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Abstract:

This study aims to build a dynamic programming model to optimize the routing
of waste collection and transportation, and to evaluate the effectiveness of the
proposed model in supporting the decision-making process within the Net Com
Ouargla enterprise. This model contributes to reducing the distances and travel times
of trucks at the Net Com Ouargla enterprise. To achieve the objective of the study,
the descriptive approach and analytical method were relied upon to describe and
analyze the phenomenon. The study area consisted of the Ouargla municipality,
selecting the Garbouz Tazegrarat and Lasilic sectors as a study sample. The forward
solution method in dynamic programming was adopted, using Python software to
model and solve the algorithm. The study concluded that the dynamic programming
model is effective in reducing the distances actually traveled compared to traditional
distances, determining the best route for the Garbouz Tazegrarat sector (Bounoua
Bouhafs Cemetery - Zahrat Al-Rimal Roundabout - 1st of May Roundabout -
Municipal Complex "Smurfs" Roundabout - El-Ksar Hospital Institution - Bab Azzi
- Technical Landfill Center), determining the best route for the Lasilic sector (Water
Company - Sidi Hrir Cemetery - Al-Tabari Intersection - Sidi Abdelrahmane
Roundabout - Bab Azzi - Technical Landfill Center), and reducing the costs of waste
collection and transportation while preserving available human and material
resources.

Keywords: Dynamic programming, Python programming, paths, household waste,
Bellman, Ouargla.
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import math

# 1. 1odll alslo — Network Graph Data

# - oyl )L jpps glhd -
nodes pathl = ["(Leolss) dylam ™, "hasy Gl gs0 g™, "dlay 3323 O'gs2 gene",

"o
D e g e
glel®, "(li) gllill gaan”, "Ll Lawiadl", Mgie oL0", Mo papll 365."]
distances pathl = [280, 812, 140, 220, 405, 260, 2040]

nodes path2 = [Mdedey 8 0de", "Jley b)) glysa e, "g_nl Ol ey g, "8 Liw) gl ﬁ—‘*—’.‘—"“r
";_5_'\|_i..i\_1_..l‘i| ‘L&U-’_-}—'ﬂlﬂr 1!:5_-}_; _..‘I_.‘", rlu_-l_ﬁJl PJJlJl JJH"]

distances path2 = [563, 140, 220, 403, 260, 2040]

nodes pEthE = [1!_.-}|m jJ'Jﬁ J)—_A—':I—#", Hljjlj—’é-“Jl 25'1'—5-“1"1 " )—’“JH"J “..I—_“L"—""—.’“l "o J—'“l—f'ﬁ—.‘“! n J—<J—'°
Pl eI
distances path3d = [1248, BZ6, 490, 1027, 1030]

boo— LY glhi -
nodes A = ["eliadl L60", " o> giuw b i, Mgyl Gkl Gi5e", "Gleepdl we gaaw ",
"é_}; ‘-,‘l—,‘"r ".,;—LLLH PJJlJl }JHH]

distances A = [577, 555, 224, 350, 2040]
nodes B = ["gup)sl ULS", "slol wyp™y Mgpubdl Gkl G, "oleopdl ws gww g, Mol

53" A paydl 36"
distances B = [775, 457, 224, 350, 2040]

python a2, 4 plasaal 4l slae) -yl
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alsyy Net cOm s ge 3 Lladl 3l5) ool Gt (3 2Salyall a2 ) el 2300 auh, )l 1) Lo

i & i e Sl Bty S B0 8 pladl SO Sl 3Cs Sl oSl 35S0 s
Sl 2 e <l (Distances) jles |9 UL 206 gl 4] 21 e jlewe ST (n0dS)Ainy

(53 gl i) (pellad)
3w 56312

2 gy a8ty )l a2l Gl g 1(02_02) o3y 55801

2o gl Jlgoy aSaaligall dmaop Il daajyl oF
Gn(zn} = Min [ Gn-1l(zn-1) 4+ Fi{zn-1 , zn) ]

@ S oS S

def bellman shortest path (nodes, distances):
""”(:J l-.\ -_l_I.J - L . ; SI -II _,' 'I ‘_-‘ LU LI

n = len(nodes)

G = [0.0] * n

G[0] = 0

for stage in range(l, n):

