121 103 4o ¢ 2021 passats —02 st/ 06 end §

] el atndl gl Sl kS | 00l 0k

i G () | il o | A ] i s} £y Wl i3
Using Dynamic Programming in Network Analysis of Construction Projects

A case study of the construction of a car park at the land station for transporting
passengers in the city of Setif
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Abstract:

This paper aimed to study how using dynamic programming in network analysis
of construction projects. The study was selected for the construction of a car park
project at the land station to transport passengers in the city of Setif, which consists of
19 activities. The project was divided into 6 phases. Using the algorithms of the forward
solution and the back solution, the critical path of the project was found, which consists
of 6 critical activities, As well as finding the return function for each stage and for the
project as a whole, as the period required to complete the project was estimated at 30
months, Through the results obtained, we found that the dynamic programming
technique is an optimal technique in the network analysis of construction projects, as it
enabled to give an accurate picture of the possible information about the studied
project.

Keywords: Dynamic Programming, construction project, Network Analysis, Critical
Path
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Fn(Xn) = Max [rn(Xn , dn) + Fn1(Xn-1)]

N Ao oLl Gl ey ) wsladl Wl Jies :Fn(Xn)
N ol Ulxdl psie Jies Xn
Nal L g dsall Hlall Jieg iy
N A old sladl iy oy
N-1 2Ll A ald GlasY! ope3) ladl Do Sy © Frg(Xn-1)
1(S1) Js¥ Al
1. F;(1) = Max [ri(x1 , d1) + Fo(0)] = Max [r1(0, 1) + 0] = Max [0 + 0] = F,(1) =Om

+(S2) asldl a1
2. F2(2) = Max [ra(X1, dp) + F1(1)] = Max [rp(1, 2) + 0] = Max [6 + 0] = F,(2) =6m

+(S3) AL A L
3. F3(3) = Max [r3(xz , d3) + F2(2)] = Max [r3(2 , 3) + 6] = Max [8 + 6] = F3(3) =14m
F3(4) = Max [r4(X2 , dg) + F2(2)] = Max [ra(2 , 4) + 6] = Max [3 + 6] = F3(4) =9m
5. F3(5) = Max [rs(x , ds) + Fo(2)] = Max [rs(2 , 5) + 6] = Max [4 + 6] = F3(5) =10m

&

SEAEMIRIETARY
Te(x3,dg) + F3(3) r6(3,6) + 14 4+ 14
6. F4(6) = Max 1"6(X4 ,dﬁ) + F3(4) = Max 1"6(4 ,6) +9 |=Max|3+9
re(xs5,dg) + F3(5) r6(5,6)+ 10 3+10
18
= Max 12] = F4(6) =18m
13
r7(x3,d;) + F3(3) r,(3,7) + 14 7+ 14
7. F4 (7) = Max 1'7(x4 ,d7) + F3(4’) = Max r7(4-,7) +9 |=Max|3+9
1‘7(x5,d7)+F3(5) r7(5,7)+10 3+10
21
= Max 12] =F4(7) =21m
13
:(S5) Azl >yl
_ _Tg(x6 ,dg) + F4_(6)_ _ _r8(6 ,8) + 18] _ 3+18
8 Fs@) =Max | . dy) + Fo(7)] =M™ rg(7,8) + 21] T M 2121
= max [;;] = F5(8) =25m
_ T9(xg,dg) + F4(6)] _ [19(6,9) +18] _ 3+18
O Fs()=Max| o dy) + Fo()l ™ M |3y(7,9) 4 21] = M [3 +21
= max [;ﬂ = F5(9) =24m
_ T10(X6,d10) + F4(6)] _ [7’10(6 ,10) + 18] _ 2+18
10. F5(10) - Max[rlo(X7 'dIO) + F4_(7) = Max r10(7 ) 10) + 21 = Max 5+ 21]
= Max [;g] = F4 (10) =26m
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:(Se) Awalud! dl> Ll

r11(xg,dq1) + F5(8) r11(8,11) + 25
11. Fs(ll) = Max rll(xg ) dll) + F5(9) = Max 1"11(9 ) 11) + 24
r11(X10,d11) + F5(10) r11(9,11) + 26
2+ 25 27
= Max |3 + 24| = max 27] = Fg(11) =30m
4+ 26 30

