= x 20 + x 21 + x 22 + x 23 + x 24 <= 1.0

1.0 <= x 0+ x5+ x 10 + x 15 + x 20 <= 1.0

1.0 <=x 1+ x 6 +x 11 + x 16 + x 21 <= 1.0

1.0 <=x 2+ x 7+ x 12 + x 17 + x 22 <= 1.0

1.0 <=x 3+ x84+ x 13+ x 18 + x 23 <=1.0

1.0 <=x 4+ x 9+ x 14+ x 19 + x 24 <=1.0
Variables:

x 0 is a boolean variable (min=0.0, max=1.0)

x 1 is a boolean variable (min=0.0, max=1.0)

x 2 1s a boolean variable (min=0.0, max=1.0)

X 3 1s a boolean variable (min=0.0, max=1.0)



cocooco oo
L A e A s s R s R e |
L
XXX X X X
@ @ © © © ©
£ §E E E E &
cocoocoo
oo oo oo
| [
o oo aaca
A A A A
E 86 EEEE
00O OO
A=A
Q.9 .9 Q9 Q9 Q9
@ © © © © ©
R T et A
SRR RV ¥
T © © © © ©
> > > > > >
a o G g gacg
@ © © © © ©
Q00O OO
e
00 00 0O
O 0 00 0 O
Q.0 .00 .09
@ @ © © © ©
n0nnnnon
A A A A e
4_5_6,7_8_9
XXX X X X

0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

max
max
max
max
max
max
max
max
max
max

0.0,
0.0,
0.0,
0.0,
0.0,
0.0,
0.0,
0.0,
0.0,
0.0,
0.0,
0.0,
0.0,
0.0,
0.0,

min
min
min
min
min
min
min
min
min
min
min
min
min
min
min

— e e e e

x 10 is a boolean variable

x 11 is a boolean variable

% 12 is a boolean variable

x 13 is a boolean variable

x 14 is a boolean variable

x 15 is a boolean variable

% 16 is a boolean variable

% 17 is a boolean variable

x 18 is a boolean variable

x 19 is a boolean variable

x 20 is a boolean variable

x 21 is a boolean variable

x 22 is a boolean variable

x 23 is a boolean variable

x 24 is a boolean variable

lpnetget values (x)

L N N N N N N

~

O O O O OO ODOOOOODIODODODODOOOOOoOoooo

OO 1O OO O0OO A OO OOOdAAO0O0O0OOo10O0oOo

AN SO AN AN SO AN SO AN S0
L N N N N N N N N N L N

~ ~
A A A A N NN ANANOOOOOO S S0 N W0 w0 w0
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Min 599x,, +180x,, +497x,, +691x, , +420x, , +

ST

432x,, +893x,, +345x, ( +440x, ( +554x,, +
432x, ¢ +621x, , +280x, ; +500x,  +577xg, +
290x, o +268x,,, +116x,,,, +403x,,, +314x,, |,
X+ X5 +x, =1

X5 +%,5—%,=0

X4+ X5, —x;=0

Xy =X 4%, =0

Xso+Xs9—Xy5=0

Xo g+ Xg0 =Xy = X4 Xs5 =0

Xpg + X500 = X5, =0

Xgo +Xg 10 = Xgg — X753 =0

Xo 1 =X 5 = Xg9 =X =0

Xio11 F X112 ~ X710 ~Xg 10 =0

X2 T Mo = 0

— X1 ~Xp0 10 ~ Xy, =0

All x,'s=0orl
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lpnet = MixedIntegerLinearProgram( maximization = False)
x = lpnet.new variable (nonnegative = True, binary = True)
lpnet.set objective (599*x[1,2] + 180*x[1,3] + 497*x[1,4]
420*x[2,6] + 432*x[3,4] + 893*x[3,7] +

345*x[4,6]
280*x[7,8]

+ 440*x[5,6]
+ 500*x[7,10]

+ 554*x[5,9] + 432*x[6,8]
+ 577*x[8,9] +

+ 621*x[6,9] +

+ 691*x[2,

5]

+

290*x[8,10] + 268*x[9,12] + 11l6*x[10,11] + 403*x[10,12] + 314*x([11,12])
lpnet.add constraint (x[1,2] + x[1,3] + x[1,4] == 1)
lpnet.add constraint(x[2,5] + x[2,6] - x[1,2] == 0)
lpnet.add constraint (x[3,4] + x[3,7] - x[1,3] 0)
lpnet.add constraint(x[4,6] - x[1,4] - x[3,4] 0)
lpnet.add constraint(x[5,6] + x[5,9] - x[2,5] = 0)
lpnet.add constraint (x[6,8] + x[6,9] - x[2,6] - x[4,6] - x[5,6] == 0)
lpnet.add constraint(x[7,8] + x[7,10] - x[3,7] == 0)
lpnet.add constraint(x[8,9] + x[8,10] - x[6,8] - x[7,8] == 0)
lpnet.add constraint(x[9,12] + x[9,5] - x[6,9] - x[8,9] == 0)
lpnet.add constraint(x[10,11] + x[10,12] - x[7,10] - x[8,10] ==
lpnet.add constraint(x[11,12] - x[10,11] == 0)
lpnet.add constraint(-x[9,12] - x[10,12] - x[11,12] == -1)
lpnet.solve ()
lpnet.get values (x)
{(1, 2): 0.0,

(1, 3): 0.0,

(1, 4): 1.0,

(2, 5): 0.0,

(2, 6): 0.0,

(3, 4): 0.0,

(3, 7): 0.0,

(4, 6): 1.0,

(5, 6): 0.0,

(5, 9): 0.0,

(6, 8): 0.0,

(6, 9): 1.0,

(7, 8): 0.0,

(7, 10): 0.0,

(8, 9): 0.0,

(8, 10): 0.0,

(9, 5): 0.0,

(9, 12): 1.0,

(10, 11): 0.0,

(10, 12): 0.0,

(11, 12): 0.0}
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.add _edge(1,2,599
.add edge(1,3,180
.add edge(1,4,497
.add _edge(2,5,691
.add edge(2,6,420
.add_edge (3,4,432
.add edge(3,7,893
.add_edge (4,6, 345
.add edge (5,060,440
.add edge(5,9,554
.add_edge (6,8,432
.add_edge (6,9,621
.add edge(7,8,280)
.add_edge (7,10,500)
.add edge(8,9,577)
.add edge(8,10,290)
.add_edge (9,12,268)
.add edge(10,11,116)
.add_edge (10,12,403)
.add_edge (11,12,314)
g.

= Graph(12)

)
)
)
)
)
)
)
)
)
)
)
)

show ()

Graph Theory ax ! 4 5k aladiuly Jal)

from sage.graphs.distances all pairs import

shortest path all pairs
shortest path all pairs(g)
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:

O J oy Uk W

9:

10:
11:
12:

1

2

O J oy U W

i
O er es e

:

O: None,
None,
None,
None,
None,
None,
None,
None,
None,
None,
None,
None,
None},
O: None,
None,
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12,
9},
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10: 8,

11: 10,
12: 9},
7: {0: None,
1: 3,

2: 1,

3: 7,

4: 3,

5: o6,

6: 8,

7: None,
8: 7,

9: 8,

10: 7,
11: 10,
12: 10},
8: {0: None,
1: 2,

2: 6,

3: 7,

4: 6,

5: 6,

6: 8,

7: 8,

8: None,
9: 8,

10: 8,
11: 10,
12: 9},
9: {0: None,
1: 2,

2: 5,

3: 4,

4: o,

5: 9,

6: 9,

7: 8,

8: 9,

9: None,
10: 8,

11: 12,
12: 9},
10: {0: None,
1: 3,

2: 6,

3: 7,

4: 3,

5: 6,

6: 8,

7: 10,

8: 10,

9: 8,

10: None,
11: 10,
12: 10},
11: {0: None,
1: 3,
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2: 6,

3: 7,

4: 3,

5: 9,

6: 8,

7: 10,
8: 10,
9: 12,
10: 11,
11: None,
12: 11},

12: {0: None,

1: 2,
2: 5,
3: 7,
4: 6,
5: 9,
6: 9,
7: 10,
8: 9,
9: 12,
10: 12,
11: 12,
12: None}}

[=;
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Max  x,, +x,
St

Xy3 Xy tX6 =X = X5, = 0

Xip tXys X6 =X 3 =Xy 5= X3 = 0

XyoF Xg7 =Xy = Xgy = 0

Xs ot Xs7—X55— Xgs = 0

XeytXguHXgs+Xs7 =Xy q—Xs 6= X 6~ X5 6=0

X, <10
x5 <10
X5 <1
Xy, <8
X, <6
x5, <1
Xy 5 <12
%ﬁs4
X6 <3
X,7 <7
X562
X5, <8
Xe3 <4
Xeq <3
Xos <2
Xe7 <2

All x,,'s20

lpnet = MixedIntegerLinearProgram( maximization

x = lpnet.new variable (nonnegative

lpnet.set objective(x[1, 2]
lpnet.add constraint(x[2, 3]
lpnet.add constraint (x[3,2]
x[6,3] == 0)

lpnet.add constraint (x[4,6]
lpnet.add constraint(x[5,6]

+ x[1,

+ x[
+ x[

3
2,
3,

= True)

1)

4] + x[2,06]
5] + x[3,6]
71 - x[2,4]
7] - x[3,5]

101
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lpnet
x[3,6

lpnet.
lpnet.
lpnet.

lpnet

lpnet.
lpnet.

lpnet

lpnet.
lpnet.
lpnet.
lpnet.

lpnet

lpnet.
lpnet.
lpnet.
lpnet.
lpnet.

17.0

lpnet
{ (1,

=
~ SN S N~ N~ 0~

~

~ SN SN N 0~ 0~

DA OO OO U Ol W wwdDNDN
~

~

4

.add_constraint (x
] - x[4,6] - x[5
add constraint(
add constraint(
add _constraint (
.add_constraint (
add _constraint (
add constraint(
.add constraint (
(
(
(
(
(
(
(
(
(

6
]
1,
1,
2,
2,
2,
3,
3,
add constraint 3,
add constraint 4
add constraint 4
add constraint 5
.add constraint 5
6
6
6
6

’
’
’
’
add constraint
add constraint
add constraint
add constraint
solve ()

4
’

’

[
6
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

SOk wJdJoJdooUa N WWN W
AR U S S S A |

7
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

4

.get values (x)
2): 7.0,
3): 10.0,
3): 0.0,
4y: 7.0,
6): 0.0,
2): 0.0,
5): 8.0,
o): 2.0,
o): 0.0,
7): 7.0,
6): 0.0,
7): 8.0,
3): 0.0,
4): 0.0,
5): 0.0,
7): 2.0}

w

NN W 00N
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La Al g dahadd) daca ) Jad cvxopt Aisa
Solving a linear and quadratic programs with cvxopt

:LP Aubdl) daa ) Yl

cvxopt.solvers.lp(c, G, h|, A, b|, solver|, primalstart|, dualstart]|]])

primal and dual linear AW 5 it Y ol zali pal) Jad
programs
minimize ¢ x

subjectto Gx+s=h
s>0

maximize —h'z-b"y
subjectto G'z+ A" y+c=0
z>0.
DAl @l e x s
LJJ@J\ adla e:\ﬁ C
Slak 3.)3‘&3\ &LI‘):\AJ\AS\ S 3 JJ:\SM :\AJM.A G
35l ) Gyl B
Sa¥l Cashall b g3l gusall 3508 48 ginn A
s Jlia
solve the LP

minimize —4x, —5x,
subjectto  2x, +x, <3
x, +2x,<3

x, 20, x,=0.
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>>> import cvxopt

>>> from cvxopt import matrix, solvers

>>> ¢ = matrix([-4., =5.])

>>> G = matrix([[2., 1., -1., O.], [1., 2., 0., =1.11)
>>> h = matrix([3., 3., 0., 0.1])
>>> sol = solvers.lp(c, G, h)
>>> print(sol['x'])

[ 1.00e+00]

[ 1.00e+00]

Quadratic Programming 4w yil) 4ol ; Ll

cvxopt.solvers.qp(P, q[, G, h[, A, b|, solver|, initvals]]]])
A 5 ng ) el )
minimize (1/2)x" Px+q'x

subjectto Gx<h
Ax=b

and

maximize —(1/2)(q+G z+A4" y)' P (q+G z+ A" y)-h'z-b"y
subjectto g+G'z+ A"y e range(P)

z>0.
1l
term Al el all Ja
minimize 2x7 + X + XX, + X, + X,
subjectto x, =0
x,20
x, +x,=1
Sl e s
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minimize (1/2)x" Px+q'x
subjectto Gx<h
Ax=>b

minimize (x, xz)ﬁ'(s) ?‘ﬂ(j)+(1.o 1.0)(3
: : 2 2

st

BN

(1.0 1.0)(’“):(1.0)

X

2.0 0.5 10
P= ,g=(1.0 1.0) ,G=
0.5 1.0 0 -1

h:(g] A=(10 1.0) .b=(1L0)

>>> import cvxopt
>>> from cvxopt import matrix, solvers

>>> P = 2%*matrix ([ [2, .51, [.5, 11 1)
>>> g = matrix ([1.0, 1.0])

>>> G = matrix([[-1.0,0.0],[0.0,=-1.011])
>>> h = matrix([0.0,0.07)

>>> A = matrix([1.0, 1.0], (1,2))

>>> b = matrix(1.0)

>>> sol=solvers.gp(Q, p, G, h, A, Db)
>>> print(sol['x'])

[ 2.50e-01]

[ 7.50e-01]
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Sl Juadll

LINGO Afiad dpaly ) daa pl 4 1) datia

(8 A a8 ALY anding (3l ) QUL A2l 03 8 8 jia jribunt (o g

A4202e) B 38 () yae JSI lad) wdaty 0y yidie 8 i ) Jlie 6 ASLLY) adaill AS )5 elliad
G o Y Gl al sy IS ) WS Ly lat eV (Aulaiind)

JE a3 A8 () S5 im0 903 IS (0 3 IS (g i A il aae 40a3 A L3N oy
(el

A Jiay ) Ja

Cagm s ) adijlee 48 () (5252 138 5 0505 (5 Ol b () 53 S 0 BaaDU LS

War

Ven
1

QO ~J oy U W N

AIDA Al yall Aaadl laie Jiial) Gl 8Y1 038 (e 2al g S yuriia zliag

sibibal)

30l UL Ll

Al i) 5 ol e il -]

ehouse Widgets On Hand

1 60
55
51
43

41
52

oY U1 W N

ol Qlla clily -2
dor Widget Demand
35
37
22
32
41
32
43
38
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adadll et Call<s 3

Vi V2 V3 V4 V5 V6 V7 V8
WH1 6 2 6 7 4 2 5 9
WH2 4 9 5 3 8 5 8 2
WH3 5 2 1 9 7 4 3 3
WH4 7 6 7 3 9 2 7 1
WH5 2 3 9 5 7 2 6 5
WH6 5 5 2 2 8 1 4 3

: The Objective Function il 413

il aadiain gl g el A8SH RS (o gllaall gl Al ol o (b gus 3 saill oS
e I Caaglh Alla gla gl 5§ sl (i 0ol e s () adadl) e Sy (S (4, )
- Ja)

Minimize

6x(1,1)+2x(1,2)+6x(1,3)+7x(1,4) +4x(1,5)+2x(1,6) +5x(1,7) +9x(1.8) +
4x(2,1) +9x(2,2) +5x(2,3)+ 3x(2,4)+ 8x(2,5)+ 5x(2.6)+ 8x(2,7)+ 2x(2,8) +
5x(3.1)+2x(3,2) +x(3,3) +9x(3.4) + 7x(3,5) + 4x(3.6) + 3x(3,7) +3x(3.8) +
7x(4,1) + 6x(4,2) + 7x(4,3)+ 3x(4,4)+ 9x(4,5)+ 2x(4.6)+ 7x(4,7) + x(4,8)+
2x(5,1) +3x(5, 2) + 9x(5,3) + 5x(5, 4)+ 7x(5,5) + 2x(5, 6)+ 6x(5, 7) + 5x(5,8) +
5x(6,1) + 5x(6, 2)+ 2x(6,3) + 2x(6,4) +8x(6,5)+ x(6,6)+ 4x(6,7)+ 3x(6,8)

OIS o) 60 o oS L5 8 g () 6 ah ellh g laa Baiaa Caagll Al (la aalis LS
zali 3 4 Arpall s2a dﬁAd\A&ﬁ\QiLAS?QEL})’S\QA&.}‘}”JOJM\Q\%A@Q\J&QU&J&
AUl Ay 5 Aral) (G e Leana g S Al daal)

Mimize Z(): Zglcyx(i,j)

-1 j=1
3 03 ) 1 O e Baal sl Axkadl) (Al A ¢ Cua
pedll s LSl Jgu paitie J< Caagll s Jiialy e LINGO 4aaill A (8 il
. S

MIN = @SUM(LINKS(I,J): COST(I,J)*VOLUME (I,Jd));
AlSS cost (1,0) 95 UM i 0ol (e i Al adadll aae Jiay vorume (1, 9) Sus
Lnks (1, 0) bl sl IS (Ao s aaadl 55 050 () 1 003 e Baal ) Aadadl) (il
LINGO 4al 5 4paly )l dapall (g 45 e U Jsaall Legin
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Math Notation LINGO Syntax

Minimize MIN =
6 8 @SUM(LINKS (I, J) : )
Z/:l z./&l
COST(I,J
<y D)
.. VOLUME (I,J
x(l, ]) (1, J)

:Constraints 2 281

258l de gana CJ)A.\” Constraints 2 58l 4&lua 40Ul U glad Cargd) 1ol Liie Lua aan
Gl 358 3 g8l 038 e i gan s Lgalla ) adadl) sl (5 505 JS a2 Gana I 5Y)
Capacity 4zl 258 Lepans ) 9 40U 3 gl de gane Demand Constraints

ASTiay (Al Hlaall e 2 35 () ae (e adad el p2e Jenad Constraints

4 she Lelan 5 0l maan (o ilindl) S pan ) ZUias Lils J Y1 () 5030 callall sy Ty
sl dadad 35 J Y 52 alkal

x(L1)+x(2.1)+x(3,1)+x(4.1)+x(5.1)+x(6.1) =35

Ol Al 138a
x(1,2)+x(2,2)+x(3,2)+x(4,2)+x(5,2)+x(6,2) =37
x(1,3)+x(2,3)+x(3,3)+x(4,3)+x(5,3)+x(6,3) =22
x(1,4)+x(2,4)+x(3,4)+x(4,4)+x(5,4)+x(6,4) =32
x(l,S)+x(2,5)+x(3,5)+x(4,5)+x(5,5)+x(6,5) =41
x(1,6)+x(2,6)+x(3,6)+x(4,6)+x(5,6)+x(6,6) =32
x(L7)+x(2,7)+x(3.7)+x(4.7)+x(5.7) +x(6,7) = 43
x(1,8)+x(2,8)+x(3,8)+x(4,8)+x(5,8)+x(6,8) =38

1 AUS Aas Ay ) Ay oSS lhal) 258

6
> x(inj)=d,, j=12,..8

3 030 Oe dslhaall ahadll axe g s
Gl 358 SSSTINGO Aadaill 43l

@FOR (VENDORS (J) :
@SUM (WAREHOUSES (I): VOLUME (I, J)) = DEMAND(J));

O de gane Jiad O (Say ) Ailad) 258 Ao gane Jiai LINGO dadaill 42y 3 5Ll 020

& s (b vENDORS O JS1 A e g AL B el (L) ¢ 3ael) ey (20 31 YT
s O g 053l @l N warerOUSES O ¥ IS (e voLUME (A ST adadll

S Jgaall dusaly ) sl aa b jliall 038 40LiS (500 JaaY G 9 31 @b pryanp allal
legiar 45 Jlae hany
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Math Notation LINGO Syntax

j=12,..8 @FOR (VENDORS (J) : )
Zé @SUM (WAREHOUSES (I): )
i=1
7 VOLUME (I,
x(,,J) OLUME (I, J)
d DEMAND (J)

J

ol ) Aray K5 )5 daaad) 2 58 GY) el i g
8

> x(i.j)<p,.i=12,..,6

=
(Q\AA\JLSUAZ\LWM@@QJ\M\D& U\L;Y)ju)ad\lu&ghpj dua
danll 258 IS LINGO 4sdaill daly g

@FOR( WAREHOUSES( I):
@SUM( VENDORS( J): VOLUME( I, J)) <= CAPACITY( I));

3 Gy venpors (LU vorume 4 sadall gkl & sese Gl warEHOUSES 3 JS) (6
O @l capactry daw e
: QU LINGO 4adaill 43l SLlS 23 gail) (i5S5 ()Y)
MODEL:
MIN = @SUM( LINKS( I, J):
COST( I, J) * VOLUME( I, J));
@FOR ( VENDORS ( J) :
@SUM( WAREHOUSES( I): VOLUME( I, J)) = DEMAND( J));

@FOR( WAREHOUSES( I):
@SUM( VENDORS( J): VOLUME( I, J)) <= CAPACITY( I));

END

Model: WIDGETS 1 ocuil
ULl aud 5 Sets Section Sle ganall andy can Lagd UL o y2d ) g 73 sl JLSY
(SIS Juasills Lea 35 ) 5 Data Section

1Cle sanall iy o

leary Ae L ) oLz e S0 5l Ao gane (W63 Liila dalaal) sliall 8 Aadailly Liald die
e e o 3 Gl 13 I Bl o pall ¢ il ) ¢ aileanl) ¢ i3l e plandl
Oe oo ol 138 Ao senall 8 0 AV elae V) e alailly (Gaday 2l 138 (8 4o gandll

& Aol i) e LEY) e e gana iy e 308 ey 3 LINGO A3l ) byl
) e ganall aud
(i s B3 ke sl i sigeTs (o A Keyword ossY) el oy cile send) and
LINGO (l 4 sanall sliac Ciy pad a3 3 jiie jlans e Loadl mnpsers odbal) 4l andll
o ki Al g (eror Jis ) Set Looping Functions 3 sall J) g3 (4 4 gena clliay
Aaid Baal 93 e aldiulde ganall sliae) aan Ao Gililaall

1 Gle gana A3D (<5 Ll Lild Lad gai Alls B

Warehouses )il -1
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Vendors iV -2
Shipping Arcs 0523 S Y 03 IS e Gl Gl # 5l CBla 5523
: SIS e ganall s34 i a3 LINGO dadedll 42l g

SETS:

WAREHOUSES / WH1 WH2 WH3 WH4 WH5 WH6/: CAPACITY;
VENDORS / V1 V2 V3 V4 V5 Ve V7 V8/ : DEMAND;
LINKS ( WAREHOUSES, VENDORS): COST, VOLUME;

ENDSETS

WH1, AR llae | yarEROUSES 4o ganall () Jsi sETs (ubaY) Al aay JgY) Sladl
L de gana B pay U plaull | capacTTy (oo Attribute dda A Wi JSwnz, ., wHe
553 de senall | pEmanD dball lgte aal s IS A5 y1, vz, ., ve Wdbaed Al s vENDORS
L 4l yorume 5 cosT Clia Ld dlia o8 S (adidad o) dlia 6348 Jidd 11Nk Blasall
g 58 L) qaladl 5 338 A ganall o Syntax s sil) a8 CaMERY) Y

e Jaaiid 1, 7iks de gene O LINGO i Wil 1 1yks ( WAREHOUSES, VENDORS)
i yall )5 5Y) (e 48 A5 LINGO 04 Ml s vENDORS 9 WAREHOUSES (ie sanall

. LINKS 4c sanall 8 eliaci Wleny s (waREHOUSES, VENDORS)

sl Jial
1 IS Ll and & UL Ja

DATA:
CAPACITY = 60 55 51 43 41 52;
DEMAND = 35 37 22 32 41 32 43 38;
COST = 62 67 4259
4 953858 2
52197433
76739271
239572¢65
5522814 3;
ENDDATA

b Je myppata BRI (i g 3 e Hhu Je para ol Ay bl and ay
VENDORS 42 saaall pEvanD 5 waREHOUSES 4 sanall capacTTy Cliall (e JS Liay) 2 yite
Al 3 Ll 58 Aty a1 A0S [ 1iks A senall cost ddall | pilie (S0 28 L aiul
el i il e 2l Ty o Aalal) 5 ) 5al) e gyl dga AN 5 52l 334 5 LINGO
COST (WH1,V1), COST(WHL,V2), COST(WH1,V3),.., COST (WHL,V8),
COST (WH2, V1), COST (WH2,V2), COST(WH2,V3),..,COST (WH2,V8),

EOST(WH6,V1), COST (WH6,V2 ), COST (WH6,V3),.., COST (WH6,V8) .
iidaia e 1) il gl Cile e L 8 LSy oSl piloe JSE Ll Ulaol Ua Uil s
LEaY 13d 5yt (o e s EXCEL Jie
s Jalsl) Al 7 3 gall)

MODEL:
! A 6 Warehouse 8 Vendor Transportation Problem;
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SETS:
WAREHOUSES / WH1 WH2 WH3 WH4 WH5 WH6/: CAPACITY;

VENDORS / V1 V2 V3 V4 V5 V6 V7 V8/ : DEMAND;
LINKS ( WAREHOUSES, VENDORS): COST, VOLUME;
ENDSETS

I The objective;
MIN = @SUM( LINKS( I, J):
COST( I, J) * VOLUME( I, J));
| The demand constraints;
@FOR( VENDORS ( J):
@SUM( WAREHOUSES( I): VOLUME( I, J)) =
DEMAND ( J) ) ;
! The capacity constraints;
@FOR( WAREHOUSES( I):
@SUM( VENDORS( J): VOLUME( I, J)) <=
CAPACITY( I));
| Here is the data;

DATA:
CAPACITY = 60 55 51 43 41 52;
DEMAND = 35 37 22 32 41 32 43 38;
COST =6 26 74 259
4 9538582
52197433
76739271
239572¢65
5522814 3;
ENDDATA
END

iaﬂﬁﬁéim_)Luig@AUJA\QAZAﬁiA“;\};y\Cﬂﬁﬂ(jonunenjsgbu%hjLﬁgaiUﬂl&;y

I el
Cila il
Global optimal solution found at step: 20
Objective value: 664.0000

Variable Value Reduced Cost
CAPACITY ( WHI1) 60.00000 0.0000000
CAPACITY ( WH2) 55.00000 0.0000000
CAPACITY ( WH3) 51.00000 0.0000000
CAPACITY ( WH4) 43.00000 0.0000000
CAPACITY ( WHS5) 41.00000 0.0000000
CAPACITY ( WH6) 52.00000 0.0000000
DEMAND ( V1) 35.00000 0.0000000
DEMAND ( V2) 37.00000 0.0000000
DEMAND ( V3) 22.00000 0.0000000
DEMAND ( V4) 32.00000 0.0000000
DEMAND ( V5) 41.00000 0.0000000
DEMAND ( V6) 32.00000 0.0000000
DEMAND ( V7) 43.00000 0.0000000
DEMAND ( V8) 38.00000 0.0000000
COST ( WH1, V1) 6.000000 0.0000000
COST ( WH1, V2) 2.000000 0.0000000
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COST (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
0.0000000

19.00000
0.0000000
0.0000000

41.00000
0.0000000
0.0000000
0.0000000

1.000000
0.0000000
0.0000000

W P OMNNMNDOUOOOOOONJOTOWWNE JINOW-T0)JWwWwWwds JOFDNUOUDNOOOU OWOU O OO N JO

.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
5.000000
0.0000000

5.000000

7.000000
0.0000000

2.000000

2.000000

10.00000
0.0000000
4.000000
1.000000
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VOLUME (
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VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
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VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (

WH2,
WH2,
WH2,
WH2,
WH2,
WH3,
WH3,
WH3,
WH3,
WH3,
WH3,
WH3,
WH3,
WH4,
WH4,
WH4,
WH4,
WH4,
WH4,
WH4,
WH4,
WHS,
WHS,
WHS,
WHS,
WHS,
WHS,
WHS,
WHS,
WH6,
WH6,
WH6,
WH6,
WH6,
WH6,
WH6,
WH6,

QO J oy O WDN B

L = N = S St
Gl WM RP O W

Slack or Surplus
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32.00000
.0000000
.0000000
.0000000
.0000000
.0000000
11.00000
0.0000000
0.0000000
0.0000000
0.0000000
40.00000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
5.000000
0.0000000
38.00000
34.00000
7.000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
22.00000
0.0000000
0.0000000

27.00000

3.000000
0.0000000

O OO O OO OO O O o

ocNeoNoRoNoNoNoN®)

664.0000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
22.00000
.0000000
.0000000
.0000000
.0000000

loNoNoNoNoRoNoNoNe)

O O OO

0.0000000
1.000000
2.000000
2.000000

0.0000000
4.000000

0.0000000

0.0000000
9.000000
3.000000
4.000000

0.0000000

.000000

.000000

.000000

.000000

.000000

.000000

0.0000000
2.000000

0.0000000

0.0000000

0.0000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0.0000000
1.000000
3.000000

0.0000000

0.0000000
3.000000

W BN

N WO RN

Dual Price

1.000000
-4.000000
-5.000000
-4.000000
-3.000000
-7.000000
-3.000000
-6.000000
-2.000000

3.000000
0.0000000
.000000
.000000
.000000
.000000
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et Aliade Jaa Leaa ) sSom Uad) 038 o) g (e (8 elansf 3 58ll (5 A1 136 Leilands
sall e slend Lphay s By Default Ll 258l (oo LINGO Of 3 43al 3l s 25
A oy i Jrag Lao 28l e ) Jay¥ (S anY) 138 (5555 28 5 0 5l 12l
358l o151 OS e Lo IS J A slaud aladin) e o daiall Coni Liild 13g] 5 Lia gae S
.Ghjaﬂ\géaslilad\
] Ao e ool AL Lalas 2l Jgf (3 e ) ol ellae) gt ol Lo JS ) o s 2 53l) e
[A —Z] <as sl e ST 5l cayas fag O s ) LINGO 48 30 8 i o sy elan) [
#0532 00 2 [ ] 5[0 9] 0e Wl 553 O (Sa
23 58] glaud Ao L]
<l A OBJECTIVE auY) b2y [oBJECTIVE] MIN = x; -1
2
@FOR( LINKS( I, J): [DEMAND ROW]
@SUM( SOURCES( I): SHIP( I, J)) >= DEMAND( J));

Jall Al 3 Gl 28 DEMAND_ROW ass! (s
35380 eland JA) ae bl Lin gt AUS s Lils ST Al pUac Y

MODEL:
! A 6 Warehouse 8 Vendor Transportation Problem;
SETS:
WAREHOUSES / WH1 WH2 WH3 WH4 WH5 WH6/: CAPACITY;
VENDORS / V1 V2 V3 V4 V5 V6 V7 V8/ : DEMAND;
LINKS ( WAREHOUSES, VENDORS): COST, VOLUME;
ENDSETS

! The objective;
[OBJECTIVE] MIN = @SUM( LINKS( I, J):
CcosT( I, J) * VOLUME( I, J));
! The demand constraints;
@FOR( VENDORS ( J): [DEMAND ROW]
@SUM( WAREHOUSES( I): VOLUME( I, J)) = DEMAND( J));
! The capacity constraints;
@FOR( WAREHOUSES( I): [CAPACITY_ROW]
@SUM( VENDORS( J): VOLUME( I, J)) <= CAPACITY( I));
| Here is the data;

DATA:
CAPACITY = 60 55 51 43 41 52;
DEMAND = 35 37 22 32 41 32 43 38;
COST =6 2 6 74 259
49538582
52197433
76739271
23 9572¢65
5522814 3;
ENDDATA
END
il R e il 5 agdll 3 A e SISI Uy )
Row Slack or Surplus Dual Price
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OBJECTIVE 664.0000 1.000000

DEMAND ROW( V1) 0.0000000 -4.000000
DEMAND ROW( V2) 0.0000000 -5.000000
DEMAND ROW( V3) 0.0000000 -4.000000
DEMAND ROW( V4) 0.0000000 -3.000000
DEMAND ROW( V5) 0.0000000 -7.000000
DEMAND ROW( V6) 0.0000000 -3.000000
DEMAND ROW( V7) 0.0000000 -6.000000
DEMAND ROW( V8) 0.0000000 -2.000000
CAPACITY ROW( WHI) 0.0000000 3.000000
CAPACITY ROW( WH2) 22.00000 0.000000
CAPACITY ROW( WH3) 0.0000000 3.000000
CAPACITY ROW( WH4) 0.0000000 1.000000
CAPACITY ROW( WHS5) 0.0000000 2.000000
CAPACITY ROW( WH6) 0.0000000 2.000000

gl Ol gis
RIS ) ) 8 o) sinl) (5SSl i 4 e O i 3 sl any o i
:Jie ;) Ada siie Alalsy jlandl ¢35 TITLE (sbsl 4alS dissy s MODEL: (sbs!
MODEL:
TITLE Widgets;
! A 6 Warehouse 8 Vendor Transportation Problem;
SETS:
WAREHOUSES / WH1 WH2 WH3 WH4 WH5 WH6/: CAPACITY;
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2l Juadl)

: LINGO 4alail) 42l to d o el g ALia)

bl A Jradilly 7 85 (o gas A all VLA 5 ALY 028
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LINGO alasinly M) 23 saill Ja

Max  8x, +5x,
St 2x, +x, <1000
3x, +4x, <2400

x, +x, <700
x, —x, <350
x,%, 20
(il 5 Cile ganall 3aatl IS Jgan 6 23 gl (i
Cl C2 S
R1 2 1 1000
R2 3 4 2400
R3 1 1 700
R4 1 -1 350
P 8 5
SIS =3 il 5y
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MODEL:

SETS:
R / Rl R2Z R3 R4 / : 5;
c/c1r c2/ : P, DV;
RXC (R, C) Coef;
ENDSETS
DATA:
S = 1000 2400 700 350;
P =8 5;
Coef = 2 1
3 4
1 1
1 -1;
ENDDATA
MAX = @SUM( C(I): P(I) * DV(I));
@FOR( R(I): @SUM( C(J): Coef(I,J) * DV(J)) <= S(I));
s n A
Global optimal solution found at iteration: 3
Objective value: 4360.000
Variable Value Reduced Cost
S( R1) 1000.000 0.000000
S( R2) 2400.000 0.000000
S( R3) 700.0000 0.000000
S( R4) 350.0000 0.000000
P( C1) 8.000000 0.000000
P( C2) 5.000000 0.000000
DV ( C1) 320.0000 0.000000
DV ( C2) 360.0000 0.000000
COEF( R1, C1) 2.000000 0.000000
COEF( R1, C2) 1.000000 0.000000
COEF( R2, C1) 3.000000 0.000000
COEF( R2, C2) 4.000000 0.000000
COEF( R3, C1) 1.000000 0.000000
COEF( R3, C2) 1.000000 0.000000
COEF( R4, C1) 1.000000 0.000000
COEF( R4, C2) -1.000000 0.000000
Row Slack or Surplus Dual Price
1 4360.000 1.000000
2 0.000000 3.40000
3 0.000000 0.4000000
4 20.00000 0.000000
5 390.0000 0.000000
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Minimize 0.6X,+0.5X,

:2 Jbia

: LINGO plaaiuly (U 3 saill Ja

ST 20X, +50X, >100
25X, +25X, >100
50X, +10.X, >100
X, X,>0
15 G g asadl) iy
Cl C2 S
RI 20 50 100
R2 25 25 100
R3 50 10 100
P 0.6 0.5

119

izl OsSes



MODEL:
SETS:
R/R1R2R3/:S;

C/C1C2/:P ,DV;

RXC(R.C) : Coef;
ENDSETS
DATA:
S=100 100 100;
P=0605:
Coef=2050
2525
50 10;
ENDDATA

MIN = @SUM( C(D) : P(I) * DV(1));
@FOR(R() : @SUM( C(J): Coef(L]) *DV(J)) >= S(I)):

Global optimal solution found at iteration:

Objective value:

COEF
COEF
COEF
COEF
COEF
COEF

Variable

R1
R2
R3
Ccl
C2
Cl
C2
Ccl
Cc2
Cl
C2
Cl
Cc2

)
)
)
)
)
)
)
)
)
)
)
)
)
Row
1
2
3
4

120

Value

100.0000
100.0000
100.0000
0.6000000
0.5000000
1.500000
2.500000

20.
50.
25.
25.
50.
10.
Slack or Surplus

00000
00000
00000
00000
00000
00000

2.150000

55.

00000

0.000000
0.000000

3

.150000

s n A

Reduced Cost

0.
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
0.

O OO OO0 OoooOo

000000

000000

Dual Price

-1.
0.