Glstage] = G[stage - 1] + distances[stage - 1]
return {"path": neodes, "G": G, "total": G[-1]}

def display bellman table (res, title):
|FIIII;}IJ' Ij - I EI.‘) - ._ s - .-_Ilj-l_-:" H é—e‘ L L Uﬁ)—ﬁ"""
width = 75
print('=' * width)

print (£"' {title} "}

print ("=' * width)

# n: cpaYl thadell cdlepallG¥: daasStpsll ddluwall

header = £"{'n':<5} {'sad=x 1l (zn)"':<35} | {"G*daaSl il (p)":z<15}"

print (header)
print ("=' * width)

for i, (nede, g) in enumerate(zip(res["path"], res["G"])}}):
# Lelas olaiell an’ asyll yeeb Glodl Gowii 1l
row = f"{i:<5} {node:<351 | {int{g):=10,1 "
if i == len(res["path"]) - 1:
row += " (v Gug )™

print (row)

print ("=' * width)
print (£" sluwall 1Tigl I%all Tl 1l déluail: {int(res["total']):,} ,i.")
print ('=' * width + '‘“n'")

python plaseal 2l slae] e @ gduall

sskas AaSTA DL Ol 258 Gt Ll Lehdaly jlin a8y Ol Aslas 2idy oDl 5SU) oy

Wpe I3 M Al i B3 sy () 03 S) wld Bl U] Sl IO GOV 2k e 39k
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(BT Bl i) od Wl ) o e e s9xt Jgir 3 0 ubos o WD a2 4l Wl

(5 o3 =l L)

SIBE et glad e S Sl Jo Ol Gemjlys dadim pLdll ool 51 g W 368013
Sher J5 i 580 s 2 oY Lo ol o Wb Losill ol i sy beaite Sty el s
Wi gl ailed by o) Ll jlasly Y1 (3 Abolall dhen 5o poi ST Ol deajlss sleazal,

#
#

if

(53 gl ksl (sl

Sl oy akolilly 0Ll derjlys 30i5 39801 g 1(03_02) (3 54800

3. oy Lliadl g st doaisldl

name = " main ":
print ("\n" + " " % 10 4+ " eliall daeysll — ololai bl lisld ol jlee Jud=s"™)
print("’ " % 18 4 u:‘_}_“-L? T el « 1 3 L "‘\n"}

# ol jluall LS olus

resl = bellman shortest path(nodes pathl, distances pathl)
res2 = bellman shortest path(nodes path2, distances path?2)
res3 = bellman shortest path(nodes path3, distances path3)
res A = bellman shortest path(nodes 2, distances A)
res B = bellman shortest path(nodes B, distances B)

# 1. o) 48505 Jaugs glhi gye

print ("ol 43505 jeé glhd Y1 ™M)

display bellman table(resl, "ujlexldl (e Gihil 1 jLuali™)

display bellman table(res2, "(Jie¥1) saday puiée o Gihil 12 jlueI™)
display bellman table(res3, "olaa> Gpide Je Gdbil 3 jluai1™)

# 2. pulawd glhi e

print (Mpodowy plhi Lo 5L3")

display bellman table(res A, " lwall A: {J4e¥1) slaall IS,3 e kil ™)
display bellman table(res B, " luall B: saajysl 4118, e ghsl™)

# 3. (ol lealdl Ladl Laisl) Sleidl paslall

#oaa aogal SN Hluall res2us gulaudly o res_A
total min = res2["total”] + res A["total"]
print("‘“:" + "?"r"?; + |F;|,|"J
print (£7]| ' (Las¥) L ll) 6,Lliaedl ol jlaall ,SLeill galall ":~69} ||")
print (" + "=mx71 4+ ™ L N
print (£"] 1. (5s5s) sk glhid JSN1 Hlaadi: {int(res2['total']):>8, )
G :.”ﬂJ
print (£"] 2. (olsall) gudswy glhil Jis40 ,luall : {int(res_A['total']):>8,}
.L- :.”u-] . J
print ("[f" + "=r*71 + )
print(f"” - Lousl leghiall Lélwall ,Ilas): {int(total min) :>8,} o |..)
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google colab (3 aSslulll a2 ) 5584 o JoY o4 (05) o8y 3oeke

# 1. 4<.all olsl,, — Network Graph Data
#
# o= o503 03L5 3y glld --

nodes_pathl = [*
distances_pathl = [28e, 812, 14e, 220, 485, 260, 2040]

Asslan) Yslandl™, "o o) yas sema, "JIlaes s olaes yens"h "alel ol g™, "(adlhw) gl mamae™, A dlaiiuy !

