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11 Mill2 300 40000 Find Missing
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5 il 16.00 600.00
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L | _>|J
For Help, press FL _Nom [ —1

Link Data | bLs )| sleosls 55,5 o,l5 5!, Network 2000 l53le 5 Jass -V S5

B Example0 - Network2000 ==l % |
File LinkEditor SaleEditor NodeCy
DEHsbi| & 2N
Sale Editor ==
Line Entynode | Destination node | Timbervolume (units) | Harvestyear Iii oK
1 Sele3 SuperMil 20000.00 0
2 Selel SuperMill 10000.00 0
3 Sales SuperMill 500000 0 Cancel
4 Saled SuperMil 25000.00 10
5 Sale? SuperMil 15000.00 10
Row or Colurn
Delete
Import Text File
Export Text File
Sorthy Column
Interest Rate (%)
4
L | _>l'j
For Help, press F1 [NUM | A

Sale Data U (54,8 (sboools j0,5 5l (5!, Network 2000 l58le 5 Jao -V JSCo

Routes 1 oo LG -

Joz o o e B0yl Routes s

S 52 4 )bz b o 5l sz slees 5l
b Ol gi e Suid )0 09250 slrails S
) SR b e sl BBl Gl s ol
L3845 GOLY, G2, G4 5 b | > T A >

NETWORK 2000 glaoedls 29,5 —

4w Jolis NETWORK 2000 ,l58l0 5 >9,>
Routes, Links, Sales :col 5

sloools sloslawl L Job aw cpl 5l slas 12
Cwods Link Data 4 Sale Data cwond )0 35> 90
=5 Jlisan 2 gl b aw e 5 sl
ey li8le



b Jas e slaazy e o5loazgs sl NETWORK 2000 15l 5 5,15 Yos

S92 ge yewe Lok (5l g UK b e sl
2 L e S ol ST A 50 sl Sl
e Ologeds Fan3e o5 e 9 35 o0 dulie
D oo SN S 90 (5 0 Koz b Sl e
7Bl e Aty e g e (2 e deldl o
oz e -l e g Jhg e dnge o eS
&ly 5o il 0 0051 gl SRz 5k o sl
Crz glie 8,5 S (g o Kz )b yo sl
Bl e g JBgJer A 5l oa a5 0ol Sty
Jlo)l sl anss G famlio GlS 050 oz jlade

! 9 Sladgs

slagsb @lp AL,U (p Fowblo g (o e -
ObwdS 5 5,101 839> (5 l0 S

cdled glo J Kz 7, b VY S 8ol ol e
(S slog, b ol dwn le jlauS
3 dCwl 5 as 3l SIS @l IS s
Sl BB cn e raln g Olhgs BB
Dy p Dy 092 Jo>

slagsb slp 45,5 (2 owbe 9 o2 e -
Solw J5 8,191 8592 5, lo S

Cdld 4 g o Kz 7, b V(S 5l pl e
BB s S )l fSr ik sl o5 adsiie
S S G sk Gl oy S
o8 i1y g 00 s 0050 o Fglxi VoS ol
Sl adgiin (1S, Sl A6 el
39 ) S JLS 555 0 5l s olo S slag b
Sl s w2 S morz B (w2 g (5l9)9d)
5 oS sl 5oz &5 -0 6 lsJKm slag b
ol AV GBS b bl s e sl
o s ol ol (g o )iz b (6l 5 cos
Jwsl cmglgl jo ol S s (g ymg—zr 4z )8
35508 518 ogz slees sl

A S0 bz bl L e (nl I S
St ol )d 9gzge laals )l 5l (S g £9,0
o e sle b ples 09h o0 i Caio
slasl cdle L as g b Xe 7,b 4w 3>
i (S e 055 dizgen,) GOLY, G2, G4
QS o gl p5ad 5 LS o )T cailoads cols
P AS Grio 4 axgi L g se a5 (92 5
SBycn pred g (LS L akes S S oo )5 o
on 4 willg o0 0SSz slagsb des WS (o
Lo g aisS Jlo)l a9z gloos sl daails s
Sl slagsb m Sdlas aiSgaze Jule
JBgJer sloanie (Koo &jlear Culadls )5
@9 Loyl 8 Joo s (2 i 800 e

