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Abstract:

In this paper, proposed algorithm by Ringer, which gives PDF and CDF of PERT-type
network completion time in the form of multiple integrals, is fully discussed. Because these
integrals, in the general case, are not analytically tractable, first a method of numerical inte-
gration called Boole's method is introduced, and it is generalized for the solution of double
integrals and multiple integrals. Also, based on the generalized method, a computer program

is developed.

developed.

Monte carlo simulation approach is introduced, and based on it, a computer program is

Three different complex networks, as examples, are devised. The examples are fully
studied, respectively, by approaches of classical PERT, Monte Carlo simulation, and nu-
merical analysis of multiple integrals obtained using Ringer's algorithm.

Finally, comparisons are made between the approaches,and conclusions are presented.
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Report of D2.NET Network

| t £(t) |
! 15 ! 8.536536E-02 !
: 16 ; 7.582237E-02 !
| 17 ! 6.444553E-02 |
! 18 | 5.386027E-02 :
: 19 | 4.492295E-02 i
! 20 | 3.769043E-02 i
: 21 | 3.190187E-02 ;
: 22 i 2.724633E-02 !
: 23 | 2.346037E-02 |
i 24 ; 2.034085E-02 :
| 25 ! 1.773708E-02 i
: 26 | 1.553841E-02 !
| 27 ; 1.366342E-02 !
: 28 ; 1.205134E-02 |
! 29 ! 1.065618E-02 :

If You See Other Page Press Enter Key ?

Report of DZ2.NET Network

i t i £(t) i
! 30 ; 9.442392E-03 |
: 31 ! 8.381915E-03 :
{ 32 g 7.452257E-03 ;
| 33 ; 6.634943E-03 :
i 34 ! 5.914711E-03 |
i 35 ; 5.278741E-03 !
: 36 : 4.716146E-03 ;
: 37 ! 4.217654E-03 ;
: 38 { 3.775298E-03 ;
: 39 ! 3.382218E-03 |
! 40 : 3.03247E-03 |
: 41 ! 2.720902E-03 :
| 42 ; 2.443029E-03 !
: 43 ! 2.194939E-03 i
! 44 : 1.973212E-03 :

If You See Other Page Press Enter Key ?
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Report of D2.NET Network

i ]
f i
! 3.864936E-09 !
! 1.810613E-07 ;
| 2.737612E-06 :
! 2.450983E-05 |
; 1.502213E-04 !
: 7.054282E-04 !
| 2.570016E-03 |
g 7.429583E-03 |
! 1.730011E-02 !
| 3.288224E-02 :
; 5.360275E-02 |
: 7.290071E-02 g
! 8.640949E-02 :
i 9.041258E-02 ;
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Report of C2.NET Network

Report of

.415831 i
.4972141 !
.567519 i
626617 |
.6758803 :
7170587 |
.7517483 ;
.7812407 !
.8065293 :
.8283813 ;
.847383 ;
.8639919 |
.8785679 ;
8914061 |
.9027434 ;

See Other Page Press Enter Key ?

C2.NET Network

.9127784 i
.921679 :
.9295854 ;
.9366213 !
.9428888 !
.9484786 :
.9534698 :
.9579321 !
.9619247 !
.9655007 ;
.9687056 ;
.9715801 |
.9741604 !
.9764782 !
.9785592 ;

1f You See Other Page Press Enter Key ?

Report of C2.NET Network

i t H F(t) i
| 45 i .9804291 !
! 46 ! .9821098 !
! 47 ! .9836161 !
! 48 ! .9849692 ;
; 49 { .9861811 !
: 50 ! .987266 !

..............................................

For To Go To Main Menu Press Enter Key ?

Report of D2.NET Network

t | f(t) i
45 | 1.774859E-03 ;
46 ; 1.597253E-03 :
47 ! 1.43809E-03 |
18 ! 1.295343E-03 |
9 { 1.167223E-03 :
50 ; 1.052152E-03 !

For To Go To Main Menu Press Enter Key ?

