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o S8Ry BRI

o WIRL: AT EEMF R, ZFS AT, PERT/CPM,

&Y The Management Scientist Version 6.0 - O #

File Edit Solution

: % Select A Module
" 1. Linear Programming o

" 2. Transportation -

" 3. Assignment ()

" 4. Integer Linear Programming ¢ 10. Decision Analysis
e
s

8. Inventory
9. Waiting Lines

T 5. Shortest Route
" 4. Minimal Spanning Tree

11. Forecasting
12. Markov Processes

9 OK

hiz module develops schedules for projects with up to 25 activities and 8 .
immediate predecessors for each activity. Either certain activity times (single |
ime estimates) or uncertain activity tfimes (three time estimates) are allowed. |
Activities are identified by lelters of the alphabet; immediate predecessors '
must be represented by letters appearing earlier in the alphabet.

PERT/CPM Module
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& The Management Scientist Version 6.0 - O X

File Edit Solution

[ -M les for projects with up to 25 activities and 8 immediate predecessors for each activity. Either cert
| ictivity times (three time estimates) are allowed. Activities are identified by letters of the alphabet

Open..
| e s appearing earlier in the alphabet.

Chonge Modules i 'Open’ to work with a problem.

Exit

L rovveae
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o VIR3: ME g XA, @&&FKnown Activity Times; X EFHHE,

File Edit Solution

% PERT/CPM Parameters

| & Known Activity Times
" Uncertain Activity Times

Number of Activities 9 e ;

OK ‘ Cancel ‘

PERT/CPM Module
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& The Management Scientist Version 6.0 - O X
File Edit Solution

|Fer each activity, select/deselect its predecessor(s) and enter its activity time. Choose solution fo solve.

[ Immediate Expected
se'_e'_:t Select Activity Predecessors Time
Activity Predecessor L A 5
Name: of I Enter Activity Time of I: B
A A T C A 4
B B < - D A 3
= i Expected Time: ]2 '_;’ = A g
D D = F E 4
1':5 1':5 G D.F 14
£ @ H B.C 12
- a e | 6.H 2
|
|
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& The Management Scientist Version 6.0 - O X |
File Edit Solution |
qFor each ¢ w decessor(s) and enter its activity time. Choose solution to solve. |
|
[ Print Immediate Expected i
S'EIIE"_ﬂ Save As Text File Activity Predecessors Time
Activity e s L A 5
Name: of I Enter Activity Time of I: 6
o — | :
B B : - |
= i ‘Expecth"ne.E = A g :
g g = - F E 4 |
F F G D.F 14
b H B.C 12
G CH—
I

PERT/CPM Module
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& The Management Scientist Version 6.0 - O X

File Edit Solution
Optimal PERT/CPM Network

*xx  ACTIVITY SCHEDIULE %=

EARLIEST  LATEST  EARLIEST  LATEST CRITICAL
ACTIVITY START START FINTSH FINTSH SLACK  ACTIVITY _
i 0 0 5 5 0 YES -
B 0 6 3 12 6
c g 8 3 12 3
D : 7 8 10 > -
E 5 5 § 6 0 YES i
5 6 6 10 10 0 YES
G 10 10 24 24 0 YES
H 3 12 21 24 3
1 24 24 2t 26 0 YES

CRITICAL PATH: A-E-F-G-I
PROJECT COMFLETION TIME = 26
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& The Management Scientist Version 6.0 - O X

File Edit Solution |
[ New. k |
| Open... ;

*xx  ACTIVITY SCHEDIULE %=

Change Modules IATEST  EARLIEST  LATEST CRITICAL
START FINISH FINISH SLACK  ACTIVITY _
Exit I
£ 0 0 5 5 0 YES .
B 0 & 6 12 6
C 5 8 3 12 3
D 5 7 8 10 2 _
- s 5 £ B 0 YES ;
2 & & 10 10 0 YES
& 10 10 24 24 0 YES
H 9 1z 21 24 3
i 24 24 26 26 0 YES

CRITICAL PATH: A-E-F-G-I
PROJECT COMFLETION TIME = 26
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~ D1-class-reading E=id BN EE Bt o