Sales J 1 & LG -
Routes LB ;0 a5 oo s lon ( B (pl jo
C)_Io — 6‘)—’ H‘? O ] 00 00)5" o]
aS Cowl onis QLA(’ WO RORVIY A sd)bJ.i;.?
s i Lgs o fo 1y s o atyso (S
Sales Jls ;o a5 ol ) Routes ;1 L Sales
sloayze) 1S sleasie ol Koo gis S
Ol @Bly )3 013 2925 o8 (iie sladinze § Sl
03,51 dtnge (6Lo s (lsicas g o JSiz )b o
o=l o as JSd e ulel p jas (i 0l
slaa e iale b ogs ol sl sawl L8
e 2 55 03 )90 Sl slaanso Hlais j5e
b 2 )0 05290 L e 40 de] Casddy
e 2 Sln S A0 50 B ogd o0 0 po syl S0
slada e 0,50 Cansds gl @8ly jo 0] Cansa
Sl glag b Y game p> (Jig fo S
e S LS Sl 6l 9 055 (o0 )18 Sl 3550




Yoy Y5 B VFL domio ATAY Gl oF 6yl ooty Jlo el SLISiz ezl o]l JSiz il

It S NICH WS L OFT IR SO0
Slasi palS g Jdig e (A slodise rals
el 8o a1z b sd e yre ool o b ygeals
Ao aS vl oad gl cealy g0l sla b,
S S e Gl S (g S e w8
NETWORK 2000 l5-8l0 5 5l oslieasl o jss, 52!
loaizjo b oo s (piiz &5 (63,190 ;0 &5 ol
A Bl 4 Al 052y Dgr Dgliie Glape
SoS s G2yt P 6l (6 S e
S e

Jle—b ooz b ¥Y o Uy (28 L
DL YA eSS yo ooz Jlo)l sl j2S
JBgem 1y yoms VPAY 0o 13 (092 mbio
a3 yieS Lol s 50 45 018 0929 g
PYNE e ape (p iy g caSoyte p Jb) V70
8o 5l eslawl Lyl caSa e 1 U,
it 3] yoms YOY £5-azs ,o NETWORK 2000
SIS b o sl a5 ob Sl s VPAY
45 GOLY, G2, G4 (5 o |5z 7, b aws 3> )
Sl (A )y 9z Wilgl o alls IS VF oy Ladd
i ildingy JEg e dije L 5l aS Al IS
VAo aige i Oygo 5o a5 Wad
coSeyie p Jby TOYF-+ g Conl oo JUo,
S e brlon aS Ceul o0l 57 dd o by 4
oy =S Ly aiS oo Lo Macdonald et al. (2004)
syban Ladasje (g o 5o (20510 (Al
A3 et b eioren g lioe SR (6 pSetix
DN Jake 15, 15 48 L) S e JS
e i ol 51 S e (oIS slag b
SISz oy e sl s S e Sl IS
JBgdom duze Sl 5l ane e Olgre 4 50
e 9290

Arian et al. (2007) s.aos ailes 55 Gudos ol
sloos sl 8 5058, as glaals )l o)y 4
G 55 a8 Sl ol Lyl 4l s