1O 0L F WITH HUMERICAL METHOD
2. P.D.F WITH CLASIC PERT

3 i
i i
! 6.638093E-10 ;
| 5.292523E-08 |
: 1.057485E-06 ;
: 1.149691E-05 !
! 8.472726E-05 !
g 4.636027E-04 !
| 1.975237E-03 !
; 6.753108E-03 !
: 1.894618E-02 |
i 4.445867E-02 |
: 8.864587E-02 ;
: .1540021 |
| .2360506 |
: .326476 ;

If You See Other Page Press Enter Key ?
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Expected time for project completion

in 1000 itteration is: 18,08
Standard deviation= 7,453

t f(t) i F(t)
7.48 10.0260 10.02600
11,30 10,2270 10.25300
15,12 10.3160 10.56900
18,94 10,1930 10.76200
22,76 10,0950 10.85700
26,58 10.0550 10.91200
30,40 10,0300 10.94200
34,22 10.0220 10.96400
38.04 10,0190 10.98300
41.86 10,0030 1 0.98600
45,69 10,0050 10,99100
49,51 10,0040 10.99500
53,33 10.0020 10.99700
57.15 10.0020 10.99900
60,97 10.0010 11,00000
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1974 / 35 ot

1.C.D.F WITH CLASIC PERT
2 B.D.F WITH HUMERICAL METHOD
1 e
-~ O
.9 1 T
.8 e
€.7 '
506 j??
L 6.5 S
0.4 1 ,,r"’ ‘;"
.3 S/
0.2 4 e 2!
d o
@. 1 4.7 /,;"
o J! T T T
o 26 40
t
ACT. NO. : ACT. ! DISTRIBUTION
L H - 2 H Nornaf{ 7,00, 1.72)
2 H 1- 3 ! Eapo.(10.00)
3 H 2- 3 ! Expo.{ 2.00)
4 H - ' Lapo.{ 5.00)
5 H 3- 4 H Norpal{ 4.00, .41}
ACT. NOL At H CRITICAL INIXX
1 H 1~ 2 U %64,10
2 ! 1- 3 ' %35,90
3 H -3 V941,30
+ : 2- 4 Y %22,30
5 H 3- 4 VogmIv.20

B

: f=n2t | R— T 5
T23.432.236.033.743.547.351.154.838.662.4

T ine
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Report of C3.NET Network

- | F(t) |
|0 | 0 :
b6 | 9.837644E-04 !
Lo1.2 | 2.254057E-02 ;
t1.8 | .103661 ;
Lo2.4 | .2566643 i
L3 ; .4518983 g
| 3.6 g .6407796 :
I 4.200001 | .7875475 !
[ 4.8 | .8823078 !
I 5.4 : .9342506 :
L6 ! .9587702 g
6.6 ; .9688252 |

e o — S S

For To Go To Main Menu Press Enter Key ?

Report of D3.NET Network

: t | £(t) |
i 0 | 0 |
| .6 | 7.831233E-03 '
| 1.2 | 6.924255E-02 i
| 1.8 | .2260272 !
| 2.4 | .2603392 !
% 3 | .2880689 !
| 3.6 | .2966804 |
| i.2 ; .189446 !
| 4.8 | .1132193 !
| 5.4 : 6.064865E-02 !
i 6 | .023947 |
: 6.6 | 9.783345E-03 |