000000
000000

-0.1900000E-01
-0.2500000E-02



: LINGO alasialy il 3 yal

:3 Jha
SN

i Az gaill iy

Max. 12000X, +20000.X,
St. 2X, + 6X, <27
X,>2
3X, + X, <19
X,, X, 20 and integers
Cl C2 LS GS
LR1 2 6 24
LR2 3 1 19
GR1 0 1 2
P 12000 20000
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MODEL:

SETS:
LR / LR1 LR2 / LS;
GR / GR1 / : GS;
c/c1Lcz2/ : P, DV;
LRXC(LR,C) : CO1;
GRXC (GR,C) : COZ;
ENDSETS
DATA:
LS = 27 19;
GS = 2;
P = 12000 20000;
CO1l = 2 6
3 1;
coz =0 1;
ENDDATA
MAX = @3UM( C(I) P(I) * DV(I))-
@FOR(LR(I): @SUM( C(J): CO1(I1I,J) DV(J)) <= LS (I)):
@FOR(GR(I): @SUM( C(J): CO2(I,J) * DV(J)) >= GS(I));
@FOR(C(I) @GIN(DV(I))) s
s R0
Global optimal solution found at iteration: 0
Objective value: 108000.0
Variable Value Reduced Cost
LS( LR1) 27.00000 0.000000
LS( LR2) 19.00000 0.000000
GS( GR1) 2.000000 0.000000
P( C1) 12000.00 0.000000
P( C2) 20000.00 0.000000
DV ( C1) 4.000000 -12000.00
DV ( C2) 3.000000 -20000.00
COl1( LR1, C1) 2.000000 0.000000
COl1( LR1, C2) 6.000000 0.000000
COl( LR2, C1) 3.000000 0.000000
COl( LR2, C2) 1.000000 0.000000
CO2( GR1, C1) 0.000000 0.000000
CO2( GR1, C2) 1.000000 0.000000
Row Slack or Surplus Dual Price
1 108000.0 1.000000
2 1.000000 0.000000
3 4.000000 0.000000
4 1.000000 0.000000
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: LINGO plaaiuls aalal) Jail) i Ja

Warehoise

D1=1100
$1=1200
D2=400
$2=1000
D3=750
$3=800
D4=750
LP JSi e ol of (B Sl 5
Min35X,,+30X,, +40X,; +32X,, +37X,, +40X,, +42X . +25X,, +40X,, +15X,, + 20X, + 28X,
St X+ X+ X+ X, <1200
X+ X+ X+ X, <1000
X+ X,+ X+ X, <800
X, + X, + X, =1100
X, + X, + X, =400
Xy Xy + Xy =750
Xy + Xy + X, =750

X, 20, foralliand j

1dss B gisedll i
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lcifcz|c3|c4|cs|ce|c7|cs|colciolcii|ci2isPL| DM
SRIj1|11]1}1 1200
SR2 111 1]1 1000
SR3 I 1|11 7]1}800
DR1}| 1 1 1 1100
DR2 1 1 1 400
DR3 1 1 1 750
DR4 1 1 1 750
CST|35]30]140(32|37]140]42|25(40| 15| 20|28

il S

MODEL:
SETS:

SR / SRL SR2 SR3 / : SPL;

DR / DR1 DR2 DR3 DR4 / : DM;

C/ ClCc2c3cC4c5C6CT C8CY ClocCll cl2 /:

CST, DV;

SRXC (SR, C) : SCO;

DRXC (DR, C) : DCO;
ENDSETS
DATA:

SPL 1200 1000 800;

DM = 1100 400 750 750;

CST = 35 30 40 32 37 40 42 25 40 15 20 28;
sco=111100000O0O0©O0O0
000011110000
0O o0oo0oo00O0CO0O0OCITITI1ITI;
pco=1000100010©00O0
01 000210001O00
001000100010
0Oo0010001O00O0O01;
ENDDATA

MIN = @SUM( C(I): CST(I) *DV(I));
@FOR(SR(I): @SUM( C(J): SCO(I,J) * DV(J)) <= SPL(I));
@FOR(DR(I): @suUM( C(J): DCO(I,J) * DV(J)) = DM(I));

O S Qlall & i s il
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: LINGO il 4l jasasill <5 Ja

Jla gaddl e Jaall dia ) U85 Gy aaeat Jad ST 304 § dakaia 35 J
e D o Neaaa S uaxd Ut

(S Jgaall A sUaxall slalial)

Inspection Area

A B C D E

Assembly 1 10 4 6 10 12
Line 2 11 7 7 9 14
3 13 8 12 14 15

4 14 16 13 17 17

5 19 11 17 20 19

SIS [P J<s e ciSs 3

Min10X,,+4X,, +6X,.+10X,, +12X,, +

St

11X, ,+7X,, +7X,. +9X,, +14X,,. +
13X, ,+8X,, +12X,. +14X,, +15X,, +
14X,,+16X,, +13X, . +17X,,+17X,, +
19X, +11X,, +17X,.+20X,, +19X,
X+ Xp+ X+ X +X,=1
Xyp+ Xyt Xyt X, =1
Xyet Xyp+ X5 =1
Xyt Xyp+Xyp =1
Xyt Xsp+ Xsp =1
Xyt X+ X, =1
Xspt Xypt Xsp =1
Xyet Xyt Xy =1
Xyppt Xyt X =1
Xyt Xypt Xy =1
X,; 20, foralliand j
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MODEL:

SETS:
AL / ALl AL2
Ia / IA1 IAZ2
c / clczc3

AL3 AL4 ALS / SPL;
IA3 124 1IAS / DM;
c4 C5 Ce6 C7 C8 C9 Cl1l0 C11 cC1z2

Ccl3 cl1l4 c15 ¢16 Cl17 Cl8 €19 C20 C21
C22 €23 C24 €25 / : CST, DV;
ALXC (AL, C): SCO;
IAXC (IA, C): DCO;
ENDSETS
DATA :
SPL = 1111 1;
DM = 1 111 1;
CST = 10 4 6 10 12 11 7 7 9 14 13 8 12 14 15 14 16 13 17
17 19 11 17 20 19;
SCO=1111100000000000000000000
0000011111 000000000000000
00DO0O0D00D0000111110000000000
00DO0O0D00O0000000001111100000
DOO0D0DO00D0000000000D0O0O0O0O11111;
DCO=1000010000100001000010000
D1 00001000010000100001000
0010000100001 000010000100
00D01000010000100001000010
0000100001 000010000100001;
ENDDATA
MIN = @SUM( C(I): CST(I) *DV(I)):
@FOR (AL(I) @SUM( C(J): SCO(I,J)* DV(J)) = SPL(I));:
@FOR (IA(I) @SUM( C(J): DCO(I,J) * DV(J)) = DM(I));

e LR gy ¢ 5

413 Excel SOLVER 5 WinQSB 5 LINDO s LINGO gl (i )8 1 e

ALl
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F(i)=MIN[D(i. )+ F (j)]

SV Baal) (e Adladll & D7) 5 Al Baiall ) j 5akall (p JUEE) dle S8 F(G) Cun
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B Leal) il 5 5 ol 55l ) f (g lilasall ¢ ganal /(30 2805 (0 8 e L) J g
Al il 1) 5y shaall Biad) (e Ailise
1 SIS 73 gaill i g
MODEL:
SETS:
' F(i) represents the shortest distance from node 1 to the
last node;
NCODE /1..12/: F;
ARC (NODE, NODE) /
1,2 1, 1,4

r

-

3
2,6
3,7

- = - =
- =

O =1 3y N s L) B
=
W o 3 oy Gy s N

-

o ~J Oy
~

= = WO W0

o O

9,12

10,11 10,12

11,12 /: D;
ENDSETS

! D(I,]j) distance between node 1 and node 7j;

DATA:
D =

599 180 497
691 420
432 893
345
440 554
432 621
280 500
o577 290
268
116 403
314;

ENDDATA

I If you are at node 12, then the distance to node 12 is 0;
F( GSIZE(NODE)) = 0;

@FOR (NODE (i) | i #LT# @SIZE (NODE) :
F(i) = @MIN(ARC(i,j): D(i,3) + F(3))):

END
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2 R

Feasible solution found at iteration: 0
Variable Value

1) 1731.000
) 1309.000
) 1666.000
) 1234.000
) 822.0000
) 889.0000
) 903.0000
) 693.0000
) 268.0000
) 403.0000
) 314.0000
) 0.000000
) 599.0000
) 180.0000
) 497.0000
) ©91.0000
) 420.0000
) 432.0000
) 893.0000
) 345.0000
) 440.0000
) 554.0000
) 432.0000
) 621.0000
) 280.0000
) 500.0000
) 577.0000
0)
2)
1)
2)
2)
W
1
2
3
4
5
6
7
8

= e B
T =

OO0 O W WN N R P~~~ ] ot oot
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! Max flow Problem;
! Given upper limits on the flow on each arc, find the maximum
flow from node 1 to node 7;

MODEL:
SETS:
NODE : ;
ARC ( NODE, NODE) :
UPPERLTIM, ! The distance matrix;
X; ' X( I, J) =1 if we use ARC I, J;
ENDSETS
DATA:
NODE = 1 2 3 4 5 9 7;! UPPERLIM matrix;
UPPERLIM = 0 10 10 0 0 0 o ! 1;
0 0 1 38 0 6 o ! 2;
0 1 0 0 12 4 o ! 3;
0 0 0 0 0 3 70 4,
0 0 0 0 0 2 8 ! 5;
0 0 4 3 2 0 2 ! 6;
0 0 0 0 0 0 0;! 7;
ENDDATA

N = @SIZE( NODE) ;
| Maximize the flow into the last NODE;
MAX = (@SUM( NODE( I)| I #LT# N : X( I, N));

! Upper limit on flow on each arc;

@FOR( ARC( I, J):

@BND( O, X( I, J), UPPERLIM( I, J));
)

I For NODE K, except first and last, ... ;
@FOR( NODE( K)| K #GT# 1 #AND# K #LT# N:
! Inflow = outflow;
@SUM( NODE( I)| I #NE# K: X( I, K
@SUM( NODE( J)| J #NE# K: X( K, J
);

)) =
))

END

Bl

Global optimal solution found.

Objective value: 17.00000
Total solver iterations: 7

Variable Value Reduced Cost

N 7.000000 0.000000

UPPERLIM( 1, 1) 0.000000 0.000000

UPPERLIM( 1, 2) 10.00000 0.000000

UPPERLIM( 1, 3) 10.00000 0.000000

UPPERLIM( 1, 4) 0.000000 0.000000

UPPERLIM( 1, 5) 0.000000 0.000000

UPPERLIM( 1, ©6) 0.000000 0.000000

UPPERLIM( 1, 7) 0.000000 0.000000

UPPERLIM( 2, 1) 0.000000 0.000000

UPPERLIM( 2, 2) 0.000000 0.000000

~
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MODEL:

:8 Jla
Lol ) sy

TITLE Linear Regression with one independent variable;
!For this model we wish to

predict Y with the equation:

Y(i) = CONS + SLOPE * X(i);

SETS:
! The OBS set contains the data points for X and Y;
OBS/1..15/:
T,
X;
OBSN( OBS): XS, YS;
ENDSETS
DATA:
Y =
4360 4590 4520 4770 4760 5070 5230 5080 5550 5390 5670 5490 5810
6060 5940;
X =
1310 1313 1320 1322 1338 1340 1347 1355 1360 1364 1373 1376 1384
1395 1400;
ENDDATA
NK = @SIZE( OBS);
XBAR = @SUM( OBS: X)/ NK;
YBAR = @SUM( OBS: Y)/ NK;
@FOR( OBS( I):
XS( I) = X( I) - XBAR;
YS( I) = Y( I) - YBAR;
@FREE( XS(I)); QFREE( YS( I));
) i
XYBAR = @SUM( OBSN: XS * YS);
XXBAR = @SUM( OBSN: XS * XS);
YYBAR = @SUM( OBSN: YS * YS);
SLOPE = XYBAR/ XXBAR;
CONS = YBAR - SLOPE * XBAR;
RESID = @SUM( OBSN: ( YS - SLOPE * XS)"2);
RSQRU = 1 - RESID/ YYBAR;
RSQRA = 1 - ( RESID/ YYBAR) * ( NK - 1)/( NK - 2);
@FREE ( CONS); QFREE( SLOPE);
END
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Feasible solution found.
Total solver iterations:

Model Title:

0

Linear Regression with one independent variable

137

Variable
NK
XBAR
YBAR
XYBAR
XXBAR
YYBAR
SLOPE
CONS
RESID
RSQRU
RSQRA
Y (

<
—

O W O J oy Ui W

O R

O W O Joy0kx W

XXX XXX

DD X
RGN PPN A AR S R I R S R

b

O J oy U W

Value
15.00000

1353.
5219.

133
333

214541.3
11965.73
4068093.
17.92964
-19041.86
221443.7
0.9455657
0.9413785

4360.
4590.
4520.
4770.
4760.
5070.
5230.
5080.
5550.
5390.
5670.
5490.
5810.
6060.
5940.
1310.
1313.
1320.
1322.
1338.
1340.
1347.
1355.
1360.
1364.
1373.
1376.
1384.
1395.
1400.

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

-43.13333
-40.13333
-33.13333
-31.13333
-15.13333
-13.13333
-6.133333

1.866667



XS( 9) 6.866667
XS ( 10) 10.86667
XS( 11) 19.86667
XS( 12) 22.86667
XS( 13) 30.86667
XS ( 14) 41.86667
XS ( 15) 46.86667

YS( 1) -859.3333

YS( 2) -629.3333

YS( 3) -699.3333

YS( 4) -449.3333

YS( 5) -459.3333

YS( 6) -149.3333

YS( 7) 10.66667

YS( 8) -139.3333

YS( 9) 330.6667
YS( 10) 170.6667
YS( 11) 450.6667
YS( 12) 270.6667
YS( 13) 590.6667
YS( 14) 840.6667
YS( 15) 720.6667

Row Slack or Surplus
1 0.000000
2 0.000000
3 0.000000
4 0.000000
5 0.000000
6 0.000000
7 0.000000
3 0.000000
9 0.000000

10 0.000000
11 0.000000
12 0.000000
13 0.000000
14 0.000000
15 0.000000
16 0.000000
17 0.000000
18 0.000000
19 0.000000
20 0.000000
21 0.000000
22 0.000000
23 0.000000
24 0.000000
25 0.000000
26 0.000000
27 0.000000
28 0.000000
29 0.000000
30 0.000000
31 0.000000
32 0.000000
33 0.000000
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34
35
36
37
38
39
40
41

O O O O OO oo

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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ltem Weight Rating
Ant Repellent
Pepsi
Blanket

Meat

Cakes
Football
Salad
Watermelon

Tt WwWh W=
RO =20WwON
o

o

0

Sum 30
Agial) aas Lol e dlae lglead 3 dagall oLuiY) 3aa3 o lladl)

MODEL:

SETS:
ITEMS / ANT REPEL, PEPSI, BLANKET,
MEAT, CAKES, FOOTBALL, SALAD,
WATERMELON/ :
INCLUDE, WEIGHT, RATING;
ENDSETS

DATA:
WEIGHT RATING =
1 2

3 9
4 3
3 8
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3 10

1 6
5 4
10 10;
KNAPSACK CAPACITY = 15;
ENDDATA

MAX = @SUM( ITEMS: RATING * INCLUDE) ;

@SUM( ITEMS: WEIGHT * INCLUDE) <=
KNAPSACK CAPACITY;

@FOR( ITEMS: @BIN( INCLUDE))

END

MODEL:

SETS:
ITEMS
INCLUDE, WEIGHT, RATING;
ENDSETS

DATA:
ITEMS =Bread, Juice, Blanket, Meat,
Cake, Ball, Salad, Watermelon;
WEIGHT RATING =

1 2
3 9
4 3
3 8
3 10
1 6
5 4
10 10;

KNAPSACK CAPACITY = 15;
ENDDATA
MAX = @SUM( ITEMS: RATING * INCLUDE) ;

@SUM( ITEMS: WEIGHT * INCLUDE) <=
KNAPSACK CAPACITY;

@FOR( ITEMS: @BIN( INCLUDE));

END

Global optimal solution found.

Objective value: 38.00000
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Extended solver steps: 0

Total solver iterations: 0

Variable Value Reduced Cost
KNAPSACK CAPACITY 15.00000 0.000000
INCLUDE ( BREAD) 1.000000 -2.000000
INCLUDE ( JUICE) 1.000000 -9.000000
INCLUDE ( BLANKET) 1.000000 -3.000000
INCLUDE ( MEAT) 1.000000 -8.000000
INCLUDE ( CAKE) 1.000000 -10.00000
INCLUDE ( BALL) 1.000000 -6.000000
INCLUDE ( SALAD) 0.000000 -4.000000
INCLUDE ( WATERMELON) 0.000000 -10.00000
WEIGHT ( BREAD) 1.000000 0.000000
WEIGHT ( JUICE) 3.000000 0.000000
WEIGHT ( BLANKET) 4.000000 0.000000
WEIGHT ( MEAT) 3.000000 0.000000
WEIGHT ( CAKE) 3.000000 0.000000
WEIGHT ( BALL) 1.000000 0.000000
WEIGHT ( SALAD) 5.000000 0.000000
WEIGHT ( WATERMELON) 10.00000 0.000000
RATING( BREAD) 2.000000 0.000000
RATING( JUICE) 9.000000 0.000000
RATING ( BLANKET) 3.000000 0.000000
RATING ( MEAT) 8.000000 0.000000
RATING ( CAKE) 10.00000 0.000000
RATING( BALL) 6.000000 0.000000
RATING( SALAD) 4.000000 0.000000
RATING ( WATERMELON) 10.00000 0.000000
Row Slack or Surplus Dual Price
1 38.00000 1.000000
2 0.000000 0.000000

SageMath 4au) 2 Jal)

from sage.numerical.knapsack import knapsack
knapsack( [(1,2), (3,9), (4,3), (3,8), (3,10), (1,6), (5,4), (10,10)],
max=15)

[38.0, [(1, 2), (3, 9), (4, 3), (3, 8), (3, 10), (1, 6)]]
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:Markov chain model < S jle Alodui 77 3 gl

dsad e=1 s AP =n v w={7, 7,,..., 7, & ALY Aa da dla) 3 5

Uy
0.75 0.1 0.05 0.1
|04 02 01 03
101 02 04 03
02 02 03 03
sl
MODEL:
SETS:

STATE/ A B C D/: SPROB;
SXS( STATE, STATE): TPROB;

ENDSETS
DATA:
TPROB = .75 .1 .05 .1000001
.4 2.1 .3
.1 2.4 .3
.2 .2 .3 .3
ENDDATA

@FOR( STATE( J)| J #LT# @SIZE( STATE):
SPROB( J) = @SUM( SXS( I, J): SPROB( I) *
TPROB( I, J))

)

@SUM( STATE: SPROB) = 1;

END

o8 padiuall Hinygminia aal 58 sane A A8 ghiadll A sl IS O (e Baa el ) Jasil
el Al J8 ) Capai Jo i) 138 g pae Alls

@QFOR( STATE( I):

@WARN ( 'Probabilities in a row must sum to 1.',
@ABS( 1 - @SUM( SXS( I, K): TPROB( I, K)))
#GT# .000001);

)

Feasible solution found.
Total solver iterations: 4
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Variable Value

SPROB( A) 0.4750000
SPROB( B) 0.1525000
SPROB( C) 0.1675000
SPROB( D) 0.2050000
TPROB( A, A) 0.7500000
TPROB( A, B) 0.1000000
TPROB( A, C) 0.5000000E-01
TPROB( A, D) 0.1000000
TPROB( B, A) 0.4000000
TPROB( B, B) 0.2000000
TPROB( B, C) 0.1000000
TPROB( B, D) 0.3000000
TPROB( C, A) 0.1000000
TPROB( C, B) 0.2000000
TPROB( C, C) 0.4000000
TPROB( C, D) 0.3000000
TPROB( D, A) 0.2000000
TPROB( D, B) 0.2000000
TPROB( D, C) 0.3000000
TPROB( D, D) 0.3000000
Row Slack or Surplus
1 0.000000
2 0.000000
3 0.000000
4 0.000000
Sage Math alaaiul
tp = matrix([[ 0.75,0.1,0.05,0.1], [0.4,0.2,0.1,0.37,
[0.1,0.2,0.4,0.37,[0.2,0.2,0.3,0.311)
pp =tp”1000
PP

FHEFHAHFAHESE OR HHEHHSHHHHFHHAH SRS HHH
tp = matrix([[ ©0.75,0.1,0.05,0.1], [0.4,0.2,0.1,0.3],
[0.1,0.2,0.4,0.31,[0.2,0.2,0.3,0.311)

tp

p = vector([0.2, 0.3, 0.4, 0.1])
p

pp = p * tp”1000

pPp

(0.475000000000023, 0.152500000000007, 0.167500000000008,
0.205000000000010)

FHEFF AR OR HHHHSHHH S HHH S H A A
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tp = matrix(QQ,[[ .75,.1,.05,.11, [.4,.2,.1,.3],
[.1,.2,.4,.31,0.2,.2,.3,.311)
eigen = tp.eigenvectors left ()

eigen

pi = [k[1][0] for k in eigen if k[0] == 1][0]
pi = [k / sum(pi) for k in pi]

pi

[19/40, 61/400, 67/400, 41/200]
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Ja2 4 LS LINGO 4y sl bl gas e (5 a3 Auad lile (4 315 % ]dE

L e 5 Access s Oracle Jie il steal) sl 68l =i 3 s s Excel e t:—ﬂ-'ﬂ-)el\ BT

D ¥ Idt Slile e SUL &1 JA) s JASY Y ) Bkt s

C:ALINGO7\ Jdall 3 3 5 sall s WIDGETS2.LDT bl (5 by 15y ) o3 il
: JUIS @FILE Y alasivly

MODEL:

SETS:
WAREHOUSES / @FILE( 'WIDGETSZ2.LDT')/: CAPACITY;
VENDORS / @FILE( "WIDGETS2.LDT')/ : DEMAND;

LINKS ( WAREHOUSES, VENDORS): COST, VOLUME;
ENDSETS
MIN = @SUM( LINKS( I, J):
CoST( 1, J) * VOLUME( I, J))-
@FOR( VENDORS( J):
@SUM( WAREHOUSES( I): VOLUME( I, J)) =
DEMAND ( J)) ;
@FOR( WAREHOUSES( I):
@SUM( VENDORS( J): VOLUME( I, J)) <=
CAPACITY ( I));
DATA:
CAPACITY = @FILE( "WIDGETS2.LDT");
DEMAND = @FILE( 'WIDGETS2.LDT');
COST = @QFILE( 'WIDGETS2.LDT');
@TEXT ("WIDGET20UT.TXT"')= VOLUME;
ENDDATA
END
: ) J<al Al WIDGETS2.LDT wakal
!List of warehouses;
WH1 WH2 WH3 WH4 WHS5 WH6 ~
!List of vendors;
V1l V2 V3 V4 V5 V6 V7 V8 ~
!Warehouse capacities;
60 55 51 43 41 52 ~
!Vendor requirements;
35 37 22 32 41 32 43 38 ~
!Unit shipping costs;
626742509
4 9538582
52197 433
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Ml 48 38 55 (g All aoda gl (g D) il ) 430l 5 528 5 AV E e @FILE
e ol L JA) ) JUdl 3 @TEXT ) emg@qh‘g)%éiegc\}y
YL VOLUME ) 3l

@TEXT('WIDGET20OUT.TXT')= VOLUME;

.0000000
.0000000
.0000000
.0000000

.0000000
40.000000
0.0000000
0.0000000
0.0000000
0.0000000
22.000000
3.0000000

OOOOO

0.0000000
0.0000000
32.000000
0.0000000
0.0000000
0.0000000
0.0000000
38.000000
.0000000
.0000000
.0000000
.0000000

(@]

O O O

s ) calal)

1O Al

*ﬁ%*ﬂ\

0.0000000 19.000000
41.000000 0.0000000
1.0000000 0.0000000
0.0000000 0.0000000
0.0000000 11.000000
0.0000000 0.0000000
0.0000000 0.0000000
0.0000000 5.0000000
34.000000 7.0000000
0.0000000 0.0000000
0.0000000 0.0000000
0.0000000 27.000000

4

1 6
3

e

Cale b 5l #2153 <3 s C:\DATA\net].1dt <ale (e il |58 of e
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:Excel aladicly LINGO A bl z1 a0 JAa

:SUS Excel (8 bt Jas

WAREHOUSES:

O~ O m W=

10 DEMAND:
11
12
13
14
15
16
17
18

B

C/ DEIFIGH|I|J K

VENDORS: V1 V2 V3 V4 V5 V6 V7 V8

WH1
WH2
WH3
WH4
WH5
WH6

WH1
WH2
WH3
WH4
WH5
WH6

N~ ;O

35 3

=l N G N WM

2

MM WO - = ;)

3

MM OW O W]

CAPACITY:
60
55
51
43
41
52

= 0~ O - 0 .
N =2 NMN BN
W N~ W oM
Q0 W o= Wk WO

41 32 43 3

V1 V2 V3 V4 V5 VB V7 V8
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Ed Microsoft Excel - Book1

@ File Edit Miew | Insert | Format Tools Datz Window WEBE! Help Acrobat

= = B | Cells... < e - B E-RBALE M0 B A
Guuaay - | b eseanty. [ BIR M o

Columns
(34 Worksheet 6 -
T A[ﬂﬂhart... .C|D|E|F‘G|H‘I|J| K
1 0
: Symbal. .. ! ! ! ! ! ! !

2 | = S: V1 V2 V3 V4 V5 V6 V7 V8

3 = CAPACITY:
4 |WAREHQ e 26 7 4 2 5 9 60
z D i 4 9 5 3 8 5 8 2 =z
6 o 1l8 218 7 4 3 3 51
L ¢*  Diagram... ? 6 ? 3 g 2 ? '1 43
8 | Object... 2 3 9 5 T 20 8 3 41
e i WL, Hyperink... Ctrl+K &5 2 2 8 1. 4 3 52
10 DEMAND: - '35 37 22 32 41 32 43 38

il

12 | | V1 V2 V3 V4 V5 V6 V7 V8

13 | 'WH1

14 | WH2

15 | WHS3

16 | 'WH4

17 | 'WH5

18 | 'WHS

adull 33l 3 WS Define & Name a Insert JUias
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Ed Microsoft Excel - Book1

BE] Ble Edit View

Insert | Format Tools Data  Window WEB! Help Acrobat

DeEo® | S o-o- BET-RBAI MBS 0% B o~
G Worksheet 6
| Algl crar. [ [c[p[E[F[G[H[I[J] K
.T | Symbal... ] I ] I ] ] | | |
2 | — 5: V1 V2 V3 V4 V5 V6 V7 V8 _
. ~ | CAPACITY:
4 'WAREH s o 'Q;m — ’|7 7T 4 2 5 8 60
5 {9 Comment § 3 8 5 8 2 55|
6 Picture » Create... g ? 4 3 3 5'1 |
7 £% Diagram... I 3 9 2 7 1 43 .
8 Obiject... Label... l 5 ? 2 6 5 4'1 |
9 @ Hyperink... Ctl+ [[5 5 2 8 1 4 3 52
10 DEMAND: ' 135/ 37|22 32|41 32 43| 38
11
12 | V1 V2 V3 V4 V5 V6 V7 V8
13 | 'WH1
14 ‘WH2
15 | 'WH3
16 ‘WH4
17 | ‘WH5
18 WHB
3551.'\]\)@.235

Define Hame

Mames in workbook:
|cosT] ok
J Close
Add
Delete
Refers to:
| =sheet1!sC54:5159 EY

iy o (1813 g3 U1 =Sheet] 1$C$4:8J89 LaY ) Jlaall 138 5 il o) Lass
SIS A5y Hhall udy Yl
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A B CIDIE[F|IG|IH|I[J K L M

1

2 VENDORS: VA V2 V3 V4 V5 /6 V7 v > \endors
3 CAPACITY:

4 WAREHOUSES: WH1 6 2 6 7 4 2 5 9 60 Capacit
5 WH2 4 9 5 3 8 5 8 2 > vAPACHY
6 WH3 5 2 1 9 7 4 -3—3 54 N

7 WH4 6 7 3 9 2 7 1 43 Cost

8 WH5 2 3 7 2 6 5 41

9 WH8 5 5 2 2 8 3 52

10 DEMAND: 35 37 22 32 41 43 38

11 Warehouses
12 V1 V2 V3 V4 V5 V6 V7 V8

13 WH1 Demand

14 WH2

15 WH3

16 WH4 T Volume

17 WH5
18 WH6

C:\LINGO7\ Jdall 84533 o3 WIDGETSXL.XLS e alall oans
DA jstie a5y o5 e g WIDGETSXL.XLS (e ciball 18 MG el 5ol
Al gsdl 3 VOLUME
MODEL:
SETS:
WAREHOUSES: CAPACITY;
VENDORS : DEMAND;
LINES ( WAREHOUSES, VENDORS) : COST, VOLUME;
ENDSETS
MIN = @SUM( LINKS(I,J):COST(I,J) * VOLUME(I,J));
@FOR (VENDORS (J) : @SUM (WAREHOUSES (I) :VOLUME (I,J)) = DEMAND( J));
EFOR (WAREHOUSES (I) :@SUM (VENDORS (J) : VOLUME (I, J)) <= CAPACITY(I));
DATA:

! Import the data from Excel;
WAREHOUSES, VENDORS, CAPACITY, DEMAND, COST =
BOLE ( "\LINGOS\WIDGETSXL.XLS', "WAREHOUSES', ' VENDORS",
"CAPACITY', "DEMAND', 'COST");

! Export the solution back to Excel;

BOLE ( "\LINGOS\WIDGETSXL.XLS', "VOLUME') = VOLUME;
ENDDATA
END

=t ¢ a) Jd Excel 5 LINGO ¢ AU Ja)

151



1 Microsoft Excel - WIDGETSXLaxls
B Ble Edt Vew Insert Fomat Tools Dota Window WEl Hep  Acobat
DEHa8 8RY $DB-F o-o- @=-BH owr -FH2B 7€ D2
% LINGO Model - WIDGETSS | BandE| @ %he Tiy ey [E1R M w2 == =8,

Z LINGO - LINGO Model - WIDGETSS
Fle Edit LINGD Window Help

MODEL: T 5z i
SETS: A [ 8 Jel[ple[rle[n[I[a] & [ 1
WAREHOUSES: CAPACITY; 1
yENoND o DeimeDy 2 VENDORS: VAl V2! V3 V4! V61 VeI Vi7 Vel
LINKS ( WAREHOUSES, VENDORS): COST, VOLUME; 5| ' T CAPACITY:
ENDSETS | 4 WAREHOUSES: :
MIN = @SUM(LINKS(I,J) :COST(I,J) * VOLUME(I,J));: | 2 | ;
@FOR ( VENDORS (J) :@SUM( WAREHOUSES (I) :VOLUME (I,J)) = DEMAND (J)); | 5
@FOR ( WAREHOUSES (I) :@SUM( VENDORS(J): VOLUME (I,J)) <= CAPACITY( I)); | 6
DATA: 7
! Import the data from Excel; En
WAREHOUSES, VENDORS, CAPACITY, DEMAND, COST = 9 5 :
QOLE ( "\LINGOS\WIDGETSXL.XLS', '"WAREHOUSES', ' VENDORS', 'CAPACITY', | 4 .
R [ 10 DEMAND: 35 37 22 32 41 32 43 38
! Export the solution back to Excel; 11 T T
OLE( '\LINGOB\WIDGETSXL.XLS', 'VOLUME') = VOLUME; | 12 V1 V2 |V3|V4 V5|VE V7 VB
ENDDATA | 13 WH1
END | 14 WH2
15| WH3
16| WH4
17| WH5
18 WHS
| 19
| 20
| 21 |
| 22
| 23
24
| 25
| 26
| 27
28
| 29
| 30
| 31
| 32
| 33
| 34 |
| 35
| 36
| 37
| 38
Bl .
| 40 | | | | | -
41 =
K35 v sheet1 /Sheets / Sheets J« i
B e

bl ¢l ) amy Excel 5 LINGO ¢ JUl JS3)
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LINGO. - LINGO Model - WIDGETSS X E3 Microsoft Excel - WIDGETSXL.xls

] Fle Edt View Insert Fomat Tooks Data Window Wl Hep Acobat for hely
lelo| oPB|E BlBE 2k DSHARGRY $BB-F| oo QT -BAH W -07 B 1€ 52
= 'LINGO Model - WIDGETSS Pl 2t d @ @ %a 2 ) eseaty., [ HRM e, NE WKI2 == 8,
MODEL: T > L
SETS: A [ B Je[p[e[r[e[H[I[J] & [ L3
WAREHOUSES: CAPACITY; q
VENDORD i DEMAND, 2 VENDORs: [VAIV2WVE VA VEE V7 V8!
LINKS ( WAREHOUSES, VENDORS): COST, VOLUME; E3 |CAPACITY:
ENDSETS —— ;
MIN = @SUM(LINKS (I, J):COST(I,J) * VOLUME(I,J}): | 4 WAREHOUSES: ;
@FOR ( VENDORS (J) : @SUM( WAREHOUSES (I) :VOLUME(I,J)) = DEMAND(J)); | 5 |
@FOR ( WAREHOUSES (I) :@SUM( VENDORS (J) : VOLUME (I,J)) <= CAPACITY( I)); | 6 |
DATA: | 7 |
! Import the data from Excel; 8
WAREHOUSES, VENDORS, CAPACITY, DEMAND, COST = 9 . 5 9 8 i
QOLE ( '\LINGO8\WIDGETSXL.XLS', 'WAREHOUSES', ' VENDORS', 'CAPACITY', B :
RN, oSt 5 %DEMAND. 35 37 22 32 41 32 43 38
! Export the solution back to Excel; —— T i 1 1
@OLE( '\LINGOB\WIDGETSXL.XLS', 'VOLUME') = VOLUME: 12| V1V2 V3 V4 V5 VB V7 V8
ENDDATA | 13 | WH?1 019 0 04 0 0 O
END | 14 | WH2 10 032 0 0 0 O
| 15 | WH3 011 0 0 0 040 O
| 16 | WH4 0 0 0 0 0O 5 038
| 17| WH5 3 7 0 0 0 0 0 0O
| 18 | WHé 0 022 0 027 3 0O
19
20
[21]
22
23]
24
25 |
26
27
28
29
30
il
3
33
34|
35|
36|
37|
38|
39|
40 L
41
W' i Sheets ( Sheets { shests 4 g
or Help, press F1 [cap um [ MoD | n19,Col1  |9:5apm /] Ready CAPS UM z‘

11 Jba
. Excel aladiuly iyl Jaoi s LINGO  alaaialy Jall 23 gaill Ja

Max  8x, +5x,

St 2x, +x, <1000
3x, +4x, <2400
x, +x, <700
x, — X, <350

X,%, =0
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MODEL:
SETS:
R : 3;
c : P, DV;
RXC(R,C): Coef;
ENDSETS
DATA:
R, C, 8, B, Coef =
@OLE (' \LINGO8\OR433EXP01.XLS', 'RSet"', 'CSet', 'S",'P', "Coef");
ENDDATA
MAX = @SUM(C(I): P(I) * DV(I));
@FOR(R(I): @SUM(C(J): Coef(I,J) * DV(J)) <= S(I));
END

or433exp01.xls <alal au sExcel (& Sl Jaa

J A B C D E F G

1
2 = R1 R2 R3 R4 <= Name this 'Rset'
3 = C1 Cc2 <= Name this 'Cset'
4 |S= 1000 2400 700 350 <= Name this 'S’
5 = 8 5 <= Name this 'F'
6 |Coef= 2 1
7 3 4 <= Name this 'Coef'
8 1 1
9 1 -1
10

Ul G bl s ) gﬁi HETB

1) o clibad) ) AY 9 JASY (A ARy
LINGO (8 4 sthall < yriiall elanly Ul c¥lae o s 3iladlS Jus) & cilild) Jaxs
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A | B | ¢ | b | E | F | & | H | 1 |
1 |PLANTS P1 P2 P3 P4 P& P6
2 |CUSTOMERS C1 c2 C3 o Ch Cé c7 8
3 |CAPACITY 60 55 51 43 41 52
4 |DEMAND 35 37 22 32 41 32 43 38
5 |cosT 6 2 6 7 4 2 5 9
6 4 g 3 8 5 B 2
7| 5 2 1 9 7 4 3 3
B 7 6 7 3 9 2 7 1
g | 2 3 9 5 7 2 6 5
10 5 5 2 2 5 1 4 3
1]
12 |VOLUME 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0
14| 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0
16 | 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0

LINGO (b (U1 8 o5 Jus] (3 L s iy 5 o] (51 L) Jainy

MODEL
SETS

PLANTS: CAPACITY;
CUSTOMERS : DEMAND;
LINKS (PLANTS, CUSTOMERS): COST, VOLUME;
ENDSETS
MIN = @SUM(LINKS (I, J):
COST(I, J) * VOLUME(I, J));
@FOR (CUSTOMERS (J) : @SUM (PLANTS (I) : VOLUME (I, J)) = DEMAND (J));
@FOR (PLANTS (I) : @SUM (CUSTOMERS (J) : VOLUME (I, J))<= CAPACITY(I));
DATA:
PLANTS, CUSTOMERS, CAPACITY, DEMAND, COST =QOLE();
QOLE ()= VOLUME;
ENDDATA
END

bl Jlia) 4 JaaY
PLANTS, CUSTOMERS, CAPACITY, DEMAND, COST =QOLE();

Sl £ 3] 448 5

QOLE ()= VOLUME;
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A | B ¢c | b | E | F | @ H |
1 |PLANTS P1 P2 P3 P4 P& P&
2 |CUSTOMERS C1 c2 C3 C4 Ch C6 C7 Ca
3 |CAPACITY 60 55 a1 43 4 52
4 |DEMAND 35 a7 22 32 4 32 43 8
5 [COST 6 2 6 7 4 2 5 9
6 4 9 5 3 3 5 ] 2
T 5 2 1 9 7 4 3 3
] [ 6 7 3 9 2 7 1
g9 2 3 9 b 7 2 6 5
10 5 5 2 2 8 1 4 3
11
12 |\WVOLUME 0 19 0 0 4 0 0 0
13 1 ] 0 32 0 ] ] 0
14 0 Ll 0 0 0 0 40 0
15 0 0 0 0 0 5 0 8
16 34 7 0 0 0 0 0 0
17 0 0 22 0 0 27 3 0
Global optimal solution found.
Objective value: 664.0000
Infeasibilities: 0.000000
Total solver iterations: 15
Export Summary Report
Transfer Method: OLE BASED
Workbook: Bookl.xls
Ranges Specified: 1
VOLUME
Ranges Found: 1
Range Size Mismatches: 0
Values Transferred: 48
Variable Value Reduced Cost
CAPACITY ( P1) 60.00000 0.000000
CAPACITY ( P2) 55.00000 0.000000
CAPACITY ( P3) 51.00000 0.000000
CAPACITY ( P4) 43.00000 0.000000
CAPACITY ( P5) 41.00000 0.000000
CAPACITY ( P6) 52.00000 0.000000
DEMAND ( C1) 35.00000 0.000000
DEMAND ( C2) 37.00000 0.000000
DEMAND ( C3) 22.00000 0.000000
DEMAND ( C4) 32.00000 0.000000
DEMAND ( C5) 41.00000 0.000000
DEMAND ( C6) 32.00000 0.000000
DEMAND ( C7) 43.00000 0.000000
DEMAND ( C8) 38.00000 0.000000
COST( P1, C1) 6.000000 0.000000
COST( P1, C2) 2.000000 0.000000
COST( P1, C3) 6.000000 0.000000
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COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
COST (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (
VOLUME (

P1,
P1,
P1,
P1,
P1,
P2,
P2,
P2,
P2,
P2,
P2,
P2,
P2,
P3,
P3,
P3,
P3,
P3,
P3,
P3,
P3,
P4,
P4,
P4,
P4,
P4,
P4,
P4,
P4,
P5,
P5,
P5,
P5,
P5,
P5,
P5,
P5,
Po6,
Po6,
P6,
P6,
P6,
P6,
P6,
P6,
P1,
P1,
P1,
P1,
P1,
P1,
P1,
P1,
P2,
P2,
P2,
P2,

O W P ONNOOOUOOOON JOTOWWNE JINOW-TIOOJWWwWwds JOFEDNOUOUNOOOU WO ©Wo N

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

19.00000

0.
0.

000000
000000

41.00000

0.
0.000000
0.000000
1.000000
0.
0

3

000000

000000

.000000
2.00000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
5.000000
0.000000
5.000000
7.000000
0.000000
2.000000
2.000000
10.00000
0.000000
4.000000
1.000000
0.000000



VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
VOLUME (

P2,
P2,
P2,
P2,
P3,
P3,
P3,
P3,
P3,
P3,
P3,
P3,
P4,
P4,
P4,
P4,
P4,
P4,
P4,
P4,
P5,
P5,
P5,
P5,
P5,
P5,
P5,
P5,
P6,
P6,
P6,
P6,
P6,
P6,
P6,
P6,

Row

QO ~J o U WN

L = N S Y
Gl WM PO W

Slack or Surplus
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.000000
.000000
.000000
.000000
.000000
11.00000
0.000000
0.000000
0.000000
0.000000
40.00000
0.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
38.00000
34.00000
7.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
22.00000
0.000000
0.000000
27.00000
3.000000
0.000000

oNoNeoNeNe]

O U1 OO O oo

ocNoNoNoNoNoNoNG)

664.0000
0.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
2.00000
.000000
.000000
.000000
.000000

O O OO NIODODOOO O oo

WO O WHRFRFONMNWUOUONREFEFN®E JOOONOWRHREENEOPWOWOORxONDNDRE

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

Dual Price

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000



:Database ©laslaa 82018 (o ULl 21 A) 5 JA

Jie (Sl bl u,az\.iaujlog“_\\:msc\);;\ jd&d}[@\_&Excel Jle pdil) Clssia yiied
Database e sleall ae) 5 1a) Akl aladid e 2 3 Ll (a5 a8 S e Jaladl
o) g b Lgilly i Jlee ) Clga (e SN (Y @lly s Management Systems (DBMS)
AilSe) 48) g elliad A g iy ae) 83 1) aldai (sl day 1) 48] aa 59 LINGO (8 .k
13 5 ) Open Database Connectivity (ODBC) Driver 4= site <lily sacldy Jay )
(DBMS o> 43dal) & Jody

L dalic 8 s DBMS s e il 153 5 Jaal 2 & LINGO 2 @ODBC 4l
WINDOWS Jsuiill alail

Al Juatil SAMPLES\TRANDB.LG4 <alo (8 2 52 g0 JUk p23%005 8 guu

MODEL:
! A 3 Plant, 4 Customer Transportation Problem;

! Data 1is retrieved from an ODBC link. You *MUST*
use the ODBC Administrator to register one of the
supplied databases under the name "Transportation”
in order to get this model to run. Refer to Chapter
10 for more details.;

TITLE Transportation;

SETS:

PLANTS: CAPACITY;

CUSTOMERS: DEMAND;

ARCS ( PLANTS, CUSTOMERS): COST, VOLUME;
ENDSETS

I The objective;
[OBJ] MIN = @SUM( ARCS: COST * VOLUME) ;

! The demand constraints;
@FOR( CUSTOMERS( C):
@SUM( PLANTS( P): VOLUME( P, C)) >= DEMAND( C));
! The supply constraints;
@FOR( PLANTS( P):
@SUM( CUSTOMERS( C): VOLUME( P, C)) <= CAPACITY( P));
DATA:

! Tmport the data via ODBC;

PLANTS, CAPACITY = @ODBC () ;
CUSTOMERS, DEMAND = @ODBC () ;
ARCS, COST = @ODBC () ;

! Export the solution via ODBC;
@ODBC () = VOLUME;

ENDDATA

END
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Jaa si Gy 2 685 1 @ODBC lall a2ais Uil 3 gail) 13] Ll and & a3l
s sl aa 5 (S il JS es i STODBC <l juad

LINGO lgexdingy STODBC by jhas ciy 28 A4S 7 345 o gu

s Gilaglea 32c B 2 ODBC iy juas

.ODBC Driver 43| g @llicy DBMS (o 823> 3 -1

.ODBC Adminstrator (ODBCA) s« gs lehiaud a3 28 558 -2

& pSaill da o) el Jgaa sl (S ODBC s sisall il glaall 5216 Loyl 5 e

: &S Oracle sl Access gebin (e il slas 322 Juasi 2% 5 Windows

Data Sources & Adminstrative Tools =& Control Panel aSaill 4 5! (40 -1
: (ODBC)

¢ lne GeEmana

@FCR{ CUSTOM !_', Accessibility Options
@5UM({ PLE ¥ Add Hardware

DEMAND({ C)):

@ SetProgram Access and Defaults 4._) Add or Remove Programs

% Windows Catalog i I:IQ-;;R?J;E.;;]‘T S@ Component Services

@ windows Update @sTM| CUS ﬁ Automatic Updates (=), computer Management

|5 Open Office Document DATA: §~ Display Event Viewer

B winrar | Import th (@ Folder Options [ Local security Policy

'm Textaloud PLRNTS, CRF 4 Fonts 3 @ Performance

[N Avant Browser gggomjéz; & Game Controllers 8 Services

.0 HP Solution Center ) s ﬁ:. Internet Options % Internet Information Services

IE Programs 9 ! :th:t :h ¥z Keyboard “Ei) Server Extensions Administrator

¢ Favorites ¥ gonsc() = ") Mouse % Microsoft MET Framework 1.1 Configuration
E.b i i ENDDATZ @ Netwark Connections » B¢ Microsoft .NET Framework 1.1 Wizards

e coarme SR

Search Phone and Modem Options
"J o ﬂ' Network Connections ?i = I
Help and 5 t 3 ower Options
) ol ieus B Printers and Faxes LI
= Run... q; Printers and Faxes »

B, Taskbar and Start Menu

saalil) yelaia
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#"1 ODBC Data Source Administrator

User DSN lSystern DSN | File DSN | Drivers | Tracing | Connection Pooiing | About |

|ser Data Sources:

Transportation Microsoft Access Driver (" mdh) Configure...
Visio Database Samples  Microsoft Access Driver (" MDE]

Mame | Driver | Add...
Microsoft dBase Driver (~.dbf)

Excel Files Microsoft Bxcel Driver (*xds) Remove
MS Access Database Microsoft Access Driver (" mdhb)

An ODBC User data source stores information abowt how to connect to
the indicated data provider. A User data source is anly visible to you,
and can only be used on the cument machine.

ok | Cancel | | Help |

oead Add. .. e bl VI

Create Mew Data Source

Mame | Wi
Driver da Microsoft para arquivos texdo ("bd; *.csv) 4
Driver do Microsoft Access (" mdb)
Driver do Microsoft dBase (™ .dbf)
Driver do Microsoft Bxcel(™xds)
Driver do Microsoft Paradox (*.db )
Driver para o Microsoft Visual FoxPro

Microsoft Access Driver (" mdb)
Microsoft Access- Treiber (" mdb)
Microsoft dBase Driver (™.dbf)

Mimrmmaft AD—rn~ VICD Dicuame M ALEL

£ I

54

[ P T

| Finich | Cancel |

33Ul ks Finish kil o3 Microsoft Access Driver(*.mdb) Jiss
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ODEC Microsoft Access Setup

Data Source Name: |T|E|nspc|rtatic:n oK |

Description: |Data source for LINGO transportation model|
Cancel
Database
Database: Help
Select.. | Create. . | Repair... | Compact .. |

Advanced...

