Using Linear Prégramming System for Land Forming Design
o 4 g A RO RRTI L2 RAE

Researcher, Department of Agricultural Engineering,
' McGill University, Quebec, Canada

£ =W
Robin S.C. Lee

INTRODUGTION

Land Forming or Land Leveling for surface drainage and surface irrigation is
modifying the surface relief of field to a planned grade to provide a more suitable land
surface for successfully handle the irrigation and drainage water over that field without
causing erosion. ' e '

Criteria that influence the land leveling are soil, slope, climate, crops, methods of
irrigafion, and the desires of the farmei'- It is desirable to accomplish this modification
at the cheapest cost within certain limits which relate to the aforementioned criteria.

Many methods of land forming design have been and are being used as has been
indicated by Shih and Kriz (1971). Among which four basic methods that commonly
used are: 1) The plane method 2) The brofile method 3) The plan-inspection method 4)
The contour-adjustment method. Each of.these existing methods has its own unique
wa& of determining the best design, but none of them uses mathematical optimization
techniques for minimizing the earth moved in the entire field. Recently, a new method
which is superior to these previously used has been introduced by Shih and Kriz (1971).
It is using the 'linéar programming method to determine the least cost pattern for
moving the earth for a particular design. In addition to a plane surface design, Shih
and Kriz also defined four other types of land forming design which involve broken
slopes in one or both directions. '

OBJECTIVES | B

This paper illustrates how linear programming can be applied to solve a land
forming problem, and the usage of LPS/360 computer routine is also introduced. An
optimal design can be obtained directly from the computer program output.

LINEAR PROGRAMMING MODEL

Linear programming’ is a mathematical optimization technique which optimizes
some objective function subject to certain censtraints. It is- required that all the
mathematical functions in the model are linear functions, and all the variables are
restricted to be greater than or equal to zero- Thus, linear programming involves the
planning of activities in order to obtain and “optimal” result, i.e. a result which
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reaches the specified goal best aﬁ:oné all'féésible alternatives: -
The linear progrwmxm model has ‘a ‘géneral form as fOHOWS:
Maximize (or minimize)

Z=CIX1+’C2X2+ ............ +C.X.

Subject to the restrictions -
A Xi+Au Xgtoeereeeenee +ALX., 2B
A Xa+Agy Xt eeeemeeenee +AX. _ B: ’
Am1X1+Asz2+"""‘f""“"Amnxn £/ Ba !
Xy, Xi, Xgoreereesesserseeressnssansans X, 2 0

where C;, A;;, B, are known constants; m and n are positive integers. The function, Z,
being maximized (or minimized) is called the objective function. The restrictions are
referred to as constraints or restraints. The variables, X, beihg solved for are called
decision variables. ‘

In the formulation of the linear programmmg model in IQnd forming design, the
objective function is to minimize the sum of cuts in the field- subJect to the constraints
of the land slope and the depth ratio of cuts to fills. The desﬁgn problem illustrated
here is an irregular shaped field with five stations in botb row and cross row
directions as shown in Figure 1. Each station is placed 100 ft apart so it covers a
subdivision of 100% ft2. Those stations located on the boundary line of the field may
have a subdivision which is larger than or less than the unit area of 100* ft2, a weighting
* value is then determined for each respective station. The original elevation at each
station is surveyed and is expressed on this figure. It is assumed that the station (1,1)
be the station with highest elevation in the final design, and the umform slope (plane
surface) is desired on both dlrectlons (Flgure 2. Itis”

Cross Row Direction
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"Fig. 1 Layout of the field
Scale: 17=100"
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:Fig. 2 Uniform slope on row and cross row directions.

also preassumed that the required cut-fill ratio be 1.40+0.06 (1.34~146) and the cross
row slope SC=0~0.3% row slope SB=0~0.3%. Then the linear programming model for
this problem can be formulated as below;
Z=0.6X;,+10 X;3+1.0X;3+1.1 )&14+1 2X15+1.0X,,
+1.0X5:+1.0 X33+1.0X5,+0.95X 55+ 1.0X 51 +1.0X ;5
+1 0Xsa+1 0 X3,+0.9X55+10 X41+1 0X e+ 1.0X s
+1 0X 44+1.05X s+ 1.0X5,+1.0 X534+ 1.0X 55+ 1.0X54