~ 02-lab-exercise D chpt09-hills-cpm.CPM 2022-4-21 10:27 CPM 3% 1KB
>  03-slide-class

= bib |

~ data

 latex

~ material

_ msi-proc

I =& (N): | chpt08-hills-cpm.CPM T
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E H |
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o AR AGIE T ETIAIb: B8 T KR K FE AT
o T BABIXAE I EUIRAIAZ E(t) 277 £ var(t) = 024 T 89 Bo

a+4m +b
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ik
L

1.5
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4.0
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a+4m + b 4+4x5+12

6
6 6

E(t)a =

o AEFINTAEY T £

b—a\® [12-4\°
var(t)AEaf,Az( 6a) :( 5 )21.78
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ERL BAE EHOH MBS AAT £
pamm  FAME RTREE EREE REEE

b E(t)
A 4.0 5.0 12.0 6.0 1.78
B 1.0 1.5 5.0 2.0 0.44
C 2.0 3.0 4.0 3.0 0.11
D 3.0 4.0 11.0 5.0 1.78
E 2.0 3.0 4.0 3.0 0.11
F 1.5 2.0 2.5 2.0 0.03
G 1.5 3.0 4.5 3.0 0.25
H 2.5 3.5 7.5 4.0 0.69
I 1.5 2.0 2.5 2.0 0.03
J 1.0 2.0 3.0 2.0 0.11
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% 3 XL T £
A 6 1.78
B 2 0.44
C 3 0.11
D 5 1.78
E 3 0.11
F 2 0.03
G 3 0.25
H 4 0.69
I > 0.03
J 2 0.11
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> X > X 7"2}%
E AR, i KT 7 A% B 0% 45 B TR, o AT

4 4 4 4 -
AT A
A 0 0 6 6 0 Yes
B 0 7 2 9 7 No
C 6 10 9 13 = No
D 6 7 11 12 1 No
B 6 6 9 9 0 Yes
F 9 13 11 15 = No
G 11 12 14 15 1 No
H 9 9 13 13 0 Yes
I 13 13 15 15 0 Yes
J 15 15 17 17 0 Yes
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o EFA. E. H. . JARR AT R E (Slack = 0)
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REwaT Bl B3R fe s £

AT m R A T K XA AR

e %421: A==E=H=1=J
e %422: A=C=F=J
e %123: A=D=G=J
e %124: B=H=1=J
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Aizwat Bl AR fe 5 £

R BEOTAREART £ BB
garm o PTER L sx o mel o omm2 o omEY s
A 6.0 1.78 Yes Yes Yes
B 2.0 0.44 Yes
C 3.0 0.11 Yes
D 5.0 1.78 Yes
B 3.0 0.11 Yes
F 2.0 0.03 Yes
G 3.0 0.25 Yes
H 4.0 0.69 Yes Yes
I 2.0 0.03 Yes Yes
J 2.0 0.11 Yes Yes Yes Yes
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f R £ ( KBEHNXL)

TaAMNAETESZl: A= FE=H=1= JEHTHGILEFT £,
Berzltger A MR A £ B Pk
%A E & 3 KA %ﬁgm 5 £
pathl A 6 178
pathl E 3 0.11
pathl H 4 0.69
pathl I 2 0.03
pathl J ) 0.11
PR HARRR 2T AR H AR E)
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R £ (KHEHN?)

TasMEkitE%R2l: A= E=H=1= JEFHTNRGEL r £,

B izlhe M M B Ay £ B Sk
wEFE  EAKE  EARm  PARK EA £

pathl 5 AE;H;I;J 6:;3:4;2;2 1.78;0.11;0.69;0.03:0.11




SR RRY £

FIR B R AER, &ATT AT HAF2]:
o BARIMIAEEIFRKAITH:

E(Ty) =ty +te+ta+t1+t3=6+34+4+2+2=17
o BRI EMEFNITKE T E A2 2

o] =03 +op+ 0k +ol+02=178+40.11+0.69 +0.03 +0.11 = 2.72

o BB ENFFNTKEIRAEEZN1.65F:

01 = /0 = /272 = 1.65




2R 5 TR FE

E%Ek%Aﬁ”ﬁéﬁ PRI E20AZ A AR L EAD, I AIEI0HE
Qe B RHREA20F IR EIEER S S R?