. - -~ " . "
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- ‘ ) S TRUITON 1. P.D.F WITH MUMERICAL METHOD
AT NO, H ACT. H DISTRIBUI'ION .
- o P.D.F WITH CLASIC PERT
i H - 2 H Norual{ 0.50, 0.95) 6.3 v
2 ' 1- 4 ' Expe.{ 0.25) 1,5
3 H 2- 3 H Nernal{ 0,50, 0.95) #
3 S ! Expo.{ 0.25) 0.25 - £ '}
5 ! 3= 4 1 Expo.( 0.25) 2? i
6 b3~ 5 ! FEapo.{ 0.25) S o240
7 Y 4= 5 1 Normuf( 0.50, 0.95) oAbl EEE |
4 { % |
.15 1 { L
L ACT, ! CRITICAL INDEX ! L
B 4
1 1= 2 T %3570 8.11 i LN
2 ! 1~ 4 ! ®%4.30 J’ o
3 2= 3 Y %79,00 0.054 | b "g,
4 P-4 C %16.70 { T
5 ! 3- 4 Y s, 30 g 4= =Y
H ! 3~ 5 ' 1470 7 T | S | i T 1 T
7 N Y %85.30 o) 4 8 12 16
Expected time for project conpletion in 1000 t
itteration is: 2.29Standard deviation= 1,146
) 1
to fe) E(t) 1.C.D.F WITH CLASIC PERT
2.C.D.F WITH NUBERICA
0.30  10.0370 '0.03700 1 MERICAL METHOD
0.72 '0.0840 '0.12100 e
1,14 10.0950 10.21600 8.9 1 T
1.57 10,1450 10.35100 8.8 1 P
1.99 10. 1400 10.50100 0.7 7 e
2.41 10,1460 '0.64700 ~ D.6 1 g o
2.84 10.1160 10.76300 2 a5 ! I
3.26 10,0750 '0.83800 w ot o 7
3.69  10.0680 10.90600 0.4 - 7 o
4.11 Y0. 0460 10.95200 6.34 7 /!
1,33 10.0230 10.97500 g.24 " S
4.96 10.0120 10.98700 0.14 V4
5.38 10,0040 {0,99100 o ~
5.80 10.0060 10.99700 : T T T T Y T
6.23 '0.0030 $1.00000 o 2 4 6
Frob. density function t
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Report of CP4.NET Network Report of D4.NET Network

i t i F(t) : : t : £(t) !
! .3 : .002 R : 0005 ;
! .6 : .004 L1 .6 ; .05123 !
L2 ; .179413 P 1.2 ; .5030271 |
| 1.5 ! .369 Pl 1.5 | .555768 ;
i 1.8 j .558657 | ;1.8 ! .543103 !
L2.4 : .776266 bool2.4 : .27 :
L3 | .85043 A ! .15207 ;
: 3.6 H .862065 | i 3.6 | .1023 |
L 4.2 ! .872308 Lo 4.2 g .052184 |
1 4.8 ! .883201 L1 4.8 ! .029865 |
| 5.4 i .895409 ! V5.4 ! 9.119999E-03 1
L6 ! .9045312 L6 ! .005239 !
I 6.6 | .911123 i1 6.6 | .00123 ;

For To Go To Main Menu Press Enter Key ? For To Go To Main Menu Press Enter Key ?
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ACT. NO ! ACT. H DISTRIBUTION
i ! 1~ 2 " Normml( 0.50, 0.95)
2 ' 1- 4 ' Expo.{ 0.25)

3 ! 2- 3 ! Normal( 0.50, 0.95)
4 : 2- 4 ! Expo.{ 0.25)
5 ! 3~ 4 ! Expo.{ 0.25}
6 : 3- 5 ' Expo.( 0.25)
7 ! 4- 5 ' Normal( 0.50, 0.95)

ACT. NO ! ACT. H CRITICAL INDEX
1 ' 1- 2 t £95,70
2 H 1- 4 Vo %4,30
3 H 2- 3 ! %79.00
4 H 2- 4 V' %16.70
5 H 3- 4 t %64,30
6 ' 3- 5 ! %14.70
7 \ 4- 5 t %85.30

Expected tine for project completion in 1000

itteration is:

2,29 Standard deviation= 1,146

t fle) i F(t)
0.30 10.0370 10.03700
0.72 10.0840 10.12100
1.14 10.0950 10.21600
1.57 10.1450 10.36100
1.99 10,1400 10.50100
2.41 10.1460 10.64700
2.84 10,1160 10,76300
3.26 10.0750 10.83800
3.69 10.0680 10.80600
4,11 10.0460 10.,95200
4.53 10.0230 10.97500
4,96 10.0120 10.98700
5.38 10.0040 10.99100
5.80 10.0060 10.99700
6.23 10.0030 y1.00000
Prob. density fuanction
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