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100 Trials
Hits Frequen Probability Ev,
0 7 .07 <00
1 15 .15 .15
2 16 16 32
3 33 «33 9
4 10 .10 o40
5 g — .08 40
6 6 .06 «36
7 2 .02 ol
8 2 «02 16
9 1 01 . «09
10 il ., 200 000
100 1.0 3.00 = 3%
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INABENIAINGTY (TAENTOLIUY  FORTRAN Program Tnfou .-
C¢ PROGRAM OP'TTMUM HITTING TARGET
DIMENSION M(10),N(10),FH(11) PROB (11), EXP (11),M8 (200)
DATA TFH, TPROB, TEXP/3 * 0.0/
D05 K =1,11
5 FH(K) = 0,0

IND =1



WRITE (3,10)

DO 1 I=1,200

FC =0

D0 23 = 1,10

GALL SRNIM 1 (DD , 1, RN 1)
M (J) = RN 1 * 100,

IND = 2

CALL SRNDM 1 (IND, -1, RN 1)
K (J) = RN 1 * 100,

™ (M(J). GT. 74) GO T0 2
¥ (N(3). GT, 39) GO TO 2
NC=NC +1

CONTINUE

¥E (I) = NC

WRITE (3,20) I, ME (I)
CONTINUE

WRITE (3,30)

D03K=11

ME=EK-1

DO 4 L = 1,200

1F (3 (L), NE, NNH) GO TO 4
FH (K) =FH (K) + 1.
CONTINUE

CHH = NNH

PROB (K) = FH (K)/200.

EXP (K) = CNH * PROB (K)
TFH = TFH + FH (K)
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TPROB = TPROB + PROB (K)
TEXP = TEXP + EXP (K)
WRITE (3,40) NNH, FH (X), PROB (K), EXP (K)
3 CONTINUE
WRITE (3,50) TFH, TPROB, TEXP
10 FORMAT (1H 1,///50X, 9HTRIAL NO,., 10X, 11 HNO, OF HITS,//)
20 FORMAT (52%, I3, 17X, I3)
30 FORMAT (/// 40X, amns, 5X, OHFREQUENCY, 5X, 11HPROBABILITY,
5X, 1O0HEXP, VALUE,//)
40 FORMAT (/41%,1 2, 7%, F6. 1,9%, F6.3, 9X, F 6.3)
50 FORWUAT (// 41X, SETOTAL, 3X, F7. 3, 8%, F7.3, 8%, F7.3)

STOP
END
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3 51 0.255 0765
b 38 0.190 0,760
5 19 0.095 0.475
6 3 04045 0.270
7 1 0,005 | 0,035
& 0 0,000 0,000
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Data to be Collected
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FIRE POVER Light Artillery Rounds
Medium Artillery Rounds 4}
Missiles Humber
Helicopters Number
Fighters Sorties
Bombers Bombs

' _dropped
MANEUVER Personnel lfumber
Rifle Séuads Number
Mortars Number
Machineguns Number
Recoilers Rifles Number
Tanks Number
Adbance Meters
ENVIRONMENT Temperature Degrees
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Data to be Collected Engagement A -
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Width of Front Meters
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Cover Open~Closed
Terrain Type
INTELLIGENCE Energy Strength Personnel
Energy Intentions Estimated
right-vwrong’
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1m7ﬂfﬂﬂ"ﬂ’\fﬂﬂﬂ'ﬁﬁun7m ﬁmeﬂ‘“.lﬂlﬂ~Uuauh'1ﬂ‘3ﬁa~lu9'u > Wﬂﬂuﬂ’)ﬁﬂu Hﬂ

M711HW"9~ (737 lumsuan (Changing the timing of production runs)
P
-y
mz UHW’“'W‘UMW“" (Changing the size of the runs) uazlnums Lafavy

nmﬂwauanmumm‘muaaan (Changes in promot::.onal effort or Sales
5 ! fifum
Inducements ) TaAny 01 wari Sy

uu':m‘mhn'luL:mmrmuauaummnaonﬂahrqurn tT'l?"ﬂ‘BQMT‘IDV“IU')U
: [ ]

urﬂﬂw'mmiwmuanmmam'zumq " umwnaqmr taunau‘nwﬂ: -nunmv

L 4

v.n‘uﬁmnnmu (Constant Rate) wunaauuummrnmmtmnn 12,000 -nu/ﬂ

68, Robert J, Thierauf and Richard 4, Grosse; Op. cit; P, 183

69, Sasieni, Yaspan, and Friedman, Operations Research: Methods
and Problem, P, 70
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nealiy 6 m~:mrwa-mmmmnwu unu W five g7 'lu'enn 1000 m/ \heu
181 mmlﬂuvm mmﬂﬂnm u‘mmm‘mt u.nmmrmn'a’wawmmmumuu

[ ]
aum‘tﬂt.mmmh (Lead time) 9992 awm 1aflwnen vnu naYnY 1 PRInAT
[} v ¢

puunﬂ'mnnq 500 mlﬁ 'lum:mniwmrnaqmnmawnnauvqmuv:'lmu
[ ]
ms tun’lm nmua'l«n'lnnnﬂumnn'm.wn'lvm'ln mAve 1mm’1uuamnnnmﬂmn

S 1
»
T q = Order size of any item (Quantity of Inventory)

e
o §= Average Inventory  (feszam 3 Lngeunugeduna

- P
AYNAGININUA)

- ot v:
oy 17909z 1nU0e Average Inventory Al

B
§
E |
4: Average
B N - T } Inventory
g a/2

. WA,

1“ﬂﬁtﬂﬂﬂtmﬂlfﬂ0$ﬁd Inventory uunrav*nVﬂrmnnqnﬂu Economlc
Lﬂ“ﬂ?'ﬂﬂfutn lﬂrﬁ‘lﬂu1ﬂutTﬂQiﬂﬁhﬁﬂiﬂfﬂﬂNﬂttﬁ?'