System Database

* Mone

(" Database:

Options=>

I

odle Tan s A LS oy Caua g Transportation Rl g il jauael Ca yza ey Jans
LAY 3280 e laid Select. . . vl (J (9‘5)1..33;\ \S.Aj)

Select Database

Database Mame Directories:

|‘.md|:: c:h

Cancel
(£ iPod Photo Cache | #
£ My Music w

£ nab ipad | | Read Qnly
£ PerfLogs Bl
(] Program Files v HsIvE

List Files of Type: Drives:

|.ﬁ.|:|:ess Databases {*_muj | = AphaC j Metworc...

i alall e s of (Adlal) 23.il) LINGO1 1 alas U s JaaY
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Select Database

Database Name Directories:
|‘.md|::| c:Mingo11
Cancel
[=ch
= L INGO 1
£ Hiller Hep

(£ Programming Sam [ Read Only

£ User [ BExclusive

List Files of Type: Drives:

Access Databases {".mnﬂ | = c: Alpha C ﬂ Metworl: ..

el Samples Asall e arial
E3

Select Database

Database Mame Directories:
I TRANDE.mdb c:Nlingo11'samples
Cancel

DOGS mdb [=r e

PERTCDBC mdb

TRANDE mdb ?E‘L;NGC;-I ! Help
TRANDEZ2 mdb ampies

0 SampText [ Read Only
[ Exclusive

List Files of Type: Drives:

Access Databases {‘.mnﬂ | = c: Apha C j Network...

OK & TRANDB.mbd <ilall s
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ODBEC Microsoft Access Setup

Data Source Name: |T|E|n5pc:rtatic:n QK |

Description: |Data gourze for LINGO transportation model
Cancel
Database
Database: CALINGO11%Samplest TRANDE mdb Help
Select.. Create. .. | Repair... Compact... |

Advanced... |

System Databasze

{* Mone
" Database:
Oiptions=> |
LAy
Database
Database: CALINGD11%Samples' TRANDE mdb
Select... Create... Repair... Compact... |
OK 5 OK a

JJE PLE VRN &J\ bl 3ac 8 Jaaus Al 1S 4
Access ‘5 Gllu) sac el ol
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¥ Microsoft Access

[Hopen WDesign ew | X |2y ]

= [

H  customers
B Flants

B Arcs : Table

Plants Customers
Cust1
Plant1 Cust?
Plant1 Cust3
Flant1 Custd
Plant2 Cust
Plant2 Cust?
Flant2 Cust3
Plant2 Custd
Plant3 Cust
Plant3 Cust?
Plant3 Cust3
Plant3 Custd

= R R RN AT R N T

% Customers
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B Customers : Table

Plants | sl

B Plants : Table

Plants

LINGO (& gl 5 25 O0Y)

LINGO 11.0 Solver Status [TRANDB] X

— Solver Status —Yariables
Model Clazs: LF Tatal: 12
MHanlinear: 1]
State: Global Opt Integers: n
Objective: 161 ~ Conshraints
Infeasibility: 0 Tatal &
Monlinear: 1]
[terations: [
— Manzeros
— Estended Solver Statuzs————————— Total: 36
Manlinear: 1]
Salver Tupe
Best Oby: — Generator Memory Uzed K]
Obj Bound: zb
Steps: ~ Elapsed Runtirme [hh:mm:ss]——
NS 00:00: 00
pdate Interval IE [terrupt Solver Cloze
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Global optimal solution found.
Objective value:
Infeasibilities:

Total solver iterations:

Export Summary Report

éﬂt\.\s‘ 3

161.0000
0.000000
6

Transfer Method: ODBC BASED
ODBC Data Source: Transportation
Data Table Name: ARCS
Columns Specified: 1
VOLUME
LINGO Column Length: 12
Database Column Length: 12
Model Title: Transportation
Variable Value Reduced Cost
CAPACITY ( PLANTI1) 30.00000 0.000000
CAPACITY ( PLANT2) 25.00000 0.000000
CAPACITY ( PLANT3) 21.00000 0.000000
DEMAND ( CUST1) 15.00000 0.000000
DEMAND ( CUST2) 17.00000 0.000000
DEMAND ( CUST3) 22.00000 0.000000
DEMAND ( CUST4) 12.00000 0.000000
COST ( PLANT1, CUST1) 6.000000 0.000000
COST ( PLANT1, CUST2) 2.000000 0.000000
COST ( PLANT1, CUST3) 6.000000 0.000000
COST ( PLANT1, CUST4) 7.000000 0.000000
COST ( PLANT2, CUST1) 4.000000 0.000000
COST ( PLANT2, CUST2) 9.000000 0.000000
COST ( PLANT2, CUST3) 5.000000 0.000000
COST ( PLANT2, CUST4) 3.000000 0.000000
COST ( PLANT3, CUST1) 8.000000 0.000000
COST ( PLANT3, CUST2) 8.000000 0.000000
COST ( PLANT3, CUST3) 1.000000 0.000000
COST ( PLANT3, CUST4) 5.000000 0.000000
VOLUME ( PLANT1, CUSTI1) 2.000000 0.000000
VOLUME ( PLANT1, CUST2) 17.00000 0.000000
VOLUME ( PLANT1, CUST3) 1.000000 0.000000
VOLUME ( PLANT1, CUST4) 0.000000 2.000000
VOLUME ( PLANT2, CUST1) 13.00000 0.000000
VOLUME ( PLANT2, CUSTZ2) 0.000000 9.000000
VOLUME ( PLANT2, CUST3) 0.000000 1.000000
VOLUME ( PLANT2, CUST4) 12.00000 0.000000
VOLUME ( PLANT3, CUST1) 0.000000 7.000000
VOLUME ( PLANT3, CUSTZ2) 0.000000 11.00000
VOLUME ( PLANT3, CUST3) 21.00000 0.000000
VOLUME ( PLANT3, CUST4) 0.000000 5.000000
Row Slack or Surplus Dual Price
OBJ 161.0000 -1.000000
2 0.000000 -6.000000
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3 0.000000 -2.000000
4 0.000000 -6.000000
5 0.000000 -5.000000
6 10.00000 0.000000
7 0.000000 2.000000
8 0.000000 5.000000
Access &zl
= TRANDB : Database (Access 97 file format) E”E][g|
|3, Preview g{_:lesign il new | X | 2a :
Chijects I ArcsRen
1 Tables
5 Queries
=3 Forms
id  Reports
!_Q Pages
2 Macros
g&  Modules
Groups
3 Favorites
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Type a questic

Customers Volume
Cust 2
Cust2 17
Cust3 1
Custs 0
Custl 13
Custz 0
Cust3 0
Custd 12
Custl 0
Cust? 0
Cust3 21
Cust4 0

1 IS Bayaa iy Bacld St Jah o galipall i (5l 03 labean 50 5 0500
Remove ‘_A; Jarall (“3 L jbaly ALl alilyl) sac 18 d.UJ -1
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£ ODBC Data Source Administrator

User DSN | System DSM | File DSN | Drivers | Tracing | Connection Pooling | About |

|Iser Data Sources:

Mame | Driver | Add...
dBASE Files Microsoft dBase Driver (*.dbf)

Excel Files Microsoft Bxcel Driver {*xds) Remove
M5 Access Database Microsoft Access Driver (" mdb)
Microscoft Access Driver (~mdb) Corfigure. .

Visio Database Samples Microsoft Access Drver (".MDE)

An ODBC User data source stores information about how to connect to
the indicated data provider. A Liser data source is anly visible to you,
and can only be used on the cument machine.

oK | Cancel Help |

52l gt

ODBC Administrator

J/ Are you sure you want to remove the Transportation data source?

o (o]

Yes PRI
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£ ODBC Data Source Administrator

User DSN | System DSN | File DSN | Drivers | Tracing | Connection Pocling | About |

|ser Data Sources:

R NE gty = Microsoft Access Drver (".MDE) Corfigure...

Mame | Driver | Add...
dBASE Files Microsoft dBase Driver (*.dbf)

Excel Files Microsoft Bxcel Driver (*xds) Remove
M5 Access Database Microsoft Access Drver (" mdhb)

An ODBC User data source stores information about how to connect to
the indicated data provider. A User data source is only visible to you,
and can only be used on the cumrent machine.

oK | Cancel Help |

CoalnallS Banaall clilud) 3ac 8 Jasd V)

ODBC Microsoft Access Setup

Data Source Name: |T|E|nspc:rtatinn 2 QK

Description: |Larg Database for LINGO
Cancel
Database
Database: CHLIMGO11%Samplest TRANDEZ mdb Help
Select... Create... | Repair... Compact... |

Advanced. ..

System Database

* Mone

" Database:

Opptions=>

I

UL Bac Wl o) Ayl Jaa
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" ODBC Data Source Administrator

User DSN | System DSN | File DS | Drivers | Tracing | Connection Pooling | About |

|ser Data Sources:

Microsoft Access Driver (“mdb) Corfigure. .
Visio Database Samples  Microsoft Access Drver (" MDE)

Mame | Driver | | Add... |
dBASE Files Microsoft dBase Driver (*.dbf)

Excel Files Microsoft Bxcel Diver (* xds) Remove
M5 Access Database Microsoft Access Driver (" mdb)

An ODBC User data source stores information about how to connect to
the indicated data provider. A User data source is only visible to you,
and can only be used on the cument machine.

0K — | Help |

G_u@uﬁl\;\ﬁ;\m

LINGO Error Message

Error Code: .
108 E xplain | ak |
Errar Text
The model's dimensions excesed the capacity of this version:
DIHENSION ACTUAL LIMIT
Constraints 251 150
Honlinear Variables 1] a0
Integer Variables 1] an
Total Variables 10000 300
Contact LINDO Sy=tems regarding larger wversions of LINGO.

Agilad) Galldall A e ST (@) i) 3580 aae ) 23 saill ana
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:Access & <l sac

B Microsoft Access

Type & guestion for help
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Bl Microsoft Access |

Type a guestion for help

TRANDBZ : Database (Access 97 file format)

: B Arcs : Table
Plants Customers Volume
Plants0  CustiT 123456783063
123456788063

 Cust1i
~ Cust182

Plant50

P Cust132
Plant50 _ Cust193
Pla ~ Cust194
Plants0 Cust195.
Plant50 ust19¢
Plant50 ~ Cust137
Plant50  Cust138.
Cust199

of 10000
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=l

Type a question for help

| Record: (4] « [ T (FJBT]RH] of 200

Datasheet Yiew
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FEX

Typea quesﬁon forhelp =

= TRANDBEZ ; Database (Access 97 file format)

B Plants : Table

Plants | Capacity

Plant13

Plant21

Plant23

Plant24

Plant26

Plan

Plant28 | -
Plant29 516

Recod: (1) < [ 1 (P IDIJRH] of 0
Datasheet View
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i) Juail

R pladiul Al 3k
R 4nal i il ddl dedia e allai S1 144 daiia Galall il -ddaadl
Jlgs iy 2 -1

Create a function from a formula
L) S i Ll s dazaly 5 I so i il makeFun Al aaadiug

makeFun (object, ...)

Jii il g var = val 8& e 4l man ) 4 A a6l (15 8 object 4l
Al Al Al i) adlly

Examples

library (mosaic)

f <- makeFun( sin(x"2 * b) ~x & y & a); £
g <- makeFun( sin(x"2 * b) ~x & y & a, a=2 ); g
h <- makeFun( a * sin(x"2 * b) ~ b & vy, a=2, y=3); h

model <- Im(wage ~ poly(exper,degree=2), data=CPS85)
fit <- makeFun (model)

xyplot (wage ~ exper, data=CPS85)

plotFun (fit (exper) ~ exper, add=TRUE)

model <- glm(wage ~ poly(exper,degree=2), data=CPS85,
family=gaussian)

fit <- makeFun (model)

xyplot (wage ~ exper, data=CPS85)

plotFun (fit (exper) ~ exper, add=TRUE)
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model <- nls( wage ~ A + B * exper + C * exper”2,
data=CPS85, start=list (A=1,B=1,C=1) )

fit <- makeFun (model)

xyplot (wage ~ exper, data=CPS85)
plotFun (fit (exper) ~ exper, add=TRUE)

dgasel) Bl -2

Numerical Derivatives

ceab) adl panel) A8 el ¢SS numMD A
LSl s il el

numD (formula, ..., .hstep = NULL, add.h.control

setInterval (C, wrt, h)

setCorners(C, varl, var2, h)

dfdx (.function, .wrt, .hstep)

d2fdxdy(.function, .varl, .var2, .hstep)

d2fdx2 (.function, .wrt, .hstep)

numerical.first.partial (f, wrt, h, av)

numerical.second.partial (f, wrt, h, av)

numerical.mixed.partial (£, varl, var2, h, av)
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Arguments

=) ol formula

Al )l alleall 4yl Y1 Al () SOl Llle 5 ddla) allea
B3 gasall (35,8l daaall 3 4hdll hstep
O Glaal dae 5 5kha L Sl Axilll Al o5 add.h.control

Examples
library (mosaic)
g = numD( a*x"2 + x*y ~ x, a=1)

g(X=2I y=10)

gg = numD( a*x"2 + x*y ~ x&x, a=1l)

g9 (x=2,y=10)

ggg = numD( a*x"2 + x*y ~ x&y, a=1l)

999 (x=2,y=10)

h = numD( g(x=x,y=y,a=a) ~ y, a=1)
h(x=2,y=10)

f = numD( sin(x)~x, add.h.control=TRUE)

plotFun( £ (3, .hstep=h)~h, hlim=range(.00000001, .000001))
ladd( panel.abline(cos(3),0))
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@) Jualdsl) -3
Numerical Differentiation
83 ganall (355l (T deddine 4 Ja s 1 il (e gaasll Jualiil) aei fderiv Al
.Finite Difference
AUl S 5l Ll
fderiv(f, x, n =1, h = 0, method="central", ...)

:éeaﬂ

Neloalii o lladl) A1l f

Sl bie a2 L ) AL x

4 Sas 1 e pydal@llds nop

(L3 sl ali i Jang) O Al i) daill 5 5 5ladll ans 5l Jsha b

:» als method

“central”, “forward”, or “backward”.

Al yi) ad g ddlal maa .,
Examples

library (pracma)

## Not run:

f <- sin

xs <- seq(-pi, pi, length.out = 100)

ys <- f(xs)

yl <- fderiv(f, xs, n = 1, method = "backward")
y2 <- fderiv(f, xs, n = 2, method = "backward")
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y3 <- fderiv(f, xs, n = 3, method = "backward")

y4 <- fderiv(f, xs, n = 4, method = "backward")

plot(xs, ys, type = "1", col = "gray", 1lwd = 2,
xlab = "", ylab = "", main = "Sinus and its

Derivatives")

lines(xs, yl, col=1l, 1lty=2)
lines(xs, y2, col=2, 1lty=3)
lines (xs, y3, col=3, 1lty=4)
lines(xs, y4, col=4, 1ty=bH)
grid()

## End(Not run)

@) Jalsill -4
Numerical integration
Al saael) oS 5k
1- Euler
2- Runge-Kutta 4th order
3- Monte Carlo
4- RK4 with discontinuities
5- Ramos method.
A Sl agd
euler (x0, t, £, p, dt)
RK4 (x0, t, £, p, dt)
rnum (x0, t, £, p, dt, n)
RK4D (x0, t, £, p, dt, g, tz)
ramos (x0, t, £, p, dt)

Zasaill 8 X a5 S aadind s (s sil) dpailacil) (ial 23U Laih 223 gyler A
dX/dt = f(t,p,X)
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zasaill Jal 4 45 ) @l RK 43k aoiiui RK4 A1)
dX/dt = fit,p,X)

Laae
euler lae sty e agfi ol 408 rpum 4
LelalS gl Aall & il saill f cilelhiiy) o Jaleii RK4D Al

el a4y yla AR ramos a)all

:@aﬁ\

S LAl x0

initial condition

z) A At

times for output

Aplad) Alialadl) dalaall o1 okl ) 23 atll Ala f
right hand side of ODE

e p

gt il sl i

Ll laayh e n

e Uiy 4y g

leUasiy) dia i tz
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Examples

library (seem)

# Euler

model <- list (f=expon)

t <- seq(0,10,1); dt <= 0.001

p <- 0.1; X0 <=1

X <- euler (X0, t, models$f, p, dt)

# Runge-Kutta

model <- list (f=expon)

t <- seq(0,10,1); dt <= 0.001

p <- 0.1; X0 <=1

X <- RK4 (X0, t, modelsf, p, dt)

# Stochastic

model <- list (f=expon)

t <- seq(0,10,1); dt <- 0.001

p <- c(0.1,0.01); X0 <=1

X <= rnum (X0, t, model$f, p, dt,n=20)
# RK4 with discontinuities

model <- list (f=expon,z=expon.z,g=expon.Jg)
t <- seq(0,100,1); dt <= 0.01

p <- c¢c(0.02,10,0,-10); X0 <= 100

X <- RK4D(X0, t, modelS$Sf, p, dt, modelS$Sg, modelSz(t,p,X))

giSs g ABLLA) -5
Derivative and Anti-derivative operators
A I Ly A Lo 5 dsidall (lual Jlae

D(formula, ..., .hstep = NULL, add.h.control = FALSE)

antiD(formula, ..., lower.bound = 0, force.numeric = FALSE)
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makeAntiDfun (. function, .wrt, from,.tol =

.MachineS$double.eps”0.25)

numerical.integration(f, wrt, av, args, vi.from, ciName =

"c", .tol)
il
Aua formula
Apzl yiay) sl
gl il Cluad daadiinall Llaw) o 48Y) il hstep
Aaaal) A8iLal) sl aodius 4ikaie 48 add.h.control
Aoaaal) Al Glesd aY) as)) Jower.bound
S0 JalSian sy O ) s saae JalSS 5 a0 TRUE oS 13) force.numeric
.symbolic integral
LeldlSs o) all A function
JalSl paia e Sgoall e G wirt
el Jlad 0 aall Al yiaY) dasl) from
Al f
il e (S s Caua wrt
Al 5y jaall maall (g AailE gy
(an 13 Alleall ) 5Y1 2 Args
Ladll & el 222l 22l to

Examples

library (mosaic)

D(sin(t) ~ t)

D(A*sin(t) ~ t )

D(A*sin (2*pi*t/P) ~ t, A=2, P=10) # default values for

parameters.
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f <- D(A*x"3 ~ x + x, A=1) # 2nd order partial -- note,
it's a function of x

f(x=2)

f(x=2,A=10) # override default value of parameter A

g <- D(f(x=t, A=1)"2 ~ t) # note: it's a function of t
g(t=1)

gg <- D(f(x=t, A=B)"2 ~ t, B=10) # note: it's a function
of t and B

gg (t=1)

gg (t=1, B=100)

f <- makeFun (x"2~x)

D(f(cos(z))~z) #will look in user functions also

antiD( a*x"2 ~ Xx)

antiD( A/x~x )

F <- antiD( A*exp(-k*t"2 ) ~ t, A=1, k=0.1)

F(t=Inf)

one = makeFun (1~x&y)

by.x = antiD( one (x=x, y=y) ~X)

by.xy = antiD(by.x (x=sqrt (1-y"2), y=y)~y)

4*by.xy(y=1) #area of quarter circle

4o ja ) cliiiall -6

Symbolic Derivatives

€ Ly el imad il ) il s

symbolicD (formula, ..., .order = NULL)

:éeaﬂ

=k i formula
Al ool ) Y0 1 5 Lo e i) ol
Jalg i Akl da jo 2asy W8 order
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Examples

library (mosaic)

symbolicD( a*x"2 ~ Xx)

symbolicD( a*x"2 ~ X&Xx)
symbolicD( a*sin (x)~x, .order=4)

symbolicD( a*x"2*y+b*y ~ x, a=10, b=100 )

Al et a7
Plotting mathematical expressions
F A S Al Ll g i) ) jaaial dpialy ) pulad au )l plotFun Al aodis

plotFun (object, ..., add = FALSE, xlim = NULL,
ylim = NULL, npts = NULL, ylab = NULL, xlab = NULL,
zlab = NULL, filled = TRUE, levels = NULL,
nlevels = 10, labels = TRUE, surface = FALSE,
groups = NULL, col.regions = topo.colors, type = "1",

alpha = NULL)
eaall
Baaly pmid A .xby e object
S py A an N illay TRUE 0K 1)) add
8 Hgaall agas xlim
(gasalall sl 3 5aa ylim
Loy oy S Lladl) sae npts
SEY) 5 saall sl xlab
gasaall ) sadll ol ylab
surface-plot sl a g I QI ol sl Zlab

2 o4 col
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O e 8 L) L filled

AN 8 g s )l Sl sie |evels

A g yall Gl g3€D) 222 n]evels

Ll sES) e S8 FALES <ils 1Y) [abels

oS anll Ju adas s 2w surface

As 5 Y e 4aie col.regions

0l g 5 type

kel Y (Glas ) 1 LY (Gles) 0 oe 2 alpha
Lattice graphics 4508 o g )l aaeaill 4aa groups

Adla) llaa

Examples
library (mosaic)
plotFun( a*sin(x"2)~x, xlim=range(-5,5), a=2 )
plotFun( u*2 ~ u, ulim=c(-4,4) )
plotFun( y*2 ~ vy, ylim=c(-2,20), y.lim=c(-4,4) )
plotFun( x*2 -3 ~ x, xlim=c(-4,4), grid=TRUE )
ladd( panel.abline (h=0,v=0,col="gray50"') )
plotFun( (x*2 -3) * (x*2 > 3) ~ x, type='h', alpha=.1,
lwd=4, col='lightblue', add=TRUE )
plotFun( sin(x) ~ x,
groups=cut (x, findZeros(sin(x) ~ x, within=10)$S$x),
col=c('blue', 'green'), 1lty=2, 1lwd=3, xlim=c(-10,10) )
plotFun( sin(2*pi*x/P) *exp (-k*t)~x+t, k=2,P=.3)
f <- rfun( ~ u & v )
plotFun( f(u=u,v=v) ~ u & v, u.lim=range(-3,3),
v.lim=range (-3,3) )

plotFun( u*2 + v < 3 ~ u & v, add=TRUE, npts=200 )
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model <- Im(wage ~ poly(exper,degree=2), data=CPS85)
fit <- makeFun (model)

xyplot (wage ~ exper, data=CPS85)

plotFun (fit (exper) ~ exper, add=TRUE, 1lwd=8)

plotFun (fit, add=TRUE, 1lwd=2, col='white')

plotFun( sin(k*x)~x, k=0.01 )
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‘R Aol g3 Atial) JSlia Ja

JSLie da 8 R Apsal )l Aadaill Al @l jie lal i dialy ) o 5 4500 padid o g
ALiaY)

GNU xR alaaiu dals 5 Package 'Rglpk' 4es (& aall o2a Jl

assi Al g Axilas da a8 5 GLPK slawal) 4adll s 1l | inear Programing Kit
L e g Abalisall dae pll 5 4ol daa yall g dudad Ao ll (& SUaill Al 5 JSLEW
daa pll JSLI Jal Ulaa 3 8 55 4 a4 s Package 'IpSolve’ 4 (o» 4l da jal)
Wy s Jaill g Ganadill JSLia g adalisall g dgaasll g 4udasl)

JSUia g Auladl) daa pall JSLEL Jal aadiiin s Package 'linprog' 4w s (o0& AUl 4. jall
.Simplex Algorithm osShiaudl a3 ) & alasinly 4485Y]

1 AU aaiinsi s RgIpk 4as :Y gl

Rglpk solve LP(obj, mat, dir, rhs, types = NULL, max =
FALSE, bounds = NULL, verbose = FALSE)
TATTN

ra

gl Ay Jales S aatia Ob_j

58l Jalre 48 giina 5 435 mat

M=="or =< NN =S IS G ) g g 258l Dlalad] 4y i A dir
A el e oY) Gl ths

"T" 5 il "CM 5 ST B 5 5S O gy caagdl Gl jde & 5 (o Aaa types

MO o Al yi8Y) dall 5 uaaall
5 <oagll Als maximize adaed is8 TRUE il 4056Y ola) Jast dilaic 4af max
.minimize seaill =3 FALSE

o b s x5 lower Wias upper We paliny 4ai8 5 NULL 4l yiY) i s bounds
00 50 o b e OS) Ana) Y1 dadl) Cangl) il yuaial gl Axlill 3 gaa)l 5 indices
Aagill g Y 5 Alia) il i Jaxy (b solver JMall juas S djahic 4ad verbose
FALSE 4zl 58yl

il A

1\ e optimal solution Jie¥) dall (5 s 4413

.optimal coefficients (il Jal sall 4aia 38 9 Jall solution

JiaY) Jall sie Casgl) Alla Aad objval

BARN oS \'Jj()%jdﬂ\or_:\ﬂaj\ Q&;&aﬁ@uam s g status
Al e A jhia e dad
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:1 Jual)
Max  8x, +5x, Ao

St 2x+ x, <1000
3x, +4x, <2400
x, + x, <700
x, — x, <350
xX,%x, 20
> library (Rglpk)
> obj <- c(8, 5)
> mat <- matrix (c(2,1,3,4,1,1,1,-1),nrow=4,byrow=TRUE)
> dir <_ C("<=", "<="’ "<="’ "<=")
>
>
$
[

rhs <- ¢ (1000,2400,700,350)
Rglpk solve LP(obj, mat, dir, rhs, max = TRUE)

optimum
1] 4360
Ssolution
[1] 320 360
$status
[1] O
Max. 12000X,+20000.X,
St. 2X,+  6X,<27
X,>2
3X,+  X,<19
X, X, >0and integers
> library (Rglpk)
> obj <= c¢(12000,20000)
> mat <- matrix (c(2,6,0,1,3,1),nrow=3,byrow=TRUE)
> dir <- C("<=", n>="’ n<=n)
> rhs <- ¢ (27,2,19)
> sl <- Rglpk solve LP(obj, mat, dir, rhs, types = "I", max
= TRUE)
> print(sl)
Soptimum
[1] 108000
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Ssolution

[1] 4 3
Sstatus
[1] O

>

linprog s jall aladiuly Jali Wil

Aa) (Jal
minimize : c'x,
subjectto Ax <b, x>0

solveLP( cvec, bvec, Amat, maximum=FALSE, maxiter=1000,
zero=1le-10, lpSolve=FALSE, verbose=FALSE )
TATTN

ra

i 1 g ¢ 4aidl cvec

i m g sxa g b Al byec

m X n A=l 448 iadl) Amat

ot Ayl Y] dagdll g Caagdl Ao juraad ol ankaei] 4ihic 4ad maximum

DSl sae bl maxiter

teall 4 glie 2220 138 eyl o S Al Y aazay O 3 i sl 583 zero

Y Al @Y Al Y Sl pSolve' deall Alaiiny eyl HLaY 4dhic 4ad [pSolve
Gl ) Aadll g Y ol dda yal) il Ao Lal gealiyal) LAY 4y jLis) ddlaie dad verbose
N

:1 Jha da

library( linprog )

cvec <- c(8,5)

bvec <- ¢(1000,2400,700,350)

Amat <- rbind( c¢( 2, 1),c( 3,4 ),c( 1, 1), c( 1, -1)))
res <- solvelLP( cvec, bvec, Amat, TRUE )

print.solvelP( res )

vV V V V VYV

Results of Linear Programming / Linear Optimization
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Objective function (Maximum) :
[1] 4360

Iterations in phase 1: O
Iterations in phase 2: 3

Basic Variables

opt
1 320
2 360
S 3 20
S 4 390
Constraints
max actual diff dual price dual.reg
1 1000 1000 0 3.4 400
2 2400 2400 0 0.4 650
3 700 680 20 0.0 20
4 350 -40 390 0.0 390

All Variables (including slack variables)

opt ¢ min c max C marg. marg.reg.
1 320 8 3.750000 10.00000 NA NA
2 360 5 4.000000 10.66667 NA NA
S 1 00 NA NA -3.4 400
S 2 00 NA NA -0.4 650
S 3 200 NA 2.00000 0.0 20
S 4 390 0 -0.666667 2.42857 0.0 390
IpSolve 4ajall aladiuly Jal) GG
lp (direction = "min", objective.in, const.mat, const.dir,
const.rhs, transpose.constraints = TRUE, int.vec,
presolve=0, compute.sens=0, binary.vec, all.int=FALSE,
all.bin=FALSE, scale = 196, dense.const, num.bin.solns=1,
use.rw=FALSE)
e

b sl (Al Y Aadll 5 g) yual AaY) Blad) any 8 s Ca direction
gl Ala CBlalae (5 93 (5220 42 objective.in
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>
>
>
>
>
>
>
[

>

Ol yarie JSTaa) g0 gee 528 JST 2 g Caa 2 gasl) Ol dp02e 48 5804 const.mat
.( transpose.constraints = FALSE A & saxclk)

et =t =ty 6 aad 088 Of g g 2l ol asy (4 geaill (e 4aia const.dir
(>=" == s

sl e el Aalldarel) adll (e 4236 const.rhs

ZUad 43 ghiaall 038 g const.mat O« b Jady 28 JS 3alall 3 transpose.constraints
3 1an 8 S 298 A shme Alla 3 13¢5 AlEGY) o)) 531 sy jed i transpose oSe )
o Al 038 85 3 gary 3 gac b siaall 35l auza g Juad) (e ()5S
transpose.constraints = FALSE

Aanaa OS5 O Goglhall @ i) jndices @l dise chry g3 4aia int.vec

.0 A4zl yi8Y) dadll 22e presolve

Y (sl 0 Al yiY) aied Luuluall Clual 232 compute.sens

A () 5S5 ) stladll @l jusiall indices <) sdise s 5332 4ais binary.vec
FALSE Al i) deill fhamia (585 O cang &l poaiall JS Ja Ailaie dad gl int
FALSE Al i) Al S50 0 <5 o oy i) JS Ja Agilaie e a]lbin
5196 Apal 58 el (Ualil) (adiy Apaoell al) ares Jasd) alil) dadl msia 22e gcale
ol i ana1

Ao gllac) Jla 8 Jegiy Baac] 45D 3 5 58l) 445S grray 4ea sa 1 dense.const

. const.mat
2al) il aulaioy axdiuadl lé all.bin = TRUE O 13) zmsa 23 num.bin.solns
Ll Jlall e sl

A e da IS Jasy s¢8 num.bin.solns >1 O\Ss TRUE oS 1)) Jihie use.rw
il il

Ip.object :e121l) 53 sk e

:1 JGa
library(lpSolve)
f.obj <- c(8, 5)
f.con <- matrix (c(2,1,3,4,1,1,1,-1),nrow=4,byrow=TRUE)
f.dir <= c("<=","<=","<=", ="
f.rhs <- ¢(1000,2400,700,350)
sl <= 1lp ("max", f.obj, f.con, f.dir, f.rhs)
1p ("max", f.obj, f.con, f.dir, f.rhs)S$solution
1] 320 360
print (sl)

Success: the objective function is 4360

>
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max : x, +9x, + x;
st x,+2x,+3x, <9
3x,+2x, +2x, <15

library (lpSolve)

f.obj <- c(1, 9, 3)

f.con <- matrix (c(1, 2, 3, 3, 2, 2), nrow=2, byrow=TRUE)
f.dir <- c("<=", "<=")

f.rhs <- c(9, 15)

lp ("max", f.obj, f.con, f.dir, f.rhs)

Success: the objective function is 40.5

> 1p ("max", f.obj, f.con, f.dir, f.rhs)$solution

[1] 0.0 4.5 0.0

>
>
>
>
>
>

sdguibat) Julas

> lp ("max", f.obj, f.con, f.dir, f.rhs,
compute.sens=TRUE) $sens.coef.from

[1] -1e+30 2e+00 -1e+30

> lp ("max", f.obj, f.con, f.dir, f.rhs,
compute.sens=TRUE) $sens.coef.to

[1] 4.50e+00 1.00e+30 1.35e+01

> lp ("max", f.obj, f.con, f.dir, f.rhs,
compute.sens=TRUE) $Sduals

[1] 4.5 0.0 -=3.5 0.0 -10.5

> lp ("max", f.obj, f.con, f.dir, f.rhs,
compute.sens=TRUE) $duals. from

[1] 0e+00 -1e+30 -1e+30 -1e+30 -6e+00

> lp ("max", f.obj, f.con, f.dir, f.rhs,
compute.sens=TRUE) $duals.to

[1] 1.5e+01 1.0e+30 3.0e+00 1.0e+30 3.0e+00

:aA:\M Q\):\:JAM e Jaa & ;\ﬁ:}“ BJLCJ

> lp ("max", f.obj, f.con, f.dir, f.rhs, int.vec=1:3)
Success: the objective function is 37

> lp ("max", f.obj, f.con, f.dir, f.rhs,
int.vec=1:3)$solution

[11 1 4 0

> lp ("max", f.obj, f.con, f.dir, f.rhs, int.vec=1:3,
compute.sens=TRUE) $duals

[1] 1 00 70
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lp.assign (cost.mat, direction = "min", presolve = 0,
compute.sens = 0)
e
J'Jmﬁ.qﬂi‘)m‘ua%miﬁz\ﬂﬁﬁij‘)@d\m il 48 s8ima cost.mat

Mmax” sl dpal @Y dedll 4 5 "min" L) g s 1 Jsb 13 a sai 4aie direction
bl 4 glua pasis 4003c dad presolve

lal S5 Lja e dagd Lf‘,j Juall Lﬁjm Lusal 48 g 4aaae 4o compute.sens
Al

Ip.object ;< i

DN 9N
D W

D o0 O =

10

> assign.costs <- matrix (c(2, 7, 7, 2, 7, 7, 3, 2, 7, 2,
8,10, 1’ 9’ 8/ 2)/ 4/ 4)
> assign.costs

[,11 [,2] [,3] [,4]
(1,1 2 7 7 1
[2,] 7 7 2 9
[3,] 7 3 8 8
[4,] 2 2 10 2
> lp.assign (assign.costs) $solution

[,11 [,2] [,3] [,4]
[1,1] 0 0 0 1
(2,1 0 0 1 0
[3,] 0 1 0 0
[4,] 1 0 0 0
>

) (g a4l 5a 5 25 IpJ JS 58 5 23 LP ham Ip.object <Y

Jaaal) 8 LS 4li) ol direction
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Lt Adla & )yl & yaxde 22 X count

R A LS Cangll Al D lalae 4nia objective
AlZad) 2 gl 22e const.count

.l L 3 gl 48 géias constraint

Aaaall G yeidl sae int.count

Ll LS daasall ) yaeiial) ) )50 420 int.vec
Aty sie Caagll dla 4ad objval

(stiall @3alaall 4aa solution

A3l Jglall daal (g22e 1di%e num.bin.solns
OSanda ¥ =D g-lai =0 e s status

1 ASie da

lp.transport (cost.mat, direction="min", row.signs,
row.rhs, col.signs, col.rhs, presolve=0, compute.sens=0,
integers = 1: (nc*nr) )

TAINEN

—

J raldl i jrad) Hanadi Al g jj paial) A4S 48 gdias cost.mat

Mmax" ) dnsl sy Aedll a5 "min" L) g sa 1 Jsb 13 (e sai daia direction
Sl 588 O g Aa IS5 Shanll) 258 Clalad] ary (o seaill (0 daia row.signs
I Nt I it s

oY) 258 e el Agall Apnaall adll (e 4 row.rhs

Ul aad () 5<3 Of ang A (S 5 Baae V) 2 58 Clala) axy a saill (10 42 colLsigns
M N I it N

BaaeY) 358 (e el Agall 400 28l (0 daia col.rhs

.0 A4l yi8Y) dadll 2xe presolve

N ) 0 Al yidY) aied driluall Clual sae compute.sens

AJ)LLgﬂ\}IeSJCAA..A\ il ).u}a‘fka_\lo)».a.zc danall J\As‘}[\wmlntegers
Wu\M\@AmUﬁY\ 4.4.\5\ 4\;.\;..45\ &_1\).1:_\.45\ ERTSRPYN

Ip.object ;< il

library (lpSolve)

costs <- matrix(10000,8,5)

costs[4,1] <- costs[-4,5] <- 0

costs[1l,2] <- costs[2,3] <- costs[3,4] <= 7
costs[1l,3] <- costs[2,4] <= 7.7

vV V V V V
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vV VV VYV YVVYVYV

>

costs[5,1] <- costs[7,3] <- 8
costs[1l,4] <- 8.4

costs[6,2] <= 9

costs[8,4] <- 10

costs[4,2:4] <- c(.7, 1.4, 2.1)

row.signs <- rep ("<", 8)

row.rhs <- c¢(200, 300, 350, 200, 100, 50, 100, 150)
col.signs <- rep (">", 5)

col.rhs <- c (250, 100, 400, 500, 200)

lp.transport (costs, "min", row.signs, row.rhs,

col.signs, col.rhs)
Success: the objective function is 7790

>

lp.transport (costs, "min", row.signs, row.rhs,

col.signs, col.rhs)$solution

(,11 [,2] [,3] [,4] [,5

]
(1,1 0O 100 100 0 0
[2,] 0 0 200 100 0
[3,] 0 0 0 350 0
(4,1 200 0 0 0 0
[5,] 50 0 0 0 50
[6,] 0 0 0 0 50
(7,1 0 0 100 0 0
[8,] 0 0 0 50 100
>
. Ip.object 4Lk a s print.Ip V!
pin g
print (x,..)

