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ABSTRACT

Petri nets concepts provide additional tool for timedeling of metabolic networks. Especially the cemts of
siphon and trap are used to study the role of tpbssphate isomerase’s (TPI) in trypanosome broestabolism.
In this paper we show that thearked grapHor groups with generating set has subset of plaghsse input
transitions is equal to the output transitions duth of them equal to the set of all transitionsha&fmarked graplif
the group is (B,, A) and hencdhat the dual ofthis Marked graphcan beassociatedwvith a Phosphorus
cycle.
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INTRODUCTION

Petri nets are one of the most popular modelshirrépresentation and analysis of parallel prosesskas a wide
range of application including information systenmperation systems, databases, communication mistoc
computer hardware architectures, security systemsufacturing systems, defence command and cobuisiness
processes, banking systems, chemical processdsanu@aste systems, system biology and telecomratioits [4,
5].

There are many sub classes for Petri nets namelgechayraph, free choice Petri nets, conflict fredriPnets etc.

The study of structural properties and behaviorapprties for the marked graph has been madeingliziphons

and traps [6,7]. A nonempty subset of places dlied a siphon if every transition having an oufplace in J has an
input place in J. A nonempty subset of places Galked a trap if every transition having an inpl#tge in Q has an
output place in Q.

Phosphorus is an essential nutrient for plantsamrihals in the form of ions Pﬁ' and HPQ,Z'. It is a part of
DNA- molecules, of molecules that store energy (A ADP) and of fats of cell membranes. Phosphisratso
a building block of certain parts of the human amimal body, such as the bones and teeth. Phosphkarube
found on earth in water, soil and sediments. Phmgshcannot be found in air in the gaseous staés iB
because phosphorus is usually liquid at normahptratures and pressures. It is mainly cyclhmgugh water,
soil and sediments. In the atmosphere phosphorusieinly be found as very small dust particles,f],2

Phosphorus is a limiting nutrient for aquatic ofigars. Phosphorus forms parts of important life @ngig
molecules but are very common in the biospheresphmrus does not enter the atmosphere, remainirgglymmn
land and in rock and soil minerals. Eighty percehthe phosphorus is used to make fertilizers artgipa of
phosphorus such as dilute phosphoric acid is usedft drinks [8].

In this paper | construct a marked graph for a midéhedral group B with a generating set. | prove that the
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resulting marked graph associated with this groam subsets of places which are both siphon andntnage input
transitions equal to output transitions and bothhefn equal the set of all transitions. This leadso egablish
that thedual ofthisconstructed marked graphrepresnts aPhosphorus afe.

PRELIMINARIES
In this section | present some basic definitiorievant to this paper.

Definition: 2.1: A Petri net is triple N = (P, T, F) where P is aiti set of places, T is finite set of transiti@ush
that

() POT# ¢ ;PNT=¢

(i) FO (P x T)O (T x P) is set of directed arcs.

Forall @ P, p={tOT/( p)UF}rand p ={t OT / (p, t) 0 F} be the input and output sets of p respectively.
Similarly for all tO T, t={p OP/(p,t)OFtand t ={p OP/ (t, p)d F} be the input and output sets of t
respectively.

Definition2.2:

A Petri net is said to be a marked graph if |fd<= 1 for all pEP. A Petri net is said to be conservativesti

|te| for all tOT. If the number of tokens in a place paisvayslessthan or equal to a constant k, then such a
place is called lounded. A Petri net is said to be k-bounded iftall places are k-bounded. If the constant k
= 1 then it is called a safe Petri net.

Definition 2.3: A non empty subset Z of places in a marked graaii to be both siphon and trap4f= Z'. That
is, every transition having an input place in Z hautput place in Z and vice versa.

Definition 2.4: A Dihedral Group is a group whose elements cornedpo a closed set of rotations and reflections
in the plane. The Dihedral Group witihh 2lements is usually written asPlt is generated by a single rotation
with ordern, and a reflectiori with order 2. i.e..B ={r, f/r*"=e, f =e, frf = f'}. The 2n elements of fcan be
written as e, r,3...,”"% f, rf, P,

Examples 2.5
(a) Dihedral group Qof order 8 = {a, b /4= e, § =e, bab = 4}. The elements of Pare 1, a,3 &, b, ab, &, &b.
(b) Dihedral group R of order 12 = {a, b /%= e, I =e, bab = d}. The elements of Pare 1, a, 4 &, & &, b, ab,
a’b, &b, db, ab.