ring Cost (EOQ) "
fﬁum vnuwanhu'lwm'lmummn mnaemtmmmm’lumré’qime
(Order Cost:) n‘mmwaqiummq 7 (Carrying Cost)  Waswilfunu
[ I |

a“ﬂ‘lﬁ‘h"‘tﬁﬂu (Avera,ge Invent,ory) “lf’lﬂ‘)f?'“f’\n ﬂ'l“ lﬁu Q'ﬂf’lﬂ\)aq

]
neﬂwm‘m mmamnmmn 'lumummmnu Mn'm{mamq'lumumlmrmu

n'nnd'ﬁumniwaqmq “ ﬂrmuxuau, A1 TUFLNNALDY u.nmm'lumri’qumq
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» ] l

nuunnﬁuqsu 187 (ﬂa1ut nu nquulrﬂvav-naenqnﬁmtuu1~aum%n tﬂﬂuﬁ. nﬁt

ﬂﬂﬂaiiﬂdﬂﬂﬂﬂ, Tﬂﬂﬂﬂutﬂﬂﬂﬂ ua-nﬂaqaauaqnnan ﬂilﬂﬁﬂ1fﬁﬂh1ﬂﬂi EOQ

Hine
. . anaafen @
f. NIV E0Q  LAUITRIALN  (Algebraic Method)

L$1926779 EOQ Model  IN®

% _
Im Q = Economic Ordering Quantity (Optinum number of units per

order to mininize total cost for the firm)

€C = Cost value of one unit
I

Inventory carrying cost (Express as Percentage of the value
of average inventory)
R = Total anmual quantity requirements

Ordering costs per order placed (Set up costs per run)

[ ]
wuu'n-'(n Total inventory carrying cost Mm;nmn'lui

Average Inventory Quantity X Cost of carrying one unit of inventory/year

Total inventory carrying costs

R
2

& .
wis § x(CcxI)
2
[ s
e o Total inventory carrying cost = g cI
| 4
Yrmseifinfuirfasln  Total ammal ofdering cost YihgRImalifi

Total anmual ordering cost = Number of order per year X ordering

cost per order

]
D'a Ol



e o Total ordering cost =

¢ 8
UNLUBIIAN

Ordering Cost

... Q
g =

QCI

2
Q CI

seo Q

t M DTS A1) c
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S

O 1

. L]
Total Inventory Carrying cost (WITU Total

B s

Q

285

Q

2RS

28

oI
& 'EEE N X E RN NN N J (1)
cI

o & ' : o o 'v T
uune EOQ Model uUys@UMUIMUIIZMAY Q,R,S5,C uas I AaumT
]

= $1,00, I=20% R = 8000 unit Uas

s =) 12.50

| 4
2N EOQ Model (79 ln

=
>
o
F»)

n

16000 x 12,50
0,20

1000 unit

1000 unit
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: |
9. MMM Eoq  1nTBnTM  (Grephie Approach) gl

Total
Cost

Ordering Cost

Number of unit (Q)

A. MIWAIMEBY Bog  IMUATMTAY  (Tablelar Approach)
ﬁemne;ﬂa;‘w
per | lot iversge | Ca [ P W
year Siza Inventory Charge 20 ‘per order year
per year
1 8000 4000 B 800,00 B 12,50 #812,50
2 | 4000 2000 400,00 25,50 425,00
4 2000 1000 200,00 50,00 250,00
g 1000 500 100,00 100,00 200,00
12 667 333 66,00 150,00 216,00
16 500 250 50,00 200,00 250,00
32 250 125 25,00 400,00 425,00
£




. A - - ¢
3, MMM Eoq  IntlaiaTossuaudionnTelind  (B0Q and the

Computers)

¥ ” 4 ¢ X
Tuprenrat 110199: =NB4 14 L ATDIRBUNY mutmu'lum TATUIUMIAT EOQ
[}

Modsl BN nr'rmtam'mnmn uwﬁnaanﬁmw wazyrl AT L

L] : v l ¢ v ] v
tn‘lf d'mufmsmv ant 01111‘1!! nouum 1’1‘! lhtﬂ manm INBT L2WUTIY unﬁm
4 ] : 70

d a
mu Namnuuu TaoR99707990  Flow Chart 7798791

Update inventory for
additions, withdrawals, and

Wustnents
Continue on
Update Usage during 2
Inventory recorder period . processing
Quantity
e

Edit and print out purchase
order for E 0 Q

70, Thieurauf and Gfoase; Op.cit; P. 194
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: v
quyfily ¢ = 500 Baht
I = 20% We  0.20
R = 365
§ = 20 Baht
o ¥ o i , Q
A 1799zl Inventory carrying cost = 3 CI
= $ x 500 x0.20
= 50Q
U82 Opdering Cost = g s
= 36 x 20
Q
= 7300
Q
¢ « Total Inventory Carrying Cost = 29 . 50 Q MrALIL
‘ - “ ‘v < g v e Tig
WR1 EOQ ¥ Optimm @) TasseuRainaruy tr‘n:nr:m&umummnah‘u.-
[ ] ' l
1, taﬁnmmawamm qQ W'a EOQ uul‘aa
[]
2. MWAMMA TAC = Total Inventory Carrying Cost  T4UMW
’ 71
3
uLTun Total A.mma.l Inventory Cost il
0 ] v )
3, MM Q mxum.uau
k‘. mu‘nmm mc anﬂn
o ¥ o o ¥ = ’ ¥ e
5. mmrn!' unnumm TAC AT INAINUATILTN mmm‘mtwu