Loz sb @lp GL,U (p Fowbo g (2 e -
Rebgi J5 8,081 858> (55l0 Yoo

cleb g alSin b 4 o LS 800l oyl o
9 St &S sl Kz ik slp oS wS o
lime BB wy)lan o5, 0 )b 2k
o=l Sl S slag b 4 slp g o) o
Caiog i iS wos olpl &80 L8 5L S ol
C8 y oo ME E8 b 550, b bl Jleds
gl S 99,5 (S Sgel Sz e iy
w55 A5 (o yde Sonp baSiils 5 (25 (b
SYlogz Jlo)l slp codl o 59 ooz olnl 4Y
T

slaz,b slp 4,0 o ol 9 (0 e -
NS U5 8,101 859> (5)lo 5o
cdld gl J Ko 7y VY (JS B Ml il
S oS slag b gl 45 wiS o
e S g )lio )b f S &S g le
5115 c0gS and (610 0 ;g S b g 390
S o slogyb lr el osr plio
S s e aln i (9l e0g) (sl sl ]
b5 sl ple oS b g abn! | s>
S b oS gk gl i) o mle
Sl g Boz 265 5 ooz &5 )5 09 5o (5500 00 00
Sl ol e BB S 6)l0 o0 &80
Zaslsl 58 MDF )l 315 (piagall sl (isles
3558 oo 8 YT g oliw )

o 5o el Jiig e (S glio o

adg jo anie ol slaaiie 5l ails IS o)L
ey Al g o Glaisels 5 ol o
ST S SO K L ST YU | P R JURRIV I
ol A8 o mlio ez ol )5 cnlple

Oty lapis i 5,LS sla g, 4




b Jas e slaazy e o5loazgs sl NETWORK 2000 15l 5 5,15 YOA

b e Sl 3lse (B (] yo 4
Lo ) o Tos i 5 00 o) Jiig Jo
50S Gy ae (oLl ) et (g o JSix
oads a3 S a5 o gz o 5 (Cgz gloos g8
Bredstorm & Ronngvist (2007) w—>,a .ol
dile as use S ohb (i yasbin Sl (o
cloasse il s NETWORK 2000 33l 5
B 5 o8 o] slaasb s s oy Jilis
Si8le s ailas Slaz 0 LS c il 02y
Loz, b Sladg ud b s NETWORK 2000
2 WSlF e (Jy s oe )18 Slaine | gl R
L solodSir slag b oo g Loasls )5 cod b
slotudgasma jl (Ko onl 90,50 Sl s plojen
5 p=lo ebany lsle 5 cnl andl cunl lisle 5yl
Cemlalgsgase (nl (95 b p g A8 >
a2 sl Sl 55 45 Wgiaas ol 51 oolizal
295 Ghe) S Ol oo Gl )0 09l oe AL
2 S oyl plgrear Gdiod (nl g Sl drwgs >
Silmdntr (g sbaghy, ol 5l (e 3leisrs:
Wil (SzsS pad deanie als g Ji fo
5 i Olidon (sl (ogb Wl e g Con
5 )18le 5l eeS 5 sl esliinl b (g B ol oo
Sle (e ddaily 50 Lo g Lol Sle
2 oleye |y a5 2ol g ol slaes 5l 8
Sly 31y 5o slacusgae g o )lpe b g 285 LS
P aShlan azg L cwl 55 0Lle o5 ldle 5
slaashl el b Ja b edgw dge ol
JgJom g3o50 oo aBlo &S5 (ol (K
ol 1) adgs slaas o 5l Glaiz ae cslosl>
Goedan 308 sl ©)go o Ty ad e
Conl £5-Sg0 (il o528 K03 (ezmen el
LS 9 5590 4 Gl g Sl aalsS ool

Sgr dle> isn pl o ol caslow doas s

5 Laasls I8 5l solaes Loos Arian et al. (2007)
Y )‘..\.S.A o‘).o.:ba\.g —9> 3..\.2.;53)..4;: PN ('::L,..o
sl 00 e Le:.;‘ 6)..5)‘)3 ulin 9 UYTUP
8asS B yae sloals IS doen gudow ol jo Js
sloz b oYsaow jlas Lo le_.aaoo”—l)_é
Sate ol jemdy wisS o eolainl Jlad g lo K>
o> Cilus o2 gl Jaig Jo 5,90 ;0 (VYAY)
s QR )3 1y 6,88 slagsb b e o
Sl ool a3 3 e o L 5 (VYAY)