o 1BIXA B 7 A Bt J‘EﬂTﬂwAi#&h\a‘?
(B AR) , AR A KAV T WA
FIREZAN 0 B, i BT 2] R
42 AR R KOG BER,

7 = 1.65 weeks

Expected
completion time

\

|7

Time (weeks)
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E‘E :J#/\SJ”}E/%% A X E20EAZ AR AR LERAE, FLBKZIHHE
Q] E 5 EiHAIAN20FE AR BEER S T R?

o hr ZTIRM ES DA, W T ML
B —ANAREES ST
atT=20

T ~ N(E(T),0?)
_20-17_ T — E(T

=18 7 (T)
o

7= 1.65 weeks -

~ N(0,1)

o« LML EHT =20/, Ni@idits
TR GHe 20 =221 189

1.65
; e REHBIESHHMET LR, LT
17 20 B BRI 7R B9 BEEAL p = 0.9655

Time (weeks)
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*HhHmEITE (mLmE)

WRBER A T ik, RMTAFH AL MR T =208 KT, 245 %HT
RARIA B &K AR

o : v
wiz  ww AR M 2 7E % % 2%
& K¥ I, g 5 ¥
t ED) % 7 P

pathl 5 AE;H;I;J 6;3;4;2;2 1.78;0.11;0.69;0.03;0.11 17 2.72 1.82 0.9655
path2 4 A;C;F;J 6;3:2:2 1.78;0.11;0.03;0.11 13 2.03 492 1.0000
path3 4 A;D:G;]  6;5;3;2 1.78;1.78;0.25;0.11 16 3.92 2.02 0.9784
path4 4 B;H;I;J 2:4:2:2 0.44:0.69;0.03:0.11 10 1.28 &.85 1.0000

o 3%, X HHEFIIME, RAZRKRGZXZHTELAMIETT, AR
BT = 20 M AR A8 7 A% 09 Ik &,

huhuaping@ 093 A H < HE 9.2 &3 B 18] A~ A 2 A9 B 4ok (RAR




huhuaping@

6 9 9 11

10 13 r 13 15
A 6 11 11 14 15 17

= = = = Finish

6 7 12 12 15 15 17

6 9 9 13 | 13 15
Start 2 =

6 9 9 13 2 13 15

%09 ;0 B 2cHF

9.2 & I 18] A A T 89 B S HE
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4o R45 77 KR AT,

St i ( Hams )

ARATRER T = 208 MARRE TR ISR Z % 'V R?

. P
iz wH  wAR AM o2 7E x4 72E
5k k¥ & i R >
t E(T) £ 7 p

pathl 5 AE:H;L) 6;3:4;2;2  1.78;0.11;0.69;0.03;0.11 17 272 1.82 0.9655
path2 < A;CFJ  6:3;2;2 1.78;0.11;0.03;0.11 13 2.03 492 1.0000
path3 4 A;D;G;J  6;5;3;2 1.78;1.78;0.25;0.11 16 392 202 0.9784
path4 < B:H:;ILJ  2;4;2;2 0.44;0.69;0.03;0.11 10 1.28 8.85 1.0000

AAVT AARYETF Kot HAF 2 B 65 )

4
Puy=]] P, =P x P x Py x P,
1=1
— 0.9655 x 1.0000 x 0.9784 x 1.0000 = 0.9446
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T, JRAEE AR T A KA, S EFHENE TG B 2
He, FATEAEFD S,
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o KEIRAZKMYIXIT AN B ZIRAM T ¥ A IR VAR Y A B T Ak B 8] 69 7
o

o IR —ALAAIE IR B R AR, PTAT B 2 TAF AR Y &) 0] Ae
3 J B S0 p% AN 2 1A B dF




I E 7Dl
T ARFE T — I W 5 E B A Ry 89 L ZE A5 B
Copy| [CSV] [EXEEl

WERSI B & Tk

EF e A (A)

A 5P -
B PAAE 1 A
C A2 -
D PRS2 C
E UINEWE7 3 B,D
Cxal - : 21

DO W O W




: I B M4 1A)