LI [}
nnwaumﬂ?ﬂmauwmwm 3 3N ua~mﬂﬂamwu # " mma'nu

& 4
ﬁfiﬂ?:lﬂh‘\iﬁ‘! “TAC MUINTULTIY 7 ﬂWﬂlﬁ‘Uﬂ‘\ﬂtﬂﬂQ‘l’H?ﬂ

L 4 J
tRoveslamages nrolalnezed ac  MOR T8 Q W i
St ¥ g ]

2 -
I Optimum nin

71, McMillan & Gongalez; Opecit; Fe 9
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8
A .
tni'm'trm'izm 1ﬂumm FORTRAN uanuunnu'lumrmmw*nm

o
203.Q IAAdU

¢  INITIALIZED Q AT SOME SMALL VALUE
Q@ = 2,0
C  CAICULATE TAC 1
TAC1 = 7300.0/Q + 50.0 * Q
C  INCREASE Q BY 1.0
Q = Q* 1.0
¢  CAICUIATE TAC 2
TAC 2 = 7300,0/Q + 50.0 * Q
C  COMPARE TAC 1 AND TAC 2
IF (TAC 2 = TAC/1) I, 2, 2
2 Q =Q-~-1.0
 WRITE (3,10) Q, TAC 1 _ i
10 FORMAT (103, 12 HOPTIMM Q =, F 8.2, 2 X, 14 HMINIMUM TAC=,F5,1)
STOP
END

: | 4 -
uazn‘mmrm'itm Flow Chart LEAITUNDUNT LIUU  FORTRAN

" [ ] :
‘Progrem  Infianalal
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START

Calculate TAC 1

N

QR=Q*1.0

CALCU LATE TAC 2

§O TAC2> TACL Y | WRITEQ,
TACL
nn'[urumumemuu trﬂmn:naﬁ‘nu'\zummn " ‘l'n*m‘muuq ‘[m
t*a'lum TAC mwm‘ln’lﬂ Compare muwtumammnmﬂum TAG 1 ﬁimn

’[num’taﬁuwmuu‘lqmu augv’ﬂmﬁu sra  Aasuareesiduulyzpnry
'FORTRAN odanolafl

BIGNUM = 999999.9
DO 2 I = 2,100
Q = IQ



MC = 7300.0/Q + 50,0 * Q
¥ (TAC - BIGNUM) 2,3,3
2 BIGNM = TAC
3 18 = 1Q=1
, WRITE (3,4) IQ, BIGNUM ,
4  FORMAT (5x,12HOPTRMUM Q = , 13,2x, 14HMINIMUM TAC=, F8,2)
STOP
=

. L]
w B . & o
AQUULFATIEWATOLTON  FORTRAN  Usunsusmiiignrialy Tunrdd

4 YN
20491T0INTMA BOQ Tnunaui‘:mar‘lmﬁ

v
irln

+ 2¢ Total Anmual Ordering Cost = = §

1, Inventory Carrying Cost =

o

CcI

€ = Cost value of one unit = CPU (Cost price per unit)

I = Inventory Carrying Cost as Percentage of the value of
average inventory = UHC (Annual unit holding cost as
a percent of the Cost price/unit)

Q@ = Boonomic Ordering Quantity (E0Q) Wi®  Onder Quantity
in unite

B. = Total annual guantity requirement
= DPY (Demand per year in units)
8 = Ordering Cost per order placed
= CPO (Ordering cost/order processed)
TAC = Total Inventory Carrying Cost W%i® Total Anmual
Inventory Cost

168
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2
%9 mc = S cor+ B g
B Q
yie TAC = (ngHCxCPU)" (D—gxx GPO)
dTAC = UHC x CPU - CPO x DFY
- Q°
%Y UHC x CPU - CPOXDPY = O
: &

UHC x CPU

- ' “
e Q 1[2;0?0 x DPY)

o g 8
it warotouiiy rortray  1Usuntulaluguia 4 1y t%amm
[ ]

4 [ ]
£0Q WiomeY nfonalifl

BIGNM = 999999,9
Do 21IQ = 1,10000
Q = Iq
TAC = UHC ® CPU * Q/2 +#CPO * DPY/Q

IF (TAC-BIGNUM)2,3,3
2 BIGNUM = TAC
y = = 1R-1
WRITE (3,4) IQ, BIGNUM
4 FORMAT (2 x, 12HOPTIMWM Q = ,I4, 2x, 14HMINIMUM TAC=,F 8,2)
STOP - '
BD '

d° s ¢ . g
ﬂmn'mnnmn‘w i | Hﬁ UHC CPU, CPO uas DpPY ua'nr‘m

-
hu-wm-mmne B0 ma Q ‘ln'[num -n«nﬂ'umrmnaummmmn’lumt

umTqmndnnrnmumu swmitag
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¢ L 4

< ' P
uue uanvwn B0Q Model nqnnﬂauﬁuaquu a3l qu,uoael B
Model naunumﬂr-unntnﬂnur.unnu 2 Wut:aquaoauhﬂnenae tmu nﬂtuan L“ﬂ11

lnniun1 u:aaaauenqnee (Production for Stock) 14? =3 Model unnnﬁq
]

nuaan1ﬂ unye ﬂﬂﬁ411ﬁﬂﬁu uﬁﬂﬂﬁﬁ?lﬁuﬁﬂﬁﬁfdﬂuﬂiﬂﬂﬁdnﬂfﬂ ﬂﬂﬂﬂﬂfﬂﬂ?:uﬂﬂﬁ“ﬁ
] H 2

iy Tnnaunaqutnar nquaﬁauwuaqmqau Tiuﬂﬁﬂﬂrﬁhqlﬁﬂlﬂv1ﬂuuutﬂd
]
ko547 ﬂ@n41unﬂun1ruvnv1u (Distribution Problem)