Ip.object b x Cus

:3 Jha
Min35X,,+20X,, +40X , +32X,, +37X,, +40X,, +42X,, +25X,, +40.X,, +15X,, +20.X,, + 28X,

St X+ X,+ X+ X, <1200
X+ X+ X+ X, <1000
X+ X+ X+ X, <800

X, + X, + X5 =1100

Xy, T Xy Xy, =400

X3 Xy T Xy =750

Xy + Xy + X5 =750

X, 20, foralliand j

35 20 40 32
37 40 42 25
40 15 20 28
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> library (lpSolve)

> costs <- matrix
(c(35,20,40,32,37,40,42,25,40,15,20,28) ,nrow=3, byrow=TRUE)
row.signs <- rep ("<=", 3)

row.rhs <- ¢(1200,1000,800)

col.signs <- rep ("=", 4)

col.rhs <- ¢ (1100, 400,750, 750)

s2 <- lp.transport (costs, "min", row.signs, row.rhs,
col.signs, col.rhs)

> s2

Success: the objective function is 80500

> summary (s2)

vV V V V V

Length Class Mode
direction 1 -none- numeric

rcount 1 -none- numeric
ccount 1 -none- numeric
costs 13 -none- numeric
rsigns 3 -none- numeric
rrhs 3 -none- numeric
csigns 4 -none- numeric
crhs 4 -none- numeric
objval 1 -none- numeric
int.count 1 -none- numeric
integers 12 -none- numeric
solution 12 -none- numeric
presolve 1 -none- numeric
compute.sens 1 -none- numeric
sens.coef.from 12 -none- numeric
sens.coef.to 12 -none- numeric
duals 12 -none- numeric
duals.from 12 -none- numeric
duals.to 12 -none- numeric
status 1 -none- numeric
> s2[12]

Ssolution

[,11 [,2] [,3]
[1,] 850 350 0
[2,] 250 0 0 750
[3,] 0 50 750

>
> library (Rglpk)

> obj <- ¢(35,20,40,32,37,40,42,25,40,15,20,28)
> mat <- matrix (c¢(1,1,1,1,0,0,0,0,0,0,0,0,

+ 0,0,0,0,1,1,1,1,0,0,0,0,

+ 0,0,0,0,0,0,0,0,1,1,1,1,
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14 14

0,0
0,0,
1,0
0,1

14

) ,nrow=7,byrow=TRUE)
yrep("==",4))

rhs <- ¢(1200,1000,800,1100,400,750,750)

s3 <- Rglpk solve LP(obj, mat, dir,

vV VVYV+ + + +
Q.
'_l
[
A
|

s3
Soptimum
[1] 80500

Ssolution
[1] 850 350 0

Sstatus
[1] O

>

> library(lpSolve)
> costs <- matrix

0 250 0

0 750

rhs, types = "I")

0 50 750 0

(c(35,20,40,32,37,40,42,25,40,15,20,28) ,nrow=3, byrow=TRUE)

row.signs <- rep

col.signs <- rep

vV V V V V

> print (s2)

col.rhs <- ¢ (1100,
s2 <- lp.transport
col.signs, col.rhs)

(n<=n’ 3)
row.rhs <- ¢(1200,1000,800)

;r 4)
400,750, 750)
(costs, "min",

row.signs, row.rhs,

Success: the objective function is 80500

>

Transportation Problem J& A<l A7 Jlia

saa gl) L) jr a5 58 3S) e ATDE (51 ke (e Ay )5 5 5 (pre LY anime 4S
Ll i iS558 S0 e ) ailaall (e Jil) AGISE (K1 5 aibaal) paen A (5 slasia

;AU J gl B
Distribution |Distribution Distribution Center 3
Center 1 Center 2
Plant A 4 6 4
Plant B 6 5 2

e 8828560 SV o iy phiae IS g sad) DA g 501 (35 50 o5 Jll Alee

Lol 8as 540 Zlsy a5 48

199



Jail) 4813 4 685 Gy 568 S je () piaa IS (e JaE 1 o gl dae aaa3 G gllall

€0 Satle J8l
> library(lpSolve)
> costs <- matrix(c(4,6,4,6,5,2),2,3,byrow=TRUE)
> row.signs <- rep ("<=", 2)
> row.rhs <- c(60,60)
> col.signs <- rep ("==", 3)
> col.rhs <- c(40,40,40)

> lp.transport (costs, "min", row.signs, row.rhs,
col.signs, col.rhs)
Success: the objective function is 460
> lp.transport (costs, "min", row.signs, row.rhs,
col.signs, col.rhs)S$solution
(.11 [,2] [,3]
(1,1 40 20 0
[(2,] 0 20 40
>

:Assisnment Problem yavads Jlia

Ay 1) il il ol ) qaendl) sl (e J (503 ey ) g2

Inspection Area
Assembly A B lc D E
Line
1 10 4 6 10 12
2 11 7 7 0 14
3 13 3 12 14 15
4 14 16 13 17 17
5 19 11 17 20 19

e JB (8 panill 3halie N # LY Lo glad (g ol Ly Ji5 ) A6SH 3pas3 o o glladl)
Baal 5 pasd dihid aal g et bd Gacady Gf Aaadle ae (Sas

> cost2 <- matrix
(c(10,4,6,10,12,11,7,7,9,14,13,8,12,14,15,14,16,13,17,17,19
,11,17,20,19), 5, 5, byrow=TRUE)
> Ip.assign (cost2,direction = "min")$solution

(11 0,21 [,3] [,4] I

= O O O
O O O O
O O O

5]
0
0
1
0

O O O
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rl ) AlSdia
Aul dualall 4l gl xj,(j :1,,,,,;7) AN ¢ paid) e daidl LY g Ll
_ |1 if object jis selected
% _{O otherwise
Nepaw,(J=1,..,1) 5j () said Bl Glite p(j=1,...,0) s 1
JS O e JLES) B (o AaallE 4y e bl Luiall dass gl paas ¢ 5/ (L) i) (O
25l i 15 x A i gaial

axell Al maximizes alaad i) &l

n
:E:PUxJ
Jj=1

n
maximize Z DX,

j=1

n
subject to ijxj <c

=1
X; =0 or 1, j=1..n

1k

o0

p; = (15,100,90,60,40,15,10,1)
w, = (2,20,20,30,40,30,60,10)

S

c=102

> library(lpSolve)

> f.obj <- ¢(15,100,90,60,40,15,10,1)

> f.con <- matrix(c(2,20,20,30,40,30,60,10),1,8,byrow=TRUE)
> f.dir <- c("<=")

> f.rhs <- ¢ (102)

> sl <- 1p ("max", f.obj, f.con, f.dir,
f.rhs,binary.vec=1:8)

> 1lp ("max", f.obj, f.con, f.dir,
f.rhs,binary.vec=1:8)$solution
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[11] 11110100

> sl

Success: the objective function is 280
>

: AT Jha

Al @i iy Al eyl aal 8 A8Y) e ) da 3y Al g el o i)
Go S e gty Auall g Gee (g 4l cLEY) ol (e peaie IS L) Flind A LEYL
SIS A g peaie JSdiaal Hlee Caea g i) Al Gaa (e Layl aaS 15

Ttem Weight Rating

Ant Repellent 1 2

Pepsi 3 9

Blanket 4 3

Meat 3 8

Cakes 3 10

Football 1 6

Salad 5 4

Watermelon 10 10
Sum 30

Apial) ana Ll ye dlae Lelead 3l degall L) aiaas sl
> library (lpSolve)
> f.obj <- ¢(2,9,3,8,10,60,4,10)
> f.con <- matrix(c(1,3,4,3,3,1,5,10),1,8,byrow=TRUE)
> f.dir <= c("<=")
> f.rhs <- c(15)
> sl <- 1p ("max", f.obj, f.con, f.dir,
f.rhs,binary.vec=1:8)
> lp ("max", f.obj, f.con, f.dir,
f.rhs,binary.vec=1:8)S$solution
(1] 11111100

Success: the objective function is 38
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Curve Fitting and Parameters altaall ,uaiis cliadal) Gudad

Estimation:

1994 & 1984 A (o J5) 5 1 gau g Ko ol (3 gl o e 4 400 il

Year 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994

Market | 3.0 2.5 4.0 7.5 7.0 13.0 | 17.0 |29.0 |46.5 |50.0 |495

Value
Lo yig i dadia Je cllal) oda Jaas
A B C D

1 |Year Market Value Base Year
2 1984 3 0
3 1985 2.5 1
4 1986 4 2
5 1987 7.5 3
6 1988 7 4
7 1989 13 5
8 1990 17 6
9 1991 29 7
10 1992 46.5 8
11 1993 50 9
12 1994 495 10
13
_14 Market Value
15 50 -
-16 g0 4
17
.18 40
19 30
20 20
21
22 10
23 | : : . . : : \
24 1882 1934 1986 15383 1990 1992 1994 1906
25

bl Sl Al s g e sl il Apald 038 5 S Ciya (K3 e aial) G aal

a
x(t)= ,12>0
( ) 1+be™
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I g liball Gkt Juadl aad Sl g ¢ 5 b 5 g albaall al e i AGLW Gl (g
IS i daien b bl Jas

A

1984
1985
1986
1987
1988
1989
1990
9 1991
10 1992
11 /1993
12 1994
13
14
15
16
17

0O~ OO B WN

B C D E

Base Year Market Va Fit Error

0 3 =$F$15/(1+$F$16*EXP(-$F$17°B2)) =(D2-C2)"2

1 25 =$F$15/(1+$F$16*EXP(-3F$17*B3)) =(D3-C3)"2

2 4 =$F$15/(1+3F$16*EXP(-3F$17°B4)) =(D4-C4)'2

3 7.5 =$F$15/(1+$F$16*"EXP(-$F$17*B5)) |=(D5-C5)*2

4 7 =$F$15/(1+$F$16*EXP(-3F$17°B6)) =(D6-C6)"2

5 13 =3F315/(1+$F$16*EXP(-3F$17°B7)) =(D7-C7)'2

6 17 =$F$15/(1+$F$16"EXP(-3F$17°B8)) =(D8-C8)"2

7 29 =$F$15/(1+$F316*EXP(-$F$17*B9)) |=(D9-C9)*2

8 48.5 =$F$15/(1+$F$16*EXP(-$F$17°B10)) =(D10-C10)"2

9 50 =$F$15/(1+$F$16*EXP(-3F$17°B11)) =(D11-C11)*2

10 495 =$F$15/(1+$F$16*"EXP(-3F$17*B12)) =(D12-C12)"2
Error sum of squares =SUM(E2:E12)

a=

10
50
1

O O oy e sl iaiall) jieally laliy s g el 400K 1984 Al LA Ll Jaa
& Fit s Market Value asis c=1 5 h=50 5 a=10 alaall 4l gl af Jani ¢(Liuall
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—

O WO WwN-—=O

i
Market Vali Fit

3

2.5

4

7.5

7

13

17

29
46.5
50
49.5

D

0.196078431
0.515624132
1.287537486
2.865860462
5.219800734
7.480005851
8.897291025
9.5639840746
9.835035655
9.938673512
9.977351447

Error sum of squ

s

1982 1984 1986 1988 1990 1992 1994 1996

A B
1 |Year Base Year
2 1984
3 1985
4 1986
5 1987
5] 1988
7 1989
8 1990
9 1991
10| 1992
11| 1993
12| 1994
13
14
15 60
16
17 50 4
18
19 40 4
20
21 30 4
22 20
23 |
= 10
25 |
26 .
27 N
28
29

E
Error

7.861976
3.937748
7.357453
21.47525
3.169109
30.47034
65.65389
377.7604

1344.32

1604.91

1562.04
5028.955

10
50

allaall 4alise af o yad 13¢) UL e il el e ape ddidadl) adll iaiall f JaaY

680

40

30

20

1882 1584

1586

1988

1990 1992 1594

1996

a=
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80 = 40
= 100

20

0
1982 1934 1936 1988 1990 1992 1994 1995

il i dadlic 0 =1 5b5=100 5 a=40 allaall 40 V1 2l () aad Cpiilall CISAl e
;QL”JS <l a1 Aild (e Solver JUi s E13 Wil peaal ol ) @;ﬁ\‘;

Tools | Data Window Help Acrobat
39 Speliing... F7
\(ﬂ.’} Error Checking. ..

Speech »

Share Workbook...

Track Changes >

Protection 3

Euro Conversion...

Online Collaboration 3
Solver...

Goal Seek...

Scenarigs...

Formula Auditing 3

Tools on the Web...
Macro 3
Add-Ins...
ZE  AutoCorrect Options...
Customize...
Options...
Conditional Sum. ..

Lookup...

Data Analysis...

aalll) saalal) yelata
Solver Parameters @E]

Set Target Cell: SES13 %%, Salve

Equal To: CMax & Mn  Vaeof: |0
By Changing Cells:

|sFsi5:eFe17 ES| Guess

Subject to the Constraints:
| Add
Change
J Delete

Close

i

Options

Reset All

Help

il
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5 G ) LAY 5 sdinm A o Ml U8 (Aallaall &5 siall 12Y) SES13 Aied siaal
il elsi Solve & SFS15:SF$17 (sl 4l sY allaall ol 53085 4 53 gl Jlanall i

D

0.414542265
0.852705443
1.739946887
3.493689512
6.800502541
12.51540951
21.04921791
31.36782219
41.08403009

48.3020243
52.77515711

Error sum of squares

A B C
LYear Base Year Market Value Fit
2 1984 0 3
3 1985 1 25
4 1986 2 4
5 1987 3 7.5
6 1988 4 7
7 11989 5 13
8 1990 6 17
9 1991 7 29
10 | 1992 8 46.5
1111993 9 50
12 | 1994 10 49.5

13

14

15| |eo,

16

17 0

18

19| |+

20

21 30 1

22

23 | |07

24

25| |0

26

27 0 ; . ; . ;
28 1882 1884 1886 1888 1580 1982
29

1884

1856

E
Error

6.684591701
2.713579359
5107840073
16.05052372
0.039799236
0.234827947
16.39616568
5.606581939

29.3327301
2.883121473
10.72665407

95.7764153

a=
b=
c=

Al
F
57.76
138.3
0.729

il e aa JS8 Galaii i) o 6 Bl bl e caiall Gudat Juadl 128

57.76

tm =

yd =

vV V.V V V V

\4

nls.out
control =
It. 0,
It. 1,

RSS =
RSS =

120

library (minpack.lm)
seq (0,10, length=11)
getPred <- function (pars,

residFun <- function(p,
parStart <- list(a=40,b=50,
<- nls.lm(par=parStart,
nls.lm.control (nprint=1))
1180.49,
577.266,

XX)

observed,

c=1)

Par. =
Par. =

fn

XX)

208

residFun,

40

40.0868

observed =

50
69.6474

R aladiuly

parSS$a/ (1l+parSSb*exp (-parS$c*xx) )
c(3.0,2.5,4.0,7.5,7.0,13.0,17.0,29.0,46.5,50.0,49.5)
observed - getPred(p, xx)

yd, xx = tm,

1

0.866728



It. 2, RSS = 274.692, Par. = 47.0803 89.6054 0.704542
It. 3, RSS = 112.953, Par. = 59.7216 98.4505 0.649334
It. 4, RSS = 98.0102, Par. = 56.4299 125.1 0.725997
It. 5, RSS = 95.9791, Par. = 58.3408 127.124 0.711536
It. 6, RSS = 95.8031, Par. = 57.6869 135.903 0.727385
It. 7, RSS = 95.7785, Par. = 57.8297 136.901 0.726888
It. 8, RSS = 95.7766, Par. = 57.758 138.048 0.728667
It. 9, RSS = 95.7764, Par. = 57.7661 138.209 0.728741
It. 10, RSS = 95.7764, Par. = 57.7606 138.317 0.728896
It. 11, RSS = 95.7764, Par. = 57.7609 138.337 0.728912

> plot (tm, yd, main="data", type="1",col=3,1lwd=2)
> lines (tm,getPred(as.list (coef(nls.out)), tm), col=2, lwd=2)
> summary (nls.out)

Parameters:
Estimate Std. Error t wvalue Pr(>|t])
a 57.7609 6.1406 9.406 1.34e-05 ***
b 138.3368 105.2750 1.314 0.225255
c 0.7289 0.1431 5.092 0.000939 ***

Signif. codes: 0 ‘“***’ (0.001 ‘**" 0.01 ‘*’ 0.05 . 0.1 " 1

Residual standard error: 3.46 on 8 degrees of freedom

Number of iterations to termination: 11

Reason for termination: Relative error in the sum of squares is at most
“ftol'.

>

>
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data

o _|
[I'y]
o _|
Q
o _|
(o]
e
2%
o |
™
o |
I I I I I I
0 2 4 6 8 10
tm
«Uaa N
rallall il jaiae (e ST Jualdi dasy R (8 Gliisiall aka
Parameters:
Estimate Std. Error t wvalue Pr(>]|t])
a 57.7609 6.1406 9.406 1.34e-05 **+*
b 138.3368 105.2750 1.314 0.225255
C 0.7289 0.1431 5.092 0.000939 *=*x*
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X,V ER sc¢ 5b 5a el 4iss oil
A Sl

X,V ER s¢5b 5aaladldiss o

o

aad Jus) aladiuly

=$B$45+$B$46*A2+§B$47*B2*B2

=$C$47*(A2)N($CH45* A2+5C$46)

214

A | B | ¢ | o | E F G | H [0 [ Kk [ o [ m [ N | o | P
| 1] x ¥ fitl error errors fit2 error2 | errors2
(2] 40 125 121134 3.865002 14.94580 115.802202) 9.107798  82.05198
EX 41 117 111.8725 5127457 2620082 111634619 5365381 2878731 250
4] 42 116 1106834 531662 28 26645 107 684934 8315066 6914032 ¥ =atbx tex’
|5 | 43 110, 1041711 5.828858 33.07558 104.014648 5085352 3532443 /
16 | 44 107 101.0006 5.999361 35.99233 100508522 6.401478  40.97892 | a2gp
7] 45 101 0500033 5099673 3500608 074141385 3585861 128534
8| 46 99 93.01958 5980424 3576547 944415339 4.558466 2077961
R 47 95 B80.25657 5743433 3298703 91.6628808 3.337119] 11.13636 150
[10] 48 92 86.51267 5487332 3011081  80.06222 293778 8.530551
1] 49 88 830151 4984809 2484922 B66252304 137477 1889992
[12] 50 85 B80.47028 4529715 2051832 84.330031 0.660069 0.43588 100 \
[13] 51 82 78.01079 3989211 1591381 821920106 -0.19201 0.036868
[14] 52 80 7639028 3609718 1303007 801736805 -0 17368 0030165
|15 53 76 73.34776 2065224 7.034379 78.2745466| -227455| 5173562
116 54 72 7045602 1543081 2381098 76.4850987  -4.486  20.12418 50
[17] 55 70 69.02601 0073986 00948648 748002129 -4.80021) 23.04204
18] 56 68 6763303 0366971 0134667 732100678 -521007 2714481
[19] 57 65 6565702 -0.65702 0431673 717000698 -6.70007 45.01162 0
[20] 59 62 63.6816 -1.6816 2827760 68.9512064 -6.0513 4832052 0 50 100 150 200 250 300
[21] 61 59 617915 -27915 7792454 664852105 -7 48521 5602838
22| 65 51 57.28133 -6.28133 3045500 62.2931473 -11.2031 1275352
(23] 70 45 541274 -91274 833095 58.1724355 -13.1724) 1735131 250
(24| 73 41 5224263 112426 1263968 56.1778749 151779 230.3679 J
| 25| 76 38 5086505 -12865 1655094 544798877 -164799 2715867 y=cx
126 a1 36 4073086 -13.7300 1887838 522053874 -16.2054 2625146 200 /
[27] 86 35 48.97966 -13.9797 195431 50.5079571 -15.508| 2404067
|28 93 34 4805948 -140505 197 660 489134285 -140134 2224104
|29 100 36 4812097  -12.13 147.1361 48.0621774 -12.0622 145.4961 150
[30] 103 36 47.87577 -11.8758 141.034 47.8919683 -11.892 141.4189
(21 109 38 48.06891 -10.0689 101.383 47.8620201 -9.86203 97.27737
2 17 42 48.00788 -6.00788 4771878 48.4118648 -541186  41.11201 \
[33] 131 50 51.21032 -1.21032 1464863 50.8385096 -0.6386 0.703249 100
[34] 147 61 5564221 5357787 2870588 55.8199062 5.180094| 26.83337
E3 163 76 6402731 1107269 1433452 633334695 1266653 160441
136 179 93 76.28077 1671023 279.2317 73.8415618 19.15838 367.0436 50
Ed 188 103 84.81760 18.18231 3305066 &1.3383202 2166167 459.228
Ea 200 116 0720583 1870417 340846 934867323 2251327 5068472
|39 210 130 1127732 17.22676 2067612 105.846636 2415336 583385 0
[40] 228 153 1421011 10.89894 118.787 134580007 18.41099  338.9646 o 50 100 150 200 250 300
[41] 245 178 179.8845 -1.86453 3.551440 171.858327  6.141673| 37.72014
42| 259 199 2162253 -17.2253 2967095 212583972 -13584| 1845243
|43 263 206 2203244 -233244) 5440262 226204471 202945 411.8656
[44] sse= 4197.045 5579.712
|45 |a= 5046 0003673
|46 |b= -0.08473 -221514
47 |c 0.00474 238486.3

@..4&\

C2 & gz (N 5Y) Aalaal) sail

F2 (b e Al Alsbaall kel

il



bl aadai (sl 5 il o it p clilall e cibiled) Guba
‘R @\Jﬁu\r)

> jcurve = read.csv("C:/Documents and Settings/amb/Desktop/ts in R/ts
data/j curve data.csv", header=TRUE)

x =jcurvel[,1]

y =jcurvel, 2]

library (minpack.1lm)

residFun <- function(p, observed, xx) observed - getPred(p,xx)

>
>
>
> getPred <- function(parS, xx) parS$atparSs$b*xx+ parSScr *xx*xx
>
> parStart <- list (a=40,b=50, c=1)

>

nls.out <- nls.lm(par=parStart, fn = residFun, observed = y ,xx = X,

control = nls.lm.control (nprint=1))
It. 0, RSS = 3.04588e+10, Par. = 40 50 1
It. 1, RSS = 7942.28, Par. = 167.652 -2.11772 0.00889644

167.652 -2.11772 0.00889644

Tt. 2, RSS

7942.28, Par.
> plot(x,y,type="1",col=3, lwd=2)
> lines (x,getPred(as.list (coef(nls.out)), x), col=2, lwd=2)

> summary (nls.out)

Parameters:

Estimate Std. Error t wvalue Pr(>|t])
a 1.677e+02 8.857e+00 18.93 < 2e-1l6 **~*
b -2.118e+00 1.692e-01 -12.52 3.le-15 ***
c 8.896e-03 5.968e-04 14.91 < 2e-16 ***

Signif. codes: 0 Y***' (0.001 ‘**" 0.01 ‘*’ 0.05 .7 0.1 " 1

Residual standard error: 14.27 on 39 degrees of freedom

Number of iterations to termination: 2

Reason for termination: Relative error between "par' and the solution
is at most "ptol'.

>
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>

> getPred <- function(parS, xx) parSS$c*((xx)” (parSSa*xx+parSsb))

> residFun <- function(p, observed, xx) observed - getPred(p,xx)

> parStart <- 1list(a=0.001,b=-2, c=200000)

> nls.out <- nls.lm(par=parStart, fn = residFun, observed =y ,xx =
control = nls.lm.control (nprint=1))

It. 0, RSS = 167377, Par. = 0.001 -2 200000
It. 1, RSS = 78730.8, Par. = 0.0038509 -2.06646 135199
It. 2, RSS = 6700.23, Par. = 0.00366134 -2.14178 173335
It. 3, RSS = 5752.83, Par. = 0.00364086 -2.19055 213088
It. 4, RSS = 5592.78, Par. = 0.00367427 -2.2158 237623
It. 5, RSS = 5579.71, Par. = 0.00367349 -2.21553 238867
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0.00367368 -2.21566 238978
0.00367367 -2.21566 238974

It. 6, RSS 5579.71, Par.

Tt. 7, RSS

5579.71, Par.
> plot(x,y,type="1",col=3, 1lwd=2)
> lines (x,getPred(as.list (coef(nls.out)), x), col=2, lwd=2)

> summary(nls.out)

Parameters:

Estimate Std. Error t value Pr(>|t])
a 3.674e-03 2.042e-04 17.990 <2e-16 ***
b -2.216e+00 1.477e-01 -14.999 <2e-16 ***
c 2.390e+05 1.297e+05 1.842 0.0731

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’" 0.05 '." 0.1 Y ' 1

Residual standard error: 11.96 on 39 degrees of freedom

Number of iterations to termination: 7

Reason for termination: Relative error in the sum of squares is at most
“ftol!'.

>
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R dual ) dalall) dall daaia

= R Console

R wersion 2.8.1 (2008-12-22)
Copyright (C) 2008 The R Foundation for Statistical Computing
ISBEN 3-3900051-07-0

R is free software and comes with ABSOLUTELY NO WARRANTY .
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Matural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()"' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'g()' to guit R.

> setwd{"c:/orCaourse ™)

> mkmsc <—- read.table(™marks.dat™, header=TRUE)

> mkZ2nd <- read.table("marks2._dat", header=TRUE) =
» attributes (mkZ2nd)

Snames

[1] "candno™ "examl™ "examZ" "exam3™

Sclass
[1] "data.frame™

Srow.names
[11] I 2 3 4 5 6 7 & 8 10 11 I3 43 14 1516 17 16 19020 21 I22324 35 I6 27 28 29
[37] 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 i
< | | >

R version 2.8.1(2008-12-27)

Ay cililaa) g 5y gl 3 1a) 9 culibll

sl L

:Objects s\

Lale (sllas il 5 A0 al sa) Aliad cLidY) aaes  Objects ¢bdl (e R Jand
. intrinsic attributes 4 » sl el
e ;@&M\&A\j-zﬁﬁd\&yoﬁj;modei\@ajﬁ °
sl character u<i sl logical ihie 5l complex S » sl numeric
Jist 48
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(o) aiad Al b Sall sae clength sk e
glsd Al Aadall 38 Sl gleall G AT Analic 45y Hla ga (i) ddaliy
a3l aY | saac 4 aladiu) i sk e b 138 5 Al 5 yarial Colaaliie oy A
Gleatall [T Jsb al gaxe 4nia ga g2l 2ld R (A Scalar 33 e af 2 oY
Laill (s L Ll S maas Cus Afomic Structures 45 S 5 L) 5ds
Aagall
iy agl) 5 HLEY) kit Cumy dlbend ) 2 lind Liila il glaa ) 33 () S 1Y)
el Ao 508 LA oy Gyl 5 [dlentifier <oma (o8] and Ao 3y
A o g il ad a5 ) e i jme and (of LA aplaiai g
Ll g an¥) (S0 O (g 5 Akl 5 QY15 Cagyall e ALSST 61 o
J s moonbase3.sample <ol Jic s o asy o yeall cau o
Alsie ye moonbase3.sample 5| 3moonbase.sample ¢S5
moon.sample 3 Case Sensitive < a1l g sl dulua i 2l @
moon.Sample (e —aliss
Bels T 51 5F 5D 5C 59 5C Jie b sinn ad Hiliai (o guaill a2y @
Ll jeaS Lgaladia) caind sy
R‘_,’A&&L\\J.\m'&x: (e 0SS Data Sets &b@&\.cw?i@_lumadu\uj
+LiY) aeaS 5 Data Frame <ilyll jlaly Ca ey oy Jiad bl Cle gans
Jsh s Aaild lar al bl jlla) J sk g laai 4 sall Gl sad) b il U
DUa) elliag 3 sl Les) A8 5 Lo sag Al il dae g i) )
Non- 4 sa e Clica e s s Jghall g haaill GA (5 A clia cililyll
: S fntrinsic Attributes
il de gana <8 Al O il sland 8 5 :names sleul @
laaliall agd axii 2 8V clasd & s row.names _shu cloul o
o Ay (2l ¢ 51 oo Jeaie CanagiS ddall ol liie) (S iClass 43 e
data.frame 2 4l Al
e Ldl iad 28l e Jalaii 2 generic functions J sl a5 4l dia
Anald 43y ylay ASLA) e e data.frame 438 e

daa ya pd g mas 9 Jlg

Functions, arguments and return values
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Al Cun 48y yee AN 3 S8 calling functions J) s sledivd daul 53 R Jasd
& )5 output 7oA map pekh 5 58 5 fnputs SR (s de gana Al
arguments ga> Cdasdl e sl oLl o cla dll g aMaadl R

8 g2 30 Bl 5 dngl) I sall (e LAV peturn values das e o Sl 34
Casaey a3l die Lehaat (ay o 5o (33393 50 (53] Ui Laiy R S i 8
aY Lo Gians

leie Caaiin Al 5 dalaldl all ol aasiival) iy yi 4 ggw 98 R <l e aal aal
<l il L JIsall sl | function se Alall Jaci g oLl Loagl e ) sall sy
any\¢Mdgﬁggjgggee{)gﬁugﬁaﬂddsihﬂmléSﬁﬂ%Qﬁ%CmJgﬂ%
Ao el dagill (e aal ailall il o S

Jeadl Jula g Jand) pliad

Workspace and working directories
Gl ) 5 ilgada algh o) Sy Dad LIV (e 220 Al 2B R A duds s
Gy calall 3 5813 (e dihaia & () 345 LY o2a dlal) s3a DA J) 505 iy
R e s lild 3aV alasiny UiV s Ua )l 13 workspace Jas slaid leile
L) 3odl LY | WS working directory Jaal) Jids A cale 8 sl
o (3R Cum Al el Laigs o8l (e gz 5 A1) sy 85 350 59030 S 3
Jlad J R aladind 8 aga s ha & lilall 5 6Lz sl leall a il

gamadil) g cilgadall

Vectors and assignment
iq)UaﬂJAA$L44connnandlnpnqﬁES;ﬂMLAAgéLLQ;L&LDM;}QSQ
:SU syntax sl Ll W A s e(...) concatenation function
c(objectl,object2,...)
astl) 338 (5 sa Lgaie i g Caiall ) Jaail) (ud (ha geaal) 220 A1) o2
> c(1,2,3)
(11 1 2 3
> c ("Ali" ’ "Bet" ’ "Cat")
[1] "Ali" "Bet" "Cat"

S ¢ 3 G ek ) iy Lgile ) an ilgaiall aladiad i
BRFAPEEUNREEGIN| FUF T DY PSPV S BN Py CON KR RRTR TR DN (NKVRENFPRIERN |

<- assignment operator panaiil
name <- expression
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expression b_lkall s dailh a alad (28l il ¥ name

> numbers <- c¢(1,2,3)

> people <- c("Ali","Bet",'"Cat")
> numbers

(1] 1 2 3
> people

[l] HAli" "Bet" "Cat"

.ccomment a3 sl cuiad s aile OV R udy shud) Jol 3 # 30l
AU Glgaiall e davn Alidee ¢l ja @Lluu

> c(l,2,3)+c(4,5,6)
(11 5 7 9

> numbers + numbers
[1] 2 4 ©

> numbers - c(8,7.5,-2)
[1] -7.0 =5.5 5.0

> c(l,2,4)*c(1,3,3)
[1] 1 6 12

> ¢(12,12,12) /numbers
[1] 12 6 4

painy paic Cual dadll gl Jdlee OF @il JU 8 laaY
T el agdl ) alasinly lallaal of G U el 531 ele s aaki A3l
Gy Labaias) (S (S pae Led amy O (S Ao Llee (5 An

> calcl <- numbers + c(8,7.5,-2)
> calc2 <- calcl * calcl
> calcl

[1] 9.0 9.5 1.0

> calc2

[1] 81.00 90.25 1.00

> calcl <- calcl + calc2
> calcl

[1] 90.00 99.75 2.00

> calc2

[1] 81.00 90.25 1.00
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sacld sl aladiud sale) sacld andiud R ()l ddlisa J) shi Led Gagaie aea Wl gla 13)
sas) 5 Jl shaY) maai s sral) daid) ) SE b Cus pecyeling rule s
> small <- c(1,2)
> large <- ¢(0,0,0,0,0,0)

> large + small
(1] 1 212 1 2

i Jasll slizad (e ¢ ad¥) rosal ;AZAa

> rm(list=objects())

sdasay Jha

84.5, 72.6, 75.7, 94.8, »am Sl a5 o))
Glaleall Gars Lo (5 a0 dada b adll 028 puai (o 71 .3

> weight <- c(84.5, 72.6, 75.7, 94.8, 71.3)
> weight

[1] 84.5 72.6 75.7 94.8 71.3

> total <- sum(weight)

> numobs <- length (weight)

> meanweight <- total/numobs

> meanweight

[1] 79.78

> mean (weight)

[1] 79.78
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:Data Frames <ubd) bl

Gliky de ganal JAIS o jlidie) (S s s R (A object s oo ULl )

IS 5 Jshll (it L (asale Dlgaie) Ol e (e UL Wl 5S4 data set
OsS Syntax 52 G\ experimental unit 4 x5 3as 5 adi ol 392y sl
s by )

name <- data.frame(variablel, variableZ2,

.)
f S G Sl Jlerinly dalasing ) 4] Jgea sl (e clily ) 3 i sl
name$variable

spreadsheet i dadia S LERTBENT aaalia @L.\.u.\ by HUa) (g ¢S3 aey
Al (Sas (data.entry(...) B 5 ) fix(...) ¥ Omeadive
wanadill Gk e ULl jUaY s &l e

: Cileal) Jliall 33 g0

IS ol dulie ol Al ¢ ) Ll ) 555U Ayl o yiail

g M Huata Al oda Jax Casw 86.571.8 77.2 84.9 75.4
138 oy g (aga L) A paill B sl il o LY 5 O350 O a3 A4S 53 (550
A sheep by 13 ewd 8 g g Glly k) ) jaeie JSAdls) (63 b (e
fix(sheep) alasiuly 4l Hlau

> height <- c¢(86.5, 71.8, 77.2, 84.9, 75.4)
> sheep <- data.frame (weight, height)

> mean (sheep$height)

[1] 79.16

> fix (sheep)

130.4, 100.2, _eiiallJhll yaid HaT Gule pal o) (i yiad
(S iyl jlaY 4u2iy109.4, 140.6, 101.4
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> sheep$backlength <- c¢(130.4, 100.2, 109.4, 140.6,

101.4)

Chaa 13k el calilal) ey il s pal

1 ra g Jalad

O5Sh GUly ) ) asl s e 585 ) (Sas seY) daa s summary(...)

> summary (sheep$weight)

1st Qu.
72 .60

Min.
71.30

> summary (sheep)

weight

Min. : 71.30
1st Qu. : 72.60
Median : 75.70
Mean : 79.78
3rd Qu. : 84.50
Max. : 94.80

Median
75.70

height
Min.

1st Qu.
Median :

Mean :

3rd Qu.
: 86.50

Max.

> IQR (sheep$height)

[1] 9.5

> sd(sheep$backlength)

[1] 18.15269

?mean
?setwd
?t.test

vVVyVv

Mean

79.78

: 71.80

: 75.40
77.20
79.16
: 84.90

: IS Jgaa (e 73l

3rd Qu.
84.50

Max.
94.80

backlength

Min. : 100.2
Ist Qu. : 101.4
Median : 109.4
Mean : 116.4
3rd Qu. : 130.4
Max. : 140.6

‘R b 58 Lual) alliS

R Feludl e Jpaall 3 ks 2 g
338l yedaid Allall ans) Lgay € adilions dipea Ay (e Jilusi gl i (IS 1Y) @

‘Jie adlal) el sac Lol

et 33U elat Al g help.start() paaiu dale taclus e Jgpasll o
L) Ui 3 e glel) eioay
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:Session management and visibility 4250 432 g9 9 Aadad) 3 1)

e slad 3 A0 R (& duls Ja cu & Al phjects #Lidl) aes
gl 8 Jaadl gliad A Al oL sl ol sk 93813 & workspace
() Jony (S0 1 dsgn o4 (s 5l 12Y) ObjECH() S sty el
A sl JEL 8
> objects|() )

[1] "height" "meanweight" "numobs" "sheep" "total"
[6] "weight"

& encapsulated *das (Y 2 weight 5 height < juiall 8 il gladll
I yaiiall A 5L @l g Jaal) olimd Carlatiy o i oy 13615 sSheep bl )
rm(...) Al aladiul Liala  aad ol ) o LEY) 4k 5 weight s height
Sl Jidl i

> rm(height,weight, meanweight,numobs, total)
> objects()
[1] "sheep"

D) YA (e Jatd Y L) J a5l kit weight s height <) el
SUllS sheep iyl

> weight

Error: Object "weight" not found
> sheep$weight

[1] 84.5 72.6 75.7 94.8 71.3

Gl Ha) (685 ankatind L S 8 s Sl bl encapsulation <slas sy s
& .oasee o hla s weight s height <l sie sed cow Ui Jail Sia Al
Ay Ll (84 JS5 sheep Clilall jUa) 8 &l paeial) aladin) W) ) Jis
leerd il yuxiiall 028 (e clgiiY) 2 g attach(...) oY) alaainly oY) b (e
A ye e Adiall Ol el sl Cusy (Ul 5831 BaaY) detach() <YL

> weight

Error: Object "weight" not found
> attach (sheep)

> weight

[1] 84.5 72.6 75.7 94.8 71.3
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> detach()
> weight
Error: Object "weight" not found

G oSS Baal) il jlaall) (e g Lins i cala 8 sl Jead) pliad (g 585 andatisd
Working Jas Jabs sl alaa (5585 Cagu 43 a 585 3a & 5 3 5V folder Alas
: SUS directory

(A e i) 5)) C: dorCourse Shie asuyalas < o

d.ac d,.\L‘\ ‘ﬂu\ °

> setwd ("C:/orCourse")

Calall sl aaai axe Ja g save.image(...) s deadl eliad (50330 al
Juad¥) (o baaha s (anY) i Al LaY) Rdata awy! 4shey gebidl ol
e g 3yl e e ) 33
‘_A\Aj\ Canll oliad RIS e
> save.image ("examplel.Rdata'") )
Jazll Jada 8 2ea gall Calall 3y @
> dir() )

Aalae Gl Laad o gus M) Jaadl s (8 Sl avend 3y ary dir() oY)
¢l 5 5ay ald) 1 example1.Rdata <l V) s 5a: orCourse

O Gaill las agall e sheep @libud) ) f 4lal) 4ulall s objects
eVl Wy il Jeall slimd 33353 50 & Ll 5) Objects sLdl
Jﬂcﬁﬂ‘jdj%Adj:‘M‘Jhgdjiz‘ Qi QSAgLﬁﬂ\j) Janll cliad g ( object()
(dir() =YL
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:Importing data <Uls 3 i)

@ W51 b 018 data sets Dily galas e Glaslaall ) jrin) ) zlisd Llee
Sl fext pad JS8 e 4 e Glily aadiud Chgu (5 D JS5 45 A
sheep.dat —aldl | el a5 a0 AM\&)LHJJBM.@‘&MJ;}A
Calall 138 Feasdy o 585 o g L) e Lo Lia) a3 iy A 100 ) skl )50 s
Adlall aladiuly R i 1,8 Gl sl=all orCourse desdl Jila
Ul HUa) aa 3 dllall 038 read.table(...)
sle alas e i) aaiu) o
C:\Documents and Settings\amb\Desktop
copy C:\Documents and Settings\...\sheep.dat

Alaal b i) Geali pd @

R i cllalli g o
> sheep2 <- read.table("sheep.dat", header=TRUE)

paste C:\orCourse\

Calo (e I Y bl 48 Sy iy ) Lykasy header = TRUE alaaiud
header = TRUE Llie] 13) . cililull ¢ sana 3aecY (o jeeS Loddiue cililyll
Slasall chlaalial) aalS JgY1 Hlacll ey (o gud

:A hypothesis test <l 3 Ll

L;i u=380kg u‘ﬂ‘&““@ﬂ*u‘%mﬂ\)ﬁuu}&
H,:u=280,
H, : u+80.
Led AN 0l o Gasins @ = 0.05 1 %35 Asine (5 siuse padias i gu
Al pladinly (Gabdy) £ JLER) 223300 el Cigyme e il anb ) 58
: SUlS ttest(...)

> attach (sheep2) # to make variables accessible
> t.test(weight, mu=80)
One Sample t-test

data: weight

t = 2.1486, df = 99, p-value = 0.03411

alternative hypothesis: true mean is not equal to 80
95 percent confidence interval:
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80.21048 85.29312
sample estimates:
mean of x

82.7518

(35 03) Al iy Jill e sl el
H, : >80,
H, : 1 <80.