4 4w ,o Ghafarian & Sobhani (2007)
L St sloaize gl 5 ol Jlo>
G—a>s NETWORK' 2000 I3 8ls , 5 5l oolaiul
Ay bols Al b Jlig Jor dje als
slryb sl sz Glosysld e o e
A4S S g o b Jow ol g )b X
zobw ;0 (89, y0 laddwo,S b yelS L
2 Sldes gl g0l 08 bwsio s Sz
4S5 (Sy5m0yd 3,05 Fodemmy 5 gy el
s 45 (50,50 ;o NETWORK 2000 ,;3le 5
S,ls

d_w; yo Gronalt & Hirsch (2006) s.iss o
5 039 Lo bl w¥losz Jais oo (ol s
oo a8 )5 b o JB slaygmls oS> rals
«l— Flisberg & Liden (2007) iz ,o .cwl

‘Laso.x..:.?‘) )_w J._w 60)‘9.0 J.o.:gJ,oo (_g)L.uW
odb aud 5 L o calize byl g daxie slogyd



Yoq Y5 B VFL domio ATAY Gl oF 6yl ooty Jlo el SLISiz ezl o]l JSiz il

Dodd, M., 1990. Reducing transport costs
through truck scheduling with the aid of a
linear program. Decision schedule of forest,
University of Canterbury, New Zealand, 82 pp.

Flisberg, P. & B. Liden, 2007. A hybrid
method based on linear programming and tabu
search for routing of logging trucks.
Scandinavian Working Papers in Economics,
Computers and Operations Research, 36(4):
16-28.

Ghafarian, R. & H. Sobhani, 2007.
Optimization of an existing forest road
network using NETWORK 2000, Croatian
Journal of Forest Engineering, 28(2): 185-193.

Gronalt, M. & D. Hirsch, 2006. Timber
transport vehicle routing problems:
formulation and heuristic solution. Research
Proceedings 2005, Springer Berlin Heidelberg
New York, P; 61-66.

Macdonald, T., B. Rumimer, S. Taylor & J.
Aalenzuel, 2004. Potential for shared log
transport services, in Proceedings of the 24th
Annual COFE Meeting, 115-120p.

Marshall, H.D., 2005. An investigation of
factors affecting the optimal output log
distribution from mechanical harvesting and
processing systems. Ph.D. thesis, Oregon State
University, 211 pp.

Murphy, G., 1990. Computer solutions to route
scheduling can reduce trucking costs, New
Zealand Forest Industry, 21(8): 21-29.

Murphy, G., 2003. Reducing trucks on the road
through optimal route scheduling and shared
log transport services, Southern Journal of
Applied Forestry, 27(3): 198-205.

Ronngvist, M., H. Sahlin & D. Carlsson, 1998.
Operative planning and dispatching of forestry
transportation,  Linkoping Institution  of
Technology, Sweden, 31 pp.

Shen, Z. & J. Sessions, 1989. Log truck
scheduling by network programming, Forest
Products Journal, 39(10): 47-50.

Weintraub, A., R. Epstein, R. Morales, J.
Seron & P. Travwrso, 1996. A truck
scheduling system improves efficiency in the
forest industries, Interfaces, 26: 1-12.

&lw

S o ccwlio YT ile s 9 Y guae
csl o1 B iils ¢ ,u8s Al ly Sladss

5 SSsz plogg cgoe sl wlaie ( D j5 >
oolz a4l (65,4l AV (Ligizs oyl
5 Silwosle sloatie (25,5 L o b o

NeYV-49 (Y)Y ‘C)‘)‘ll S axe ‘(5)“3)%")-9:-?