o ' = R oy a0 82
nan1:nna$1v1ﬂv 1ﬂqr:unnﬁruan9ﬂunu331q1r vy fem RN

[ ] »
unnﬂ:nqunui%nvﬂnuuaqcan uqiﬂ?unrvvqnquadTﬁwavznaqaﬂﬁb571:mﬁ1ur1uaz

4
12uama nwvﬂaqrxnautﬂnnqﬁunaonﬁtinun 9wu1uuu1unﬂaqd15i%q 3z 199N
[}

4 ¥
51und1n uo.tudinﬂ:.nnunnnananmnﬂaeuan\n 1Qluﬂ1nﬂtﬂﬂﬂdt1ua=LﬂUhﬂ14 )
t 4

lﬂﬁ1uuﬁ1ﬂ1 ﬂﬂﬂﬂfﬁﬂ1‘ﬂ9ﬂ!ﬂﬁ1ﬁiﬁﬂﬂ“ﬂh1ﬂﬂﬂﬁiﬂﬂ71ﬂﬁﬁT?nﬂq?-unﬂﬂtaﬁﬁﬁwu

1nna\ﬂﬁﬁtaq

o 44
1nn11wuemu1u11munﬂ@uqlnuqnnanunﬂruvnwﬁuunna PERT System
$

3 *
FIWAUIIINAMY Program Evaluation and Review Technique '“‘lmm-n

: .‘VV
nﬂrqnn1rutun4unﬂ f.f. 1958 Tndln:qnqrntnuaaenaqunttn FamdenEu g

Yia
s Inanta anguaﬁnﬂrsaq pERr  UNMBMINEUAMIUNIIN Gentt Chart

LY (g;ﬂ)

[© O] |
@@ e
@ _®] |m=-
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* 99N Gantt Chart FIUULANIDINATUINTILIINATLA

@D —@ ur QD urz Q>0 'luuf:az Taslk

AB U8z ¢ nwehnl
L 4

; : .v & » o
M Cantt Chart mu'n'lumgnnuaunv:‘ln (Bagi)

().__..< :) ‘ Tesk A .
@-—-——»@ Task B
Task C

Tieno : 3 e "

_U8SYAN Gantt Chart ~ U9zlig PERT network In (Aog)
Task A
T* B
Task C

<4 a &N - w
1 (@D M -ynITuM (Starting point) uaz (§) Rayngawy
(Ending point) ‘

> o L] L L >

J ¥ D
9 DIWINMILTA L1 0INUIDITANAIANIUAINYENAWITY  PERT network 14
L
(aa;ﬂ)
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L LIRE tmmmwuuum:uvnnuiuaqna m‘mmr ?‘\ﬂj‘\\llﬂlﬂﬂﬂt”ﬁi
3

'lﬂudnm-n, W.2, UNTWUN, 9AT, DU, b I8 v s Do -neununmnau'm
]

mMs dwuma«mn mvv-nquaﬂnv‘lﬂ PERT System nfanelal

1

0,30
‘M 3 o KKT
0440 0.30 1.00
TR L - i KT
0.40
1.50 1,00
oD - NEKP

; w&fmtﬁ'lﬁnmnunnmmmq 1 umv-tﬂu'lﬂuanm..nwtﬁ - S
v.mmr.mﬁtnvnunnamununauwm (vmmmq) lﬂauuﬂummnrmn (yniay
) T Tnudusanneutiles B¢ Tannsziiion 10 Taras - umswuy vTeneuiiies
lunnd luges - unmm wrontuilee 1ANATS wmu Tunana - Taras liuarwu

Nv.?x'\{Qn 19 ma'm T S muumnua'lumt‘lm PERT System Satdury
'l\fh‘\m'wnuuibzuvnﬂuiwm aum mamtmtuumnmmnmm
1n 9 o 1ﬂ-uﬂr=immmqnmsn
e mnmm.nr.uu (PER‘I‘ Analysis)

amgn'mr'm PERT Network mu-um‘mwwum tﬂu'lumurﬂ
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;ﬂuum PERT network

s 8 :
-
foll Activity M9 9 nwpl wasifuvm @Q———a() ez

@—>® nuanl
‘ J - .
intosmuny (O A2 Event g 9
fs Earliest event time

é ﬁu Time between events

f 4
t799:1n  PERT Network %ngﬂn (m;ﬂ)

;ﬂuam PERT network—earliest event 'allowable) time Tn

)



| 4
&) NUM Expected time: Qussyyses pERT  YEMBRUMT
v L}
W1 Epected time INTISYSABIUTY Expected time 1w 9929 Earliest
e :
time(Tg) UO% Latest time (Tp) noly

1 t. i Expected time

™ .“ L] L) :
= Potaeduignl o lulguarTA (most optimistic)

N

< 4 o4 4 -
b o= ABLIBVUMNEN BN YINURUATTR  (most pessimistic)

3 4. ” < - =
g = fotaeainzl979z1aTen U (nost 1ikely time)
» : e
1779:1n Moder TBY T AW

‘7, = atinm+d
6

¢ 20 |

P1999 most likely value mnz‘m‘\mﬂmmmemmrzﬁum‘muaﬂn
v 2, v £

8 tﬁugzﬂ AVNM UYL  (Skewness) WANMIINU 198 Nommal Distribution

| 4
Curve, Beta distribution 787 vurs (g

B A

Most likely
(s) %) _(e)

a) Normal bell shaped curve b and ¢ Beta distribution (Unsymmetrical
in one direction)