-

> t.test(weight, mu=80, alternative='""greater")
> t.test(height, mu=66, alternative='"less")

:A linear model b3 7 gal

Jens) Jshalls (Gl ) )50 O A3 alagy (adll HlasiY) addiug Cogu
plot(...) A plasindy Lam) i ol sy (A Cppiiall a5 Vsl ¢S5 (Ll
PP k1 (N

> plot (height,weight) i

o
N o
o
(=)
_
— ° o
o o o
o o o
o — o o
= [T (s3]
o o oo o
o [ (=]
-— (=] (=]
S @ 7 & oo o
© o o0
g © o 0 S, o
) o 8
o Cbo ooO @300 C?
[is] o o o o
2 ° °
@,
o o 2o o 80 oo o o
e 4
o 5° o
[+) o ]
o 0@
o _| o © o
o o
o
I I I I I I
40 50 60 70 80 90
height

Nt Al & daey X ) sae e () LaaY
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Lia aadiud g las 4 ye Allall 038 (ff L) Im(... ) Al aadios s o 3lai gukadl

b Jlanl kil (L () Gk (5 ja) cilaladin) Ly LSS bl 8

dshll e )5l b

> lmres <- lm(weight ~ height)

:U. w;.~ = m

~ A .model formula s 4ara o3 weight ~ height 4xal) e
4 Al 5 i 3 sai allay Un 1Y described by " = Chgase " ixy
iy #3 el fm (e ST AISE o gas Jshally Cim gy ()5
Naa yela i ;o aany ) JAY e il s Leaaay Al JAy 2y @
(o 3 e glaall paen um g Jend R Y lld Sl 2 adaly > el g1
model 735 {od auly Cayay 13 g Im(... ) A Aol 50 Say 0bject
extractor daliiue J) 5 aladiuly ddadin g Laalie (S 3 5 Imres
Junctions
JUal 138 5 73 gl (o () iyre Ao liday & A glae (adAALY A5 Hh Jeul
alall i ST cMaii cUacY summary(.... ) dlall alasiu) WS WS Imres
Gahall ball sy 2l 53 abline(...)

> lmres

Call:
Im(formula = weight ~ height)

Coefficients:
(Intercept) height
26.0319 0.8724

> summary (lmres)

Call:
Im(formula = weight ~ height)

Residuals:
Min 10 Median 30 Max
-23.1146 -6.1125 -0.1758 5.6578 29.1479

Coefficients:

Estimate Std. Error t wvalue Pr(>|t])
(Intercept) 26.03185 6.05581 4.299 4.06e-05 **x*
height 0.87239 0.09204 9.479 1.64e-15 ***
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Signif. codes: 0 “***" (0.001 ‘**" 0.01 ‘*” 0.05 '.” 0.1 !
1

Residual standard error: 9.298 on 98 degrees of freedom
Multiple R-squared: 0.4783, Adjusted R-squared: 0.473
F-statistic: 89.84 on 1 and 98 DF, p-value: 1.64e-15
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Quitting and returning to a saved &3« Jas slail sagallg 7 g Al
:workspace

sliad (3 383 3 danld e objects sl sl A3 Jimdl) (e dids £ lg) U
Sl Jeall Jals & Jaall

> save.image ("sheep2.Rdata")
> quit()

4318 L) 5 5y Janll slimd (33 535 3y S 1Y) Lad Jl R (8 z gLal) e Jaa
Cr AN s vie 135 ol J8Y) Rdara <ale (3 Jaal) cliad (53 335 o g
(R 8 ki) o) pa) 1aa) (g 5315 e 4l 533 (b 58
5 Jand) (s i pny R it s 4 333 o8 (53 Jaall eliadl 3503 S
Jaal) climd Juaail Joad(... ) Alall aadios
> setwd("C:/orCourse ")
> load("sheep2.Rdata")
> objects()
ALLAHLA;M¢»;QJY\ép;q};}LAmj

:Properties of objects sba¥) yal &3

MNiad axiall J sk et [engthy(...) Al
> length (sheep2)
[1]1 2
> length(plot)
[11 1

OST5 Alla s slag) (S LY Lersmy A il 2e ga iy ) sk

attributes(...) Al Law ;23 )k i mode(...) Al | Jxa dd Gl
d e sall ye Gliall laad

> mode (sheep2)

[1] "list"

> attributes (sheep2)

Snames

[1] "weight" "height"

Sclass

[1] "data.frame"

Srow.names
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(1] "1™ "2™ "3" # ... etc to "100"

> mode (plot)

[1] "function"

> attributes (plot)

NULL

> mode (1lmres)

[1] "list"

> attributes (1lmres)

Snames

[1] "coefficients" "residuals" "effects" "rank"
[5] "fitted.values" "assign" "qgr" "df.residual"
[9] "xlevels" "call" "terms" "model"

Sclass

(11 "1m"

data.frame 43 (e L) S H) VY st ) sh (e lagie DS () a2 53 LY
e e ek AN AR ke il g fim 438 e sed addl 73 saill ol Lty
G yeodl) Al vie AL

> sheep2

weight height
1 75.19 56.34
2 101.80 83.57
3 74.51 56.58

> lmres

Call:
Im(formula = weight ~ height)

Coefficients:
(Intercept) height
26.0319 0.8724

(b gl ol AL il Hae e ety LIS Gl jUa) delula i adl
unclass(...) Al aslasiul fist 1 gl Jalay SIR s () godalia

> unclass (sheep2)
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[1] 19 101.80 74.51 81.42 83.20
[12] 86.97 87.08 83.92 69.00 67.57
[23] 82.41 80.20 73.82 64.95 70.064
[34] 80.21 73.18 108.50 79.46 76.84
[45] 82.77 108.00 97.90 77.99 91.60
[56] 90.13 73.25 77.18 95.66 105.70
[67] 93.84 86.07 95.56 89.84 55.90
[78] 81.95 75.62 99.48 84.30 81.49
[89] 96.47 63.89 87.33 81.01 97.90

[100] 71.90
Sheight

[1] 56.34 83.57 56.58 55.60 73.59 56.24
[14] 64.40 59.20 54.59 66.53 68.67 68.27
[27] 64.56 68.01 54.76 62.47 77.62 46.20
[40] 65.30 57.55 49.76 65.82 70.41 54.89
[53] 70.27 63.01 40.57 72.50 61.38 60.98
[66] ©61.51 74.59 45.81 82.23 78.81 57.40
[79] 50.03 60.82 73.89 65.74 60.50 52.72
[92] 69.82 79.17 57.46 55.67 50.15 78.97

attr (, "row.names")

[1] 1 2 3 4 5 6 7 8 9
[21] 21 22 23 24 25 26 27 28 29
[41] 41 42 43 44 45 46 47 48 49
[61] 61 62 63 64 65 66 67 68 69
[81] 81 82 83 84 85 86 87 88 89

>
> unclass (lmres)
Scoefficients
(Intercept) height
26.0318530 0.8723918
Sresiduals
1 2 3
0.007594467 2.862366459 -0.881779559
7 8 9
-1.8786426406 3.354318288 18.656020233
13 14 15
4.054792418 1.706116768 -8.677446007
19 20 21
-4.850039398 -11.583352289 -0.417880416
25 26 27
-4.974107478 -7.493095363 -11.713465916
31 32 33
4.203097515 -4.366352945 7.978774014
37 38 39
7.697370221 -12.353017424 -4.423666028
43 44 45
1.827320449 8.813042206 8.852562539
49 50 51
7.763468068 7.208627706 -11.682857034
55 56 57
4.335212743 0.849743398 -6.329260075
6l 62 63
-11.593917417 5.271252272 4.877213863
67 68 69
2.736444590 20.073879847 -2.208628563
73 74 75
-0.335826515 -13.851548272 -6.287268524
79 80 81
5.942386561 20.389279319 -6.192881168

80.
81.
94.
74.
97.
85.
85.
79.
79.

65.
54.
58

58.
61.
90.
64.

10

50
70

84 81.67 9
89 98.79 8

10 78.72 5
37 78.40 10
66 94.22 10
40 89.59 7
84 72.53 11
97 69.10 6

93 70.42 66.

.23 73.84 65.
.67 70.00 67.

64 57.91 81.
60 73.24 68.
05 54.40 60
84 81.64 49.

11 12 13
31 32 33
51 52 53
71 72 73
91 92 93

4
.883164379
10
.289879655
16
.085719929
22
.416868300
28
.236782464
34
.239261579 -
40
.279035829 -
46
.847519056
52
.873482151
58
.050303365
64
.016073390 -
70
.945048696 -
76
.765174902
82
.892888209

234

0.
0.

9.
7.
4.
2
9.
8.

28

58
91
64
65

.25

11

10.

16.

10.

18.

11.

20

82 102.51
74 6l.61
.60 97.95
80 76.92
93 89.74
60 72.03
.07 64.76
50 83.53
37 71.81
73.99 72.
68.54 62.
88.21 52.
66.26 73
72.12 84.
51.60 60.
62.46 70.
14 15 16
34 35 36
54 55 56
74 75 76
94 95 96
5
.031163636
11
.522921537
17
.182077711
23
.415585177
29
.724026530
35
063305525
41
437999580
47
800722833
53
.405177054
59
471093386
65
635102501
71
.207140814
77
.012817960
83
.028444687

104.
84.
61.

85

65.
68.
70.
85.

76

42

.51

47
55
50

1
3
5
7
9

8
6
9
.2
.5
9
0
9
6

69.

72.
73.
57.
66.
45.

7
7
7
7
7

7 96.03
4 72.29
7 84.81
8 96.27
7 65.76
9 8l.16
9 86.05
2 58.87
8 94.27

87 65.33
.48 53.20
40 60.17
42 82.56
33 59.14
49 74.25
35 71.46

18 19
58 59

78 79
98 99 1

6

.744833644

12

.015866236

18

.851003893

24

.757639078

30

.930167108

36

.514468628

42

. 477932340

48

.285978359

54

.568741334

60

.147939381

66

.467328995

72

.628813735

78

.856942206

84

.505652689

20
40
60
80
00



85
14.909267764
91
-1.042969157
97
-23.114631380

86
10.040034508
92
-5.932246647
98
3.082264387

87
-7.673457370
93
2.800890265
99
-2.983917417

88
-21.651443190
94
3.810515680
100
3.024986993

89
8.934526946
95
-5.497903045

90
-1.704819937
96
-1.412300452

Seffects
(Intercept)
-827.5180000 -88.1319145
-1.9198022 3.2064095 1
4.0278978 1.7013328 -
-4.9468322 -11.3423040 -
-4.8856939 -7.2316007 -1
3.8840095 -3.9384340
7.9774093 -12.5480005 -
1.7887761 8.6653711
7.7144628 6.9872545 -1
4.8969843 0.6523828 -
-12.0085805 5.08292061
2.4893945 20.5110710 -
-0.5507805 -=13.9573755 -
6.2792477 20.4696094 -
14.2946579 10.2729994 -
-1.2156039 -6.0658905
-23.4658155 3.0670194 -
Srank
Sfitted.values
1 2 3
75.18241 98.93763 75.39178
9 10 11
83.85398 90.58012 89.50708
17 18 19
84.07208 85.93900 85.59004
25 26 27
78.79411 72.44310 82.35347
33 34 35
76.83123 90.44926 83.24331
41 42 43
76.23800 69.44207 83.45268
49 50 51
83.83653 90.16137 90.08286
57 58 59
79.57926 79.23030 77.18891
65 66 67
77.62510 79.69267 91.10356
73 74 75
89.92583 85.92155 71.04727

height

0.7006440 7.0875994 -7.2544388 5
8.6065394 14.0570945 6.3193795 -0
8.5586006 -5.8572723 -2.2375022 12
0.5001706 -6.3260773 -3.5187972 -0
1.7220539 9.1461711 -1.4996206 -14
8.1206810 -10.4684805 -10.0961439 4
4.3278823 -4.3052172 -16.2799256 7
9.0738777 9.4083679 10.6627995 =7
1.9020905 9.4369462 2.2608345 2
6.2622439 -1.9737773 18.6032527 29
4.3952679 -3.8527690 -11.5148306 1
2.6373188 -5.2924288 -20.0455006 5
5.9877340 -10.6784256 1.9583444 -9
6.4232888 -1.9295306 1.1163827 0
7.5795756 -21.6101039 8.7847161 -1
2.4449512 3.9707294 -5.2951323 -1

3.3985805 3.3837210
4 5 6 7
74.53684 90.23116 75.09517 83.54864
12 13 14 15
86.98587 83.02521 82.21388 77.67745
20 21 22 23
73.19335 85.05788 78.70687 85.82559
28 29 30 31
85.36322 73.80403 80.53017 93.74690
36 37 38 39
102.98553 71.76263 89.19302 78.52367
44 45 46 47
87.45696 73.91744 98.15248 87.09928
52 53 54 55
98.05652 87.33482 81.00126 61.42479
60 61l 62 63
76.55206 97.25392 88.94875 99.72279
68 69 70 71
65.99612 97.76863 94.78505 76.10714
76 77 78 79
78.85517 84.03718 90.80694 69.67761
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87.

73.

80.

66.

82.

85

89.

76.

79.

79.

.9340527

.1506989

.7447011

.7281873

.8890656

.9436046

.8212127

.3742122

.5970044

.2974544

.5312544

.6905994

.0959088

.7785593

.2566924

.0782923

46568
16
65572
24
95764

33635
40
99904
48

.27598

56
28026
64
04607
72
77119
80
09072



81 82 83
90.49288 83.38289 78.81156
89 90 91
87.53547 65.59482 88.37297
97 98 99

94.92463 82.59774 97.25392

Sassign

[1] O 1

Sqr

Sqr

(Intercept)

1 -10.0 -6.501660e+02
2 0.1 -1.010233e+02
3 0.1 =7.570349e-02
4 0.1 -8.540422e-02
5 0.1 9.267347e-02
6 0.1 =-7.906905e-02
7 0.1 1.684939e-02
8 0.1 6.129458e-02
9 0.1 2.031394e-02
10 0.1 9.663295e-02
11 0.1 8.445755e-02
12 0.1 5.585029e-02
13 0.1 1.091017e-02
14 0.1 1.704377e-03
15 0.1 -4.976889e-02
16 0.1 -9.540191e-02
17 0.1 2.278862e-02
18 0.1 4.397184e-02
19 0.1 4.001236e-02
20 0.1 -1.006482e-01
21 0.1 3.397415e-02
22 0.1 -3.808841e-02
23 0.1 4.268501e-02
24 0.1 -1.254976e-02
25 0.1 -3.709854e-02
26 0.1 -1.091611e-01
27 0.1 3.288170e-03
28 0.1 3.743870e-02
29 0.1 -9.371913e-02
30 0.1 -1.740012e-02
31 0.1 1.325652e-01
32 0.1 -1.784520e-01
33 0.1 -5.937063e-02
34 0.1 9.514815e-02
35 0.1 1.338485e-02
36 0.1 2.373925e-01
37 0.1 -1.168821e-01
38 0.1 8.089401e-02
39 0.1 -4.016714e-02
40 0.1 1.061321e-02
41 0.1 -6.610175e-02
42 0.1 -1.432127e-01
43 0.1 1.576054e-02
44 0.1 6.119559e-02
45 0.1 -9.243230e-02
46 0.1 1.825537e-01
47 0.1 5.713712e-02
48 0.1 3.644883e-02
49 0.1 2.011597e-02
50 0.1 9.188157e-02
51 0.1 9.099069e-02
52 0.1 1.814648e-01
53 0.1 5.980977e-02
54 0.1 -1.205482e-02

84
72.02435
92
86.94225
100
68.87501

85
104.59073
93
95.09911

height
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73.48997
94
76.15948

87
78.59346
95
74.59790

88
80.52144
96
69.78230



55 0.1 -2.341818e-01
56 0.1 8.188388e-02
57 0.1 -2.818971e-02
58 0.1 -3.214919e-02
59 0.1 -5.531216e-02
60 0.1 -6.253821e-02
6l 0.1 1.723580e-01
62 0.1 7.812238e-02
63 0.1 2.003714e-01
64 0.1 -6.827946e-02
65 0.1 -5.036281e-02
66 0.1 -2.690288e-02
67 0.1 1.025722e-01
68 0.1 -1.823125e-01
69 0.1 1.781983e-01
70 0.1 1.443447e-01
71 0.1 -6.758655e-02
72 0.1 -2.601200e-02
73 0.1 8.920892e-02
74 0.1 4.377387e-02
75 0.1 -1.249990e-01
76 0.1 -3.640564e-02
77 0.1 2.239267e-02
78 0.1 9.920662e-02
79 0.1 -1.405400e-01
80 0.1 -3.373299e-02
81 0.1 9.564308e-02
82 0.1 1.496864e-02
83 0.1 -3.690057e-02
84 0.1 -1.139125e-01
85 0.1 2.556061e-01
86 0.1 -9.728267e-02
87 0.1 -3.937525e-02
88 0.1 -1.749911e-02
89 0.1 6.208647e-02
90 0.1 -1.868659e-01
91 0.1 7.158923e-02
92 0.1 5.535536e-02
93 0.1 1.479082e-01
94 0.1 -6.699263e-02
95 0.1 -8.471131e-02
96 0.1 -1.393522e-01
97 0.1 1.459285e-01
98 0.1 6.059807e-03
99 0.1 1.723580e-01
100 0.1 -1.496468e-01
attr(,"assign")
[1] O 1

Sgraux

[1] 1.100000 1.191463

Spivot
[1] 1 2

Stol
[1] 1e-07

Srank
[1] 2
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attr(,"class")
[1] "qr"

Sdf.residual
[1] 98

Sxlevels
list ()

Scall
Im(formula = weight ~ height)

Sterms
welight ~ height
attr(,"variables")
list (weight, height)
attr(,"factors")
height
welght 0
height 1
attr(,"term.labels")
[1] "height"
attr (, "order")
(11 1
attr(,"intercept")
(171 1
attr (, "response")
(1] 1
attr (,".Environment")
<environment: R GlobalEnv>
attr (, "predvars")
list (weight, height)
attr(,"dataClasses")
weight height
"numeric" "numeric"

smodel
weight height

75.19 56.34
101.80 83.57
74.51 56.58
81.42 55.60

S w N
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76 68.
77 86.
78 81.
79 75.
80 99.
81 84.
82 81.
83 79.
84 72.
85 119.
86 83.
87 70.
88 58.
89 96.
90 63
91 87.
92 81.
93 97.
94 79.
95 69
96 68.
97 71.
98 85.
99 94.
100 71.
>

09
05
95
62
48
30
49
84
53
50
53
92
87
47
.89
33
01
90
97
.10
37
81
68
27
90

60.
66.
74.
50.
60.
73.
65.
60.
52.
90.
54.
60.
62.
70.
45.
71.
69.
79.
57.
55.
50.
78.
64.
81.
49.

sheep2 Wla2e 4l > unclass (lmres) e oY) e all ol Laay
Gl e e G sSe Aliky HUa) g8 (3 g (Pmodel) 4ea s 9x Imres oY <ld
class(...) Alall readiie (o (o) 438 alay) aphatid o3 gaill (8 Lgauial (i

> class (lmres$model)
"data.frame"

[1]

ASaal) 8 Baies dddia (LAY Ay e 485l 8 mode skl OY Aledl) cal oda
Oe 4B laaad JiS) g 58 ()5S glal) G (A (il fype ¢ 50 e Jaxi R
g 5 Al i ARalie (palall Gl g Al WY 8 (Sl mode b

> typeof (sheep2)

"list"

> typeof (sheep2$weight)
"double"

>z <-1+ 1i

> typeof (z)

[1]

[1]

[1] "complex"
> typeof (plot)
[1] "closure"

> storage.mode (plot)
"function"

[1]
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> class (lmresSmodel)
[1] "data.frame"

> names (sheep2)

[1] "weight" "height"
> attributes (lmres)

Snames

[1] "coefficients" '"residuals" "effects"
"rank" "fitted.values"

[6] "assign" "gr" "df.residual"
"xlevels" "call"

[11] "terms" "model"
Sclass

(117 "1m"

> lmresS$residuals
1 2 3 4
5 6
0.007594467 2.862366459 -0.881779559  6.883164379 -
7.031163636  5.744833644
7 8 9 10
11 12
-1.878642646  3.354318288 18.656020233 14.289879655
6.522921537 -0.015866236

> lmres$effects

(Intercept) height
-827.5180000 -88.1319145 -0.7006440 7.0875994 -7.2544388
5.9340527

-1.9198022 3.2064095 18.6065394 14.0570945 6.3193795
-0.1506989
4.0278978 1.7013328 -8.5586006 -5.8572723 -2.2375022
12.7447011 ..
> lmresS$Scoefficients
(Intercept) height

26.0318530 0.8723918

:Named arguments and default values 4xal_i8y) axill g slawal) gaadl

d«d\dQJCH«LuLm(Jb&gdynJL;jGugjgﬂﬁ\gg
> setwd("C:/orCourse")
> mkmsc <- read.table("marks.dat", header=TRUE)
> mk2nd <- read.table('"'marks2.dat", header=TRUE)
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> attach (mk2nd)

iﬂﬁ\de\R}ujgg
> plot(examl, exam2)
> plot(exam2, examl)

oS3 il Ly ) sae e exam 2 5 X L e exam as i Y
R & default =) 58y JLERY) 5 13 5 an )l
SUS named arguments dlose gas p0A00 ol YY) LAY el

> plot(y=exam2, x=examl)
> plot(x=examl, y=exam?2)

Al sl i L ) 3 ane 8 ST 2 olassall graaldl At anll axy Laa DS
Diad 4l yay)

.test (examl)

.test (examl, mu=30)

.test (examl, alternative=''greater")

.test(examl, mu=31.5, alternative='"less")

.test (mu=30, examl)

.test (x=examl, mu=30)

VVVVVYV
(o A A O e o o

alternative = ., iall & t.test & mu - duxal yiy) daall of sl
"two.sided"

‘names il

b @l il eland ) 0 S 5 pames dda Ll Ll il jla) il U S5 L
names(...) lall alhasinly clewd) o o (Sayy ey &l

> names (mkmsc)
[1] "courseA" "courseB" "courseC"

sub-object (s -+ 3> A 8 ile J pasll (e Wikl 50 § Jalall (e ia sl
O (o2 - o Jall b ginall g slend) i WiSay s names(... ) Adan) 5 3 e
courseC s courseB s courseA Luad u Wl (a yiails Sy Gk
0r342 50r241 50r221 4l ¢l
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> names (mkmsc) <- c("or221", "or241l", "or342")
> names (mkmsc)
[1] "or221" "or241"™ "or342"
> mkmsc$or221
[1] 52 71 44 90 23 66
&ﬁﬁLﬁjzagabjcﬁdLﬂj
> mkmsc$or221 <- mkmscSor221 + 2
> mkmsc$or221
[1] 54 73 46 92 25 68
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:Other non-intrinsic attributes ¢l 4 8 52 & clia

5t 5 iy ) 8 S S ik (S ) sl e il

> row.names (mkmsc)

[1] "1" "2" "3" "4" "5" "6"

> row.names (mkmsc) <- c("Ali", "Badr", "Ahmad",
+"Bakur", "Saeed", +"Faris")

> mkmsc
or221 or241 or342
Ali 54 67 71
Badr 73 80 84
Ahmad 46 55 55
Bakur 92 76 68
Saeed 25 49 52
Faris 68 ol ol
>
ol Ay 8+ Adle g s MU land) )yl laadl G R 5 s

.l

:Regular sequences diwiall Cilailiial)

Cali Gt gl Jaad aifi il g Cagpall ol alae V) e Claglite 8 dluiall Cilayliial)

sac llia dyta gl ) yaaiall o ad g8 g dadia (e o)l lia) i 3ada 2 g

:sequence generator 4aiia Al sa lgie Claglite A 6l (3 5k

:10

12345678910
0:1

10987 654321
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[1] 1 2 3 45 6 789
Abeal) dleal) e ddiadl al () of LaaY
AU Ll Ll g chlailiie Al 3 A48 pall (e ) laie aed geq Al

seq(from, to, by, length, along)

2e |length 532030 Hlaia Je Jai by 4aall Wild 3 juis to 5 from sl
GSMAguuunYU\anc;;ﬂo&sém;e ALY 43 JaalY ¢uUL&LgL4h;ﬂ\
}mdjbdﬂ\jﬁmw@malong daall Uas ase C\_mju.ua_d\ujad\_z_)
daylitall G gllaall J ghall
> seq(1,10)
11 1 23 45 6 7 8 9 10
eq(to=10, from=1)
123456 78 9 10
eq(1,10,by=0.5)
1.0 1.5 2.0 2.5 3.0 3.54.0 4.5 5.0 5.5 6.0 6.5
7.5 8.0

S
1]
S
]
0
16] 8.5 9.0 9.5 10.0
seq(
]
0
6

1

10,1length=19)
1.5 2.0 2.5 3.0 3.54.04.55.05.56.06.5
8.0

14

[
>
[
>
[
7.
[
> 1
[1 .0
7. .5
[16] 8.5 9.0 9.5 10.0

> seq(1,10,1length=19,by=0.25)

Error in seqg.default(l, 10, length = 19, by = 0.25)

Too many arguments
> seq(l,by=2,length=6)
[1] 1 3 5 7 9 11
> seq(to=30,length=13)
[1] 18 19 20 21 22 23 24 25 26 27 28 29 30
> seq(to=30)
[1] 1 2 3 456 789 10 11 12 13 14 15 16 17 18 19
20 21 22 23 24 25
[26] 26 27 28 29 30
dma G ) S Gilaliis Al g rep Al
> rep(l, times = 3)
(1] 1 11
> rep((1:3), each =5)
(1] 11 1112222233333
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:Logical vectors 4ihial) cilgatiall

FALSE s TRUE (» R /4 4ikiall ol

GaSY >= 5 e 3SY > 53l sluall aael 1= 53] slusall == aladinly Jead &5 )
Sl 5l e Y <= 5 e JBY < 5 sl

NOT ! 5OR-J | 5AND J & dihiall Jleall

> tfl <- c(TRUE,TRUE,FALSE,FALSE)
> tf2 <- c(TRUE,FALSE,TRUE,FALSE)
> tfl & tf2

[1] TRUE FALSE FALSE FALSE

> tfl | tf2

[1] TRUE TRUE TRUE FALSE

> (tfl & 'tf2) | ('tfl & tf2)

[1] FALSE TRUE TRUE FALSE

Indexing vectors and subset 4xij> s gaae JLSd) g 4aia pili

e oy 383 Al 5 4 5 Ao pene 5 UL (e 5 3 pladia) 8 e i Ual]
subscripting 3l Jalay Gz g aniall e e jad Hdgi SI[ ] aasiud Gl
1 indexing vector sl Axia anly Ca y Gan 53l Gale 4nidl 5 operator
Al 3yl yualindl ()l (Aiuiie daglite WIS ) dnpna a4l il 4nie IS
ealiall (S Biaied dasiall b - Aedle Caam g 135 s JLES) A 5 sal) A} il
o LA s an 3l &5 (Al (2ol

> attach (mkmsc)

> or221

[1] 54 73 46 92 25 68
> or221[c(1,2,6)]

[1] 54 73 68

> or221[1:4]

[1] 54 73 46 92

> or221[-(1:4)]

[1] 25 68

> or22l1[seq(6,by=-2)]
[1] 68 92 73
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> or221[rep((1:3) ,each=2)]
[1] 54 54 73 73 46 46

> row.names (mkmsc) [1:3]

[1] "Ali" "Badr" "Ahmad"

r AUl Jae aadaio Ll Laadl
70 Co Sef SV 0r221 & DUl cledle Ml o
0r241 2 65 e Ji e 1 shas il 5 0r22] Dl Glde @
200 (3o i SN agiladle & sane Gl GOl cladle o

> 0r221[oxr221>70]

[1] 73 92

> 0r241[or221<65]

[1] 67 55 49

> or342[ (or221+0xr241+0xr342)<200]

[1] 71 55 52 ol

> 0or342[or221>50 & 0r241>50 & or342>50]
[1] 71 84 68 ol

Caladladl dﬂé c«u.u:i}[\ C);L.n,g L"AL"J\

> row.names (mkmsc) [0xr221>70]

[1] "Badr" "Bakur"

> row.names (mkmsc) [0r241<50 | 0r221<50 | o0r342<50]
[1] "Ahmad" "Saeed"

> names (mkmsc) [c(sum(or221) , sum(or24l),
sum(or342)) > 350]

[1] "or221" "or241" "or342"

:Character sequences g2 y<il) 9 o g ) Silagliia

Leliiad 3y yi g {(xl,yl),(xz,yz),...,(xs,ys )} L) (e gzl g Ll aif iyl

.character <~ 3235 maall aead Sl g paste(...) Wl paain MR (&
eaall G i) 3y Hilk aasdl gep daall

> paste(c("x","y"), rep(l:5,each=2), sep="")

[l] "Xl" "yl" "X2" "y2" "X3" "y3" "X4" lly4ll HX5H
"y5ll
> strl <- paste("(x", 1:5, sep="")
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> str2 <- paste("y", 1:5, ")", sep="")

> labell <- paste(strl,str2,sep=",")

> labell

[1] "(x1,yl)"™ "(x2,y2)" "(x3,y3)" "(x4,y4)"
"(X5[y5)"

> mode (labell)

[1] "character"

:Lists ail ¢&)

il 5SS Lel) Ly Aaild 880 g gl £ LY eLid W) (g A ye Ao gana o Aaildl)
Aall aladiudy il g8l ol g ddlise ) skl (pe 0 5S3 38 il Sall 028 5 components
Aailall culae ) Al geaadl (e il Sy AailE b dra yal) il 5 list(...)

> mklst <- list("BSc exam marks", c¢(10,6,2005),
mkmsc)

> mode (mklst)

[1] "list"

> length (mklst)

[1] 3

> mklst

[[1]]

[
[1] "BSc exam marks"
[1] 10 6 2005

or221 or241 or342

Ali 54 67 71
Badr 73 80 84
Ahmad 46 55 55
Bakur 92 76 68
Saeed 25 49 52
Faris 68 ol ol

> mklst[2]
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[[1]]
[1] 10 6 2005

> mode (mklst[2])
[1] "list"

> length (mklst[2])
[1] 1

)4 Cancad G Ba )13 5 Ha0 Al g Al Al aladin) dagm o) sy
) by Of LA ) s » s o) plasul @)
Apnre dad Gl MKIS[2] OY [ ] pasdes o apdaiod Wild o o

> mklst[2]+c(4,0,0)
Error in mklst[2] + c(4, 0, 0) : non-numeric
argument to binary operator

Ji[[ 1] &ww\ﬁiem“ 3 Uaddl 13 Guindi S

> mklst[[2]]
[1] 10 6 2005
> mode (mklst[[2]])
[1] "numeric"
> mklst[[2]] <- mklst[[2]] + <c(4,0,0)
> mklst
e gl aladin) akie Wild goac 4xie mk1st [[2]] O Leddiall
&) 4 Capmi g5 52l 48

> mklst[[2]][1] <- mklst[[2]][1] + 4

O eaie iy [[ ]] Jeladl 5 Aaild agmy 438 43 e Gada 13 [ ] daladl ()f LaaY
)abﬂ :\_"u.a\‘):ﬁ\z’\ labe] <alakall )m.!.d\ JJL}AEJLMM :\.A:ISD )}Lj Al
raic JSan) SN le ()5S Aailill aile ma Wy L 53 52 51 (& 4l
mtﬁjggﬁ\@\ﬂ@j&mjiﬂmggg}ﬂm@_ﬂ\wu&\g
1gd Acilall (8 Lt 55 paalindl JS sland JSX Caeall (o ()5Sy aliall Ga S
) IS Die Lailal juslinl slad slae) Jmi)) (g

> names (mklst) <- c("title", "date", "marks")

Jaladl ) Salad) alasioly La) daildll palic 313 ,LEY) oY) Wik
S plaainly Lo alie N3 ,LEY G 3
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> mklst[[2]]

[1] 18 6 2005

> mklst[["date"]]
[1] 18 6 2005

> mklst$date

[1] 18 6 2005

L alasin Ui 55 e pusd () 5 5LEY) aloinsd § Jalall Lialasinsy Jaay
Jie el oy =3 dic elay) ;,U:n:;‘ US"‘:‘

> mklst <- list("title"="MSc exam marks'",
+"date"=c(10,6,2005),
+ "marks'"=mkmsc)

:R (A Aasnl) ila g

Q‘JM‘D&L}AMMU@MU}MB\ija_}}ée.ut)u\‘)ﬂﬁ.ﬂRM

g gl e g 1) lan
hist(... ) Alall alasiuly @l g ol yxiall aaY 5 S 7 aall Ay a 58 Co g
s Sulls
bl Cale 585 g Jaadl Jals 2aa3 Y
> setwd ("C:/orCourse")
> mk2nd <- read.table('"'marks2.dat", header=TRUE)
> attributes (mk2nd)
Snames
[1] "candno" "examl" "exam2" "exam3"

Sclass
[1] "data.frame"

Srow.names

(1] 1 2 3 4 5 6 7 8 910 11 12 13 14 15
16 17 18 19 20 21 22
[23] 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
38 39 40 41 42 43 44
[45] 45 46 47 48 49 50 51 52 53 54 55
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> attach (mk2nd)
exam1 _saiall 5 ) Sl 7 saall s yig
> hist (examl)

Histogram of exam1

15

Freguency
10

| | | | | |
15 20 25 30 35 40

exam1

> hist(examl, probability = TRUE)
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Histogram of exam1

Density

002 003 004 005 006 007

0.00 0.01

15 20 25 30 35 40

exam1

il 10 M ST i
> hist (examl, nclass=10)

> hist (exam3[examl+exam2 <50])
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Histogram of exam3[exam1 + exam2 < 50]

Freguency
3
|

| | | | | | I |
2 10 15 20 25 30 35 40

exam3[exam1 + exam?2 < 50]

> hist (mk2nd[mk2nd>20])
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Histogram of mk2nd[mk2nd > 20]

120
|

100
I

Freguency
B0

40

[ I I I I I I
0 2000 4000 6000 8000 10000 12000

mk2nd[mk2nd = 20]

5 ilee il lal aw ) aakaiod Ll aa
> hist (mk2nd)
Error in hist.default (mk2nd) : "x' must be numeric

Ul aakaii oSl

> hist (mk2nd[mk2nd<=max (mk2nd) ])
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Freguency

150

100

50

Histogram of mk2nd[mk2nd <= max(mk2nd)]

—

[ I I
0 2000 4000

I I I I
6000 8000 10000 12000

mk2nd[mk2nd <= max(mk2nd)]
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Histogram of exam1

Freguency

20 25 30 35 40
exam1

lial) 3 gas yuad
> hist (examl, breaks=c(0,20,25,30,40))
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Histogram of exam1

Density

002 003 004 005 006 007

0.00 0.01

0 10 20 30 40

exam1

o SAllg ggnorm(... ) Alall aasies  calall 4 530l ULy Ae gane 43 )lEd]
a3 o9t G g gqline(... ) Ay andall ) gl Giley ) aa bl Gley
il ol 13) L g Gl g J Y1 Gamn il e Gl a1 o afine lad

prtisall Jaall (ye Ay 8 ()5S ) s 1) Lol (8 dpeals

> ggnorm (exam2)
> ggline (exam?2)
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Normal Q-Q Plot

Sample Quantiles
15 25 30
| |

10

Theoretical Quantiles

> boxplot (examl ,h exam2,exam3)
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Boxplots (3 9aiall Cila g




0t G% 0%

=14

0g

Sl

al

;) Ly

> boxplot (mk2nd)
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candno exam1 exam?2 exama3

> boxplot (mk2nd, main="Boxplot of exam scores",
+ylab="Scores")
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Boxplot of exam scores

-
o —
L] 1
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L]
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o _|
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L]
o _|
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™
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| | | |
candno exam1 exam?2 exama3

Plot types, graphics 4l Uil 5 cila gl allaa g ciba g M) #1550

; ; : parameters and interactivity

13ed g 0 ai O Ul zUias 38 (<19 caulia g las Japy R (B (ol y38Y) ps )l & 8
(AU LAY s ) ALy i type daa aadid

> plot (examl, exam2)
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exam1

> plot(examl, exam2, type="p") # points (the
default)

Al Y1 il a5 LS i p
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exam

> plot(examl, exam2, type="1") # lines

L s line o |
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30
|

25
|

exame

20
|

15

10

exam1

> plot(examl, exam2, type="b") # both lines and
points

Lghi o Lli e S sl both ¢ b
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o il

I e o

o

= !/"’ £ l!’,»v =
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exam1

> plot(examl, exam2, type="o") # overlaid lines on
points

Lshall e Llaill sy 25 overlaid o< 0
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30
|

25
|

exame

15

10

20 25 30 35 40
exam1

> plot(examl, exam2, type="h") # high density
(vertical lines)
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exame
15 25 30
| |

10

20 25 30 35 40

exam1

plaiul 0 s A5 plotting character o) SBY) au )l s il elals
e ey sl ) peh dsal
> plot(examl, exam2, pch="+")
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> plot(examl, exam2, pch="x")
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> plot(examl, exam2, pch=2)
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> plot(examl, exam2, pch=3)

270




|
[o ]
+ +
_|_
o +
T G *
+ L +++
|
o R +71 $+ ii+
@ +
>
3 g * ++ .
+ F4+7
[Ip]
= 7 +
+ + o+
+ L F +
2 - +
_I_
I I I I [
20 25 30 35 40

exam1

> plot(examl, exam2, pch=4)
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3 aadiny Mg par(... ) Alall 224508 42 B ) gy am ) alaa Huad Ba ) 1))
il allaa
> par()
sxlog
[1] FALSE

Sylog
[1] FALSE

S$ad]
[1] 0.5

Sann
[1] TRUE
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Sask
[1] FALSE

Sbg

[1] "transparent"

Sbty
[l] "O"

Scex
[1] 1

Scex.axis
(1] 1

Scex.lab
[1] 1

Scex.main
[1] 1.2

Scex.sub
[1] 1

Scin

[1] 0.15 0.20

Scol
[1] "black"

Scol.axis

[1] "black"
Scol.lab
[1] "black"

Scol.main
[1] "black"

Scol.sub
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[1] "black"

Scra
[1] 14.4 19.2

Scrt
[1] O

Scsi
[1] 0.2

Scxy
[1] 0.03437083 0.05328007

Sdin
[1] 5.604166 5.593749

Serr
[1] O

sfamily
[l] mn

Sfqg
[1] "black"

Sfig
(1] 01 0 1

Sfin
[1] 5.604166 5.593749

Sfont
[1] 1

Sfont.axis
[1] 1

Sfont.lab
[1] 1
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Sfont.main
[1] 2

Sfont.sub
[1] 1

Slab
[1] 5 5 7

Slas
[1] O

Slend
[1] "round"

$lheight
[1] 1

$1ljoin
[1] "round"

Slmitre
[1] 10

Slty
[1] "solid"

Slwd
[1] 1

Smai

[1] 1.02 0.82 0.82 0.42

Smar

[1] 5.1 4.1 4.1 2.1

Smex
[1] 1
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Smfcol
[1] 1 1

smfg
[1] 1 111

Smfrow
[1] 1 1

Smgp
[1] 3 1 0

Smkh
[1] 0.001

Snew
[1] FALSE

Soma
[1] O O O O

Somd
[1] O 1 O 1

Somi
[1] O O 0 O

$pch
(1] 1

Spin
[1] 4.364166 3.753749

Splt
[1] 0.1463197 0.9250557 0.1823464 0.8534078

Sps
[1] 12

Spty
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W 11
m

[1]

Ssmo
[1] 1

Ssrt
[1] O

Stck
[1] NA

Stcl
[1] -0.5

Susr

[1] 0 1 0 1

Sxaxp
[1] 01 5

Sxaxs
[l] Hr"

Sxaxt
[1] "S"

Sxpd

[1] FALSE

Syaxp
[1] O 1 5

Syaxs
[l] "r"

Syaxt
[1] "S"

>
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> par(c("pch", "col"))
$pch
[1] 1

Scol
[1] "black"

>

* ) ol Y iyl il

;Z\,.\buﬂ\ thﬁ

> par (pch="*")

s identify(...) Al s s3a aaly Aeliil) au il CLalSa) (e 200 R ellia
Cages identify(...) Al Jaa) any aaY ani 8 g Bli il (e oK
Aalenl) i 53 58 5l Laaiians TG 5L8) aiisall pplal (i gali ) ity

> plot (examl,b exam2)
> identify (examl,h exam2)