Minimize:

Subject to:

—Xn.+ X+ Yu—
~ Xt X+ Y-
—Xja+ Xt Yis—
—Xa+Xea+ Yar— Yo,
— X2+ Kozt Yaa—
—Xos+Xos 4+ Yo~

—Xa1+Xao+¥a—
— X2+ Xss+ Yoo —
- X33+X34+Y33
""‘X:u + X5+ Yos—

Yas—
Ys—

Yi—
Y:;5—-8C=
Y-
X+ Xis+ Y= Yis—
Yo
Yo
";de' Xzs"" You—Yos—
Ys—

Y —
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. "‘X42+X53+Y4z Ysz SB— 81— 94

—Xu+Xa+Ya—Ye— SC 94— 84) o
| —Xa+Xa+Ya-Ys—SC= 91+ 94 >0

—X43+X44+Y43 Yu"SC— 7. 5*—- 9.1 2
—Xu+X+Yu—Ys—SC= 85~ 75] : RS
— X+ X5+ Yeo— Yss—SC= 83820 oot 0 o
— X3+ Xsa+ Year- Y5i—=SC=:. 72—-:83F o - T
—Xsa+ X+ Y= Yss"‘Sc - 82— :721 Loty e

~Xu+Xu+Yu- Yz]~SB ~106— 93\,\‘ o
Xyt Xg+ Yu—Ya—SB=100-106]
_X31+X41+Y31 - Y4, —~SB= 84-100]
—X41+X51+Y41 Y:—-SB=§75~ 84
"X12+X22+Y1z Yzz SB‘ 95— 84
~Xn+t X33+Y,3 Yu—SB= 99 95
.‘Xaz"'Xu‘l'Yaz Yu-SB—- 94 9.9

—X13+X23+Y18 Ygs—SB= 82 79
—Xps+ Xgat+ Yas— Yss—SB= 91— 82
— X+ X+ Y~ Y—SB= 91— 9.1r
~Xu+ X+ Yuo— Y5 —SB= 83— 91 - s
—~Xiu+ X+ Yy~ Ysu —SB= 7.9— 8.3 ’ , S
—Xu+Xs+ Yu—Yu—SB= 75~ 7.9 L

—Xaut+Xut+ Yu—Yu—SB= 75 7& _— Lo Ce e
—Xu+ Xes+ Y~ Y;—SB= 72— 75 . R o e
- —Xu+Xe+Yis— Yis—SB= 85— 83 .

—x25+X35+Y25— Y35—5B= 81— 85 } s S e
~X85+X4§+Y35-Y45—SB= 8.5— 81 .
- =X+ X5+ Yes— Y5~ SB= 82— 85}

0.6 Xp+ 10X+ 10X+ 11X, +12X,5+ 10X+ 10X,

1.0 Xops+ 1.0X,+0.95X 5+ 1.0X5 +1.0X 52+ 1.0X 55+

10 Xp+ 09Xs+ 10Xa+ 10X +1.0X 0 +10X ot

105X 5+ 1.0X5+ 1.0X 5+ 1.0X 55+ 1.0X5,+1.1X 55—

1.34(0.6Y 3,4+ 1.0Y,,+10Y 353+ 11Y 1 +1.2Y 5+ 1.0Y,,
+10Y:5+10Y5+1.0Y5,+095Y 55+ 1.0Y 5, +1.0Y 5, +

10 Y+ 10Ys+ 0.9Yast -10Y 4+1.0Y,+10Y, e+

10 Y. +1. 0°Y45+ 1 0Y51+ 10Ys+1.0Y55+10Ys+1. 1Y) >0
06 Xu+ 1.0X;3+ 1.0X5s+ T1Xyi+ 12X+ 10X00 + (1)
1.0 Xpo+ 10Xps+ 1.0X540.95X4-1.0Xs + L. 0Xso+