M9

B : t 4 L
<
eauginely uanaluiindenime 1 a, b, mU8E ¢, N Beta

W02 Tomal distribution  (g1)

e=4 m=6 t.‘-7.2 b=15 a=4 tem112 m=12 =15
{Uudnd Beta distribution—t, to ' rﬂu.am Beta distribution—t, to the
the right of most likely left of most likely %ine due to
time due to the time . the time factor m.

factor m.

b) MUY Earliest U2% Iatest event time Tne3anarAal

time 994 event NEU + Time between event § )]

s
= Earliest event time 129 event _1ﬂ 1 L‘hfﬁj earliest event
: .

g M@ = 1.0+40

540

Tp @ = 5.0+3.0 = 8.0

w ¥ -}
unt Bvent Fd Activity 2 DT 9:MRIAIITUMA Activity
an‘luuummnuan -,

; k. g
event “u 6. 7 ‘ﬂ“m

T " ® #2nfs 5.0 « 3.0= 8.0

i 6.0 + 105 = 705

§
<

P - .
. o (711220 8.0 (ummrmu.n)

s0¢ @ T2 nufe 6.5 +1.0

A

1] 6.0+ 305

75
93

Tg
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" L
e iTmen 9.5 (:1mmn'tiqn)

r w @ 2 e 8.0+ 25 = 10:5
M 9.5+ 4.0 = 13.5

o a <' 4
e o 71220 13,5 (MRWANVER)

8
- » ¥ ¢
- §UMIWY latest Event time . UU 1FANYITAN fal

o § i v v
-« -« e - < -« =
ABNTT L2DNLABWBUNALMALALIMATULTALIADN T Taum Tnufn
e > 8

v ..
& s :
(RluMIuNAT AL LBAL987  Time between event apeen oMl 2 nrdl
> |

' v
aa ' ¥

& ?
| @ (4
'luimaammnmmmuﬁuia'n (Remzewil Ty 1ULRQ)

] 9 R P
o

2 4
TN Bvest (@ naneugonslimaiufesle
‘e :

Tnudt  (gp)

;xlu.am PERT netwrk—ILatest Event time(T)
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J | I | &
¢) MM Critical Fath  NBITMIWAINN 7 TUALE)
(5, » T ) tnm«nmunmn. a’nnnumq'lnm.ﬂg,n“inumrmnn
- Event T L ey ure e
S =T, -~ Tp =0 (Slack Variable) L83 ¥ 72\ \¥
J ‘. \ -;.‘:"l ‘,..L_:,'l. '<C' /
- TTUZWIMITINGN NS £
d ' R
3 sisrvezin 1 umr e Rougnamn1g 9 LasM  Slack (S)
1.3: A
nAaY

PRECEDING ' o SLACK
EVENT EVENT te Ty, Tg Tr-Tg
s 0 0 0 0 0
0 1 1,0 1.0 1.0 0
1 2 4.0 7.0 | 5.0 2.0
1 3 5.0 6.0 6.0 0
2 4 3.0 | 11.0 8.0 3.0
2 5 £ | s 6e5 2.0
3 & 15 | 10 8.0 3,0
3 6 3.5 9.5 945 0
4 7 2,5 | 13.5 13.5 0
5 6 1.0 9.5 945 0
6 7. b i 13.5 0
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Tuprens tmmvrmmma TE ues T amqqqmnmmm-ﬁ
[ ]

M 9 v-uﬁ:d'uauﬁ'u
v

1ﬂnun nqnu ﬂﬁ’i:%ﬂ1ﬂu1ﬂﬂﬂﬁ7dﬁﬂlﬂuﬂﬂﬂ1tnﬂuﬂﬁtﬂ€ﬂ1ﬁénﬁfi naqﬂr-unnn

L} [}
qucuqn’lumrm.nmm‘:m PN e, uaz T, mam Critical Path

4 ’
ﬂﬂlﬂ ?Q'ﬂﬂﬂ@ﬂﬂﬂﬂ lﬂtﬂiﬂﬁﬂﬂ1lﬂ@?tlﬁ”ﬂﬁ?ﬂ%ﬁﬂﬂfﬂﬁﬂ?ﬂﬂﬂhﬁ Tn ugs 1
B ’
1“?-%41?01”15lT?QQﬂUﬂQ@ﬂUhﬁU Mﬁqﬂﬂ171ﬁ4uﬂuﬂﬂidﬂﬂlﬂuﬁﬂﬂﬁf Uh11u4ﬁﬂ

¥ 2
117 tﬂumrmuum}’qmnqdwmmnm:muu UuLad

mqmm (Event) , ¥ 9 mmm ULAZUIINT 3 Event

v 4 > - 4
3. mrlswTomeuiiinerewluniriiarazvrzmy PERT
72

(Computer Model for PERT Network Analysis)

'
a) MMM T, (Barliest event time) ¥ Flow Diagram for

Determining TE's in a Network (IP = Immediate Predecessor)

(g1

72, TIbid, P. 29
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Flow Diagram for Determining TE's in a Network

(I = Irmediate Predecessor) "“Wf,ﬂ

doed network inte
EVENT(N, M)

muaber of

final avenrs lue IP

Sot PATH (1) equal 1o

final event

Set PATH (2) equal 1o

Store TEof 24 1P in TE2 &
esmcioted varionce in VAR2

h-[s-n-n:vu-n -+

| SetNwpravieus N |

Set EVENT (N,7) =
TE2 + EVENT (N, 5)
& EVENT (N,8) =
VAR2 + EVENT (N, 6)

Store TEof N in TE4A &
amocicted veriance in VAR4

4

Compere TE3 with TE4'
¥ TE3>

Set Event (N,7) =
TEl # EVENT (N,2)
&L EVENT (N,8) = [€
VARY + EVENT (N, 3)

L

]

Compare K with number
of final event

. up

u[;.::': .