[1] 17 45 55
>
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> plot (examl, exam2)
> identify (examl,6 exam2 , row.names (mk2nd) )

[1]
>

exame

VVVVVYVYV

25 41 42 45

o
|
e o
o
o o
2
oo o
o o o
S ) 041003 . ggo
25
o a
o
S - 0 .
oo
o 00
w0
T o o o 45
o o o
o o
42
[ [ [ [ |
20 25 30 35 40
exam1

Mfrow aleal) alaaioly @y g dadiall 8 aal g auy (o ST puza s GISaY)
LaY saee V5 haullaae ary (e 13 s (oac Aaiad dlagd ) 5S35l

par (mfrow=c(3,2))
hist (examl)
ggnorm (examl)
hist (exam2)
ggnorm (exam?2)
hist (exam3)
ggnorm (exam3)
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> par (mfrow=c(1,1))

Histogram of exam1 Normal Q-Q Plot
B o
o w E 7 "
C - g o
g a =
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15 20 25 30 35 40 -2 -1 0 1 2
exami Theoretical Quantiles
Histogram of exam?2 Normal Q-Q Plot
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Ll o
> par (mfcol=c(3,2))
.Mfrow (= Yo mfcol aaiivy 3l
S oyl 10 pad
> citynames <- c("Athens", "Jo'burg", "London",
"NYC", "Shanghai")
> longitude <- c¢(23.72, 28.07, -0.08, -73.47,
121.47)
> latitude <- ¢(37.97, -26.20, 53.42, 40.78, 31.17)
> cities <- data.frame(latitude,longitude)
> row.names (cities) <- citynames
> cities
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latitude longitude

Athens 37.97 23.72
Jo'burg -26.20 28.07
London 53.42 -0.08
NYC 40.78 =-73.47
Shanghai 31.17 121.47

> rm(latitude,longitude, citynames)

> attach(cities)

> plot(longitude,latitude, type="n")

> points (longitude,latitude,pch=".")
> text(longitude[l], latitude[l],
row.names (cities) [1],pos=1)

> text(longitude[2], latitude[2],
row.names (cities) [2],pos=4)

> text(longitude[3], latitude[3],
row.names (cities) [3],pos=4)

> text(longitude[4], latitude[4],
row.names (cities) [4],pos=4)

> text(longitude[5], latitude[5],
row.names (cities) [5],pos=2)

> lines(c(longitude[l],longitude[3]),
c(latitude[1l], latitude[3]))

> lines(c(longitude[2],longitude[3]),
c(latitude[2],latitude[3]))

> lines(c(longitude[4],longitude[3]),
c(latitude[4],latitude[3]))

> lines(c(longitude[5],longitude[3]),
c(latitude[5],latitude[3]))

>

282



40

Athens

Qo _
LIk} ™
o
=
©

D_

L]

S

Jo'burg
| | | |
-50 0 50 100
longitude
;g;tﬂ\ig>&

< plot (longitude, latitude, type="n") sl -1
AT 28 g ay g g type = " ST Sl ae o5

gy Gl el 4 5 JiuY 3 5 Jlall 2 5 eV | Aadll 336 pos daall -2
S d ity offset s adj aaadl alasin) (S pa saill

:3-D 41-’-,&‘ g:\m éwul\
ye[-L1] sxe[-L1] dadll & f(x,y)=x")" chaudl ans 1 o s8i oy
outer A1l pxins 21 [ 1,1] 5 ill A 50 (e Alsia niliie 33 L33 2585 LS

GLJ\Gkah&ﬂ50X502@§maq¥bﬂ(géjuﬁagjgdb
> x <- seq(-1,1,length=50)
> y <- seq(-1,1,1length=50)
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> z <- outer (x*2,y”3)

> contour (x,y, z)
> image(x,y,z)

> persp(x,y,z)
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: R essentials <ol

b ziliall ds b (e Alaadl) yel 5V daday ali ) o gty R cilada (e Al 6 8
By sl T iliall aaly sl 5¥1 02 Balaia) (Sary buffer 3811 e dikic
Zea Ul 12a Jaiai 1agd (g Al dda 8 2laaiudU el 51 838 (0 3a0 akall (e ()5S

BT
> savehistory ("filename.Rhistory")
t el bt g
> loadhistory ("filename.Rhistory")
o3 ¢l ya) LG 13 Wl 4 5l T ilaall aaly Lpaladin) Sy el Y1 Balaind ae
:JAy‘eiiiud‘}djy‘
> source("filename ", echo=TRUE)

The search path <)

a8 i (l8e Jgl amall il (S (e Gl R a5 AN G jae l ] e
global environment A3 Al auYU Ll G y2y 53l 5 ) Jendl sliad 0 R
Cinally R s Janll gliad 8 28 28 aa g a1 13) (.GlobalEnv 4 5
2l g axiival) ddaud g Alesall o jall g (bl Skl L Lay) diliae 408 1 3

o Al i il Cua s attach(... ) dee g s (e y Ll Alesdl
St St search() Aol jluall e Ll ¥ detach(...) 5 Ssall jlus
Alli 8 e Lud) 2y a sy Cogas ¢ L) Al Lgad g gl A (5F and glac) 5 il
aal)

> search()
> objects (package:MASS)
> objects (4)

:R packages a >

e Y R () bl danadic ddlia) gl 1 (s gad ke e 3 ke (2
Al 3 s U ygaie g R osbal A 5858V JSLE) (e ST Jlae dad il jaie
dibrary(...) ¥ alasiul Baaiy 2 jall sda Jrass SlIXS 53 58 giall o 3ally
858 siall o 3al) UK 3 Ul YY)
> library ()

Packages in library 'C:/PROGRA~1/R/R-28~1.1/library’':
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base

boot
class
cluster
codetools
datasets
foreign

graphics
grDevices

grid
KernSmooth

lattice
MASS
methods
mgcv
estimation

nlme
nnet
Multinomial

R.methodsS3
R.oo0

rpart
Siml01
spatial

splines
stats
stats4
survival

tcltk
tools
utils

> library (MASS)

The R Base Package

Bootstrap R (S-Plus) Functions (Canty)
Functions for Classification

Cluster Analysis Extended Rousseeuw et al.
Code Analysis Tools for R

The R Datasets Package

Read Data Stored by Minitab, S, SAS, SPSS,
Stata, Systat, dBase,

The R Graphics Package

The R Graphics Devices and Support for
Colours and Fonts

The Grid Graphics Package

Functions for kernel smoothing for Wand &
Jones (1995)

Lattice Graphics

Main Package of Venables and Ripley's MASS
Formal Methods and Classes

GAMs with GCV/AIC/REML smoothness

and GAMMs by PQL
Linear and Nonlinear Mixed Effects Models
Feed-forward Neural Networks and

Log-Linear Models

Utility function for defining S3 methods
R object-oriented programming with or
without references

Recursive Partitioning

Sim 101 Package for WSC 2008

Functions for Kriging and Point Pattern
Analysis

Regression Spline Functions and Classes
The R Stats Package

Statistical Functions using S4 Classes
Survival analysis, including penalised
likelihood.

Tcl/Tk Interface

Tools for Package Development

The R Utils Package

MASS el Jasy U1 oY)

b‘jﬁMBML&A@LﬁmJ

> library (help=MASS)

Description:

Information on package 'MASS'
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Bundle:
Priority:
Contains:
Version:
Date:
Depends:

Suggests:
Author:

Maintainer:

BundleDescription:

License:
URL:
Packaged:
Package:
Description:
Title:
LazyLoad:
LazyData:
Built:

Index:

Functions:

Null

addterm
anova.negbin
Binomial GLMs
area
bandwidth.nrd
Reference

bcv
Selection
boxcox
con2tr
Trellis
confint-MASS
contr.sdif
corresp
cov.rob
Location and

VR

recommended

MASS class nnet spatial

7.2-45

2008-12-07

R (>= 2.4.0), grDevices, graphics, stats,
utils

lattice, nlme, survival

S original by Venables & Ripley. R port by
Brian Ripley <ripley@stats.ox.ac.uk>,
following earlier work by Kurt Hornik and
Albrecht Gebhardt.

Brian Ripley <ripley@stats.ox.ac.uk>
Functions and datasets to support Venables
and Ripley, 'Modern Applied Statistics with
S' (4th edition).

GPL-2 | GPL-3
http://www.stats.ox.ac.uk/pub/MASS4/

Tue Dec 9 11:11:17 2008; ripley

MASS

The main library and the datasets

Main Package of Venables and Ripley's MASS
yes

yes

R 2.8.1; i386-pc-mingw32; 2008-12-22
09:22:56; windows

Null Spaces of Matrices
Try All One-Term Additions to a Model
Likelihood Ratio Tests for Negative

Adaptive Numerical Integration
Bandwidth for density () via Normal

Distribution
Biased Cross-Validation for Bandwidth

Box-Cox Transformations for Linear Models
Convert Lists to Data Frames for use by

Confidence Intervals for Model Parameters
Successive Differences contrast coding
Simple Correspondence Analysis

Resistant Estimation of Multivariate

Scatter
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cov.trob
Distribution
denumerate
'loglm’

dose.p

dropterm
egscplot
fitdistr
Distributions
fractions

gamma .dispersion
Parameter

gamma . shape
Distribution

ginv
glm.convert
fit

glm.nb
Linear Model
glmmPQL

POL
hist.scott
Selection
huber

Scale
hubers
Location

isoMDS
Scaling
kde2d
lda
ldahist
Groups
Im.gls
Squares
Ilm.ridge
loglm

logtrans

1lgs

mca

mvrnorm
Distribution
negative.binomial
GLMs

newcomb

Time of Light

Covariance Estimation for Multivariate t
Transform an Allowable Formula for

into one for 'terms'
Predict Doses for Binomial Assay model
Try All One-Term Deletions from a Model
Plots with Geometrically Equal Scales

Maximum-likelihood Fitting of Univariate

Rational Approximation
Calculate the MLE of the Gamma Dispersion

in a GLM Fit
Estimate the Shape Parameter of the Gamma

in a GLM Fit
Generalized Inverse of a Matrix
Change a Negative Binomial fit to a GLM
Fit a Negative Binomial Generalized
Fit Generalized Linear Mixed Models via
Plot a Histogram with Automatic Bin Width
Huber M-estimator of Location with MAD

Huber Proposal 2 Robust Estimator of

and/or Scale
Kruskal's Non-metric Multidimensional

Two-Dimensional Kernel Density Estimation
Linear Discriminant Analysis
Histograms or Density Plots of Multiple

Fit Linear Models by Generalized Least

Ridge Regression

Fit Log-Linear Models by Iterative
Proportional Scaling

Estimate log Transformation Parameter
Resistant Regression

Multiple Correspondence Analysis
Simulate from a Multivariate Normal

Family function for Negative Binomial

Newcomb's Measurements of the Passage
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pairs.lda
'lda' Fit
parcoord
plot.1lda
plot.mca
polr
predict.lda
Linear

predict.lgs
predict.mca
predict.gda
Analysis
gda

rational
renumerate
'denumerate’
rlm
rms.curv

Linear Regression

rnegbin
sammon

stdres

Linear Model
stepAIC
Algorithm
studres
Linear Model
summary.loglm
Class 'loglm'
summary.negbin
Class 'negbin'
summary.rlm
synth.tr
theta.md

by Deviance
theta.ml

by Maximum

theta.mm

by Moments
truehist

ucv

Selection
width.SJ

of Derivatives
write.matrix

Datasets:

Produce Pairwise Scatterplots from an

Parallel Coordinates Plot

Plot Method for Class 'lda'

Plot Method for Objects of Class 'mca'

Proportional Odds Logistic Regression

Classify Multivariate Observations by
Discrimination

Predict from an lgs Fit

Predict Method for Class 'mca'

Classify from Quadratic Discriminant

Quadratic Discriminant Analysis

Rational Approximation

Convert a Formula Transformed by

Robust Fitting of Linear Models
Relative Curvature Measures for Non-

Simulate Negative Binomial Variates
Sammon's Non-Linear Mapping

Extract Standardized Residuals from a
Choose a model by AIC in a Stepwise
Extract Studentized Residuals from a
Summary Method Function for Objects of
Summary Method Function for Objects of
Summary Method for Robust Linear Models
Synthetic Classification Problem
Estimate theta of the Negative Binomial

Estimate theta of the Negative Binomial

Likelihood
Estimate theta of the Negative Binomial

Plot a Histogram
Unbiased Cross-Validation for Bandwidth

Bandwidth Selection by Pilot Estimation

Write a Matrix or Data Frame
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Aids2
Animals

Belgian-phones

Boston
Cars93
1993
Cushings

Cushing's Syndrome

DDT
GAGurine
Insurance
Melanoma
OME

with OME
Pima.tr
Rabbit
Rubber
SP500
Sitka
1988
Sitka89
1989

Skye
Traffic
Accidents
UScereal
US Cereals
UScrime
Rates

VA

Trial
abbey
accdeaths
anorexia
bacteria
Treatments
beavl
beav?2
biopsy
birthwt
Birth Weight
cabbages
caith
Caithness
cats
cement
chem

coop
Chemistry
cpus
crabs

Leptograpsus Crabs

Australian AIDS Survival Data

Brain and Body Weights for 28 Species
Belgium Phone Calls 1950-1973

Housing Values in Suburbs of Boston
Data from 93 Cars on Sale in the USA in

Diagnostic Tests on Patients with

DDT in Kale

Level of GAG in Urine of Children
Numbers of Car Insurance claims

Survival from Malignant Melanoma

Tests of Auditory Perception in Children

Diabetes in Pima Indian Women

Blood Pressure in Rabbits

Accelerated Testing of Tyre Rubber
Returns of the Standard and Poors 500
Growth Curves for Sitka Spruce Trees in

Growth Curves for Sitka Spruce Trees in

AFM Compositions of Aphyric Skye Lavas
Effect of Swedish Speed Limits on

Nutritional and Marketing Information on
The Effect of Punishment Regimes on Crime
Veteran's Administration Lung Cancer

Determinations of Nickel Content
Accidental Deaths in the US 1973-1978
Anorexia Data on Weight Change
Presence of Bacteria after Drug

Body Temperature Series of Beaver 1
Body Temperature Series of Beaver 2
Biopsy Data on Breast Cancer Patients
Risk Factors Associated with Low Infant

Data from a cabbage field trial
Colours of Eyes and Hair of People in

Anatomical Data from Domestic Cats
Heat Evolved by Setting Cements
Copper in Wholemeal Flour
Co-operative Trial in Analytical

Performance of Computer CPUs
Morphological Measurements on
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drivers
1969-84
eagles
epil
farms
fgl
forbes
Alps
galaxies
gehan
genotype
geyser
gilgais
hills
housing
Conditions

immer
leuk

mammals

Land Mammals
mcycle
menarche
michelson
minn38
motors
muscle
Contraction

nlschools
npk

nprl

oats
painters
petrol
quine
South Wales
road
rotifer
ships
shoes
shrimp
shuttle
snails
steam
stormer
survey
topo
waders
Africa
whiteside

Deaths of Car Drivers in Great Britain

Foraging Ecology of Bald Eagles

Seizure Counts for Epileptics

Ecological Factors in Farm Management
Measurements of Forensic Glass Fragments
Forbes' Data on Boiling Points in the

Velocities for 82 Galaxies

Remission Times of Leukaemia Patients

Rat Genotype Data

0ld Faithful Geyser Data

Line Transect of Soil in Gilgai Territory
Record Times in Scottish Hill Races
Frequency Table from a Copenhagen Housing

Survey

Yields from a Barley Field Trial

Survival Times and White Blood Counts for
Leukaemia Patients

Brain and Body Weights for 62 Species of

Data from a Simulated Motorcycle Accident
Age of Menarche data

Michelson's Speed of Light Data

Minnesota High School Graduates of 1938
Accelerated Life Testing of Motorettes
Effect of Calcium Chloride on Muscle

in Rat Hearts
Eighth-Grade Pupils in the Netherlands
Classical N, P, K Factorial Experiment
US Naval Petroleum Reserve No. 1 data
Data from an Oats Field Trial
The Painter's Data of de Piles
N. L. Prater's Petrol Refinery Data
Absenteeism from School in Rural New

Road Accident Deaths in US States
Numbers of Rotifers by Fluid Density
Ships Damage Data

Shoe wear data of Box, Hunter and Hunter
Percentage of Shrimp in Shrimp Cocktail
Space Shuttle Autolander Problem

Snail Mortality Data

The Saturated Steam Pressure Data

The Stormer Viscometer Data

Student Survey Data

Spatial Topographic Data

Counts of Waders at 15 Sites in South

House Insulation: Whiteside's Data
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wtloss Weight Loss Data from an Obese Patient

YL 3 g gl bl 48 jre a5 by asalaa (5 533 p 3al) (s () Laadl
Ll dleaall o jadl clibal) @A@JHL“;M\Jdata()
> data()

Data sets in package ‘datasets’:

AirPassengers
BJsales

BJsales.lead (BJsales)

Monthly Airline Passenger Numbers 1949-1960
Sales Data with Leading Indicator

Sales Data with Leading Indicator

BOD Biochemical Oxygen Demand
C02 Carbon Dioxide uptake in grass plants
ChickWeight Weight versus age of chicks on different
diets
DNase Elisa assay of DNase
EuStockMarkets Daily Closing Prices of Major European
Stock
Indices, 1991-1998
Formaldehyde Determination of Formaldehyde
HairEyeColor Hair and Eye Color of Statistics Students

Harman23.cor
Harman74.cor

Harman Example 2.3
Harman Example 7.4

Indometh Pharmacokinetics of Indomethicin

InsectSprays Effectiveness of Insect Sprays

JohnsondJdohnson Quarterly Earnings per Johnson & Johnson
Share

LakeHuron Level of Lake Huron 1875-1972

LifeCycleSavings Intercountry Life-Cycle Savings Data

Loblolly Growth of Loblolly pine trees

Nile Flow of the River Nile

Orange Growth of Orange Trees

OrchardSprays Potency of Orchard Sprays

PlantGrowth Results from an Experiment on Plant Growth

Puromycin Reaction velocity of an enzymatic reaction

Seatbelts Road Casualties in Great Britain 1969-84

Theoph Pharmacokinetics of theophylline

Titanic Survival of passengers on the Titanic

ToothGrowth The Effect of Vitamin C on Tooth Growth in
Guinea Pigs

UCBAdmissions Student Admissions at UC Berkeley

UKDriverDeaths Road Casualties in Great Britain 1969-84

UKgas UK Quarterly Gas Consumption

USAccDeaths Accidental Deaths in the US 1973-1978

USArrests Violent Crime Rates by US State

USJudgeRatings Lawyers' Ratings of State Judges in the US

USPersonalExpenditure

VADeaths

Superior Court

Personal Expenditure Data
Death Rates in Virginia (1940)
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WWWusage
WorldPhones
ability.cov
airmiles

airquality
anscombe

attenu
attitude
austres

beaverl (beavers)
beaver?2 (beavers)
cars

chickwts

co?2

crimtab
discoveries
esoph

euro

euro.cross (euro)
eurodist
faithful

fdeaths (UKLungDeaths)

freeny
freeny.x (freeny)
freeny.y (freeny)
infert

iris
iris3
islands

ldeaths (UKLungDeaths)

1h
longley
lynx

mdeaths (UKLungDeaths)

morley
mtcars
nhtemp
nottem

occupationalStatus

precip
presidents
pressure

Internet Usage per Minute

The World's Telephones

Ability and Intelligence Tests

Passenger Miles on Commercial US Airlines,
1937-1960

New York Air Quality Measurements
Anscombe's Quartet of "Identical" Simple
Linear Regressions

The Joyner-Boore Attenuation Data

The Chatterjee-Price Attitude Data
Quarterly Time Series of the Number of
Australian Residents

Body Temperature Series of Two Beavers
Body Temperature Series of Two Beavers
Speed and Stopping Distances of Cars
Chicken Weights by Feed Type

Mauna Loa Atmospheric CO2 Concentration
Student's 3000 Criminals Data

Yearly Numbers of Important Discoveries
Smoking, Alcohol and (0O)esophageal Cancer
Conversion Rates of Euro Currencies
Conversion Rates of Euro Currencies
Distances Between European Cities

0ld Faithful Geyser Data

Monthly Deaths from Lung Diseases in the UK
Freeny's Revenue Data

Freeny's Revenue Data

Freeny's Revenue Data

Infertility after Spontaneous and Induced
Abortion

Edgar Anderson's Iris Data

Edgar Anderson's Iris Data

Areas of the World's Major Landmasses

Monthly Deaths from Lung Diseases in the UK
Luteinizing Hormone in Blood Samples
Longley's Economic Regression Data

Annual Canadian Lynx trappings 1821-1934

Monthly Deaths from Lung Diseases in the UK
Michaelson-Morley Speed of Light Data

Motor Trend Car Road Tests

Average Yearly Temperatures in New Haven
Average Monthly Temperatures at Nottingham,
1920-1939

Occupational Status of Fathers and their
Sons

Annual Precipitation in US Cities

Quarterly Approval Ratings of US Presidents
Vapor Pressure of Mercury as a Function of
Temperature
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quakes

Locations of Earthquakes off Fiji

Random Numbers from Congruential Generator
RANDU

Lengths of Major North American Rivers
Measurements on Petroleum Rock Samples
Student's Sleep Data

Brownlee's Stack Loss Plant Data
Brownlee's Stack Loss Plant Data
Brownlee's Stack Loss Plant Data
US State Facts and Figures

US State Facts and Figures

US State Facts and Figures
Uus

Us

and
and

State
State

Facts
Facts

Figures
Figures

US State Facts and Figures

randu

rivers

rock

sleep

stack.loss (stackloss)
stack.x (stackloss)
stackloss

state.abb (state)
state.area (state)
state.center (state)
state.division (state)
state.name (state)
state.region (state)
state.x77 (state)

sunspot.month
sunspot.year
sunspots
swiss
Indicators

treering
trees

uspop
volcano
Maunga

warpbreaks
women

Data sets in package

Aids?2
Animals
Boston
Cars93
1993
Cushings

DDT
GAGurine
Insurance
Melanoma
OME

US State Facts and Figures

Monthly Sunspot Data, 1749-1997
Yearly Sunspot Data, 1700-1988
Monthly Sunspot Numbers, 1749-1983
Swiss Fertility and Socioeconomic

(1888) Data

Yearly Treering Data, -6000-1979

Girth, Height and Volume for Black Cherry
Trees

Populations Recorded by the US Census
Topographic Information on Auckland's

Whau Volcano

The Number of Breaks in Yarn during Weaving
Average Heights and Weights for American
Women

‘MASS' :

Australian AIDS Survival Data

Brain and Body Weights for 28 Species
Housing Values in Suburbs of Boston
Data from 93 Cars on Sale in the USA in

Diagnostic Tests on Patients with Cushing's
Syndrome

DDT in Kale

Level of GAG in Urine of Children

Numbers of Car Insurance claims

Survival from Malignant Melanoma

Tests of Auditory Perception in Children
with OME
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Pima.te
Pima.tr
Pima.tr2
Rabbit
Rubber
SP500
Sitka
1988
Sitka89
1989
Skye
Traffic
UScereal

UScrime

VA
abbey

accdeaths

anorexia
bacteria
beavl
beav?2
biopsy
birthwt

cabbages
caith

cats
cement
chem
Ccoop
cpus
crabs

deaths
drivers

eagles
epil
farms
fgl
forbes
galaxies
gehan
genotype
geyser
gilgais
hills
housing

Diabetes in Pima Indian Women

Diabetes in Pima Indian Women

Diabetes in Pima Indian Women

Blood Pressure in Rabbits

Accelerated Testing of Tyre Rubber
Returns of the Standard and Poors 500
Growth Curves for Sitka Spruce Trees in

Growth Curves for Sitka Spruce Trees in

AFM Compositions of Aphyric Skye Lavas
Effect of Swedish Speed Limits on Accidents
Nutritional and Marketing Information on US
Cereals

The Effect of Punishment Regimes on Crime
Rates

Veteran's Administration Lung Cancer Trial
Determinations of Nickel Content
Accidental Deaths in the US 1973-1978
Anorexia Data on Weight Change

Presence of Bacteria after Drug Treatments
Body Temperature Series of Beaver 1

Body Temperature Series of Beaver 2

Biopsy Data on Breast Cancer Patients

Risk Factors Associated with Low Infant
Birth Weight

Data from a cabbage field trial

Colours of Eyes and Hair of People in
Caithness

Anatomical Data from Domestic Cats

Heat Evolved by Setting Cements

Copper in Wholemeal Flour

Co-operative Trial in Analytical Chemistry
Performance of Computer CPUs

Morphological Measurements on Leptograpsus
Crabs

Monthly Deaths from Lung Diseases in the UK
Deaths of Car Drivers in Great Britain
1969-84

Foraging Ecology of Bald Eagles

Seizure Counts for Epileptics

Ecological Factors in Farm Management
Measurements of Forensic Glass Fragments
Forbes' Data on Boiling Points in the Alps
Velocities for 82 Galaxies

Remission Times of Leukaemia Patients

Rat Genotype Data

0ld Faithful Geyser Data

Line Transect of Soil in Gilgai Territory
Record Times in Scottish Hill Races
Frequency Table from a Copenhagen Housing
Conditions Survey
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immer
leuk

mammals

mcycle
menarche
michelson
minn38
motors
muscle

newcomb

nlschools
npk

nprl

oats
painters
petrol
phones
quine

road
rotifer
ships
shoes
shrimp
shuttle
snails
steam
stormer
survey
synth. te
synth.tr
topo
waders
Africa
whiteside
wtloss

Use ‘data (package

Yields from a Barley Field Trial

Survival Times and White Blood Counts for
Leukaemia Patients

Brain and Body Weights for 62 Species of
Land Mammals

Data from a Simulated Motorcycle Accident
Age of Menarche in Warsaw

Michelson's Speed of Light Data

Minnesota High School Graduates of 1938
Accelerated Life Testing of Motorettes
Effect of Calcium Chloride on Muscle
Contraction in Rat Hearts

Newcomb's Measurements of the Passage Time
of Light

Eighth-Grade Pupils in the Netherlands
Classical N, P, K Factorial Experiment

US Naval Petroleum Reserve No. 1 data
Data from an Oats Field Trial

The Painter's Data of de Piles

N. L. Prater's Petrol Refinery Data
Belgium Phone Calls 1950-1973

Absenteeism from School in Rural New South
Wales

Road Accident Deaths in US States

Numbers of Rotifers by Fluid Density
Ships Damage Data

Shoe wear data of Box, Hunter and Hunter
Percentage of Shrimp in Shrimp Cocktail
Space Shuttle Autolander Problem

Snail Mortality Data

The Saturated Steam Pressure Data

The Stormer Viscometer Data

Student Survey Data

Synthetic Classification Problem
Synthetic Classification Problem

Spatial Topographic Data

Counts of Waders at 15 Sites in South

House Insulation: Whiteside's Data
Weight Loss Data from an Obese Patient

.packages(all.available = TRUE))’

to list the data sets in all *available* packages.

> data (mydata, package=MASS)

Faa a1l sl
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indows Help

1 = Set CRAM mirraor., ..
= R Console Select repositories. ..

Install package(s). ..
Lpdate packages...

R wversion 2
Copyright (C
ISBN 3-900051-07-0

Install package(s) from local zip files... b for Staf

R ig free software and comes with ABSOLUTEL®
You are welcome to redistribute 1t under ce:
Type 'license()' or 'licence()' for distrilm

Lot HLERDU B8 giall o jall mian (a2’ 82U jelka

[ [B]x]

R wversion 2.8.1 (2008-12-22)
Copyright (C) 2008 The R Foundation for Statistical Computing
ISBN 3-900051-07-0

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.

i . 3 : : F Select one
Type 'license()' or 'licence()' for distributicn details.
Natural language support but running in an English locale Z:g:
duster
R is5 a collaborative project with many contributors. codetools
Z . - - i datasets
Type 'contributors(} for more information and i
'citation()' on how to cite R or R packages in publications. graphics
arDevices
: id
Type 'demc()' for some demos, 'help()' for on-line help, or Ezms,mom
'help.start()' for an HTML browser interface to help. MASS
Type 'g()' to guit R. :Zici:ods
nime
> local ({pkg <- select.list(sort(.packages(all.available = TRUE))) nnet
3 ¥ 3 R.methodss3
+ if{nchar{pkg)) library(pkg, character.only=TRUE) }) Ritio
rpart
Sim101
spatial
splines
stats
stats4
survival
tdtk
tools
utils
[ o

> update.packages (ask="graphics')
——— Please select a CRAN mirror for use in this session ———
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Lot danill alipws Al dgadl LA el ) callay 4 jall jlia) aey

CRAN mirror
(Argentina Y

Argentina

Australia

Austria

Belgium

Brazil (PR)

Brazil (R1)

Brazil (5P 1)

Brazil (5P 2)

Canada (BC)

Canada (OM)

Chile

China

Croatia

Denmark

France (Toulouse)
France (Lyon)

France (Paris)
Germarny (Berlin)
Germany (Goettingen)
Germany (Muenchen)
Iran

Ireland

Italy (Milano)

Italy (Padua)

Italy (Palermao)

Japan {Aizu)

Japan (Tokyo)

Japan (Tsukuba)
Korea

Mexico

Metherlands (Amsterdam 2)
Metherlands (Utrecht)
Mew Zealand

Morway

Poland (Cswiedm)
Poland (Wrodaw)
Portugal

Russia

Singapore 1
Singapore 2 il

aaail - UaT ) 933 ga gal) 2 ) &Lﬂuiu.bﬂes

o | [ conen |
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e jall ety I 3k elisdl) a5 o

- (B[]

R version 2.8.1 (2008-12-22)
Copyright (C) 2008 The R Foundation for Statistical Computing
ISBN 3-S900051-07-0

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome te redistribute it under certain conditions.

Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.

Type 'contributors()' janasss -
'citation()' on how tdEiEEmTHIEEEES

Type 'demo()' for somd URL: http:/foran. miu.edu/bin/windows fcontrib/2. 8 /neural_1.4.2.zp

"help.start()' for an
Type 'gf{}' to guit R. [0

> local{{pkg < select—rr=rIsoro O CEEOS T NTEITODTE T T
+ if (nchar(pkg)) library(pkg, character.only=TRUE)})
> update.packages (ask="'graphics')
——— Please select a CRAN mirror for use in this session ——
Error in contrib.url (repos, type) :
trying to use CRAN without setting a mirror
> update.packages (ask="graphics')
——— Please select a CRAN mirror for use in this session ——
> utils:::menuInstallPkgs ()
trying URL 'http://cran.mtu.edu/bin/windows/contrib/2.8/neural 1.4.2.zip"
Content type 'application/zip' length 59600 bytes (58 Eb)
opened URL

> update.packages (ask='graphics')

-—-— Please select a CRAN mirror for use in this session ---
Warning: package 'VR' is in use and will not be installed

trying URL
'http://cran.mtu.edu/bin/windows/contrib/2.8/cluster 1.11.13.zip"
Content type 'application/zip' length 518967 bytes (506 Kb)
opened URL

downloaded 506 Kb

trying URL
'http://cran.mtu.edu/bin/windows/contrib/2.8/lattice 0.17-22.zip"
Content type 'application/zip' length 926180 bytes (904 Kb)
opened URL

downloaded 904 Kb

trying URL
'http://cran.mtu.edu/bin/windows/contrib/2.8/survival 2.35-4.zip'
Content type 'application/zip' length 2694031 bytes (2.6 Mb)
opened URL
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downloaded 2.6 Mb

package 'cluster' successfully unpacked and MD5 sums checked
package 'lattice' successfully unpacked and MD5 sums checked

Warning:

cannot remove prior installation of package 'lattice'

package 'survival' successfully unpacked and MD5 sums checked

The downloaded packages are in

C:\Documents and Settings\amb\Local
Settings\Temp\RtmptdGcgZ\downloaded packages
updating HTML package descriptions

>

> utils:::

trying URL

menuInstallPkgs ()

'http://cran.mtu.edu/bin/windows/contrib/2.8/neural 1.4.2.zip'

Content type

opened URL

'application/zip' length 59600 bytes (58 Kb)

downloaded 58 Kb

package 'neural' successfully unpacked and MD5 sums checked

The downloaded packages are in

C:\Documents and Settings\amb\Local
Settings\Temp\RtmpldLn2g\downloaded packages
updating HTML package descriptions

> library (neural)
> library (help = neural)

>

Description:

Package:
Version:
Title:
Author:
Maintainer:

Description:

License:
Built:

Index:

mlp

Information on package 'neural'

neural

1.4.2

Neural Networks

Adam Nagy

Adam Nagy <sodzsu@yahoo.com>

RBF and MLP neural networks with graphical user
interface

GPL version 2 or later

R 2.8.1; ; 2008-12-14 01:45:38; windows

MLP neural network recalling method
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mlptrain MLP neural network training method

rbf RBF neural network recalling method
rbftrain RBF neural network training method
letters train

letters out dataset for pattern recognizing

letters recall

:Arrays and matrices <\ siaall 5 Ji siall

dataset for pattern recognizing

dataset for pattern recognizing

ac 5 Hhulldae 8 5 O paic @l aadl daie Guaes 53 Ciua (b 48 uaall
Jsb 13 4xieS a5 dim Aaall ae arry (... ) A1l 48 iias A 65 (Say 3aecY)
Vsl aas 3aee V) O daadle ae matrix (... ) Alall alasin) (Ko 5l 2

> ml <- array(1:15,dim =
> ml

[,11 [,2]1 [,3] [,4]
(1,1 1 4 7 10
(2,1 2 5 8 11
[3,] 3 6 9 12
> m2 <- matrix(1:15,3,5)
> m2

[,11 [,2] [,3] [,4]
(1, 1 4 7 10
(2, ] 2 5 8 11
(3,1 3 6 9 12
> m3 <- 1:15
> dim(m3) <- c¢(3,5)
> m3

[,11 [,2] [,3] [,4]
(1,1 1 4 7 10
(2,1 2 5 8 11
[3,] 3 6 9 12

> c(class(ml), class(m2),

c(3,5))

[

o]
13
14
15

class (m3))

[1] "matrix" "matrix" "matrix"

> array(1:15, dim=c(3,6)) # recycling rule used

[,11 [,2] [,3] [,4]
[1,] 1 4 7 10

[
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(2,1 2 5 8 11 14 2

[3,] 3 6 9 12 15 3

> array(1:15, dim=c(2,4)) # extra values discarded
[,11 [,2] [,3]1 [,4]

(1,1 1 3 5 7

[2,] 2 4 6 8

i Sl ¢l a) 4o i gliie Gogioa Lo dubuall Jlaall alasia
dlee A minia j2 A5 5 AN aeddghian s (Aa Y a5 iy

G el
> ml+ml
[,11 [,2]1 [,3] [,4] [,5]
[1,] 2 8 14 20 26
[2,] 4 10 1o 22 28
(3,1 6 12 18 24 30
> ml*ml

1 0,21 1,31 [,4] [,5]
1 16 49 100 169
[2,] 4 25 64 121 196
9 36 81 144 225

sV xe (458 A & a 5) conformal matrices 23 sial) <l iadll
Jaladl 385y Ly Joalan 339 (0 (S (Rl (5 shand) s (5 ey 15V
a ) (S Vol (g i Ja Gl 5 Lo f 6 siamall L8 | 9%0,
A )l ki gx = b alaill Jai <1 Dliad golve(...) Al alasinly
A <« slia i solve(A) A 5 solve(A,b)
> m4 <- array(l1l:3, c(4,2))
> m4

[ T s T s B ey |
= w N
~ ~ ~ ~
—_

> m5 <- array(3:8, c(2,3))
> mb5
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> m4 $*% mS

[,11 [,2] [,3]
;] 11 17 23
;] 18 28 38
;] 13 21 29
;] 11 17 23

> mé6
[,1]1 [,2]
(1,1 1 2
(2,1 3 1
> vl <- array(c(1,0), c(2,1))
> vl
[,1]
[1,] 1
[2,] 0
> solve (m6,vl)
[,1]
[1,] -0.2
[2,] 0.6

> solve(m6) # inverts mé6

[,1] [,2]
[1,] -0.2 0.4
[2,] 0.6 -0.2

> solve(m6) %*% vl # does the same as solve (mé6,vl)
[,1]

[1,] -0.2

[2,] 0.6

Aian ) 55 IS (e A 635 48 shns g (piial outer product > )il @yl
AN Aaall 5 i) & outer(...) Al 3 3l 5 Y1 iaall aa sl
eV i g L g (el a Al Y] daill) Lo alil) G slhaall ddaal) a
JUall (o Cilgaia Gal g) Aale alaly Cleaia o Jony (a1 sl Y
L}A@U\AJ@L@ LN;\S\;ZX2 48 gainall ATKY Al 2l ¢3 o glladll .dlh@zﬁgm\
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AD - BC JSal Ll a 53aal {05} e pandll e adafie (5 sbe 33 5
Givb e b (S dliSl Al (g sluie m)5ide j5a D 5C 5B 5 A G
2058 dsia 0585 L table...) Wl aaind s At ASad) adll ares elas)

aiaal (5 ) S
> m7 <- outer(0:5,0:5) # every possible value of AD
and BC
> m7

(,11 [,21 [,3]1 [,4] [,5] [,6]
[1,] 0 0 0 0 0 0
[2,] 0 1 2 3 4 5
[3,] 0 2 4 0 8 10
[4,] 0 3 6 9 12 15
[5,] 0 4 8 12 16 20
[6,] 0 5 10 15 20 25

> freq <- table(outer (m7,m7,"-")) # frequency for
all values of AD-BC

> freq

> freq

-25 -24 -23 -22 -21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4
11 1 2 2 3 24 4 4 6 18 29 8 8 33 12 38 22 39 17 42 45 59
-3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
45 52 39 170 39 52 45 59 45 42 17 39 22 38 12 33 8 8 29 18 6 4
19 20 21 22 23 24 25

4 24 3 2 2 1 11

> plot(freq/sum(freq), xlab="Determinant value",
+ylab = "Probability")
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Frobability
0.06 008
| |

0.04
I

0.02
I

TTTTT T T T I T I T T T T I T T T T T T T T T T IT T I T I TTTT]
25 20 15 10 6 -2 1 4 7 10 14 18 22

0.00

Determinant value

Jstiall slag¥ f(...) Jie R (8 i siad) o lilaal) (g 2al) 225y

s3ecY) 22 axineol(...) 5 shull axe Jhais nrow(...) s transpose
A5 e 32ae Y o) i) Ly yicbind(...) s rbind(...) W
eigenvectors and eigenvalues 3 xeel) Clgaial 5 )0l AayY eigen(...)
O singular value decomposition 33U dadll SLuSay o 68 5 28 snall
138 5 svd(...) A
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:Data from the Internet < AN ¢ <lily JWa)

 SUIS i yEY) e iy Jia) s sl read.table() pasius

> data <-read.table("http://www.stat.ucla.edu/~vlew
/statl30a/datasets/twins.csv" ,header=TRUE, sep=",")

Jsl (b el elend Jadii SUlLll QLR 133 header=TRUE ¢us

b
(", "):\l\a\é:\.k.\.u\ﬁ:d}aé.q&uw\ U‘R_)-‘A-’ sep="," 3
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Quick R

sdand) Jala
Working directory:
setwd ("../scripts")
getwd ()
:SJQLUUJ\
Help:
help (x)
?X
help.search ("x")
help.start ()
demo ()
demo (graphics)
saiad) Jraad g Cud

Installing and loading the package:
install.packages ("spuRs")
library (spuRs)

:aﬁgaaai\dﬁgﬂaaﬂ

Arithmetic:
(1 + 1/100)~100
17%%
17%/%5
exp (1)
options(digits = 16)
exp (1)
pi
sin(pi/6)

;Chtgild\

Variables:
x <- 100
pe
(1 + 1/x)"x
x <- 200
(1 + 1/x)"x
(y <= (1 + 1/x)"x)
n <- 1
n <-n + 1
n

:Jl gl
Functions:
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seq(from = 1, to = 9,
seq(from = 1, to = 9)
seq(l, 9, 2)

seq(to = 9, from = 1)

seq(by = -2, 9, 1)
X <= 9
seq(l, x, x/3)
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Vectors:
(x <= seq(l, 20, by = 2))
(y <= rep(3, 4))
(z <= cl(y, %))
(x <= 100:110)
i <= c¢c(1, 3, 2)
x[1]

j <= c(-1, -2, -3)

x[]]
x <= c{()
length (x)

Algebraic operations on vectors:
x <= c(1, 2, 3)
y <- c(4, 5, 6)
X *

<

Ol g Jan gial) s Jlia

Example: mean and variance
<- c(l.2, 0.9, 0.8, 1, 1.2)

