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lo Tho Problem 

SELEC ION F HOG WWRE HANDLll 
BY MATHEMATICAL PROGRAM'U 

by 

Anders Nyge.e.rd 

Automat i c methods or "pueh button" systems for the te ding and wat ring 

or fattening hogs have been developed recently, while msthode. ot manure h dling 

hav received relati ely llttl tt ntion The problems of :rmure handling hs 

become important by changing over fr0?11. the tradition p eturo l!I et to inten 

ified confined syetems Th major reaGOns for thi may be ound in the 

increasing vnlue of land used tor pasture and the possibilit3 or larger one man 

operations in confinementa 

It io asBUD:ed that the 1nanure., from health and anitation point or view, 

must be removed from tho penso The acoumulation of mmrure ar.d waste f ad on 

the noor also produces a characteristic odor and suitable br ding ground 

tor the common ny (Musca domestica) 0 

The manure is nl.eo coneidered to b of valu as plant nutritiono However, 

manure is not a stable mixt.ure, so the value of tho manur iis highly d pondont 

upon itn handling fro dunging ti.mo until it ie inject d into th soil(\ Th 

:o>at common wa.y of evaluating the manure is to equat ita c.-ontent. ot N, P 2o5 
n~ K20 1njoct.ed into t.ha soil to the same amount of N Pf 

5 
end K20 1n 

Cmmr..al"Cial !ertilizGro 

A tlow chart tor th different eyetems to be considered is gt in 

Figure l o The proce s of manur hendling is divided into Beven "steps".,. The 

nodes are placed at the changing over points from one et p to th nexto Thia 
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ans that tho rumunt coming into nod uale the amount of ure lenvi.ng 

the no Th link 

unt of manure may chang botw n th nod be ue ot tho 

liquid ino ott a [owo!el", tl}._~9n which the method (linkLcost 1a sed, 

t r; the !J. e for all the link in t he f low charto This unit may b callod th 

9haz:1 ,SP.!\Sj.&n$i o 

Finding the le s~ cost syat (or p th) through the tlow chart. may b 

don by ordinar.y budg t ing methodlo HoweTer11 in t.hia p per, t wo different 

path: 

l Simnl method 

2 PERT ( rogram Ev4lu tion Rovi Teohnique>) 

(Th eolution will be computed for only p rt. ot tho chart ) 

2 Th tmit flow model solv d bz the i.mplex nwthodo 

21 th tical del, 

Th objo h nd.nioiz d ie: 

x 

Subj ct to1 (1) N twork qu tione 

( ) Purchae inequslitieoo 

h ms 

fo "'od (link ) with mi;.ltipl -use ch es 

(link ) witlt multipl u e ma h1n 



. ·, 

And: 

4 

X
1 

• Multiple-us machinoe (purcha e 

Cj • Total cost (fixed + riable) for method wit.h no multiple
u e machin 

Ck • Total cost minu tixed cost tor multiple u 
mat.hod with multiplo-uee ma.chinas 

c1 • Fixed cost for multipl use machir es 

chinee for 

~ • Numb r or 111Elthode (links) 'Without. multiple-u e machines 

n
2 

.. Number of methods with multipl use mnchinas 

n3 .. Numb r or multipl -u 1113chin o 

The numb r or n twork qu tions to b writtsn equnln th n bur of nodee 

I!linus one Th on nod to b lort out could be ither the first or th la:!t 

on ~ For the other nodoe, tho amount of product coming into a nod is qu 

t.o the amount leaving th nod o 

~lee: 

Fir nod : 0th r nodes: Lost node: 

Th puro ae inAquallU tor th multiple-uee ritt BO 

th t.he U8 Of th v riab t.alcea on t l st th 

th fixed cost. or th link o oi ed vi.th ito If 1-r i the t tor 

a m.ultipl.-wse machin , the purcMae variable ~ st tak on v ue which 
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tiatie the inequ&.l.1 t 

2 2 lilied fie»1 ch 

tlow chart tor th whole probl pre 

Figure l v1ll b too big to by hand in eimpl.ex t bl u o 

ie t k for solution, Figure 2o 

8 

DUilllbe:rt 1 0 S btloor c per nth into 
2 o Subnoor a1.t70 
) o Lo ding 
4o 1'> din 
5o din to ti d 

d 8P d 0 

60 Dri'ft to tiol.d with wagon with inj ct.ion facilities 
and inJ ct manure into th oilo 

? o Dr1 to ti d with t wagon d d 
80 Diapo•• ot in goono 
9 o Mix into DOU b7 h&rroving o 
T • Uple-u t t.oro 
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2o3 C a ification of 

Th machinee and oquipment used on the !lo chart h e to b c esified in 

lo Single-use machin s (u e optional). 

2o Must use machinen (use essential to the procsaa) . 

3. Multiple ordored-ueo machinee (used between different paire of nodes)o 

The tixod cost ot these three ~yp e of maohinen ia dded to the op r tion coats 

ot e ch thod 1n which they are spocitiedo 

4o Multiple-u machinoa. 

A multi.pl -ua chine haa two or oor eriee uson that may ch bet in a 

yet without the other. 

Th ro 11 no correct place on the no)( chart to ssiwi the fix cont ot 

arJ.ltiplo-use item. Tho solution of this probl ilea in constructing separate 

.:.:.~~~8~ i'or the mult.iple-uee machinaa and assuring an intoge1• solution for 

theee riabl.ea. 

On tho tlo ch in Figure 2 ther 1 only on mul.tiple-u o machin • 

Thi 1 tractor deno d by c pita.l letter T on th ppropri te link! 