S m'"'n'“h'"}—_‘_-_ﬂ,v.
[ Updote PATH (K) | “Srore TEof N in TE1 &
Associcted veriance in VART
; [ Sor N = 0 T 1 TR
Set N = st IP
of Nt 24 1P Store TEof N in TE3 &
"f* Mclddv-iucminVMJ
Inquire if TEof 2d | W r—
IP is knoww [~ Ya ~ i ifNbsa2d 1P |
|
w],v- el
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4 .
I79870ATOLTUY  FORTRAN Program  ‘WOAIUINMAS  Sorting
8

&
o o -
WIMges Ty T event 1n 9 lnre
Program Segment for Calculating and Storing TE!'s for All Events

DIMENSION EVENT (100.20), PATH (100), J(100), E(100)
NTOTAL = 0,0 .
100 READ (5,1) WUMBER, (EVINT (ITUMBER,N), 11=1,8)
1 FORMAT (16,8F6,1)
NTOTAL = NTOTAL + 1
IF (NUMBER - 999) 100,2,2
2 NTOTAL = KTOTAL -1

E=1
PATH (K) = 1.0
N=EVENT (1,1)

IF (EVENT(N,7))4s4s5
4  E=R%1
PATH (K) =EVENT (N,1)
N=EVENT (N,1)
GO T0 3 |
5 TE1=EVENT (M,7)
VARI=EVENT (11,8)
K=K~1
F=PATH (K)
TE3=TE1+EVENT (11, 2)
VAR3=VARt + EVENT (I,2)
IF (EVENT (N, 4) )6,6,7



6

10

EVENT(N,7)=TE1+EVENT &, 2)
EVENT(N,8 )=VARL+EVENT (N, 3)
G0 T0 11

K=K+1

PATH(K)=EVENT (N,4)

N=EVENT (N,4)

IF (EVENT(N,7))4s4,8
TE2=EVENT (N,7)
VAR2=EVENT(N, 8)

R=K~1 '

N=PATH(K)
TE=TE2+EVENT (N, 5)
vmﬂmm(n,é)

IF (TE3-TE4)9,9,10
EVENT(N, 7)=TE2+EVENT(N, 5)
EVENT(N,8)=VARS+EVENT(X, 6)
GO T0 11
EVENT(N,7)=TEL+EVENT (N, 2)

: nvm(n,s)=vm+mrmr(n, 3)

IF (K-1)13,13,12
K=K-1

N=PATH(K)

GO TO 3
CONTINUE
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¥ - L P
#auginlugadlutings Flov diegram for Recording Idemtity of
Tmmediate Successor (IS) Bvents (ﬂ"wl;ﬂ)

Taltializs EVENT (N, 9), |
EVENT'(N, 10),
EVENT (N, 11),

BVENT (N, 12) ot zer0

NeN+] - Nel
A 3 15 L 3
Set L= N's 1P
Set Jo N 24 1P
"
< Inquire iF N hos o Ist 1P !
| VYes
.
Sot U et S ot N o] inquie it Lbas o 10 15|
i Yes
| setiaseann |
)

N
L

N 'V&-Yu
1 rahuscuNWmtha-.msJ

. ; \ g II&Y.
Carms-en ]

R

= R

D o4
Ue: FORTRAN Progrem  JB4MATAMUINEI  Slack vz13uuln
- 'wd

DO 39 N =1,NTOTAL

PR

39 EVENT(N,14) = EVENT(N,13)-EVENT(X,7)



‘17

19

DO1/N=1,NTOTAL
EVENT(N,9)=0.0
EVENT(N, 10)=0,0
EVENT(N,11)=0.0
EVENT(N,12)=0.0
DO22N=1,NTOTAL
L=EVENT(N,1)
J=EVENT(N,4)
IF(L)22,22,15
TP (EVENT(L, 906, 16,17
EVENT(L,9)=N
EVENT(L,10)=EVENT(N,2)
GO TO 18
EVENT(L,11)=H
EVENT(L,12)=EVENT(N,2)
IF(3)22,22,19

IF (EVENT(J,9)20,20,21

* EVENT(J,9)=N

EVENT(J,10)=EVENT(N,5)
GO TO 22
EVENT(J,11)=N

| EVENT(J,12)=EVENT(N,5)

CONTINUE

DO4M=1,NTOTAL
E(M)=EVENT(M,7)
DO3L~1,NTOTAL
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A=E(1)
L .
DO, 24=2,NTOTAL
IF (E(M)-4)41,42,42
QA A=E(M)
K =M
42  CONTINUE
J(L)=K |
43 B(K)=9999.9

p) NITRWIEHIN T (Latest Event time) TR
T |
Flow disgram for detemmining TL's in Hetwork 1naau

(rmgi)

r“ﬂ'ﬂulu-v‘l e ® l
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| Ne
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o] e
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e E - :
U8ZL7A6WAT 0190 FORTRAN Progrem  IWOATUIWUES Sorting
L}

: Vi .v ] :
wm o w tannrale 7 Tnnans i
Program Segment for Calculating TL's of BEach Event

K=NTOTAL |
EVENT(1,13)=EVENT(1,7)
N=EVENT(1,1)

23  IF(EVENT(N,13))24,24,29

24, IF(EVENT(N,11))25,25,31

25 M=EVENT(N,9) =
IF (EVENT (M, 13) )26,26,27

2 E=Ksl
PATH(K)=N
B=M
GO 10 24

27  EVENT(N,13)=EVENT(M,13)~EVENT(N,10)

28 §=PATH(K)
IF(1)29,29,23

29 DO 30 N9=1,NTOTAL °
IF (EVENT(N,13) )24, 24,30

% o

G010 38

31 M1=EVENT(N,9)

~ mr(EvENT(M1,13))32,32,33

32 K=K+l
PATH (K)=x



33

34

35

36

37

38

c)