WAL AR B NI 8, T AME— AT E 25 -
.« MLhaT E (FHAE) REASTED, K (k&) KELTEH2 8

K5 o
A B
7 3
E
Start - Finish
2
C D

huhuaping@ #09% M B % HE 9.3 B 1A] B Ay Ak F



d 4997 B R &S

HKAVT VAT BT &

AR A & B B 18] A M TS F 9O Bl B A) AR okt

Copy| [CSV] [EXEEH
MRS A &Sk

BT A

ear, RETH  ORPEA AR

m O O W »

Yes

o KEEEFNAIM, AL FFNA.
e XHNRIZENA=B=F, RZKEANT+3+2=12X,

9.3 B Al 5 Ay A4k 4F

%093 R H 2 HE

huhuaping@




: EREKEN A

RN EREFN:

o BAVBIXLATHAFKFERKIZESA B LMEIORZ T Ko
£22 o XIEF|ME MW RBHKABRKREANIZR, KAVNRBIR I %48 %3089
E bt ], W) Btk R EA 69 ST AR89,
o Xl F T VASE I A IR R UG R E S BT ], X AP 7 ik w A& % %6 (crashing)
o 18R MEAFING TR KLGIEH TN, BFEFHA B RAWIE o,

TEENKIE:
el o WA, deTHMEIRE R T IRGIE A, AALL B Y45 B Bt ] 4
E a9 7%, ?

huhuaping@ %093 M B 2 HE 9.3 Bf ] b ax A dF



: & 9575 Bhat )

AT R R GG E A 8 7 kAR IR69 %4 (crashing) , LAk BHEE
B 1] .

| 4 Blde: B THERI2ZEK, #HZI0K TR, &FE24%4EITE2X,
W, &ATE 2 RF R e T 89143 5
o W ARANL NI T 89 FEFN A A
o AR KGRI A R EFHIAGEIE] (FET ey EFHeNE)
o = KGN T & EF R A

huhuaping@ 093 A H < HE 9.3 Bf ] b ax A dF 76 /95



Ashaf A (T X )

T e A AR X L

o 71 WEH RIEFE ] (HZE ) « RAELHMB: M, =7 —1
o 7/: FHimsaEFE (RRKE4ET o HIMEFNIAEAZ U] Y E %R
; Cl-C;

o M;: F3) 1693 KJE%E A
o C;: FHhHiMETHRA (RE%)
o Cl: FF iERRELHH TR R

huhuaping@ #09% M B % HE 9.3 B 1A] B Ay Ak F



G ohat B (954 )

E)é:nﬁ‘j’]:{n QNI

o X EHNAWVIET TARIFE 74 =7TK, EF8EFNHRAAN Cp = 500% T,
e MARRKEHRET, FHANREZANN 1) =4X, 2% A2
' 01/4 = SOO%io

= RAT A HAFE

o MAEHIE My =14 -7/ =7—-4=3
v s . .y . c,—-C — v o=
o FmEEERAAN Ky = A g = OO0 g0 (£ 204

x)

huhuaping@ 093 A H < HE 9.3 Bf ] b ax A dF



EFES e R BEDHRSEK
EXRRE  RER RKREEH $hg%ﬁ’

i I i i8] :

_ _ C_i C_i' M_i K i

A 7 4 500 800 3 100
B 3 2 200 350 1 150
C 6 4 500 900 2 200
D 3 1 200 500 2 150
E 2 1 300 550 1 250
&t 21 12 1700 3100 9 850

Q BF: AT AR D RALIORIAIRA T AR E, AL EF) S IZE R
%7 R4 % Jutia)?




95 £ 4)— ik

AT AR DR ALEIOR A TR, BAITRESR LS JE:
o Ni% kU FiEikA LEYES), BPA. B. E.

o T EFALZEIN EF T LA ARG A2 K R A (K4 = 100)
o LI FEFNAY U2 R VT LE IR 2 A-B-EAY 5 A B 18] 28 5 A #A 2 4910 R o

EE
o LTI AN KBEENRITREN, RERZETRAEKXT
Ej . HILE BAe B AS F b B H BE 5 1
o WIFAMERILFERTURELIEFHRAGHE AT T
o TR A WL, RMIFT UL RREGKR, B223FF 84 KAME

W) & T FFAR A e !