Ol Ay i 30 @ sudy s dlly 4] Jsmsll (Sar (05 Bl e Bilie 5o JasY1 =l (03]
e o 30 o cadaso gy oppdlud) Jad Al Aozl hlwd) CaBg0 £ LAS] £ 9 )b Sl (0
QWIS 58 o3l 1ia 3am sl Hludl Ll auSeabliyadl Ao nld Lola¥l doedl 2a3yl95 2asL

F/(1) 2 F2(2) - F3(3) =2 F4(7) = F5(10) = Fg(11)

Sl B el Gamy il el sladl of s (1) Sl @ Aol ASadl (de Llawdils
:JWIE g2 g9, all
F,1) =/ , F2) =2A , Fs3)=B , Fu(7)=F , F5(10) =P , Fe(1l) =R

A—- B->F->P->R

gy Aanylay LY Ul A hylgs pasel @) Joull I s AST s sally

(ole¥! Joudl s 3,l55) 2uSaaliond] dzmapll Goutall el (03) Jgozel!

- Xl 213|456 ]7]|8|9]10] 11
: 1 0 * * * * * * * * * *
2 * 6 * * * * * * * *

3 * * 14 9 10 * * * * *

5 * | x| x| = * | * | 25 | 24 | 26 | *

6 * * * * * * * * * * 30

Sl slae] cre tyuualdl

Bl 5S35 ol bl (e G MY Sy Ladd 3lass g g, il lda (e do¥1 Al L8 ()

A L) Lol aiall golud 0sS5 wsladl ls o 6 bliad 6 slas] gasass ¥ ¥ jasall Golud 85l
Al Al U Lol o 21 6 (2 &l Ll s d wiladl @lls o6 diley baad A Loladll jlms] posas g8 26lal)
14 ) g 95ddl yae oy Cam il 8 ALl sid Wls 0959 (B, C, D) Al &8 jlms| ciasns aad
E F) ahdidl dn 5les) 2l s L) cieas oo @ B Lladll sa AUl sda § blad Jsbly « y
G F bladl sa d> Ll sda 3 dela] @iy bolid j31g il 7 golaad aly Ll oy wsladl &1ag (G, H, 1,
K L, M, N, O,) aaiil dau lai) cieyas uab duolsdl &yl Ll o i 21 4l w8 ¢ o, all 06Ss on
g9l yas Lol P LLAI ga Akl sda § blis Jsbly wil 5 golud ALl s wslall &lsg (P
bl Ay o> § (Q R T) Aaddl & jlemi) cuiagan (@1 Awosladl Ay L) 1psly o s 26 oS
lia alaly g 9idl gty du blid j57 g9 R LLadll sa Jol¥! Llally y a1 4 golud ALl s
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Lel azms 3] candl Jolpald ssladl Jlss Fazme e Ble g Fordad) ALl wladl Ay Lol Loladdl

w

Y tj)_&l\)\.m! Be (P9 « y4 30 Solud

A Lagall 389 Aueylel oda (&‘..\."u..w. il (954 :‘__,é.lém Jdl da iyl g N.\M’ iwl =-1-3-2 -1V
Fn(xn) = Max [rn(xn ) dn) + I:n+1(Xn+l)]

N s old Gl o3 ) bl Dl Jies :Fp(Xn)

N AU ol Dl psze Jias Xn

N> § dsal) Hlall Jie ody

N AU sladl Jiay il

N-1 & Ladl A ol (GlesYl ooy ) waladl D1y Jiey : Frea(Xne1)
(S6) duwaludl dlsmy L

. Fe(11) = Om

(S5) Aualiel! AL
Fs(8) = Max[rs(xs ,d11) +Fs(11)] = Max[rg(8,11)+0] = Max[2+0] = F5(8) =2m