X
x.mean <- sum(x)/length (x)

X.mean - mean (x)

x.var <- sum((x - x.mean)”"2)/(length(x) - 1)
X.var - var (x)

lqyug(éddchLdSJ;cﬁin

Example: simple numerical integration
dt <- 0.005
t <- seq(0, pi/6, by = dt)
ft <- cos(t)
(T <- sum(ft) * dt)
I - sin(pi/6)
da) llgdl) 1l
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Example: exponential limit
x <- seq (10, 200, by = 10)
y <- (1 + 1/x)"x
plot (x, y)

Missing data:
a <- NA # assign NA to variable A
is.na(a) # is it missing?

a <- c¢(11,NA,13) # now try a vector

is.na(a) # is it missing?
mean (a) # NAs can propagate

mean(a, na.rm = TRUE) # NAs can be

Matrices:

(A <- matrix(l:6, nrow = 2, ncol
A[l, 3] <=0

A[, 2:3]

(B <= diag(c(1, 2, 3)))
(A <- matrix(c (3, 5, 2, 3)

B
A.inv <- solve (A))
A %*% A.inv
A”(-1)
A[2]

is.matrix (x)
is.vector (x)
A <- as.matrix(x)
as.vector (A)

The workspace:

1s ()

objects ()

rm(x)

rm(list = 1s())

save.image (file = "fname")
save (x, y, file = "fname")
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, Nrow =
B <- matrix(c(1, 1, 0, 1), nrow =

:SAjﬁld\e#ﬁ\

;C&&hﬂb‘hﬂ\

TRUE) )
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load(file = "fname")
savehistory(file = "fname")
loadhistory(file = "fname")

sl daa
Basic programming:

# find the zeros of a2*x"2 + al*x + a0 = 0

# clear the workspace

rm(list=1s{())

# input

a2 <-1

al <-4

a0 <= 2

# calculation

rootl <- (-al + sqgrt(al”2 - 4*a2*al))/(2*a2)
root2 <- (-al - sqrt(al”2 - 4*a2*al))/(2*a2)
# output

show (c (rootl, root2))
;if4luahycvu*ﬂﬂ\
Branching with if:

if (logical expression) {
expression 1

}
if (logical expression) {
expression 1

} else {
expression 2

B
Ao Al Aldlaal) ) g 3l

Example: roots of a quadratic

# find the zeros of a2*x"2 + al*x + a0 = 0
# clear the workspace

rm(list=1s())

# input

a2 <-1

al <-4

a0 <=5

# calculate the discriminant

discrim <- al”2 - 4*a2*al

# calculate the roots depending on the value of the
discriminant
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if (discrim > 0) {

roots <- c¢( (-al + sqgrt(al”2 - 4*a2*al0))/(2*a2),
(mal - sqgrt(al”2 - 4*a2*a0))/(2*a2) )

} else {

if (discrim == 0) {

roots <- -al/ (2*a2)

} else {

roots <- c{()
}

}
# output
show (roots)

sfor Adawl g3 &) ) 9l
Looping with for:

for (x in wvector) {
expression 1

}

Aaie palic e 1l
Example: summing a vector
(x_list <- seqg(l, 9, by = 2))
sum x <- 0
for (x in x list) {
+ sum x <- sum X + X
+ cat ("The current loop element is", x, "\n")
+ cat ("The cumulative total is", sum x, "\n")
+ ) B
sum(x_list)

N Y paa
Example: n factorial

# Calculate n factorial
# clear the workspace
rm(list=1s{())

# Input

n <- 6

# Calculation

n factorial <- 1

for (i in 1l:n) {

n factorial <- n factorial * 1
}

# Output
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show (n_factorial)

:while dau) g3 &) A
Looping with while:

while (logical expression) {
expression 1

}
Q;dﬁijég<ﬂAJ\:dtla
Example: Fibonacci numbers
amm\wb\)ﬁuF@j\JFl’Fz’ ce Gﬁﬂ.\ﬁ@\ﬁ)\).\.u_d
F1::1,
F2::1,
Fo=Fnp1 + Fop forn>2.
s gl
# calculate the first Fibonacci number greater than 100
# clear the workspace
rm(list=1s())
# initialise variables
F <- c(1, 1) # list of Fibonacci numbers
n <- 2 # length of F
# iteratively calculate new Fibonacci numbers
while (F[n] <= 100) {
# Cat("n ="’ n’ " F[n] ="’ F[n]’ "\n")
n <-n+1
F[n] <- F[n-1] + F[n-2]
}

# output

cat ("The first Fibonacci number > 100 is F(", n, ") =",
Fln], "\n")

F

sdadiall o Baainall daa )
Vector-based programming:
O aladiuly e p gl Slay e pan 1l

Example: sum of the first n squares using a loop
n <- 100

S <=0

for (i in 1l:n) {

+ S <= S + i"2

+ )
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dpgaiall cilleal) aladidy 230 n gl Slag e gan 1l
Example: sum of the first n squares using vector
operations:

sum((1l:n)"2)

ifelse:
ifelse(test, A, B)

X <- C(_Z, _l/ l/ 2)
ifelse(x > 0, "Positive", "Negative")

pmin and pmax:
max s min J)sall ogaiall JSEN s

pmin(c(1l, 2, 3), c(3, 2, 1), c(2, 2, 2))

sala Cpa JAY)
Input from a file:
list.files(path = "dir.name")
scan(file = "", what = 0, n = -1, sep = "", skip = 0, quiet
= FALSE)

cila (e JA) 10l
Example: file input

# Calculate median and quartiles.

# Clear the workspace

rm(list=1s())

# Input

# We assume that the file file name consists of numeric
values

# separated by spaces and/or newlines

file name = "../data/datal.txt"
# Read from file
data <- scan(file = file name)

# Calculations

n <- length (data)

data.sort <- sort (data)

data.lgrt <- data.sort[ceiling(n/4)]
data.med <- data.sort[ceiling(n/2)]
data.3grt <- data.sort[ceiling(3*n/4)]
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# Output

cat ("1lst Quartile:", data.lgrt, "\n")
cat ("Median: ", data.med, "\n")

cat ("3rd Quartile:", data.3qgrt, "\n")

OR:
quantile (scan("../data/datal.txt"), (0:4)/4)
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rgilall da ol (e A
Input from the keyboard:
Ao A Adlad) g 2l

Example: roots of a quadratic

# find the zeros of a2*x"2 + al*x + a0 = 0
# clear the workspace
rm(list=1s())

# input

cat ("find the zeros of a2*x"2
a2 <- as.numeric(readline ("aZ2 "))

al <- as.numeric(readline("al "))

a0 <- as.numeric(readline("a0 = "))

# calculate the discriminant

discrim <- al”2 - 4*a2*al

# calculate the roots depending on the value of the
discriminant

if (discrim > 0) {

+

al*x + a0 = 0\n")

roots <- (-al + c(1,-1) * sqgrt(al”2 - 4*a2*al))/(2*a2)
} else {

if (discrim == 0) {

roots <- -al/ (2*a2)

} else {

roots <- c{()

}

}

# output

if (length(roots) == 0) {

cat ("no roots\n")

} else if (length(roots) == 1) {

cat ("single root at", roots, "\n")

} else {

cat ("roots at", roots[l], "and", roots[2], "\n")

}

scilal ) AY)
Output to a file:

write(x, file = "data", ncolumns = if(is.character(x)) 1
else 5,
append = FALSE)

(x <-— matrix(l:24, nrow = 4, ncol = 6))
write(t(x), file = "../results/out.txt", ncolumns = 6)
cat (..., file = "", sep = " ", append = FALSE)
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dump ("x", file = "../results/x.txt")

Plotting:

plot(x, vy, type)

:Jla
Example:
x <- seq(0, 5, by = 0.01)
y.upper <- 2 * sqgrt (x)
y.lower <- -2 * sqgrt(x)
y.max <- max(y.upper)
y.min <- min(y.lower)
plot(c(-2, 5), c(y.min, y.max), type = "n", xlab = "x",
+ ylab — "yu)
lines (x, y.upper)
lines (x, y.lower)
abline(v = -1)
points (1, 0)
text (1, 0, "focus (1, 0)", pos = 4)
text (-1, y.min, "directrix x = -1", pos = 4)
title ("The parabola y"2 = 4*x")
sl gaur y DS
Multiple graphs:
par (mfrow = c(nr, nc))
par (mfcol = c(nr, nc))
:JBa
example:
par (mfrow = c(2, 2))
curve(x * sin(x), from = 0, to = 100, n = 1001)
curve(x * sin(x), from = 0, to = 10, n = 1001)
curve (x * sin(x), from = 0, to =1, n = 1001)
curve(x * sin(x), from = 0, to = 0.1, n = 1001)
par (mfrow = c(1, 1))
:J 9l daa sl
Programming with functions:
:Jl gl
Functions:
- JE Led Al
name <- function(argument 1, argument 2, ...) {
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expression 1
expression 2

Lééurn(output)
}

Al gl jal ol (£)a) alasiny
name (x1, x2, ...)

Ao Al Aldlaal) ) g 2l

Example: roots of a quadratic
quad3 <- function (a0, al, a2) {

# find the zeros of a2*x"2 + al*x + a0 = 0
if (a2 == 0 && al == 0 && a0 == 0) {

roots <- NA

} else if (a2 == 0 && al == 0) {

roots <- NULL

} else if (a2 == 0) {

roots <- -al0/al

} else {

# calculate the discriminant

discrim <- al”2 - 4*a2*al

# calculate the roots depending on the value of the
discriminant
if (discrim > 0) {

roots <- (-al + c(1,-1) * sgrt(al”2 - 4*a2*al))/(2*a2)
} else if (discrim == 0) {

roots <- -al/ (2*a2)

} else {

roots <- NULL
}
}

return (roots)

}

output:

rm(list = 1s())
quad3 (1, 0, -1)
quad3 (1, -2, 1)
quad3 (1, 1, 1)

(G215 ) r 58 n :Jla

Example: n choose r

n factorial <- function(n) {
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# Calculate n factorial

n fact <- prod(l:n)

return(n_fact)

}

n choose r <- function(n, r) {

# Calculate n choose r

n ch r <- n factorial(n)/n factorial(r)/n factorial (n-r)
return(n _ch r)

}

output:

rm(list = 1s())
n choose r (4, 2)
n choose r(6, 4)

e dal)

Scope:
@;J\Arguments < yeiall g Variable Alall el (peca Jasd aal ¢33 4l JA)a
il Liaadind s L je o Wil glx )l agm g ad ()5S punciall 138 Al Al
Onaiiall ())3g8 Al 2 Hla 5 Jals aul) Guii Ll Gl jiia Caaa 5 13) Al el
.lLatéiL¥49Lygjlxbﬂtjiﬁsa

1w 5 Jlia
Illustration:

test <- function(x) {

+ v <-x +1

+ return(y)

+ }

test (1)

[1] 2

X

Error: Object "x" not found
%

Error: Object "y" not found
y <- 10

test (1)
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[1] 10
The variable dlia ) Alaia Q_.QJM *):\L.!..A U)S'} Lﬁﬂ\J GADJ.J\ B
Zsaa Sal) g adial) oA Ly OSaad Alla Jala 48 el &yl scope
:Jbia
test?2 <- function(x) {
+ v <- x + z
+ return(y)
+ 1
z <- 1
test2 (1)

[1] 2

z <- 2
test2 (1)

[1] 3

1) 8 adll) g Ay LEAY) aal)
Optional arguments and default values:
argument 1 =x1 a3 x] dpal yi8Y) 4adl argument 1 4asl) elacy

Al G yae Jaa
.i;aj‘CHAu\SJY)Jbﬁm(JACﬁtﬁidec;;.ﬁmgI{

Illustration:

test3 <- function(x =1, vy =1, z = 1) {
+ return(x * 100 + y * 10 + z)

+ 1}

test3(2, 2)

[1] 221

test3(y = 2, z = 2)

[1] 122

320



1015l aladlinly dgaiall g yul)
Vector-based programming using functions:

OB ceaie Jaae el 13) sl Vectorised Functions 4xaie R Jls (s S
Adia 138 any g gade @ da ey g daiall & Sladic juaie S e deaddllll
AN AN e s Jlad y grana gald a2 rans Nl s R 408
O Sl (Al 5 40l 5 49 8l Jsall (e Alile R (A 2 50 daganiall A all Jagoust]
raadiidly 48 jaall Jsall Vectorisation 4xs 3

apply, sapply, lapply, tapply, and mapply.
alie (e peaie S Je FUN U Guki sapply (X, FUN) sl
A.A.ﬁ 16;3)&ch)$44;.\4;\:_1 sapply(x FUN) U\LS\ X‘\AA.J\
Ald X[i] o oA zas FUNA QS FUN(X[i]) owedd

Wiy sapply (X, FUN, ...) ehasiubleed oSyl
R .Bh\jg\»w)‘_'&\qw,?'m.i63‘)1.%)&4335 FUN(X[1] rooe e -)
.mapply

lvic 48 ghiaal (3aac Y ) hau¥) (e IS dggaic o 230 Al Gaadai L ) 13
.agmllyJUhﬂeaiLd
A oY1 alas ) A8 . i

Example: density of primes
PRES P B O A B g v DR TENOE U (R P ER it PN | ER UL U PO
Jal A 51 2o WY JS Gy 13 s 2 1 4aial) e A bil sapply
. n s ol
‘\A:\ASXJ‘;QS\)ﬂ‘ &};A\ Gl:u‘;\j\j cumsum (x) allal) eq';_“m.'\ 8 g
coad R o uai silly TRUE/FALSE a5 922 Sthic 4aia e adilai Cagu
Sl el lua J8 (R coerces into a 1/0 vector ) 1/0 4xie

# estimate the density of primes (using a very inefficient
algorithm)

# clear the workspace

rm(list=1s())

prime <- function(n) {

# returns TRUE if n is prime

# assumes n is a positive integer

if (n == 1) {
is.prime <- FALSE

} else if (n == 2) {
is.prime <- TRUE

} else {

is.prime <- TRUE
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is.prime <- FALSE

}

return(is.prime)

}

# input

# we consider primes <= n

n <- 1000

# calculate the number of primes <= m for m in 2:n
# num.primes[i] == number of primes <= i+1

m.vec <- 2:n

primes <- sapply(m.vec, prime)

num.primes <- cumsum(primes)

# output

# plot the actual prime density against the theoretical
limit

par (mfrow = c(1, 2))

plot (m.vec, num.primes/m.vec, type = "1",

main = "prime density", xlab = "n", ylab = "")

lines (m.vec, 1/log(m.vec), col = "red")

plot (m.vec, num.primes/m.vec*log(m.vec), type = "1",
main = "prime density * log(n)", xlab = "n", ylab = "")
par (mfrow = c(1, 1))

prime <- function(n) {

# returns TRUE if n is prime

# assumes n is a positive integer
if (n == 1) {

is.prime <- FALSE

} else if (n == 2) {
is.prime <- TRUE

} else {

is.prime <- TRUE

m <- 2

m.max <- sqgrt(n) # only want to calculate this once
while (is.prime && m <= m.max) {

if (n %% m == 0) is.prime <- FALSE

m<-m+ 1

}

}

return(is.prime)

}

1)) S Al

322



Recursive programming:
OY e dnaldll oda 5 duudd sy (oA zali ) Adabiayy o8 (5 ) SN Zali )
Lgnaday 4 ) S5 Gl ) &) (e il
n g 1Jla
Example: n factorial

nfact?2 <- function(n) {
# calculate n factorial
if (n == 1) {
cat ("called nfact2(1)\n")
return(1l)
} else {
cat ("called nfact2(", n, ")\n", sep = "")
return (n*nfact2 (n-1))
}

}
nfact2 (6)

called nfact2(06)
called nfact2(5)
called nfact2 (4)
called nfact2 (3)
called nfact2(2)
called nfact2 (1)

[1] 720
O g1 ) (AL g Blinaa ) Jiia Ve
Example: Sieve of Eratosthenes
3 Oe J8 (o AN ALY Slae Y IS alagl a5l A e Boke g Gaiu ) Jada

N b 3e (g glud
primesieve <- function(sieved, unsieved) {
finds primes using the Sieve of Eratosthenes
sieved: sorted vector of sieved numbers
unsieved: sorted vector of unsieved numbers
cat ("sieved", sieved, "\n")
cat ("unsieved", unsieved, "\n")
<- unsieved[1l]
<- unsieved[length (unsieved) ]
if (p"2 > n) {
return(c(sieved, unsieved))

} else {
unsieved <- unsieved[unsieved %% p != 0]
sieved <- c(sieved, p)

S 'O # = = H 3
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return (primesieve (sieved, unsieved))
}
}

output:
rm(list = 1s())
primesieve(c (), 2:200)
+5 ghaal) Cililud) cusS)
Sophisticated data structures:
sl gad)
Factors:
1eama g Jlia
Illustration:

hair <- c("blond", "black", "brown", "brown", "black",
"gray"’ "none")

is.character (hair)

[1] TRUE

is.factor (hair)

[1] FALSE

hair <- factor (hair)
levels (hair)

[1] "black" "blond" "brown" "gray" "none"

hair <- factor (hair, levels = c("black", "gray", "brown",
+ "blond", "white", "none"))

table (hair)

hair

black gray brown blond white none

2 1 2 1 0 1

hair

[1] blond black brown brown black gray none
Levels: black gray brown blond white none

as.vector (hair)
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[1] "blond" "black" "brown" "brown" "black" "gray" "none"
as.numeric (hair)

[1] 41 3 3126

c(hair, 5)

[1] 41 3312675

x <- factor(c(0.8, 1.1, 0.7, 1.4, 1.4, 0.9))
as.numeric(x) # does not recover x

[1] 2 4155 3

as.numeric(levels (x)) [x] # does recover x
[1] 0.8 1.1 0.7 1.4 1.4 0.9

as.numeric (as.character(x)) # does recover x
[1] 0.8 1.1 0.7 1.4 1.4 0.9

table(hair[hair == "gray" | hair == "none"])

black gray brown blond white none
0 1 0 0 0 1

table(hair[hair == "gray" | hair == "none", drop = TRUE])

gray none
1 1

s g Jlia
Ilustration:
phys.act <_ C(HL"’ "H"’ "H"’ "L"’ "M"’ "M")
phys.act <- factor(phys.act, levels = c("L", "M", "H"),

+ ordered = TRUE)
is.ordered (phys.act)

[1] TRUE
phys.act[2] > phys.act[1]

[1] TRUE
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phys.act <- factor (phys.act,
+ labels = c("Low", "Medium"
table (phys.act)

phys.act

Low Medium High

2 2 2

which (phys.act == "High")

[1] 2 3

levels =
, "High") ,
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i) la
Dataframes:

S bl )5 5583 S Cweea Dataframes <ULl ki 5 Lists 23 g8l
Ll giaall (e Jasiad
palae il dleal) dalal) dgal gal Lanad cilind 408 (e 3 jbe L) )
Baia Cilgata (e 4aild & 3 Multivariate Datasets < juaiall Baaatie Cilily
; bl i e 058 O by
Jiay 5 asmy sl IS5 Uil 8 et i o) () asmn (agee ) ) 4nie S
(il Al ) b1 (e sl (580 O S 4aie JS 5 il (e B 5 38 Lika
.( basic modes of object)
read. table 4l slaaiuly cale (e R A 8ale | dedizall clilyl) k)
;S J<a 1

read.table(file, header = FALSE, sep = "")
allall (p A) (lSS aa gy Gy ) a3 5l aa i read. table 4l
(ISl Ll g dlialsy A padall Sl read.csv(file) W read.table

read.table(file, header = TRUE, sep = ",").

lds (Tab ) Agaal) ybse 4 peade cilily 2 4 4 y read.delim(file) 4
- JSa

read.delim (file, header = TRUE, sep = "\t").
:Jla

Example:

ufc <- read.csv("../data/ufc.csv")

head (ufc)

plot tree species dbh.cm height.m

1 2 1 DF 39 20.5

2 2 2 WL 48 33.0

3 3 2 GF 52 30.0

4 3 5 we 36 20.7

5 3 8 wC 38 22.5

6 4 1 wC 46 18.0

tail (ufc)

plot tree species dbh.cm height.m

331 143 1 GF 28.0 21.0

332 143 2 GF 33.0 20.5

333 143 7 wC 47.8 20.5

334 144 1 GF 10.2 16.0

335 144 2 DF 31.5 22.0

336 144 4 WL 26.5 25.0
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il 18 ) Al ki g s g a4l bl ) L jaaie sl 3 see JS
) Y 5l Aadle agin g 3 sandl a5 L) ) s Ao 5
x <- ufc$height.m
x[1:5]
[1] 20.5 33.0 30.0 20.7 22.5

458\<a ufc[["height.m"]] 5 ufc$height.m,ufc[[5]]tﬂ55y‘
(Sshan e a3l 5 il UL U] (e jealie #) a0 (Sa g

ufcl[l:5, 5]

[1] 20.5 33.0 30.0 20.7 22.5

.ufc[c("dbh.cm", "height.m")] - 25 ufc[4:5] sl
diam.height <- ufc[4:5]
diam.height[1:5, ]
dbh.cm height.m
1 39 20.5
2 48 33.0
3 52 30.0
4 36 20.7
5 38 22.5
is.data.f
[1] TRUE

rame (diam.height)

mode (ufc)

[1] "list"

mode (ufc[5])

[1] "list"

mode (ufc[[5]])

[1] "numeric"
(e Ae gane (e Dby ) (5 585 LSy 4318 (il (e iy lal 43l ddliz)
L 4;—“‘} data.frame 4l eh&j.u}_) ks 33 92 ga 0Ly yhal g1/ 5 Chlgaiall

- JS
xl, col2 = x2, ..., dfl, df2,

data.frame (coll
c.l)

whﬁjﬁum&:UJMuj‘)ﬁuﬁj)bm‘;m\@é\ col2 5 coll Lia

Clly bl df2 5 dfF1 s Jshl il Wl cleain &l x2 5 x1 5(" 51"

cx2 5 x1 skl Gl lhaee ) I gkl S5 ) g (Al

Al dad i) 5 an) adllacly Gy ) Jals jiste 48l LiSay Liay)

.d&

ufc$volume.m3 <- pi * (ufc$Sdbh.cm/200)72 * ufcSheight/2
mean (ufc$volume.m3)
[1] 1.93294
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ufcl[[6]] 5 ufc["volume.m3"] 5 ufc[6] 5 ufcSvolume.m3
Andlsi, [PESVEN ufc[["volume.m3"]] 3

slawy) Huail Cagpall (e 4nieS d@f Ul ) clewl asy names(df) <Y

‘Jie Led sas glan) lin) e

(ufc.names <- names (ufc))

[1] "plot™ "tree" "species" "dbh.cm" "height.m"

[6] "volume.m3"

names (ufc) <_ C("P"’ "T"’ "S"’ "D"’ "H"’ "V")

names (ufc)

[1] "P" "T" "S" "D" "H" "V"
names (ufc) <- ufc.names

salilal) sl clda
Dataframe attributes:

names (df)
dim(df)
row.names (df)

:subset 4/l
The function subset:

fir.height <- subset (ufc, subset = species %in% c("DF",
"GF" ) 4

+ select = c(plot, tree, height.m))

head (fir.height)

plot tree height.m

1 21 20.5

3 32 30.0
74 2 17.0
8 5 2 29.3
9 54 29.0
10 6 1 26.0

M@LM:\ABAGLH X %in$% YM\JJH\M?@JOQM“}Y}X ead i
(x paie x[i] QS 13 haidg Laid TRUE (58 i )8 paie g x Jghb (ud
_y_)m\_'\c
e Cila (& by ja) 40l

To write a dataframe to a file we use

write.table(x, file = "", append = FALSE, sep = " ",
row.names = TRUE, col.names = TRUE)
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.na.omit Wl Aadiul 53 siie 2 5 gad Al AN ) Sy

s gl

Attaching:
Jae sliadl iy sl Jaua 51l
attach (ufc)
max (height.m[species == "GF"])
[1] 47
aladl

height.m <- 0 #vandalism
max (height.m)

[1] O

max (ufcsheight.m)

[1] 47

detach (ufc)

max (ufcsheight.m)

[1] 47

1) g1}
Lists:

s palic man g cLiY) (0 Indexed set Usine 5l v jeie de gana 5o Aaid) of L K5
Axidl Mode ¢ 5 8lises g3l g (& Gihie sl 8 s gaae ) g sl i L]
OS8O Sy b pealie b aaiall Sy LSl 5 oLudY) (e dus jeie Ao gana Liad oo Aaildl)
il R A 20l il aadidi s 48 g0 Al & 515 (5530 Al 8 (anad 38 5 Ailise &) 53 (1a
Al e dala Al o i) phal G s saea J) g0 il a0 AT
a5t Al geaia an [ist(... ) oY) aladdinly Al A 5
dic Liaall day pall Ll 8Y1 543930 ol due 5h 20 8 HLEAY 33 kel Ary yall ul 8V addiis
aly pale JLAAY
LA
Examples:
> my.list <- list("one", TRUE, 3, c("f", "o", "u", "r"))
> my.list[[2]]

[1] TRUE
> mode (my.list[[2]])
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[1] "logical"

> my.list[2]

[[1]]

[1] TRUE

> mode (my.list[2])

[1] "list"
> my.list[[4]][1]
[1] "f"

> my.list[4] [1]

Al yuabie gl & [2]] 5 [[1]] dielbias dxs e ol 81 R a2iio 4ail (2 ya Ladic
Asiall jealie cpl & [2] 5 [1] 325 Am e ol 8

> my.list <- list(first = "one", second = TRUE, third = 3,
+ fourth = c("£f", "o", "u", "r"))

> names (my.list)

[1] "first" "second" "third" "fourth"

> my.listS$Ssecond

[1] TRUE

> names (my.list) <- c("First element", "Second element",
+ "Third element", "Fourth element")

> my.list$"Second element"”

[1] TRUE

> x <- "Second element"

> my.list[[x]]

[1] TRUE

unlist(x) <Y pasivd date ) Ll g3 of Al ayeail
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> x <- 1list (1, c(2, 3), c(4, 5, 6))
> unlist (x)

[1] 1 2 3 4 5 6

Ay Gl ey U el 13 V) Liasl gt i gill o2 ()l Ledalla ail g8 (5 gad Al S 3
recursive = FALSE 4xsl)

> Im.xy <- Im(y ~ x, data = data.frame(x = 1:5, y = 1:5))
> mode (1lm.xy)
[1] "list"

> names (1lm.xy)

[1] "coefficients" "residuals" "effects" "rank"
[5] "fitted.values" "assign" "gr" "df.residual"
[9] "xlevels" "call" "terms" "model"

Jo¥) paiml) A8 salel |m Aall of sl S g sl Jadll Gakai 48 LiagyY Lia s
pd aay 4nie residuals (el S5 b 5@ e dai 2 coefficients (el
a5 g X + b S 4xis fitted. values (owall g QG | 2l sl yi-a Xi - b

apply 4is
The apply family
O U8l (A5 s Bas Lgie bl Hhal 5 2 g3 dadlaad CLAE e 3220 R (8 2
il ) o) AN (3l de gane gl ) ealic mren o Al Gk
tapply 4
LU S Al Ll
tapply (X, INDEX, FUN, ...),

el G
Al ade gadin g3 asidl X
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palic (group) amead padiu il g X Job ués A factor ke INDEX
X
Al da FUN
sapply s lapply pladial ail g8 Jo J1 g2 (gaakad
Applying functions to lists lapply and sapply
Clua (Ko i grray i sl anie Jle Al sukail gpply 5 sapply alaiul (Say
A8 giad 3aec Y 5 bt aulae
ki lapply(X,FUN,...) A Jappy sl sapply L aadiw: 4 e 4l gpakl
G2k sapply(X,FUN,...) Al 4ali awiy X &l jealic asen e FUN @l
Axie sl dailE X CilS o) g X yualic aren e FUN
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'R 2 dsilaay) Cliladl dasie

A ) el g1 9 J) gl lany

Aoy A8l
install.packages ('ggplot2"')
install.packages ("Rcmdr")
Ll 522 Coxll Za 3 Jrandl
library(ggplot2)
p o) paadl

update.packages ()

A1y alaiind 4 yeal Bac Ll
help (functionname)
mean phiiu) e saclual (45 )l
help (mean)
mean

;\J\J ?A h‘)&A ‘_,’A SAQM
args (functionname)
args plasiuy JUa
args (mean)
function (x, ...)
NULL

args (sd)
function (x, na.rm = FALSE)
NULL

Al aladiny JUa glac)
example (functionname)

example (mean)

mean> x <- c¢(0:10, 50)

mean> xm <-— mean (x)

mean> c(xm, mean(x, trim = 0.1))
[1] 8.75 5.50
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mean> mean (USArrests, trim = 0.2)
Murder Assault UrbanPop Rape
7.42 167.60 66.20 20.16

R 0 A elidl 5 aal jos i€ aaidaial 4a 5l jaY) 13 al

help.start ()

R @lsa 2 el ge &l
http://rseek.org
http://stackoverflow.com/
http://stats.stackexchange.com/
RSiteSearch ("key phrase")

MNia
RSiteSearch ("canonical correlation")
Sl Jaall Jads 48 jadl
getwd ()
Jee Jala maadl

setwd ("R:\\data")
setwd ("R:/data")

Janll Jala Gl g 2yl
dir()
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dfrm end Gl de gana B lgaagy Jgaan JS5 e liln &) 3
dfrm = read.table("filename.txt")

Jia
dfrm = read.table("statisticians.txt", sep=" ")
dpaigdyd ) cilily 555 D) statisticians.txt il Cildl e clily i
&
Gaob e 4ediud oAl g d frm Ul de gana B2 ga gall VI paiall Calin 48 jaal
dfrm$vl 4l sl
class (dfrm$vl)

i pitial) pland jhad) (5 gan cila (pa 4l il
dfrm = read.table("statisticians.txt", header=TRUE)

csvd.‘AC)Aa-ﬂJm
tbl = read.csv("filename")

ab,é:u;mi Q;H\Jcsvu.ﬂ-awa.‘abm
tbl = read.csv("filename", header=FALSE)

alaa (e Jlidy cala (g 4 A
data = read.csv(file.choose (), header = TRUE)

cu i) Ao cila e 4l Al
hs0 <-
read.table ("http://www.ats.ucla.edu/stat/R/notes/hs
O.csv", header=T, sep=",")

i ) (5 3 iy A1
data =
read.csv ("http://wiki.stdout.org/rcookbook/Data
input and output/Loading data from a
file/datafile.csv")

data
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First Last Sex Number
1 Currer Rell F 2
2 Dr. Seuss M 49
3 Student <NA> 21
dataz =

read.csv ("http://wiki.stdout.org/rcookbook/Data
input and output/Loading data from a file/datafile-
noheader.csv", header=FALSE)

data?

V1 V2 V3 V4
1 Currer Bell F 2
2 Dr. Seuss M 49
3 Student <NA> 21

names (data?2) <- c("First","Last","Sex", "Number")

dataz

First Last Sex Number
1 Currer Bell F 2
2 Dr. Seuss M 49
3 Student <NA> 21
>
library(gdata)
data = read.xls("data.xls")
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SAS 5 SPSS «lila ¢ clily JWa)
Y 5l foreign 4iSe Jass
library(foreign)
data = read.spss("data.sav", to.data.frame=TRUE)
data = read.sas("data.sas", to.data.frame=TRUE)

o) da gt gl pailiall da ol (e cilily SR

data = read.csv(stdin())
data = read.table(stdin (), header=TRUE)

data = read.csv('clipboard')
data = read.table('clipboard', header=TRUE)

:Jba
a<-read.csv(stdin())

gender, id, race, ses, schtyp, prgtype, read,write,math, s
cience, socst

0,70,4,1,1,general,57,52,41,47,57
1,121,4,2,1,vocati, 68,59,53,63,61
0,86,4,3,1,general, 44,33,54,58,31
0,141,4,3,1,vocati, 63,44,47,53,56

@l ds Uk
print (data, row.names=FALSE)

LELAY ¢ fowill da gl ) cilild) A

write.csv(df, 'clipboard', row.names=FALSE)
write.csv(data, stdout (), row.names=FALSE)

il o33
write.csv(data, "data.csv", row.names=FALSE)
write.table (data, "data.csv", sep="\t",
row.names=FALSE, col.names=FALSE)
write.csv (data, "data.csv", row.names=FALSE, na="")
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Lo sua] il J (A i) (545
dump ("data", "data.Rdmpd")
source ("data.Rdmpd")

e sl o5 R = Gabh JE (b il 3345

save ("data", file="data.RData")
load ("data.RData")
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&l piial) dadlaa

() i () 53) dae IS 08 J12)
c(1,1,2,3,5,8,13,21)
V2 5 V1 (b i s daie (S0 ad JA0)
vl = c¢c(1,2,3)
v2 = c(4,5,6)
() Bds 5 52) V2 5 VI (ngaiall pa
c(vl,v2)
X Aaie & cibily JAy)
x =c¢(0,1,1,2,3,5,8,13,21,34)
(Ael) Iads () 529) X Jas i Alay]

(Al Jada () g x Jau g Alay)
median (x)
[1] 4
(ail ain €523 x 3 5 small il Y
sd (x)
[1] 11.03328
(Al Lads (5 500) X (il Al
var (x)
[1] 121.7333
yaaﬁ.d\‘fjas;ﬁj X L')ABJ\J J\A,)\
y <- log(x+1)
y & x dl ol
cor (x,Y)
[1] 0.9068053
y & x adalsl
cov (x,VY)
[1] 11.49988
R & 2 s missing value 82 588a daid (5 gn ((laad) 4niall Jaiiin) X 2dx 4nia
NA >,k
X <- ¢(0,1,1,2,3,NA)
NA i 5 jlnal Gl syl 5 dawgidl s o) JaaY
mean (x)
[1] NA
sd (x)
[1] NA
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Jsall ail) e Joani 83 giiall aiil) slagiv] 5| na . rm=TRUE (ailall ¥ ¢lacly
33 gadall adall Al) 3} amy 4 slladll
mean (x, na.rm=TRUE)
[1] 1.4
sd(x, na.rm=TRUE)
[1] 1.140175
dframe :\.::}o;.d\ @ &"_1\_'1\7\,13\ saaliial
print (dframe)
small medium big
.6739635 10.526448 99.83624
.5524619 9.205156 100.70852
.3250562 11.427756 99.73202
.2143595 8.533180 98.53608
.3107692 9.763317 100.74444
.1739663 9.806662 98.58961
.6187899 9.150245 100.46707
.8872657 10.058465 99.88068
.9170283 9.182330 100.46724
0O 0.7767406 7.949692 100.49814

HORNRKFERFRORO

1
2
3
4
5
6
7
8
9
1

dﬁmnelgygﬂhghgbyhhaﬁha;ygug
summary (dframe)

mean (dframe)
small medium big
1.245040 9.560325 99.946003

sd (dframe)
small medium big
0.5844025 0.9920281 0.8135498

var (dframe)

small medium big
small 0.34152627 -0.21516416 -0.04005275
medium -0.21516416 0.98411974 -0.09253855
big -0.04005275 -0.09253855 0.66186326

cor (dframe)
small medium big
small 1.00000000 -0.3711367 -0.08424345
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medium -0.37113670 1.0000000 -0.11466070
big -0.08424345 -0.1146607 1.00000000

cov (dframe)
small medium big
small 0.34152627 -0.21516416 -0.04005275
medium -0.21516416 0.98411974 -0.09253855
big -0.04005275 -0.09253855 0.66186326
:Jba
SULall A4 g
hs0 <-
read.table ("http://www.ats.ucla.edu/stat/R/notes/hs
O.csv", header=T, sep=",")

hs0[1:20, ]
el el 3 yud

Lk (L) Galall ol i e Jaall

names (hsO0)

attach (hsO)
caldl @ i e Jaal) Caldyy
detach ()

getOption("digits")

options (digits=2)

by (hs0, prgtype, mean, na.rm=T)

by (hs0, prgtype, sd, na.rm=T)

m <- tapply(write, prgtype, mean)

v <- tapply(write, prgtype, var)

med <- tapply(write, prgtype, median)

n <- tapply(write, prgtype, length)

sd <- tapply(write, prgtype, sd)

cbind (mean=m, var=v, std.dev=sd, median=med, n=n)
hist (write)

# load trellis graphics

library(lattice)

# trellis graphs

histogram(~write, hsO, type="count")

# histogram of write by gender
histogram(~write | gender, hsO, type="count")
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# change the number of bins to 15
hist (write, breaks=15)
) Sl Jglaall

table (ses)
tabl<-table (gender, ses)
# row proportions
prop.table(tabl, 1)
# column proportions
prop.table(tabl, 2)
# row frequencies
rowSums (tabl)
# column frequencies
colSums (tabl)

LAY o gy g Jadl S
# shorthand way of referring to read, write, math,
science
read.sci <= hsO[ , 7:10]
# correlation of a pair of variables
cor (write, math)
cor (write, science)
cor (write, science, use="complete.obs")
# correlation matrix
plot (math, write)
# scatter plot matrix
plot (read.sci)
cor (read.sci, use="complete.obs")
plot (math, write)
> # correlation of a pair of variables
> cor (write, math)
> cor (write, science)
> cor (write, science, use="complete.obs")
> # correlation matrix
> plot (math, write)
> # scatter plot matrix
> # shorthand way of referring to read, write,
math, science
> read.sci <- hsO[ , 7:10]
> plot (read.sci)
> cor (read.sci, use="complete.obs")
> cor(read.sci, use="pairwise.complete.obs")
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> plot (math, write)

> # scatter plot matrix

> hsl <-

read.table ("http://www.ats.ucla.edu/stat/R/notes/hs
l.csv", header=T, sep=",")

hsl.read.well <- hsl[hslSread >= 60, ]

mean (hsl.read.well$read)

mean (hslSread)

hs2<-hsl[, c("read", "write")]

# another way of doing the same thing

hs3<-hsl[, c (7, 8)]

names (hs3)

hs2.drop<-hsl[, -c(7, 8)]

names (hs2.drop)

attach (hsl)

hsfemale<-hsl [female==1, ]
hsmale<-hsl[female==0, ]

dim(hsfemale)

dim (hsmale)

hs.all<-rbind (hsfemale, hsmale)

dim(hs.all)

hs.demo<-hsl[, c("id", "ses", "female", "race")]
hs.scores<-hsl[, c("id", "read", "write", "math",
"science") ]

> dim(hs.demo)

> dim(hs.scores)

> hs.merge <- merge (hs.demo, hs.scores, by="id",
all=T)

> head(hs.merge)

> dim(hs.merge)

> hs.mergel <- merge (hs.demo, hs.scores, by.x="id",
by.y="id", all=T)

VVVVVVVVYVYVVVYVYVYVYVYVYV
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ciliby ) L&)

dfrm = data.frame(vl, v2, v3, fl, £f2)
|
3

dfrm = as.data.frame(list.of.vectors)
Gl sl 8 il 3 salal 5 L5Y)

dfrm[[n]]

dfrm <Ll ) e n o ged) e ) 5S5 il Ul Jasy

dfrm[n]
dfrm <) HUa) e nl, n2, ... nk 82 V) G O sSh @lily Ul o,
dfrm[c(nl, n2, ..., nk)]
dgae JLEAY (WaY lga i) 48 hoad) 45, 5hall e subscrip (sl adlill pladin) (K
nqyunghggxmLJKﬁj
dfrm[, n]

dfrm <Gkl ) e nl, n2, .0k @l sl 3 5aee Y e o s8e il el ans N
dfrm[, c(nl, n2, ..., nk)]

:Jlia

suburbs = read.table(file.choose (), header = TRUE)

suburbs

city county state pop
1 Chicago Cook IL 2853114
2 Kenosha Kenosha WI 90352
3 Aurora Kane IL 171782
4 Elgin Kane IL 94487
5 Gary Lake IN 102746
6 Joliet Kendall IL 106221
g Naperville DuPage IL 147779
8 Arlington Cook IL 76031
9 Bolingbrook Will IL 70834
10 Cicero Cook IL 72616
11 Evanston Cook IL 74239
12 Hammond Lake IN 83048
13 Palatine Cook IL 67232
14 Schaumburg Cook IL 75386
15 Skokie Cook IL 63348
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16 Waukegan Lake IL 91452
suburbs[[1]]

[1] "Chicago" "Kenosha" "Aurora" "Elgin"

[5] "Gary" "Joliet" "Naperville" "Arlington
Heights"

[9] "Bolingbrook" "Cicero" "Evanston" "Hammond"

[13] "Palatine" "Schaumburg" "Skokie" "Waukegan"

suburbs|[1]
city

1 Chicago
Kenosha
Aurora
Elgin

Gary

Joliet
Naperville
Arlington Heights
9 Bolingbrook
10 Cicero

11 Evanston
12 Hammond

13 Palatine
14 Schaumburg
15 Skokie

16 Waukegan

O J oy O W N

suburbs[c (1, 3) ]
city pop

1 Chicago 2853114
2 Kenosha 90352

3 Aurora 171782

4 Elgin 94487

5 Gary 102746

6 Joliet 106221

7 Naperville 147779

8 Arlington Heights 76031
9 Bolingbrook 70834

10 Cicero 72616
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11 Evanston 74239
12 Hammond 83048

13 Palatine 67232
14 Schaumburg 75386
15 Skokie 63348

16 Waukegan 91452

suburbs|[, 1]

[1] "Chicago" "Kenosha" "Aurora" "Elgin"

[5] "Gary" "Joliet" "Naperville" "Arlington
Heights"

[9] "Bolingbrook" "Cicero" "Evanston" "Hammond"
[13] "Palatine" "Schaumburg" "Skokie" "Waukegan"

suburbs|[,c(1,4)]
city pop

1 Chicago 2853114
Kenosha 90352
Aurora 171782
Elgin 94487

Gary 102746
Joliet 106221
Naperville 147779
Arlington Heights 76031
9 Bolingbrook 70834
10 Cicero 72616

11 Evanston 74239
12 Hammond 83048

13 Palatine 67232
14 Schaumburg 75386
15 Skokie 63348

16 Waukegan 91452

QO J o U W

:con Gaob e Clily la) (L)

data = read.table (header=T, con = textConnection ("
subject sex size
1 M 7
2 F 6
3 F 9
4 M 11
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close (con)
data

subject sex size

1 1 M 7
2 2 F 6
3 3 F 9
4 4 M 11
‘Negative Indexing L) il
x =c(1,4,4,3,2,2,3)
X
(11 1 4 4 3 2 2 3

x[~1]
[1] 4 4 3 2 2 3
I saminll () 53y dial) Lan

X[-1:-3]
[1] 3 2 2 3
3T Oe paliall G s aniall sy
Xx[-length (x) ]
[1] 1 4 4 3 2 2
DAY pealall (50 4l aay
adal) J)gall (axs
rep PRIRY]] (1
y = rep(l, 10)
%

(11 1111111111
z = rep(l:5, 4)
z
(11 1 23 45123 451234512345
w = rep(l:5, each=4)
W
(11 11112 2223333444455 55

abc = rep(factor (LETTERS[1:3]), 5)
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abc
[1] ABCABCABCABTC CAZBTC
Levels: A B C

ls 4l (2
1s()
[l] "abC" "COI'l" "data" "df" "let"
"n" "suburbs " "V" "w "X"
[ll] "y" "Z"

axie A)3) 5l sl rm A1 (3
"abc" "COH" "data" de" "let"

"n" nw SUburbS n "w" 1))
[11] "Z"

4aia (Jsh) paa Al Ao (4
length (x)
[1] 1
length (y)
[1] 10
length (n)
[1] 4

A ghias gl dnie sl by Ul 8 3aee V) aae 5 sl 2 (5
nrow (df)
[1] 4
ncol (df)
[1] 2
dim (df)
(1] 4 2
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data <- read.table (header=T,

textConnection ('
subject sex condition before after change

1

QO J oy U WD

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
277
28
29
30

"))

close (con)

library(plyr)
cdata <- ddply(data,

e I B e e e B I e B i O i B e (e B R I - = I G I e e B Gl I e

placebo
placebo
aspirin
placebo
aspirin
aspirin
aspirin
aspirin
placebo
placebo
aspirin
aspirin
aspirin
placebo
aspirin
placebo
placebo
placebo
aspirin
placebo
aspirin
placebo
placebo
placebo
placebo
placebo
aspirin
aspirin
aspirin
placebo

10.