RESULTS

3.1 Construction of petri net
In this section | construct a marked graph for @egigroup with a generating set and prove thétag some
structural properties.

Theorem 3.1.1 LetD,, be a Dihedral group with a generating set A. Ttieme exists a marked graph for every
group D, with a generating set A.

Proof: Let (D, A) ={a, b/ &" = e, B =e, bab = 4} be a group with generating set A= {a, b}. Let take the
elements of b, as the transitions of the marked graph. Clearly B,, Now let us introduce places as follows. For
every t 0 D;pand g0 A such that ti*g=t;, make a place p such thai=t and p= t;. Also deposits tokens in a place
p if p is the input of g, s, for every & sq U A. Since the generating set A has 2 elements,ave kach transition
with exactly 2 inputs and 2 outputs and each plaitie exactly one input and one output. Thus | hewestructed a
marked graph with initial marking.

Examples 3.1.2
The constructed marked graph for the Dihedral gdupf order 8 = {a, b / 4= e, § =e, bab =4} is shown in
Figure 1. The elements of,are {1,a,42%b,ab,ab,ab}.

In the constructed marked graph of,(B) there exists a subset of places Z £ {B, ps, P4, Ps, Ps: P, Ps, } Such that
Z={ty, t, t5, 1y, 5, t, t7, I, Yand Z={ty, &, t3, 14, &5, &, t7, 15, }. Hence Z is both Siphon and trap.
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Figure 1: Constructed marked graphfor the group (Da4, A)

3.2 Phosphorus Cycle

The phosphorus cycle is the biogeochemicalecyttlat describes the movement of phosphortsugh the
lithosphere, hydrosphere, and biosphere. Phosphonwes slowly from deposits on land and in sedisetd
living organisms, and than much more slowly back the soil and water sediment. Phosphorus is casimonly
found in rock formations and ocean sediments aspiate salts. Phosphate salts that are releasedrércks
through weathering usually dissolve in soil wated avill be absorbed by plants. Because the questitf
phosphorus in soil are generally small, it is oftea limiting factor for plant growth. That is whumans often
apply phosphate fertilizers on farmland. Phosphaes also limiting factors for plant-growth in maei
ecosystems, because they are not very water-sol@hlmals absorb phosphates by eating plants antgating
animals. Phosphorus cycles through plants and asimmuch faster than it does through rocks andrssds.
When animals and plants die, phosphates will retorrthe soils or oceans again during decay. Aftext,t
phosphorus will end up in sediments or rock fdioms again, remaining there for millions ydars.
Eventually, phosphorus is released again througitheeing and the cycle starts over [1, 2, 3].

a) Biological Function .

The primary biological importance of phosphateassa component of nucleotides, which serve as gratogage
within cells (ATP) or when linked together, formethucleic acids DNA and RNA. The double helix of @NA is
only possible because of the phosphate ester btidgeinds the helix. Besides making bio-molecplessphorus

is also found in bones, whose strength is derivedhfcalcium phosphate in enamel of mammalian teeth;
exoskeleton of insects and phospholipids (found biological membranes) It also functions baffering agent

in maintaining acid base homeostasis in thmdn body.

b) Phosphorus Minerals

The availability of phosphorus in ecosystem is rie®td by the rate of release of this element during
weathering. Theelease of phosphorus from apatite dissolutiondg &ontrol on ecosystem productivity. The
primary mineral with significant phosphorus conteapatite [CaPO,),OH] undergoes carbonation weathering
releasing phosphorus contained different formss Thibcess decreases the total phosphorus in tihensyhie to
losses in runoff.

Little of this released phosphorus is taken by di@rganic form) whereas; large proportion readth wther soil
minerals leading to precipitation in unavailablenfis. Available phosphorus is found in a biogeocltaincycle

in the upper soil profile, while phosphorus fourtdiaver depths is primarily involved in geochemicahctions
with secondaryminerals. Plant growth depends on the rapid rodik& of phosphorus released from dead
matter in the biochemical cycle. Phosphorus istédhin supply for plant growth.