Fs(9) = Max[rg(Xg ,d11) +Fs(11)] = Max[rg(8,11)+0] = Max[3+0] = F5(9) =3m
F5(10) = Max{r1o(x10 ,d11) +Fs(11)] = Max(rs(10,11)+0] = Max[4+0] = F5(10) =4m
:(Sa) axyldl L
T6(Xg,dg) + F5(8) 16(6,8) +2 3+2
F4(6) = Max TG(.X'G ,dg) + F5(9) = Max 1'6(6 ,9) +3|[=Max|3+3
r6(x6,d10) +F5(10) r6(6,10) + 4 2+4
5
=Max |6| = F4(6) =6m
6
r7(x7,dg) + F5(8) r,(7,8) + 2 4+2
Fs(7) = Max | 1,(x7,do) + F5(9) |=Max | 1r,(7,9) +3 |=Max |3 +3
r7(x7,d10)+F5(10) r7(7,10)+4- 5+4
6
=Max |6 =F4(7) =9m
9
(S3) AI) Ao
_ T3(x3,dg) + F4(6)] _ r3(3,6) + 6] _ 4+6
- Fs@) =Max | e d) + Fo (1)) T M (3. 7) 4+ 9] T M 7 1ol
= max [}g = F3(3) =16m
_ T4(x4,dg) + F4(6)] _ [14(4,6) + 6] _ 3+6
Fad) =Max | . d) + Fol =M |5y a,7) + 0/ =M |3 4 ol
= max [192] =>F3(4)=12m
_ T5(xs5,dg) + F4(6)] _ T5(5,6) + 6] _ 3+6
PO =Max | )+ Fu (7)) T M (5 7) 4+ o] T MAX 510l
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= max [192] = F3(5) =12m

1(S2) Awlill Ao,
r2(x2,d3) + F3(3) r2(2,3)+ 16 8+ 16
10. Fy(2) = Max |1, (x5, dy) + F3(4)| = Max |1r,(2,4) + 12| = Max |3 + 12
r2(x,,ds) + F3(5) r2(2,5)+ 12 4+12
24
=Max |15| = F2(2) =24m
16
:(S1) Jg%" ZLL"-).U

11. F1(1) = Max[ri(x: ,d2) +F2(2)] = Max[r.(1,2)+24] = Max[6+24] = F1(1) = 30m

Wl Aol chled) Cadge sLad| £ 9ydn Slail (e 0L daleg « et 30 9o Jia¥! ddl 03]
Lol aSalipdl dmapll (alsell Joedl 2unsyles Al o e 30 9o cadas Aoy onydlad) Jasd
JWE 58 a3l ia 33> gl Ll
Fs(11) = F5(10) = F4(7) = F3(3) = F2(2) = F1(1)
S 5ute vl 3ams gl godl Sl o s (1) JSad) § Bl 3Scal) e Lyl
:JWIE g2 g9, all

Fe(11) 2R , F5(10) =P , Fy(7) =F , F8) =B , () =A , F,(1) =/
R—>P—>F—>B->A

(bl Joedl dueyles) ASaalipud! Azmapll Goud! Jell :(04) Jouze!

Xn

= 1 2 3 4 5 6 7 8 9 110 | 11
s 1 30 * * * * * * * * * *
2 * 24 * * * * * * * * *

3 * * 16 12 12 * * * * * *

4 * * * * * 6 9 * * * *

5 * * * * * * * 2 3 4 *

6 * * * * * * * 0

Ll slael (o yuall

bl &l eSS o Anladl &Ll (6T 85 Aoy Ll e lelaty] 98w 3paylosedl sda (§ Gy
& R Lladl ga Lpd blad Jsbly y il 4 golud wsladl Ao 0988 dualidl &yl Ll « yiiall 2iglus
A L) Lol P LLail sa Led JobY Lladlly a1 5 J Lglue Ayl ) &l yeld lall @ls 065 o>
Al 2 Al Al Ul oF bladdl sa Led blas Jsbly pal 7 @golud L wsladl &ls 0sSad allal)
O9Sad Jo¥ &> Ul [asly B Loladll ga Led Job¥! Lladlly y il 8 olus Lpd wslall &l 098Gy Al
OsSiud ¢ 9,deall ALl wladl Wl Lof cdazd A LLAIN e goims (29 wi1 6 Golud Lpd wslall als
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