MR . FRARSE

I-:-E JofTiE B KR ik, RS B W& 69 % 45 R ?

T &A1E B2 FH TR ARE, APERT/CPMY, KA1 :

o ZRIT A= -FF4E0tE+EFFH0tTE, B EF = ES +t
o Ju R EFHEAMAMEE, N FAEE > RIS A ES A, LB

LF > (EF = ES +1)

e HTRAATRRATIniE — N FN AL AT RGN EFF4E, N T b
B> T4 at A+ &S A . dLBp .

LF > (EF = ES +t)

huhuaping@ 093 A H < HE 9.3 Bf ] b ax A dF



B EHohh

T —MiEF, HKAVT AL H T2 L

o z;: HFHNRTTARNN (EF)

2

huhuaping@ #09% M B % HE 9.3 B 1A] B Ay Ak F



T EEA

STFEFDA:
o FHAR-FHAEFE A ESy =0, iE o INA, FHAWKTFZ AN, IE
HENIRA 74 =To TIRETRIZELREREESTE
o AR AAIEF 89K F 7 A B8] K. HLF:
2p=FF4=ESy+174=0+7=7 Ty >
$A>O‘|‘(7—yA)
o |3l H- ; - u?\gr‘o,~j& ‘E"
Rnt, AL GRS THRT oyt o

7 R B 18] Ay

x;leSA—I—T;1
=ESA+ (T4 — My) =ESs+ (T4 — ya)
=0+(7—yA)

huhuaping@ 093 A H < HE 9.3 Bf ] b ax A dF



B, RANERFZIEHA EH)E LR F M

o BATHE ik, T AFRFTA &3 o LI, HKAVZLHK, WA LME
B)dm T X % 10RZ A2k, HEELHRE
ex LS 7 (A) & S EY T Ak B 1]
xp+yp—14 >3  (B) zp < 10
ro+ Yo > 6 (C)
zp+yp—zc>3 (D) o M H, HMEFNARA K KK LG0T
Tp + Yg — Tp > 2 (E1) IA] B9 £ R
Tg +Yr — ZTp > 2 (E2)

Ya <3y < lL;yc <2;yp < 2;yg <1

EE: AT EFHERAB/ANZAES (BAD) , B EFHERHINL R EMH,

huhuaping@ %09 1 B 44

9.3 Bt 18] 5 ik Ak



B ¢ B B 2K

e AEFKRAT, MHAMERAHNITO0OE T,
e MARHRAT, RMTUEBIRIMEEEREARZ IMMABLERE (=
EFRA+EBRERK)

BNV B S T 89 5 M B AR B 2K

)
Min f=> K;-M,
=1

— K;-My+Kg-Mg+ Ko Mg+ Kp-Mp+ Kg- Mg
=100 y4 + 150 - yg + 200 - yo + 150 - yp + 250 - yz

huhuaping@ 093 A H < HE 9.3 Bf ] b ax A dF



: B R AL A

RABANVFE T EAIONZT /21204 R S99 X AR AR R
Min f=100-y4 + 150-yp + 200 - yo + 150 - yp + 250 - yE
S.t.

TA+yYya>7 (A)
T+ Y — T4 =3 (B)
o +yc > 6 (C)
Tp +Yyp —Tc > 3 (D)

Tg +yYg —xTp > 2 (E].)
Tp+Yg — Tp = 2 (E2)
wES].O

Yya <3y < L;yc <2;yp < 2;yg <1

huhuaping@ 093 A H < HE 9.3 Bf ] b ax A dF 86 /95



KRS A R B AAMSTA &M AL

EH EER B EFHR  BE

RARHE FARHER KA RHEE

KA WHTi MBTiI' ACi HACH BM_i AK i mE K
A 7 4 500 800 3 100 6 1
B 3 2 200 350 1 150 3 0
C 6 4 500 900 2 200 6 0
D 3 1 200 500 2 150 3 0
E 2 1 300 550 1 250 1 1