N=M1

GO TO 24

M2=EVENT(N, 11)

IF (EVENT(M2,13))34,34,35
K=K+1

PATH(K)=N

F=M2

G T02,
TLA=EVENT (M1, 13 )-EVENT(N, 10)
TL2=EVENT (M2,13)-EVENT(N, 12)
IF (T11-T12)36,36,37
EVENT(N,13)=TI1

GO 10 28

EVENT(N,13)=TI2

GO TO 28

CONTINUE

Turunturaums A umy 'rg, T, U082 Slack 929 PERT

8
- -
Systen 1n % Aanalifl

100

DIMERSION EVENT(100,20) ,PATH(100) ,E(100),J (100)
DO 600 K=1,100

- PATH(K)=0,

NTOTAL=0,
READ(5,1)NUMBER, (EVENT(NUMBER, N) ,8=1,8)

FORMAT(16,8F6.0)
NTOTAL=NTOTAL*1

186



IF (NUMBER~999)100, 2,2
NTOTAL=NTOTAL-1

. )
rAm(K)=1. |
E=K+1 |
PATH (K)=EVENT(1,1)
N=EVENT(1,1)

IF (EVENT(N,7) )4y 4s5
E=K+1

PATH (K )=EVENT(N,1)
N=EVENT(N,1)

G0 70 3

TE1=EVENT (N,7)
VAR1=EVENT(N,8)
E=K-1

N=PATH(K) -
TE3=TE1+EVENT(Y, 2)
VAR3=VARI+EVENT(N,3)
IF (BVENT (N, 4)6,6,7

EVENT (N, 7)=TEL+EVENT(N, 2)
EVENT(N,8)=VARL+EVENT (X, 3)

co 70 11

E=K+#1 :
PATH (K)=EVENT(N, 4)
N=EVENT(N,4)

IF (BVENT(N,7) )4y 4,8

187



10

0

TE2=EVENT(N,7)
VABR2=EVENT(11,8)

K=K-1

N=PATH(X)
TEL=TE2+EVENT (N, 5)
VAR/=VAR2+EVENT(N, 6)

IF (TE3~TEL)9,9,10
EVENT(N,7)=TE2+EVENT(N,5)
EVENT(N, 8 )=VAR2+EVENT (N, 6)
GO 70 11

EVENT (N, 7)=TE1 +EVENT (N, 2)
EVENT(N,8)=VAR1+EVENT(N,3)
IP(E~1)13,13,12

E=K-1

F=PATH(K)

GO 70 3

CONTINUE

DO 14 N=1,NTOTAL
EVENT(N,9)=0
EVENT(N,10)=0
EVENT(N,11)=0

. EVENT(N,12)=0

EVENT(N,13)=0

DO 22 N=1,NTOTAL
L=EVENT (N,1)
J1=EVENT(N,4)
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17

19
20

2

25

26

IP(1)22,22,15

Ir (EVENT(L,9) )16,16,17
EVENT(L,9)=N
EVENT(L,10)=EVENT(N,2)
GO 10 18

xmr(;,u)w
EVENT(L,12)=EVENT(N, 2)
IF(J1)22,22,19

IF (EVENT(J1,9)20,20,21
EVENT(J1,9)=N
zvmrr(.n,m)zm'r(n,s)
6o 10 22
EVENT(J1,11)=N
EVENT(J1,12)=EVENT(N,5)
CONTINUE

K=NTOTAL

EVENT (1,13 )=EVENT(1,7)
N=EVENT(1,1)

IF (EVENT (N, 13) ) 245 24,429
IF(EVENT(N,11) )25,25,31
M=EVENT(N,9)

IF (EVENT (M, 13) ) 26, 26,27
K=K+1

PATH (K)=N

N=M

GO TO 24
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30
k) 8

32

33

34

35

36

3

m(u.n)-_-mmrm,n)-zvmr(n,lo)
N=PATH(K)

IF (1)29,29,23

DO 30 N9=1,NTOTAL

H9 , ot

IF (BVENT(N, 13) ) 24, 24, 30
CONTINUE

GO 70 38

WI=EVENT(N,9)

¥ (EVENT (M1,13) )32,32,33
E=K+1

PATH(K)=N

=Nl

GO TO 24

M2=EVENT(N,11)

IF (EVENT(M2,13) ) 345 34,35
RK=K+1

PATH(K)=N

2

GO T0 24 5
PLI=EVENT (41,13) ~EVENT(N, 10)

| TLO=EVENT(M2,13)-EVENT(N,12)

IF (TI1-T12)36,36,37
EVENT(N,13)=TI1

GO T0 28
EVENT(N,13)=TL2
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39

G0 10 28

CONTINUE

DO 39 N=1,NTOTAL
EVENT (N, 14)=EVENT (N, 13) EVENT(X,7)
DO 40 M=1,NTOTAL
E(M)=EVENT (M,7)
DO 43 1=1,NTOTAL
A=E(1)

m d

DO 42 M=2,NTOTAL
n"(x(u)-a)u,z.z,z.z
A=E(M)

K=

CONTINUE

3(L)=K
B(K)=9999.9
VRITE(6, 44)

FORMAT (1H1,HEVENT NO.,7x, 2HTE,7x, SHSLACK, 7x, SH7ARIANCE)

DO 45.1=1,NTOTAL
§=I(L)

WRITE(6,46)N,EVENT (,7) ,EVENT (N, 14) ,EVENT(1,8)
Fom'r(m,zz,]3,3:,1?6.1,4:,5'6.1,7:,36.1)

STOP
END
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1. Modified distribution methed (MODI)