nodes_path2 = ["s, 55y sauie™, "Jlay b3e3 O's5 sexse"y "elel o055 saxa”, "(UBlow) sl mexe®, " SUiasiwy! dawhae )" S Gl s
distances_path2 = [563, 14@, 228, 405, 268, 2040]
nodes_path3d = ("ol ier Gob Gadikss "wslsked! sagw™; "L seale s, "daadel g™, "2|sle sy™s "oamid! posdi 3Saa"]
distances_path3 = [1248, 826, 4%@, 1827, 1@38]
# -- gudawy gLl --
NOUEESE & [Pt FELE, Y wliew fondds Tesakdll Sulbi il Eaddd® “Hlemadl |ler wlae awnan et sallPs MeAde i miedll 31T
distances_A = [577, 555, 224, 350, 2048]
nodes B = [",u,54) $ILS,", "glal Lu55", “gualll Gkl Gyaas”, "glaral das gaaw jexae™, “gie ola®, "G5 assll 3€54"]
distances_B = [775, 457, 224, 350, 2040]

#

# 2 game X Wl gy Tow cead il e Al cEseapen B Toivary g0 e

=

def bellman_shortest _path(nodes, distances):

s W] B o T D ST B SR T TR SR T dbGia VI rs L anes

n = len{(nodes)
G = [@.©8] * n
G[e] = e
for stage in range(l, n):
G[stage] = G[stage - 1] + distances[stage - 1]
return {"path": nodes, "G6": G, "total"™: G[-1]1}

def display_bellman_table(res, title):

[T

Oyl A lyae oy L@ A BA Laee Sreestiy cpdhiie wlgdis o8 om SU TS V) paagps ™™
width = 75
print (=" * width)
print(Ff" {title} ")
print("—' * width)
oo cmad 1ooTeE aamse Al elils s Vv G gl b Aol 4

haadar = Fo{"n":<5} | L ddiaa11 (Zn)":<35) | {*'G*( ) Tpus| i 31 “zL15¥"

print(header)

print('-" * width)

for i, (node, g) in enumerate(zip(res["path"], res["G"])):
# Loles gl pixdl a5 adyll jueb olea! grwiill
row = f"{1:<5} | {node:<35} | {int(g):>10,} "
if i == len(res["path"]) - 1:

" G lt)

row +=
print(row)

print('-" * width)

print(f" Hlwall Tigl 15all U1l daluwaldl: {int(res['total']):,}
print('=" * width + '\n")

google colab w2 : jiall

BEE)
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google colab (8 &Sslulll 42, 35S RS mos (W 241 :(05) @8y el

3. A5yl @a Wy pma 831l dumis bl

if __name__ == "__main__":

prant{"\p™ e W £ 10 g i sl sa Il Seagpn U = @l alas §) amsldool g ley JulsesT)
print(™ " * 18 + "1 e s> dab o tdalzall™ + "\n")

# Ol jlaall d43LS Ola>

resl = bellman_shortest_path(nodes_pathl, distances_pathl)
res2 = bellman_shortest_path(nodes_path2, distances_path2)
res3 = bellman_shortest_path(nodes_path3, distances_path3)
res_A = bellman_shortest_path(nodes_A, distances_A)

res_B = bellman_shortest_path(nodes_B, distances_B)

#1. oyl 8)L30 j58 glhs e

print("o, 1 ,55L5 35058 glhs :N,1")
display_bellman_table(resl, "&ylax 'l o kil 1 jlwall™)
display_bellman_table(res2, "(Ji.N1) 3
display_bellman_table(res3, "ol ila> 5iias o sdasl 3 ylwall™)

5949 By @ Ga Gl 22 J\la"z‘]luj

# 2, pulawy plhi ays
print(uoliwy glha Lot 5™)

display bellman table(res A, " laa i A: (5o81) slaall 48,3 ;o 33bsl™)
display bellman_table(res_B, " Lus !l B: sisy,0 4105,

# 3. (o jlaaldl JLasl ylaasl) o 3lgidl paxla !
# 9o jouprd Jia¥ jlaall res2. e pulawedly Pes_A

total_min = res2["total”] + res_A["total"]