10 Xop+ 10Xs+ 09X+ 10X;+F10X ;3+10X 5 +10X,,
+1.05X 45+ 1.0X 53+ 1.0X 554+ 1.0X 55+ 1.0X 5,4+ 1.1X 55— 1.46

(06Y 11+ 1.0Y;,+10Y 3+ 11V, 1215+ 1.0V 5 +10Y,

+ 1.0Y,+10Y:+095Y,5+1.0Y4,+1.0Y5,+1.0Y55+1.0Y,,

+ 0.9Y5+1.0Y 0+ 10V +10Y 5+ L0V +1.06Y 5+

10 Yyt 10Y5+10Y5+10Y5+11Y,)<0
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SCx+00
sc< 08
SBS+0 0.
“SBL 03 e .
Where X., depth of cut at station (i,j) in terms of ft.
Y.;=depth of fill at station (i,j) in terms of ft.
SC=cross row slope in terms of ft/100ft.
SB=row slope in terms of ft/100ft.
Constraint group (I) and (II) assure that the slopes between each individual
stations in cross row and row directions are equal to SC and SB respectively.
Constraint -group (M) makes sure that the cut-fill ratio is within upper and
lower limits. Constraint group (IV) sets the restriction that the cross row
slope, SC, and row slope, SB, are within desired tolerances.
The decision variables involved in this program are the cuts X’s, fills Y’s and the
design slopes SC, SB. Since the objective function is to minimize the sum of cuts by
depth per unit area, variables Y’s, SC and SB are not contribute any to the objective.

However, they are treated as art1f1cxal variables with zero coefficients in the obJectwe
function.

COMPUTER PROGRAM DESCRIPTION

This problem is sloved on IBM 860/40 digital computer using packaged computer
routines. A special data input format is required to input the problem data and to
construct an input data deck'for LPS/360. The LPS/360 provides the user with a simple
yet efficient means of solving linear programming problems as is demonstrated here.
Detailed information for preparmg a problem data deck is provided by the IBM
Program Description Manual (see' References). Fig. 8 shows schematically all the
necessary cards required for program control and system control in order to produce
an output report for the solutxon of the problem. The actual printout from the
‘computer is attached in Appendix.

o [*
System Control / { ASSGN SYSIN,X'13a' -
- E},(,o . |

(%

Progranm
Control

// 30B CONTROL

/ ‘ System Control

Fig. 3 .Computer Deck Setup for LPS/360
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In this particular program, the total memory requlrements are 56567 bytes. For a
field with 5X5 stations the problem contains 47 selected TOoWS, 100 varxables and 330
column elements, the computer run time requires 827 mmutes

- RESULTS AND DISCUSSION

Figure 4 presents the final results of thls land forming design problem. The
computer program calculates the value of cut or fill for each station. The designed
elevation is obtained by adding or subtracting the depth of fill or cut from the original
elevation. The cut-fill-ratio falls on the lower bound of the given range which gives
the value of 1.34. The value obtained for the objective function is 8481, which is the
total sum of cuts by depth. The total volume of cuts in terms of cubic yerd is
" calculated by multiplying the total depth of cuts by the unit area, 1002 ft’: then divided
by 27 (1 cuyd.=27 cu. ft.). The slopes in cross row and row directions are 0.179 % and
0.079% respectively. Both are within allowed tolerances. It is found that the weighting
factor given for each subdivision only effects the volume of cuts as well as the cut~fill
ratio, but not on the slope constraints. k

In most cases every adjaéent station is placed 100 ft apart so that the slope can be
easily expressed in terms of percentage. It should be noted that if the grid space is
not choosen as 100 ft, the slope can also be expressed in terms of percentage simply by
dividing that distance.

It is understood that the aim of a land forming design is to minimize the cost of
reshaping the field for agficulture use. An agricultural engineer is seeking a design
which gives the minimal total volume of earth required to be moved. Linear programm-
ing method offers a great advantage in this design in that it is capable of puting bounds
on decision variables. This assures that the resulting solution is within desired limits.

It has been concluded that no other design procedure will resultin a field with a

smaller sum of cuts as linear programming method does.