Kz 55l g AYAY s yai e o L
0p YVF pgs Olo el olfasls ol Ll

u_».x.99.n 9 J.?u r AYPA ‘L)“ﬁ)l—.’ ‘UL‘"W
ol alome S 0 dg pia 50 (510 50 00
MYV Y Y ) el

6L®L;:9) MLM 9 \\“M" ‘Q.:_Ab sdd_s.;
Jos alyl jolate a4y ain00,5 g aipled (5,15 o 4s
Al oSS oje> 0 K> sbrosl> aSliis el

¢ )9 gsll—.{)a ;°9—LC 9 g_r""‘"o @L;.A IRUSRIKY (G ySD
0P YYF (e Canyi olBils

Arian, M., R.P. Vlosky & M.K. Zamani, 2007.
The wood products industry in Iran, Forest
Products Journal, 1(2): 6-13.

Bredstorm, D. & M. Ronngvist, 2007.
Combined vehicle routing and scheduling with
temporal precedence and synchronization
constraints, European Journal of Operation
Research, 191: 19-30.

Carlgern, C.G., M. Ronngvist & D. Carlsson,
2000. Selection of sorting strategies in
harvesting integrated with  backhauling,
Linkoping institute of Technology, Sweden,
410 pp.

Chung, W. & J. Sessions, 2003. NETWORK
2000. A program for optimizing large fixed
and variable cost transportation problem,
Managing Forest Ecosystems, 40(7): 81-86.



Iranian Journal of Forest, VVol.5, No.4, Winter 2014 360

Application of NETWORK 2000 optimize truck transportation costs from forest to
mills in Hyrcanian Forest

M. Etehadi Abari®*, B. Majnounian?, W. Chung?, and E. Abdi*

1 M.Sc. Student of Forest Engineering, Faculty of Natural Resources, University of Tehran, I. R. Iran
2 Prof,, Faculty of Natural Resources, University of Tehran, I. R. Iran
3 Associate Prof., College of Forestry and Conservation, University of Montana, USA
4 Assistant Prof., Faculty of Natural Resources, University of Tehran, I. R. Iran

(Received: 26 January 2012; Accepted: 13 June 2012)

Abstract

Forest operations consist of all technical and administrative processes to develop technical
structures and facilities. Transportation, is the stage where there is greatest potential for
savings, is the subject of this research. The transportation of logs is performed in two stages;
transport from forest to road sides and transport from road sides to terminals or customers
(such as sawmills and pulp mills). The transportation of logs is very costly with a high
percentage, in the range of 15 to 20%, of the cost of timber. From the public’s perspective,
logging trucks are perhaps the most visible sign of forest industries. The problem of planning
the transportation from forest road sides to customers is complex. The goal of the
transportation planning is to construct schedules for the trucks, such that all customer
demands are satisfied on time with minimum trucking costs. From the forest industry’s
perspective, transporting logs from the forest to the mill is becoming the largest single
component of wood supply costs for many suppliers around the world. Since transportation
costs make up a large proportion of the overall costs, even small increases in efficiency can
significantly reduce costs. There is, therefore, considerable interest by forest industries
worldwide in new work procedures, decision support systems that can lead to reductions in
overall transport costs and numbers of trucks on the road. This research objective is to
develop transportation plan to minimize haul costs and determine the cost of secondary
transportation from forest management to mills. This study has been carried out in forest
management in Hyrcanian forest and mill that consume wood products in north of Iran. In
order to determine the total cost of secondary transportation at total 46 forest managements
and 38 mills are considered and are investigated by using NETWORK2000. The results show
that if all forest managements can send their products (logs, pulpwood, fuelwood, and swan-
lumber) to all mills there are 1748 routes for wood transportation that among them minimum
cost is 1600 Rial/m®and maximum cost is 633600 Rial/m®. With use of NETWORK 2000, in
total 368 routes chosen among 1748 routes as optimal cost routes. In this case maximum cost
is 380000 Rial/m®and in this case 253600 Rial/m?® is saved and economized in transport costs.

Keywords: Forest management plan, NETWORK 2000, Optimization, Secondary forest
transportation, Wood industry.
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