F"‘l"t{ " fn + "=UE7] 4 lr_l_u)
print(F] {'(Lisi) 55 11) 5550 ol jluall Sleill welati ":269} ™)
F}"if".t{ |r]||:u + "T=UET] o4 -le..u)

print(f"] 1. (5a543) 5e0pf glhEl JiaY1 jluad : {int(res2['total’']):»8,} ,io» ™)
print (] 2. (olaadl) gaaluwy gllal J5isY) slaadl : {int(res_A["total’]):>8,} i I
print("[" + "="%71 + ")

print(f"]| - Sy Fe,bsell S3luel) o Vlap) : {int(total_min}:>8,} ,i. 1"

print("Lr 4 m=txgy 4 vdv)

google colab w2 : yhall
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python (3 aSaledl) a2 ) #558 1is w515 =g JoW o541 :(06) o3y oo

A% s ali ya i

Ao @ 3a 0

— oLyl ai 1 dasldS ) ylaws Jalw s

Bymg= 4dib S5 T ALdljall

Sy 3 83L 5 Hs a2y s glbks

g

Ay Lasm 31 o (Gl 5

1l

n I sad=d1 (z=n) | G*dsast st (p)

o I o O 1 (Lootls ) &yloas= 31

L | p 280 1 G O 35> 5ms

2 | @ 1,082 1 Slwy Byed O yed _ysne

2 I & 1,232 1 shal OV 353 s

4 | g 1,452 1 (> B8Liw) sali 1V mamwa

= I o 1,857 I da Sl amhiwd ! deawoda I

' I e 2,317 1 S3E el

o [ e 4, X577 | P 5 S g2 3<S,.0 (v Hag I1)
258 4,157 = 3l.aa 3 1 ig 1l _15a1l A4l 1§ A SLwaa 1)
(U2 a%1) By s s Byaias e SRl =2 5 licall

n I Basx 30 {=zn) | G dawst 3 1 (p)

Lu) 1 & ©O I B 3333 B pa i

i I g 53 | JLay BFra) OHV yads Jz=a

2 | a 7023 1 wlel GV 32 s

= ] s 223 ] (L3 w) st it Eem 0

4 | o 1,328 1 S - W S R, DREs |

=] | & 1,588 1 P T

= Il o 3,628 1 O S B pay IV 3 S 3.a (o dug 11)
yia 3 . 628 : 3Liuaa 1} P ige 1 1% e 1) 4 2% b I AL.aaas N0

python &2, o2 : jdall

88



EES AR

python ¢ aSaludll 421 =358 Jds 5 mog 3l o541 :1(00) W3y Goke

S e (B R Ra Sl (JFWEa 3t T3 il aaa N1
b =1 1 Ba A= 0 (=xm) I G* A axst 5,5 30 (g
o 1 ¢ © I St e Syl @ 3i - as
x I g 1,248 | Sl 2R e I g
= 1 o 2,074 1 - TR
= I o 2,562 1 P PRSP
= ] e 3,591 1 Z yaolc g o
S I p 2,621 I A I @3 3 IV 35 5.0 (~
3% 4 D,621 = 3 Liaa 38 tige 8 L3 a3 ia.t< 3% 4 an - 3
peat awd Fliad = la st 3
S Luua 10 T (U3 aM1) eluadt dAxy,:m e Sk
n I 3o w2 (=n) I G*i.asi ys 3 (pd
(=] 1 & ©O I s L s a3t Asx 3o
7 1 1 g S77 | } sy~ SAa.s B 3. da
= I & Zoax=mm | A A Bl B GSCE B
3 I & 1,356 1 Olas Il das (Sdrew 3 3=
= 1 & 1.70s6 1 38 by
5 1 e 3,746 I P LS POCT L | [
ks [, TA4E z 3 laa 31 LI SV R e a3 s 30 Sl e 30
Jluallt B: suajysl 4ILSy G0 Gkl
n |l a3zl (2n) | G*sadxll alc (¢
o] Il 2 O I s34t ISy
AL I e T15 l L_jl_ﬂl )
3 | e 1,456 | Oolas> 11 aae Sliw e
S |l o 3,846 | i3 3l po 3 d1 3830
33ie 3,846 : 3Luwall Pigd 131 ARSI A SLaa )

(LasYr SLas31) d)l5%adt O jlaal ) Slgidl gaslall

l. ,3s 3,628 H (Bas5¢2) 330y tl_h_i_l d_‘._g!“jl JLlma It
2 e | 3,746 P (o laadl) gasl s wy &l_b_i_i JS ety Laaa
- 32w T,379 : douaxl ] dc gh iall A 35Luma I .=,_'II_.I_'_J-!

python &2, ol 2 : jdall
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