For computing th ethode oostc ch 

Floor capacity 

or Ann 

Animsl manure productionr 

l 25 gellon/hog0 l000°J6S 

Unu~ d N, PtJ5 and Kp in lagoon 

l ol5 /hog 1000 h~g 

ons t (unit) h s be UI! di 

MlQ hogs 

"'lQQQ hog 

#56250 gall.one 
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7o 

The fixed cost for chine and tor ie calcul t d by using an 

var ge annual use figu I 

10 6% ot tint co t tor buildings and 

20oD.' o! first cost tor chinoso 

Tho final cost is giv in T blo lo 

Table lo M thode cost tor the tlov chart o 

0 

0 
coat s= op ro OJ.er. 

~ 
D cription co et cont 

M 
s 

lo Labor 6 2o00 l2 
storag l,208 10060 l28 140 s 0 

2o Subtloor lagoon Sum lp6SO 10060 178 178 
Jo Labor 160 2.00 33> 

Auger 90 20 00 18 
Pow r. • atria 1S2 006 9 120 20.,00 24 

4o Labor 2o00 92 c tri:fuga.l .3SO 20000 70 Po r, ctric 38 c06 2 120 20 00 2.4 
}08 s .. Labor 433 2 00 

v cu tank and 6SO 20000 130 I 1 212 

Po r, tractor 433 0 50 216 
s l 082 

60 Labor 335 2 00 r,o 
Tank wagon and 

inj ctor 550 20 .. 00 llO 
Pov r, tractor 33S 0 50 167 

s 8 
7o Labor 335 2 00 70 

Tanlc gon 400 3>000 80 
Pow r, t ctor JJ5 Oo50 167 

Sum 8 so 
8 goon 40S 10. 4:3 

Loee of N, Pfls d 
KtJ 

S\lll1 
9o Labor 13 2o00 2 

Harrow 148 20.00 30 
Power, tractor 30 Oo50 15 

Sum 

Fixed co st of tractor 23.1 



2 5 hf objective function and reBtrictione 

rhe objective function to be minimized isi 

(The subocripts of the variableis correepond to the link number in the 

flow chart,Figure 2, pluB purchase variable number lOo) 

M14 lv· IH-ox, + /7~t,+ 'J71K-;; + /':J&X'f +1~ it-s -t-9Jf7tb + 

Y11x 1 + IJCJ3 t.~ -t 71 ta + 220 t 
:/ JO 

2 6 

~ t Ai 
X'2 - x ~ - "1 - ( ~ 

and solution 

= I 
. a 
c 0 

-:s.o 
- Kl) ::. O 

- II L,. 
'1.((1 - 0 

- x ' 10 - 0 
- >r10 {: 0 

X9 - x,0 ~ o 

The first. d last implex tableaux are hown in T bl 2 d ) 

re p et1vely The matrix is 19 times 9 and the optimal ::iolution is reached 

in th seventh iteration Th optimal solution consiat ot x1 • 140, and 

x8 1193, which give Min~ Z • flJ33 per lCXX> hog p r Y N:o 
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Conclusions: The least co t ur handling systa1t of th yntem CO!Dpared ie 

obtained by ueing slatted noor with eubnoor etor g nnd diepos of the m£nure 

lll a lagoon 

fil?gondix A givee the complete seven iteration of the plox thod 
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Program .Evaluation and Rovie:iw Tschnigue (P&RTJ. 

Tho Program Evaluation end Review Techniquo might b applied in thi:s 

problem to compute the 1 et coot path through the f lo ch 

The now chart in Figure 2 la reworked in Figur .3 o Tho link number 311 

which is a parallel to 4, is taken out. Node numbe a... i 11opcn d" in a.. 1 

and <L2" The fixed cost ot multiple-use machines might caustl eome ditficultie o 

In thi case thei tixod cost of the tractor is add d to l ink nUl!lbor 5, 6 and 7 

@)~~------------&-----~ 

TI6. 3. 
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The next step is to torn the P-matrix, Figuru 4o 

I . . I I I 
b c d e t . 

I 0 I ~ I °" ! uo 1~ o.O I oJ:J 

I c4 I o ( 11s I co L~ °"° ,.p 

~~ 
I 

0 ~ jl9 J.432 -e> 

otll> -0 ~ l_:_J °'° ~ 119.3 
. 

d t(1llC ...c -e:> ~ 0 1137 1167 

0 :;# -~ ..::> ..c::I' -""" 0 71 

i' od .,.., .0 i~ 00 Cr9 0 

Figure lf.o 'l'hc P-m&ti.'~.x for t.he ti..ow chart in Figur" 3 

Except: (1) Art. .•• 0 
'J 

(2) /Wt- IJ -t ~ ,. Ori' 

(3) DtO + ,~,. ~;;tO . 

(4) 0 + f''.i • .~ 
(5) ~· t 0 c .~ 

';/ 
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n1 a2 b c d f 

al 0 

a2 0 178 ,t:::JJllO 376 

b 0 oO 198 1135 1365 

c 0 I -I cal u~ 
d I I I I I o I m.1 I ~67 
e 

I I I I I I 
0 

I :j r 

Figure So M trix. 

The least cost path could bo read orr !rt'lm th t.f trix. This i round 

to be a1 to t through c with $1).33 per 1000 bogs pf.r 70 1•.., 

:a,. opening the node a on the graph, th next. baot path could likewise be 

1000 bogl!t per ar o 

Thia split.ting or the ti.rat. node upande t.be trlx, but. times we 

are 1ntereat9d not onl)" in the le coat p th, Wt aloo the r lati i to oth r 

patha o Th PERT al.lave tor cloing this" Howner, pro caution houl.d be take 

in ranking t.he computed path , th eoma link• or part. ot a pat.h at.ght. haft 

been "knocked out.• during the computationo 
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