2, Steppingstone method using the Northwest Corner Rule

3. Steppingstone method using the Northwest Corrner Rule and
Inspection

73¢ Robert J Thierauf and Richard A, Grosse, Opcit; P, 296



4e The Key Value Method
5, The Simplex method of ILinear Programming
6. The Mutually perferred method
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Example of Different Transport Misgion Profiles

Mission Cargo Distance | Rumuay length| (feet)
(1e1) Take~off Landing
Deploy Troops Men 300 5,000 5,000
Deploy Equirment Tons 300 5,000 5,000
Re~deploy Forces Men & 50 0 0
Equipment
Transport Supplies Tons 75 5,000 2,000
Alyr Evacuation Men 200 5,000 5,000

| 4
UBNYANTLFATIRIITEAT AL IR

ﬁv
nazauaenlenatly 4

o ] - v
S 9aezlruae o

K rof U 2
Mission Situation
i Build-up Re=gupply Phase-out
Deploy Troops 3,000 men 0 2,000 men
Deploy Equipment 4,000 tons 0 3,000 tons
Re~deploy Forces ' 0 1,500 tons 0
Transport Supplies 600 tons 600 tons 600 tons

'
T
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v ]
equation) Inludnuzaunarinly Al
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Mission A B (o}
X 300 5000 5000
: 300 5000 5000
Z 750 5000 2000
s

b v
il 4,B; ¢ U Vardable 29 Distance, Take off  Uas
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Y. Simplex Method  WIfUIATRIAENHILMRT GNAIVTAN Matrix
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984 Iinear Programming La'umu

w o = A

- Program

% % 5.5 0 e
o - T 0 0 0 0

R % 0 0 15

5 3 2 0 0 120

5 10 15 0 0 1 100

. T V. TP
19992907 Solve  IntluiaTaameuiainer Inels  FORTRAN

v'a'«;nhﬁ' .

¢ PROGRAM FINDING OPIMUM SOLUTION BY SIMPLEX METHOD
¢ NI, v = SIZE OF MATRIX

DIMENSION 4 (10,20), RAT(10)

WRITE (3,10)

READ (1,11) NI, NJ

READ (1,12)({A)IX,JX), J¥=1, NJ), IX=1,NI)
DO 20I=1,10

WRITE(3,30) |

WRITE (3,14)((a (n;m),azq,m) (x=1,NI)
WRITE (3,15)

¢ TEST OPTIMUM SOLUTION

K=0
D0 2 JY = 1, JX
1F((A(1,JY))-0.) 2,22,22

22 K=K+l
2 CONTINUE
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25

IF (K - JX) 3,23,23
STOP

FIND ENTERING VARIABLE
= A(1,2)

DO 1 KX = 2, JX

P ((X)-(a(1,KX))) 1,21,21
X =4A (1,KX)

# =K

CONTINUE

FIND AND TEST RATIO
PO 4 B0 = LIX

RAT (KC) = (4(KD,1))/(A(KC,M))

IF ((RAT(KC))=0,)24,24,4
RAT (KC) = 5000,
CONTINUE '

FIND MINIMUM RATIO

Y = RAT(1)

DO 5 KD = 1,IX

- IF((Y)-RAT(ED))) 5,25,25

Y = RAT (KD)

N=K

CONTINUE

MOVE OUT VARIABLE

B = A (N,M)

DO 6 KM = 1, JX
A(w,RM) = (a(w,®4))/(8)



s EPrBEEEBER

¢ CHANGE BASIS
DO 7 MX = 1, IX
IF (MX-N) 27,7,27

27 C=A(MX,N)

DO 7 NX = 1,JX
A (MX,NX)= A(MX,NX) - (C) * (a(x,NX))

CONTINUE
CONTINUE

END

FORMAT (2 I 3)
FORMAT (8 F 7.1)

FORMAT (/33X,8F 8.2)
FoRiaT (///) ’
FORMAT (33X, SHCUR.VAL,5X,2HX1, 6X, 2HX2, 6X,201X3,
6X, 2HX4,6X, 20X5,6K, 216, 6X,2HX7)

[ ] i v :
< - nu -
Faoanln  (Output) YSBANUMIUUAIU

TABULAR REPRESENTATION

CUR.VAL X1 X2
0,0 400  =5,00
15,0 1,00 1,00

120,0 7,00 5,00

100,0

3.00 5.00

?3
9,00
1,00

3.00

- 10,00

b
-11.00
1,00
2.00
15,00

x5
0,00
1,00
0,00
0,00

FORMT (///53X,THTABULAR,3X,14, HREPRESENTATION,///)

X6

0,00
0.00
1.00
0.00

0,00
0,00
0,00

1.00

201



202

CUR\VAL X1 X2 X3 X x5 X6 x7
73.33  -1.80 =1.33  =1.67 0,00 0,00 0.00 . 0,00
8,33 0,80  0.67 0433 0,00 1,00 0,00 =0,07
106,67  6.60 433  1.67 0,00 0.00 1,00 =0.13
6,67 0,20  0.33 0.67 1.00 0.00 0,00 0.07
CUR.ZVAL XL X2 3 X, x5 X6 x7
92,08 0,0 0,17 =0.92 0.00 2.25 0,00 0.58
10,42  1.00 0,83 042 0,00 1.25 0,00 ~ =0.08

" 37.92 0,00 =1,17 =1.08 0,00 8,25 1,00 0.42
458 0,00 0,17 0.58 1,00 ~0,25 0,00 0,08
man n @ ®//MGIuy B B W
99,29 0,00  0.43 0,00 1,57 1.86 0,00 0.71
7.1, 100 0,71 0,00 0.71 1.43 0,00 0.1
46643 0,00 ~0.86 0.00 1.86 -8.71 1.00 057
7.86 0,00 0.29 1,00 171 ~0.43  0.00 0.14
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