Cross Row Slope=0.197%

11 3 _% 9 Su 3 S 3
89731-0.327 8.79615-0.905, &ew +0.716 843740137 8257 -0.043 |
?EQ $,,|106 S.495 Sap2 $.,|79 S.485
S| |8sesl-1708 8.7151-0.785 8537140337 8.358 +0.458 8.179 —0.322(
1 . .
g S, [100 4499 Sudl S:475 Swj81
(_ne 88151-1.185 86361 —1.264 84571 —0643 8.879 +-0.779 8.100 -+0.
BV | SapB4 S04 Sal0d Sul15 8,85
~ 10337 8557 —0843 8373]-0722 8200 +-0.700 8021 —0479
Sur5 Sefl  Sw83 Si72 Sx|82
86581+1.158 84790379 8300140000 8.122 +0.922 7.9421—0.258

Station Name Original Elevation

Designed Elevation | cut “—” or fill “4*
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ERE

" No. of station with cuts=12
No. "of station with filla=11
No. of station with neither cut nor fili=2
Total cuts/Total fills=1,34

Total volume of cuts=8.481x 1003/27=3141.111yd?,
Fig. 4 : Final design of land forming problem

APPENDIX

Computer printout of the problem solution

~ - Variable Entries Solution Upper Lower Current Reduced'
Type Activity .| - Bound " Bound -Cost . . Cost ™ -
“CUT B 0 8.481 - — -1.000 1.000°
- CRI1 EQ 0 -0,930 -0.900 -0.900 0.0 0.0
“CR2 EQ 0 -0.500 -0.500 -0.500 0.0 2,197
“CR3 EQ 0 0,400 0400 0.400 00 1613
..CR4 EQ Q 0.0 00 0.0 0.0 -0.822
CR6 EQ 0 -1,100 ~1,100 ~1,100 0.0 2.230
CR? EQ 0 -1,300 ~1.300 -1.300 00 0.0
. CR8 EQ 0. -0.300 -0.300 =0.300 0.0 0.0
CRY EQ 0 0.600 0.600 0.600 0.0 0.0
SCRI1 EQ 0-- -0,100 -0.1C0 0100 | 00 -0.779"
.CRI12 EQ 0 -0.800 -0.800 0800 | : 00 -0.559 .
<CRI13 EQ "0 -1.600 © 1,600 L1600 |- 0.0 0.0
CRI14 EQ 0 0.600 0.600 0.600 200 0.0
. CRi6 EQ 0 1.000 - 1.000. . 1,000 0.0 0.0
LCR17 EQ 0 . ~0,300 ‘=0.300 - - -0,300 0.0 0,897
:CRI8_ EQ 0 -1,600 -1,600 . =1:600 ' 0.0 00 ..
CRI19 EQ 0" 1.000 1.000 1.000 00 0.0
- CR21 EQ" 0 0.600 . 0.600 0.600 00 -1.1840;
,CR22 EQ 0 . 0.200 - . +0,200 . 0:200 0.0 -1.776 °
‘CR23 - EQ 0 - -1,100 “-1.100 ©-1,100 0.0 -0.017 -
CR24 EQ 0 1.000 1.000 1,000 0.0 -1.204~
R1 EQ 0 1.300 1.300 1.300 0.0 0333
LR2 EQ - 0 -0.600 - -0.600 +-20:600 0.c ~1.337
R3 EQ 0 -1.600 -1.600 -1.600 0.0 0.0
R4 EQ 0 -0.900 -0.900 -0,900 0.0 -0.592
R5 E 0 1.100 1100 1.100 0.0 -2.789
Ré6 E 0. . 0,400 0400 | . 0400 0.0 0.0
R7 EQ -0 -0.500 -0.500 - -0.500 00 0,338
RS EQ - o . -1.300 -1.300 ~1,300 0.0 0,0
R9 EQ s €.300 0.300 0.300 0.0 0.592
RIO EQ o 0.900 000" |7 0900 00 0.0
R11 EQ: - 0 0.0 0.0 0.0 0.0 0.0
Ri2 EQ o ~0.800 -0.800 -0.,800 0.0 1.455
R13 EQ 0 ~0.400 -0.400 ~0,400 00 1.184
R14 EQ 0 -0,400 -0.400 -0.400 0.0 0.592
RI5 EQ , 0 0.0 . 00 0.0 0.0 0.0
R16 EQ o . -0.300 -0.300 ~0.300 0.0 -0.592
R17 EQ o 0.200 0,200 0.200 0.0 -0.152
RI18 EQ . 0 - 0,400 0400 - - -0,400 0.0 0.379
R19 EQ - 0 - 0.400- ©0.400 0400 0.0 00
R20 EQ 0 -0.300 _.=0.300 -0,300 0.0 0.587
CFL LL 0 0.0 - 0.0 0.0 -0.442
CFU B* 0 -0.760: 200 — © 00 - -0,000
SLRL B* 0 0079 | — 0.0 00 ~0.000
SLRU B* 0 0078 ! L0800 Dl nn. = .00 - 0.000
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Lower -