6.
12.

8.
15.
10.
11.

9.
11.
11.
11.
10.
12.
10.

9.
12.
11.
11.

9.
13.
12.

9.

9.

7.
11.
11.
10.
11.
11.
10.

. (sex,
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WwooHkr 0o O OURF OO RO OOy ONRF W

con <-

6.

|_\

= =
WO W-JO WU O-JINWOWOMDOU D OWE OWOW-JWo o b

H

WO WWOWIJdINODOHUULIDdOODNON WY P PEEOOOOUOoOWOWERE WIN

9

-3.

condition),

OO WNREPEREREMOOUORFRPOINDNOOOROD OO OWOoORrEDN

i gl slaay)

summarise,



N = length (change),

change = mean (change),

sd = sd (change),

se = sd(change) /
sgrt (length (change)) )

dataNA <- data
dataNASchange[11:14] <- NA

cdata <- ddply(dataNA, . (sex, condition),
summarise,
N = sum(!is.na(change)),
change = mean (change, na.rm=TRUE),
sd = sd(change, na.rm=TRUE),
se = sd(change, na.rm=TRUE) /

sqrt (sum(!is.na(change))) )
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Loyl yill 5 Hlassy)
Regression and correlation

Hleple Jaall Glily ol g8
set.seed (955)
xvar <- 1:20 + rnorm(20, sd=3)
zvar <- 1:20/4 4+ rnorm(20,sd=2)
yvar <- =-2*xvar + xvar*zvar/5 + 3 + rnorm (20, sd=4)

df <- data.frame (x=xvar, y=yvar, z=zvar)

cor (dfs$x, dfsSy)
cor (df)
round (cor (df), 2)

fit <- Im(y ~ x, data=df)
fit <- Im(df$y ~ dfs$x)
summary (fit)

fit2 <- Im(y ~ x + z, data=df)
fit2 <- Im(dfs$y ~ dfs$x + dfSz)

:Je el
interactions:
fit3 <- Im(y ~ x * z, data=df)
fit3 <- Im(y ~ x + z + x:z, data=df)
t _las)
t-test

da sl o 83 2 gall sleep <lilud) PREIVE R PI

sleep

extra group I1ID
0.7 1 1

-1.6 1 2
-0.2 1 3
-1.2 1 4
-0.1 1 5
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3.4 1 6
3.7 1 7
0.8 1 8
0.0 1 9
2.0 1 10
1.9 2 1
0.8 2 2
1.1 2 3
0.1 2 4
-0.1 2 5
4.4 2 6
5.5 2
1.6 2 8
4.6 2 9
3.4 2 10

sleep.wide <- data.frame (ID=1:10,
groupl=sleepSextral[l:10],
group2=sleepSextral[ll1:20])

t.test (extra ~ group, sleep)
t.test (sleep.wideSgroupl, sleep.wide$Sgroup?2)

t.test (extra ~ group, sleep, var.equal=TRUE)
t.test (sleep.wideSgroupl, sleep.wide$Sgroup?2,
var.equal=TRUE)

Z.5) 3l ¢ JLas)
Paired-sample t-test

t.test (extra ~ group, sleep, paired=TRUE)
t.test(sleep.wide$Sgroupl, sleep.wideSgroup2,
paired=TRUE)

t.test (sleep.wideSgroupl - sleep.wideSgroup2, mu=0,
var.equal=TRUE)

Saaly dial ¢ il
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One-sample t-test
t.test (sleepSextra,

data <-

condition result

control
control
control
control
treatment
control
control
treatment
treatment
control
Lreatment
Lreatment
Lreatment
Lreatment
Lreatment
control
control
control
control
treatment
treatment
treatment
treatment
control
treatment
control
control
treatment
treatment
treatment
"))

close (con)

PO OORPHRPOCOOHORPOPRPR OO MHFFRPPPOOORFF OOOO

mu=0)

read.table (header=TRUE,
textConnection ('
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Frequency tests

con <-



daiUaall Cpn il L)
Tests of goodness-of-fit
S e JLEA)

Chi-square test
ct <- table(dataSresult)
# An alternative is to manually create the table
#ct <- matrix(c(17,13), ncol=2)
fcolnames (ctl) <-= c("O0", "1")
chisqg.test (ct)
ct <- table(dataSresult)
pt <- c(.75, .25)
chisqg.test (ct, p=pt)

Pl & L)
Tests of independence

S & e JLEA)

Chi-square test

ct <- table(data$Scondition, data$result)
chisg.test (ct)
chisqg.test (ct, correct=FALSE)
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data <- read.table (header=T,
textConnection ('
subject sex

1

QO J oy O W DN

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
277
28
29
30

"))

close (con)

ERHNEERERERERERMERREHEgmE iR i A

con <-

age before after

old
old
old
old
old
old
young
young
old
young
young
old
young
young
young
old
young
old
young
young
young
young
old
young
young
young
young
young
young
old

9.
10.
7.
12.
10.
11.

N©)

l_\

= =

l_\

l_\
O O W WWOWOWOJWOWWWWLOWROOURE WOWJo

5

W JWwWw-I P> O OONODWOWONWOHTOWOLOLDD JdJoOyO R ODN D OTW
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7.
11.

(@)

H

O O D> WNRFRPROOWOU W JOod WwoybdEFP ohd Wo WOo o

BN OO JIDNDOJODNIDOWERERE J0OOO0ODWWOPKRRDNOOO O0Wwo

Gl Jalas
ANOVA



cladleal) G 2a g olad) (& Gl Julas

One way between ANOVA

# One way between:

# IV: sex

# DV: before

aov.before.sex <- aov(before ~ sex, data=data)
summary (aov.before.sex)

clallaall Cp plad) o Coll) Jalas

Two way between ANOVA

# 2x2 between:
# IV: sex

# IV: age

# DV: after

# These two calls are equivalent
aov.after.sex.age <- aov(after ~ sex*age,
data=data)

aov.after.sex.age <- aov(after ~ sex + age +
sex:age, data=data)

summary (aov.after.sex.age)

<AL
2\.3!1;1\ Q\J:&_Ld\ Z\J\J'}_g e}s.a B ) yrda g bl L_,J:. Jaadl Ja8
rm(list=1s())

Lel=8d g naall calilud) Jaa
hsl <-
read.table ("http://www.ats.ucla.edu/stat/R/notes/hs
l.csv", header=T, sep=",")
attach (hsl)
OV IS g5 8]
tabl <- table(female, ses)
# chi-square test of independence
summary (tabl)
saal g dimlt sl
t.test (write, mu=50)
z s el £ ksl
t.test (write, read, paired=TRUE)
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t OLRY il pasd
by (write, female, var)
tapply (write, female, var)
# assuming equal variances
t.test (write~female, var.equal=TRUE)

# assuming unequal variances
t.test (write~female, var.equal=FALSE)

2Okl Jelad
anova (lm(write~factor (prog)))
summary (aov (write~factor (prog)))

m2<-1lm(write~factor (prog)*factor (female))
anova (m2)

anova (lm(write~factor (prog) + read))
summary (aov (write~factor (prog) + read))

s olaady) Jalas

summary (lm(write~female+read) )

Im2 <- Im(write~read+socst)
summary (1lm2)

# plotting diagnostic plots of 1m2
plot (1m2)

write[1:20]

fitted(1Im2) [1:20]
resid(1lm2) [1:20]
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Numerical Methods :4ae 5k

Numerical Derivatives

Examples

library (mosaic)

g = numD( a*x"2 + x*y ~ x, a=1)
g(x=2,y=10)

gg = numD( a*x"2 + x*y ~ x&x, a=1l)
g9 (x=2,y=10)

ggg = numD( a*x"2 + x*y ~ x&y, a=1)
ggg (x=2,y=10)

h = numD( g(x=x,y=y,a=a) ~ y, a=l)
h(x=2,y=10)

f = numD( sin(x)~x, add.h.control=TRUE)

doa2a]) Culeiial)

plotFun( f (3, .hstep=h)~h, hlim=range(.00000001,.000001))

ladd( panel.abline(cos(3),0))

R Summary Examples

?read.table
find(lowess)
apropos (1m)

demo
demo
demo
demo

persp)
graphics)
Hershey)
plotmath)

o~ o~~~ —

library (help=spatial)
objects (grep ("spatial", search()))

=======Installing Packages and Libraries========

install.packages ("akima™)
install.packages ("chron")
install.packages ("Imed")
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install.packages ("mcmc")
install.packages ("odesolve")
install.packages ("spdep")
install.packages ("spatstat")
install.packages ("tree")

library (MASS)
attach (bacteria)
fix (bacteria)

options (show.signif.stars=FALSE)

options( digits = 3)

========To0 stop multiple graphs whizzing by====
par (ask=TRUE)

objects ()
search ()

1s ()
rm(list=1s())
rm(x,y,z)
detach (worms)

====Summary Information from Vectors by Groups=====
data<-read.table ("c:\\temp\\daphnia.txt",header=T)
attach (data)

names (data)

tapply (Growth.rate, Detergent, mean)

tapply (Growth.rate, list (Water, Daphnia),median)

with (data, function( ...))

with (OrchardSprays,boxplot (decrease~treatment))
library (MASS)

with (bacteria, tapply ((y=="n"),trt, sum))

with (mammals, plot (body,brain, log="xy"))
reg.data<-read.table("c:\\temp\\regression.txt",header=T)

with (reg.data, {
model<-lm(growth~tannin)
summary (model) 1} )

summary (lm(growth~tannin, data=reg.data))

=======T0 sSee the names of the dataframes in the built-in

package called datasets====
data ()
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data (package = .packages(all.available = TRUE))

============ =Sorting, Ranking and Ordering=======
houses<-read.table ("c:\\temp \\houses.txt",header=T)
attach (houses)

names (houses)

[1] "Location" "Price"

ranks<-rank (Price)
sorted<-sort (Price)
ordered<-order (Price)

view<-data.frame (Price, ranks, sorted, ordered)
view

X<-matrix(c(1,0,0,0,1,0,0,0,1),nrow=3)
X

vector<-c(1,2,3,4,4,3,2,1)
V<-matrix (vector,byrow=T,nrow=2)

x<-scan () (enter data, to finish return)

data<-read.table ("c:\\temp\\regression.txt", header=T)
map<-read.table ("c:\\temp\\bowens.csv", header=T, sep=",")
map<-read.csv ("c:\\temp\\bowens.csv")
read.delim("c:\\temp\\file.txt")
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setwd ("c:\\temp")
getwd ()

worms<-read.table(file.choose (), header = T)
attach (worms)

names (worms)

summary (worms)

by (worms,Vegetation,mean)

worms [3, 5]
worms [14:19,7]
worms[1:5,2:3]
worms [ 3, ]
worms [, 3]
worms|[,c(1,5)]

worms [order (Slope), ]
worms [rev (order (Slope)), ]
worms [order (Vegetation, Worm.density), ]

====0mitting Rows Containing Missing Values, NA====
na.omit (data)
new. frame<-na.exclude (data)

==Dataframe with Row Names instead of Row Numbers=
worms<-read.table(file.choose (), header=T, row.names=1)

====Summarizing the Contents of Dataframes =======
aggregate (worms|[,c(2,3,5,7)],by=1list (veg=Vegetation),mean)
aggregate (worms[,c(2,3,5,7)]1,by=1ist (veg=Vegetation, d=Damp)
,mean)

x<-rnorm(300)

h<-hist (x, breaks=10, col="red", xlab="Simulated Data",
main="Histogram with Normal Curve")

xfit<-seqg(min(x),max(x), length=40)

yfit<-dnorm(xfit,mean=mean (x), sd=sd(x))

yfit <- yfit*diff (hSmids[1:2])*length (x)

lines (xfit, yfit, col="blue", lwd=2)

====gnother example=========

n <- 1000

X <- rnorm(n)

h <- hist(x, col="red", freg=TRUE)
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dx <- min(diff (h$breaks))
curve (n*dx*dnorm (x), add=TRUE, col="blue", lwd=2)

===Classical Tests===Plots for testing normality ==
x<-exp (rnorm(30))

ggnorm (x)

ggline (x, lty=2)

x<-exp (rnorm(30))
shapiro.test (x)
wilcox.test (x,mu=0)
hist (x)

skew (x)

kurtosis (x)

x<-exp (rnorm (30))
y<-exp (rnorm(30))
var.test (x,vy)

====Bartlett test of homogeneity of variances =====
bartlett.test (x,v)

===Comparing two means==Student’s t test======
gt (0.975,18)
t.test(x,v)

gchisg(0.95,1)
count<-matrix(c(38,14,11,51),nrow=2)
chisqg.test (count)
chisqg.test (count, correct=F)
chisqg.test (count, correct=F) $sexpected

chisqg.test (c(10,3,2,6))
chisqg.test (c(10,3,2,6),p=c(0.2,0.2,0.3,0.3))
die<-ceiling (runif (100,0,6))
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table (die)
chisg.test (table(die))

=======Fisher’s Exact Test for Count Data ======
x<-as.matrix(c(6,4,2,8))

dim(x)<-c(2,2)

fisher.test (x)

cor.test (Summer, Winter)
cor.test (x,y,method="spearman")

ks.test (A, B)

=========Regression====very simple intro===
reg<-lm(y ~ x)

summary (reqg)

Im.influence (lm(growth~tannin))
influence.measures (lm(growth ~ tannin))
model<-lm(Fruit ~ Root,subset=(Grazing=="Grazed")) ====
na.action = na.omit

model<-lm(Fruit ~ Grazing*Root,na.action=na.fail)
AIC (model)

model.1l<-Im(Fruit ~ Grazing*Root)
model.2<-Im(Fruit ~ Grazing+Root)

AIC (model.l, model.2)

leverage (x1)

plot (leverage (x1),type="h")
abline(0.66,0,1ty=2)

points (leverage (x1))

======Fxtracting components of the model using $ ==
modelS$coef

modelsfitted

modelSresid

modelsdf

==Extracting components from the summary.aov table=

summary.aov (model)
summary.aov (model)
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Df Sum Sq Mean Sg F value Pr (>F)

tannin 1 88.817 88.817 30.974 0.000846
Residuals 7 20.072 2.867

summary.aov(model) [[1]]1[[1]]

[1] 1 7

summary.aov (model) [[1]][[2]]

[1] 88.81667 20.07222

summary.aov (model) [[1]][[3]]
[1] 88.816667 2.867460

summary.aov(model) [[1]]1[[4]]
[1] 30.97398 NA

summary.aov(model) [[1]][[5]]
[1] 0.0008460738 NA

model<-lm(biomass ~ clipping)
summary.aov (model)
summary.lm(model)

anova (model6,model7)

===========Prediction using the fitted model==
model<-lm(growth~tannin)

predict (model, list (tannin=5.5))

predict (model,list (tannin=c(3.3,4.4,5.5,6.6)))

par (mfrow=c (2,2))
plot (model)

model7<-1m(log(ozone) ~ temp + wind + rad + I(temp”2) +
I(wind”"2))
summary (model7)

modell0<-step (modell)
summary (modell0)
pairs (pollute,panel=panel.smooth)

results<-read.table ("c:\\temp\\yields.txt",header=T)
attach(results)
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names (results)
sapply(list (sand, clay, loam),mean)
y<-c(sand,clay, loam)
soil<-factor(rep(1:3,c(10,10,10)))
sapply(list (sand, clay, loam),var)
plot(soil, y,names=c("sand", "clay","loam"),ylab="yield")
summary (aov (y~soil))

plot (aov(y~soil))

summary.lm(aov (y~soil))
summary.lm(modell)

summary.aov (model?2)

x<-rnorm(150)

h<-hist (x,breaks=15)
xhist<-c (min (hS$breaks),hs$Sbreaks)

yhist<-c (0,h$density, Q)

xfit<-seqg(min (x),max(x), length=40)
yfit<-dnorm(xfit,mean=mean (x), sd=sd(x))

plot (xhist,yhist, type="s",ylim=c(0,max (yvhist,yfit)))
lines (xfit,yfit)

vV V VYV YV YVVYVYV

curve (dnorm(x,0,1),xlim=c(-3.5,3.5))
curve (dnorm(x,0,1),-3.5,3.5)

> dat <- rnorm(30, mean = 82, sd = 7)
> hist (dat, prob = TRUE)

> curve (dnorm(x, mean = mean(dat), sd = sd(dat)), add =
TRUE)

> # Why not throw a kernel density estimate on there too
> lines(density(dat), col = "red")

>

> library (descr)

Warning message:

package ‘descr’ was built under R version 2.15.1
> dat <- rnorm(30, mean = 82, sd = 7)

> histkdnc (dat)

> dat <- rnorm (3000, mean = 82, sd = 7)
> histkdnc (dat)

>

X <— rnorm(1000)

hist(x, freq = FALSE, col = "grey")
curve (dnorm, col = 2, add = TRUE)
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Glossary

e Basic arithmetic operators:

e Assignment operator
e Concatenation function

containing those values.
e Simple statistical functions

e Help

e Session management

e [oad data from text file
e Editing data

e Scatterplot

e Linear model fitting

e Basic inference

() brackets in arithmetic calculations

A raise to the power of

/ division

* multiplication

+ addition

- subtraction

<- assigns the value of the expression on the right
to the identifer on the left.

¢(...) argument is a set of values; returns a vector

sum(...)

mean(...)

median(...)

range(...)

sd(...) standard deviation

mad(...) mean absolute deviation

IQR(...) inter-quartile range

min(...) minimum

max(...) maximum

? ... will provide information on function usage and
arguments

help.start() opens html help files

objects() lists objects in workspace

Is() does the same as objects()

rm(...) removes the objects listed from workspace
rm(list = objects()) removes all objects from
workspace

getwd() returns the current working directory
setwd(...) set the working directory

dir() list files in current directory

save.image(...) saves workspace to specified file
quit() ends R session

load(...) loads a saved workspace from file
read.table(...) argument is a file in the working
directory. Return value is a data frame.

fix(...) or data.entry(...) brings up spreadsheet like
environment for editing data.

plot(...) is a versatile plotting command, draws a
scatterplot when two arguments are given.

Im(...) can fit a variety of linear models, argument is
a model formula.

t.test(...) Student's t-test

var.test(...) F test to compare two variances

chisq.test(...) Pearson's ¥ ? test for count data
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Object properties

Object contents

Regular sequences :

Logical values

cor.test(...) test for association

length(...)

mode(...)

typeof(...)

class(...)

attributes(...) returns all non-intrinsic attributes
summary(...) information on an object; output
depends on class

str(...) compact details of object structure
dput(...) text listing of object

sequence generator gives sequence with unit steps
between left and right arguments

seq(...) more general regular sequence generator,
can set step (by) and/or length of sequence (length)
rep(...) for generating sequence with repeated
values

TRUE and FALSE

Comparison and logical operators == equality

!=inequality
<less than
> greater than
<= less than or equal to
>= greater than or equal to
! negation
& and (&& scalar version)
| or (|| scalar version)

Accessing elements [...] contents of brackets a vector of integers, a vector of
logical values or a vector of names.

Accessing a list component [[...]] contents of brackets a number or a name.

Accessing a named component $

Referring to list components directly attach(...) brings components of a list into
view; use detach() to tidy up.

Generating a vector of strings paste(...) converts any non-character arguments
into characters and puts them together into a vector of mode character.

Generating lists list(...) put arguments (which may be named) into a list.

A selection of plots

hist(...) histogram
qgqgnorm(...) normal qq-plot
boxplot(...)

contour(...) 3D contours
image(...) 3D coloured blocks
persp(...) 3D wire frame

Some low level plotting commands points(...)

lines(...)
text(...)
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Some graphics parameters ~ pch plotting character
col colour
mfrow multi-figure page specification mfcol

Storing commands savehistory(...)

loadhistory(...)

source(...)
Packages library(...) list and load packages

data(...) add data from a package to workspace
Search path search() lists environments in the search path in

the order in which theywill be searched. Passing the
position in search path or name of an environments
to objects(...) lists objects in that environment.
Arrays matrix(...) to generate a matrix (2D array)
array(...) to generate a general array.
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4 PROFIT:
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5 $0

7

8 | Profit per Unit: $300 $500

9

10 Product Component Requirements

11

12| Components; Quantity Required: Total Number

Standard Tower
Deluxe Tower
Hard Drive

Standard Deluxe, Usage In Stock

1 0 0 60
0 1 0 50
1 2 0 120
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Solver Parameters

Set Target Cell: %k, Salve |

EqualTo:  CMax M @ HEGESH o Close
By Changing Cells:

| E Guess

Subject to the Constraints:

Options

Solver Options

Max Time: 100  seconds | (04

|
Iterations: | 100 Cancel |
Precision: [0.000001 Load Model... |

Tolerance: |5 Yo Save Model...
Conyergence: |I:I.I:II:II:I 1 Help

[ Assume Linear Model [ Use Automatic Scaling

[ Assume Mon-Megative [ Show Iteration Results
Estimates Derivatives Search

{* Tangent * Forward * Mewton

" Quadratic " Central ™ Conjugate

Solver alaaiul =3 gaill da (2
AR 5 8l ae il o )85 WinQSB alaaiuly sibull #3 saill Ja (=

c U g
sy (atl a8l g A LAl LS C 9B 5 A (A i) adadl a8l g 4530 Lgd lial 48 58
A8l g adad o g0 JS (8 ¢ ghaial) adad) CilaeS laad 4000 Jglaad) (3 52 51 (& sl
Iﬁ-‘-‘-“‘-‘l... ”\é\yé}éﬂ\é\y@aw i3 \dﬁ.’\:\ﬂﬁjc_xm“' ”é}odﬁ:\:\;ﬁa‘}(\
Ohll @850 JS b g shial cadall Gl 1] Joa

Slally g shial) Cuiall 4 g5l

1600 A
1600 B
1600 C

ORI gieas IS Aaliy) Y 2 Jsaa

375



ohally Laliy) dsal giaadll

2000 1

1400 2

1500 3

cinaill 8 5 ) adal 28 ga (g 2nl sl hall Ji 4KS 13 Jsan
<

3 2 1 e
250 225 175 A
100 100 150 B
200 275 300 C

Gy @Laﬂ\ é\}a A.J ci:é é}o XK ) Jas ‘;ﬂ\ QL)ASM EEN WanSB 3 So]ver e\d&ﬁu}._ﬁ
CRaile J81 Jail) A< ) 5

376



sl pas Il alll gusy

2yllaxll 249149 clasa Wl gusy
sgwa cllall Ezaly

2 1424/1423 ) Juaill Jf JLoai s
(Sllaall &gy 8 Sllall (3 )k ) Biny 433 3aLl)
Al ALY asea Jo cal sdslu2 i)

=~ 0|k~ WwN =

A B C
Milk Beans
0
Min Cost 2 0
Niacin 3.2 4
Thiamin 1.12 1
Vitamin C 32

0
2
9
3

0

D E

Orange

0
0.25
0.8
0.19
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0
0 == 13
0 == 1.5
0 == 45
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Solver Parameters

Set Target Cell: %k,

Equal To: " Max  Min
By Changing Cells:

Solve

Subject to the Constraints:

Close

Reset All

[_soke |
_ Cose|
Options
_Resetal |
Help

377



Solver Options

Max Time: [100]  seconds | (o]'8 |
Tterations: [100 Cancel |
Precision: [0.000001 Load Model... |
Tolerance: |5 - Save Model, .. |
Convergence: |EI.IZIEIEI 1 Help |
[ Assume Linear Model [ Use Automatic Scaling
[ Assume MNon-Megative [ Show Iteration Results
Estimates Derivatives Search

{* Tangent {*+ Forward {* Newton

" Quadratic " Central " Conjugate

Solver plaainly =3 gaill Ja (2
ARl 5yl ae ) o JE 5 WIinQSB aladiuly Gid) z3 saill Ja (2

A O g

A Jall Alss Js WinQSB s Solver alaaiul,

Processing
Groves Distances (in miles) Plants
Supply Capacity
21

200,000

275,000 A 50
40

400,000 600,000
300,000 225,000
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Min  2x,+0.2x, +0.25x,
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Solver Parameters

Set Target Cell: SF53 Sk, Solve

Equal Ta: " Max ™ Mn { Valueof: [
By Changing Cells:

| sB52:5052 E Gless

Close

Subject to the Constraints: Options
SES4:SESH »= SG54 9GS5 ] Add
Change

Reset Al

J Delete

Help

o
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Solver Options

Max Time:
Iterations:
Predision:

Tolerance:

Convergence:

[v &ssume Linear Model

[100  seconds | oK |
[0 Cancel |
[0.000001 Load Model... |
[ =% Save Model... |
ETa— o |

[ Use Automatic Scaling

[+ {Assume Mon-egative!

[ Show Iteration Results

Estimates Derivatives Search
{* Tangent (% Forward % Mewton
(" Quadratic (" Central " Conjugate
(2
A B C D E
1 Milk Beans Orange
2 0 2574062 0.483871
' 3 |Min Cost 2 0.2 0.25[_0.63578]
4 Niacin 3.2 4.9 0.8 13 >= 13
5 Thiamin 1.12 1.3 0.19 3.438216 == 1.5
0 93 45 >= 45

6 Vitamin C 32
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A B C D E F G
L Microsoft Excel 10.0 Answer Report

2 Worksheet: [Book1]Sheet1

3 Report Created: 8/2/2003 9:14:15 PM

4

5
6 Target Cell (Min)

7 Cell Name Original Value Final Value
8 $E$3 Min Cost 0 0.635780118

11 Adjustable Cells
12 Cell Name Original Value Final Value

13 $B%2 Milk 0 0

14 $C%2 Beans 0 2574061883

15 $D%2 Orange 0 0.483870968

16

17

18 Constraints

19 Cell Name Cell Value Formula Status Slack

20 $ES3$4 Niacin 13 $E$4>=3G%4 Binding 0
21 $E$S5 Thiamin 3.438215932 $E$5>=3G%$5 Not Binding 1.938215932
22 $E%6 Vitamin C 45 $E$6>=$G%$6 Binding 0
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LP-ILP Problem Specification x|

Problem Title: [0R433 Summer Midterm |

Number of
Yariables:

" Objective Criterion

) M aximization

(@ Minimization:

MNumber of
Constraints:

" Detault Yariable Type |

® Nonnegative continuous

C Honnegative integer

" Data Entry Format

' Mormal Model Form

(® Spreadsheet Matrix Form

C Binary [0.1]

C Unsigned/unrestricted

(_«s

oK ‘ | concel [ He
Variable --> I | X2 | %3 | Direction | R.H.S.
Minimize 2 0z 0.25
C1 3.2 49 0.8 »= 13
cC2 112 1.3 0.19 »= 1.5
C3 32 1] 93 3= L
LowerBound 1] 0 0
UpperBound M M M
VanableType| Continuous Continuous Continuous |
21:23:48 Saturday | August 02 2003 | |
Decision : Solution Unit Cost or Total Reduced Basziz Allowable Allowable
"'.I"anahle _____ Yalue Profit c[j] Contribution Cost Status | Min. cfj]  Max. cj]
1] 1 1] 2.0000 1] 1.7946 at bound | 0.2054 M
E =2 2.5741 0.2000 0.5148 a baszic 0 1.5313
3 3 0.4839 0.2500 0.1210 1] bazic 0.0327 h. 4656
: Objective  Function [Min.] = 0.6358
] Left Hand Right Hand Slack Shadow Allowable Allowable
Constraint Side Direction Side of Surplus  Price |Min. RHS | Max. RHS
1] C1 13.0000 3= 13.0000 1] 0.0408 | 56944 M
2 cz2 3.4382 = 1.5000 1.9382 0 -M 3.4382
K] C3 45 0000 »= 45.0000 a 0.0023 1] 1.511.2500
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A B C D E F G H

1

2 1 2 3

3 A 175 225 250

4 B 150 100 100

5 c 300 275 200

6

7 A 0 0 0 0= 1600
8 B 0 0 0 0= 1600
9 c 0 0 0 0= 1600
10 0 0 0

11 = = =

12 2000 1400 1500

13
|14 |Min Cost =| 0]

Solver Parameters

Set Target Cell: SB514 Y Salve

Equal To: " Max % Min ™ Yalue of: |0l

By Changing Cells:

[sCs7:5E59 EY Guess

Subject to the Constraints: Options
SCS10:8ES10 <= SCS1eES12 J Add
SFS7.5F59 = SHST5HSS
Change
Reset All
J Delete
Help
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A | B [ ¢ D E F H
1
2 1 2 3
3 A 175 225 250
4 B 150 100 100
5 C 300 275 200
6
7 A 1600 0 0 1600 1600
8 B 200 1400 0 1600 = 1600
9 c 100 0 1500 1600 = 1600
10 1900 1400 1500
11
12 2000 1400 1500
13

780000
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08-02-2003 From To Shipment Unit Cost Total Cost Reduced Cost
1 Source 1 i Destination 1 1600 175 280000 0
2 Source 2 Destination 1 200 150 30000 0
3 Source 2 Destination 2 1400 100 140000 ]
4 Source 3 Destination 1 100 300 30000 ]
L Source 3 Destination 3 1500 200 300000 ]
b Unfilled_Demand Destination 1 100 0 0 0
Total Objective Function Yalue = F80000
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Max  33x, +500x,
St x <60
x, <50

x, +2x, <120

x,,x, >0, and integers

:d}y‘ d‘}d‘ ‘UA\

(!

o 38 e ) e (g G o 55 OS e i o3 aaadl ey sl (e e 53 (2

Solver Parameters

Equal To: & Max " Min

By Changing Cells:

Set Target Cell: SFSE .

| Solve |

" value of; ||

|scs5:6D85

Subject to the Constraints:

E Guess

SC85:58D85 = integer
SES15:SE517 <= SFE15:5F517

-] Add
Change
J Delete

Close

Options

Reset All
Help

Solver Options

[v Assume Linear Model

v ‘Assume Non-Megative:

Max Time: W seconds | oK I
Iterations: W Cancel |
Precision: W Load Model... |
Tolerance: lﬁi Yo Save Model... |
Conyergence: W Help |

[ Use Automatic Scaling
[ Show Iteration Results

Estimates Derivatives Search
{* Tangent {* Forward {* Mewton
" Quadratic " Central " Conjugate
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(a

A B C D E F
1 XYZ COMPUTER CORPORATION PRODUCTION PLAN
2
3 Product Standard Deluxe
4 Profit:
5 Quantity to Produce: 60 30
6 | 330001
7
8 Profit per Unit: 300 500
9
10 Product Component Requirements
11
12 |Components: Quantity Required: Total Number
13 Standard Deluxe Usage in Stock
14
15 Standard Tower 1 0 60 60
16 Deluxe Tower 0 1 30 50

17 |Hard Drive
18

1 2 120 120
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Al B C D E F G
L Microsoft Excel 10.0 Answer Report

2 Worksheet: [Book3]Sheet1

3 Report Created: 8/2/2003 11:02:41 PM

4

5

6 Target Cell (Max)

7 Cell Name Original Value  Final Value

8 $F36 Profit: 33000 33000

9

10

11 Adjustable Cells

12 Cell Name Original Value  Final Value

13| $C$5 Quantity to Produce: Standard 60 60

14 $D%5 Quantity to Produce: Deluxe 30 30

15

16

17 |Constraints

18 Cell Name Cell Value Formula Status  Slack
19 $E$15 Standard Tower Usage 60 $E$15<=%F$15 Binding 0
20 | $E%16 Deluxe Tower Usage 30 $E$16<=%$F%$16 Not Binding 20
21 $E$17 Hard Drive Usage 120 $E$17<=%$F%17 Binding 0
22 | $C$5 Quantity to Produce: Standard 60 $C%5=integer Binding 0
23 $D$5 Quantity to Produce: Deluxe 30 $D3$5=integer  Binding 0
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LP-ILP Problem Specification x|

Problem Title: [0R433 Summer Midterm |

NMumber of
Yariables:

" Objective Criterion

(® M aximization

) Minimization

" Data Entry Format

@ 5 preadsheet Matriz Form
! Normal Model Form

Number of
Constraints:

ENN

"Default Yariable Type |

) Nonnegative continuous

(®:Monnegative integer:

) Binary [0.1]

) Unsigned/unrestricted

(_a

1] 4 | | Cancel | Help
Variable --> X1 | X2 | Direction | R.H.S.
M aximize 200 00
c1 1 0 {= 60
cz2 1] 1 {= il
cC3 1 2 = 120
LowerBound a 0
UpperBound M M
VariabloType Integer Integer  mm—
23:08:29 Saturday | August 02 2003 | |
Decision Solution Unit Cost or Total Reduced Baziz | Allowable  Allowable
Uanahle Yalue Profit c[j] Contribution Cost Statuz | Min. cfj]  Max. clj]
I 1 60.0000 300.0000 |18,000.0000 a bazic | 250.0000 M
2 w2 30.0000 5000000 | 15,000.0000 1] bazic 1] &00.0000
: Objective Function (Max.] =  33.000.0000
] Left Hand Right Hand Slack Shadow Allowable  Allowable
Constraint Side Direction Side of Surplus. Price | Min. RHS Max. RHS
1] c1 60.0000 {= G&0.0000 1] K0.0000  20.0000 1200000
2 c2 20.0000 = K0.0000 20.0000 0 20.0000 M
3 [ 120.0000 {= 120.0000 a 250.0000 600000 160.0000
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1

2 1
3 A 21
4 B 35
5 c 55
6

7

8 A 0
9 B 0
10 c 0
11 0
12

13 200000

14
15 |Min Dist. | O_I
10

50
30

o o oo

600000

40
22

o o oo

225000

G

oo

Solver Parameters

Equal To: " Max % Min
By Changing Cells:

Set Target Cell: sgs1s Sk

" Value of: |':'

|scss:sE510

Subject to the Constraints:

S5C511:5E511 <= SC513:56513
SFS5:5F510 = sHS5:5HS10

E Guess

Options

390

A B C D E F G H
-1
2 1 2 3
3 A 21 50 40
4 B 35 30 22
5 C 55 20 25
6
7
8 A 200000 0 75000 275000 275000
9 B 0 250000 150000 400000 400000
10 c 0 300000 0 300000 300000
11 200000 550000 225000
12
13 200000 600000 225000
14
15 |Min Dist. |24000000_|

H

275000
400000
300000
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

A B C D E F G
L Microsoft Excel 10.0 Answer Report
2 Worksheet: [Book3]Sheet2
3 Report Created: 8/2/2003 11:19:31 PM
Target Cell (Min)
Cell Name Original Value  Final Value
$B%15 Min Dist. C 0 24000000
Adjustable Cells
Cell Name Original Value  Final Value
3Cs8 A 0 200000
$D$8 A 0 0
$ES8 A 0 75000
$C$9 B 0 0
$D%9 B 0 250000
$E$9 B 0 150000
$C%10 C 0 0
$D%$10 C 0 300000
$ES$10 C 0 0
Constraints
Cell Name Cell Value Formula Status  Slack
$C311 200000 $C$11<=$C%13 Binding 0
$D3$11 550000 $D$11<=$D%$13 Not Binding 50000
$E$11 225000 $E$11<=%E%$13 Binding 0
$F$8 A 275000 $F$8=%H3%8 Not Binding 0
$F$9 B 400000 $F$9=3H$9 Not Binding 0
$F%10 C 300000 $F$10=$H$10 Not Binding 0
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"Problem Type
) Metwork Flow

) Assignment Problem
(! Shortest Path Problem
! Maximal Flow Problem

® Transportation Problem

C Minimal §panning Tree

I Traveling 5alesman Problem

MET Problem Specification E

" Objective Criterion
® Minimization

! M aximization

" Data Entry Format
® Spreadsheet Matrix Form

) Graphic Model Form
—

[i.e.. both ways same cost]

Problem Title  [DR433 Summer Midterm

Number of Sources Number of Destinations

Cancel Help

oK ‘

From 4 To Destination 1 | Destination 2| Destination 3| Supply

Source 1 21 1) 40 275000

Source 2 35 30 22 400000

Source 3 55 20 25 300000

Demand 200000 600000 225000

08-02-2003 From To Shipment Unit Cost Total Cost Reduced Cost
1 Source 1 { Destination 1 200000 21 4200000 0
2 Source 1 Destination 3 75000 40 3000000 0
3 Source 2 Destination 2 250000 30 7500000 1]
4 Source 2 Destination 3 150000 22 3300000 1]
5 Source 3 Destination 2 200000 20 6000000 0
[ Unfilled_Demand Destination 2 50000 1] 1] 1]
Total Objective Function Yalue = 2 4E+07
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for Decision Making. Second Edition. Wiley.

2- Lawrence, John A., Jr, and Pasternack, Barry A. (1998) Applied
Management Science: A Computer-Integrated Approach for Decision
Making. Wiley.

3- Microsoft EXCEL Online Help.
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5- LINDO Online Help.
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