&t 21 12 1700 3100 9 850 19 2

4E R %

o THNAFEFHERLEFFHNTH A HNORFIR, WEFRSTHHEL%H T 1R M,

o BRRBARAN Ky -ys+ Kg-yg =100 x 1+ 250 x 1 = 350

e b, EFRETHREERANITOOE T, MEHKRESTRE ERARHIT00+350 =

2050 % 7T



[0

EALRARA ¢ o AT

o LK PMEHLRIMEA KRARALE T 52500 FFN0TIR], 125 H RAEG G 69 5 -F I
YE B, R0 TT A4S B A A AR L S 4E 4s

o KAV RG2S 89 F B i 18] Fe — AL 49 PERT/CPM 77 ik >k A%+ 21 B 69 & 3 B
A] 22 HE & o




LR KA SEER Y BRI

FRL: aTHERZAFEEM, BRFSATEILL. Integer Linear
Programming,

& The Management Scientist Version 6.0 - O x

| File Edit Seclution

% Select A Module

" 1. Linear Programming 7. PERT/CPM

" 2. Transportation 8. Inventory

~
~
" 3. Assignment " 9. Waiting Lines
o « 4. Integer Linear Programming ¢ 10. Decision Analysis
r
r

" 5. Shortest Route
" 4. Minimal Spanning Tree

11. Forecasting
12. Markov Processes

9 OK

his module solves the following types of Integer Linear Programs: All-Integer
Linear Programs and Mixed Integer Programs. The program can handle [
problems containing up to 100 decision variables and 50 constraints.




o TIR2: FEERMAXI S IAE; R EZA K EH

| & The Management Scientist Version 6.0 — O *
| File Edit Solution |
-M wing types of Inteqger Linear Programs: All-Integer Linear Frograms and Mixed Integer Pr
Open-— 00 decision variables and 50 constraints.

ir 'Open’ to work with a problem.
Change Modules

Exit i

% Problem Features

NMumber of Decision Variables:

10
Number of Constraints: 2
(Mot Including Monnegativity) 12

Optimization Type : |
. Maximize o ;




. T3 ALIEBIEL KAL)

| & The Managemen
| File Edit Solution

|Note: Deci
constraints

Optimizat

.

ficients, constraint relationship (=,

e Objective Function

" aniable Mames:

#10

Coeflicients:

250

Subject Ta:

Rielation[<.=.>]

Constraint 1

Cansztraint 2

Caonstraint 3

Cansztraint 4

Canstraint &

Cansztraint B

Caonstraint 7

Cansztraint 8

Canstraint 9

Cangtraint 10

Canstraint 11

Cangtraint 12

¥

P I N .

7

O MR @

L I (SR )

o
o

Linear Programming Module

thanged if desired. Enter Objective function coefficients in the objective function portion of the input sereen. In the 1% Integer Variable Identification

. =), and constraint right-hand-side. Do not enter nonnegativity constraints.

0

Right-H and-Side

 All Variables Are 0/1 (Binary)
« All Variables Are General Integer.

 Multiple Types Of Variables

Select 0/1 Select General
Variables: Integer Variables:
X1
x2
X3
X4
X5
Xé
X7
X8
X9
X10

@ Solve Cancel
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. FE|S: IR ATiITAL,

[ ¢ The Management Scientist Version 6.0
i
| File Edit Solution

RA T A

X
e
N
%}:ﬁ

MNew...
Open... e = 350,000
mmw o

Change Maodules 77T T

6.000

Exit 9.000

Ad 6.000

4 9.000

it 10.000

X6 1.000

a7 0.000

it 0.000

H9 0.000

10 1.000

Constraint Slack Surplus

at 0.000

2 0.ooo

g 0.000

4 0.000

g 0.000

3 0.000

7 0.000

g 2.000

g 1.000

10 2.000

kil 2.000

ﬂ Save the Current Problem
A~ » FHEERE s SO0EE (D) > github > course-OR 5

&g - FrEit=s
01-class-reading &=
02-lab-exercize " chp09-crash-machine-LP.LPM
» 03-slide-class
bib |
data
latex
material

mst-proc

MEt-proc e ) R 'mst-proc”

BHER EST

2022-4-22 14:21 LPM 32

1]
o

Faes

1 KB

RN id‘-pﬂg-crash-machine-LD. LPM o
FEERM: LPM File

~ BTt

Integer Linear Pregramming Module
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