— L —

Variable Eniries Solution - Upper s Current Reduced
Type Activity |- Bound Bound Cost Cost
SLCRL B* 0 0.179 — 47 - 00 0.0 0.000
SLCRU B* 0 0.178 0.300. (e - 0.0 -0.000
CUlL B* 5 0,327 o 0.0 0.600 00
cu12 LL 6 0.0 —_ 0.0 1.000 ~1.151
CUI3 LL 6 00 - 0.0 1.000 -1'151
CUl4 LL 6 00 — 0.0 1,100 -1.264
Cu1s B* 5 0.043 - 0.0 1.200 c.0
cozl B* 6 1.706 — 0.0 1,000 0.0
CcU22 Bt 7 0.785 — 0.0 1.000 0.0
cuzs LL L7 00 - 00- 1.000. -1.151
CU24 LL 7 0.0 - 0.0 1.000 -1.151
CU2s B* 6 0.322 -— 0.0 0.950 Y
Cust B* 6 1,185 — 0.0 1.000 00
CU32 B* 7 1.264 - 0.0 1,000 00
CU33 B* 7 0.643 — 00 1.000 0.0
CU34 " LL 7 0.0 —_ 0.0 . .1.000 =151 ..
CU35 LL 6 0.0 - 0.0 10,900 -0.882 -
CU4l LL 6 0.0 - 0.0- 1,000 1,151
CU42 B* A 0843 — 00 71.000 00
CU43 B* 7 . 072 _ 0.0 1.000 00 ' .
CU44 LL 7 Q0% - - r 00 1,000 L8t
- cu4s - B* 6 0479 - " 00 . 1,050 " 00
CuUst LL 5 00 - 00 - . 1.000 -L151"
-CU52 LL 6 0.0 — 0.0 1,000 | -L151 .
cus3 LL 6 | .00 - 00 1000 -0.253
' CUS4 LL 6 00 —_ . 0U ~ 1,000 —1LI5F
CUss B* 5 ~ 0.258 — 0.0 1.100 00
FIl1 LL 4 0.0 - 0.0 0.0 -0.689
© FI12 B* 5 0.395 - 09 - 000 0.0
FII3 B* 5 0716 - 00 0.0 00
FIl4 B* 5. 0.137 s 0.0 00 00
FI15 LL i 00 “ cOo - . 00 21,382 ©
FI2l LL 5 . 00 = 00 00 ~1.151 "
Fl22 LL 6 06 = 00 00, <1151
FI123 B* 6 . 0,337 - 0.0 w000 0.0
Fl24 B* .6 0.458 - 0.0 .00 00 -
FI25 L | s 00 - 00 - S 00| 1092
FI31 LL 5. . 00 - 0.0 00~ -1:151
FI32 LL 6 00 - 00 0.0 -1,151
FI33 LL 6 00 - 00 0.0 1151
FI34 B* 6 0.779 — 0.0 0.0 .00 .
© FI35 LL 5 00 - 0.0 00 - 20,452 7
" FI4l B* 5 0337 - 0.0 0.0 0.0
Fl42 LL 6 0.0 — 00 00 -1,151
FI43 LL 6 0.0 - 0.0 0.0 -1.151
FI44 B* 6 0.700 — 00 00 ° 0.0
“FI45 LL 5 0.0 - 0.0 0.0 -1.205
FI51 B 4 1.158 — 0.0 . 00 0.0
FI52 B 5 . 0.379 - 0.0 " 00 0.0
FI53 LL 5 0.0 - 00 0.0 -0.89
FI54 B* 5- 0922 - 00. 00: 0.0 -
FI55 LL 4 00 - 0.0 00 -1.764
'SB B* 22 0.079. . - 00 00 00
'SC Bs. 2. 0.179. = 00 0.0 00 °
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