Low-molecular-weight (LMW) organic acids are foulnl soils. They originate from the activities of iars
microorganisms in soils or may be exuded from thets of living plants. Several of those organicdacare
capable of forming stable oregano-metal complexits warious metal ions found in soil solutions. Agesult,
these processes may lead to the release of inargdusisphorus associated with aluminum, iron, ardiwa in
soil minerals. The production and release of oxalacgdd by my corrival fungi explain their importande
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maintaining and supplying phosphorus to plant.

¢) Human Inputs to the Phosphorus Cycle

Human influences on the phosphate cycle come mdiniy the introduction and use of commercial sytithe
fertilizers. The phosphate obtained through mirdhgertain deposits of calcium phosphate is cadlpdtite. Huge
guantities of sulfuric acid are used in the coneerof the phosphateock into a fertilizer product called "super
phosphate". Plants may not be able to utilize fathe phosphate fertilizer applied, as a consegeienwch of it
is lost form the land through the water run-offeTphosphate in the water is eventually precipitaedediments at
the bottom of the body of water. In certain lakesl gonds this may be re-dissolved and recycled@slaem
nutrient.

Animal wastes or manure may also be applied toladhd as fertilizer. If misapplied on frozen groushgring the
winter, much of it may lose as run-off during therisg thaw. In certain area very large feed lots of
animals, may result in excessive run-off of phosplaand nitrate into streams. Other human sourcghad$phate
are in the out flows from municipal sewage treatmplants. Without an expensive tertiary treatmehg
phosphate in sewage is not removed during varicestrhent operations. Again an extra amount of phetgp
enters the water.

d) Crop Uptake

One goal with field crop management is to optimizep uptake of available phosphorus .A typical csitage
crop will remove about 4.3 Ibs 06®; per ton of silage (35% dry matter). Soil testingaghilable phosphorus
can help avoid application of fertilizer phosphothat is not needed for optimum production. Applyiertilizer
beyond crop needs is a waste of time and moneycande harmful to the environment. Crop uptakéhés goal
of applying P fertilizer or manure to the soil. dbil tests P levels are already optimum, P addititnrough
fertilizer or manure should not exceed crop removal

e) Weathering and Precipitation

Soils naturally contain phosphorus rich mineralfiiclv are weathered over long periods of time araivisi
made available to plants. Phosphorus can becomeailemale through precipitation, which happens iamgl
available inorganic phosphorus reacts with dissbliven, aluminum, manganese (in acid soils), orcicah (in
alkaline soils) to form phosphate minerals.

f) Mineralization and Immobilization

Mineralization is the microbial conversion of orgaphosphorus to H2PO4- or HPO42-forms of plantilaiée

phosphorus known as orthophosphates. Immobilizatiocurs when these plant available phosphorus faras
consumed by microbes, turning the phosphorus ingaric phosphorus forms that are not akkla to

plants. The microbial phosphorus will becomailable over time as the microbes die. Maintairéng organic
matter levels is important in phosphorus managenhineralization of organic matter results in thevsrelease of
phosphorus to the soil solution during the growseason, making it available for plant up take. Triscess
reduces the need for fertilizer applications ane tisk of runoff and leaching that may result framditional

phosphorus. Soil temperatures between 65 and 1@s8F phosphorus mineralization.

0) Adsorption and Desorption

Adsorption is the chemical binding of plant avaial to soil particles, which makes it unavailatdeplants.
Desorption is the release of adsorbed P from itmbcstate into the soil solution. Adsorption (oixifig” as it is
sometimes called) occurs quickly whereas desorpt®rusually a slow process. Adsorption differs from
precipitation: adsorption is reversible chemicalding of P to soil particles while precipitatiorvolves a more
permanent change in the chemical properties oPtls it is removed from the soil solution. Soilatthave higher
iron and/or aluminum contents have the potentiadsorb more P than other soils. Phosphorus is imost plant
available form when the pH is between 6 and 7.ighér pH, P can precipitate with Ca. At lower pHgeRds to be
sorbed to Fe and Al compounds in the soil. Eveilyrgas a maximum amount of P that it can adsorbosBhorus
losses to the environment through runoff and/orchésy increase with P saturation level. Precisdilitegr
placement can decrease P adsorption effects bymiziinig P contact with soil and concentrating P iatemaller
area.

h) Runoff

Runoff is a major cause of P loss from farms Wataries away particulate (soil-bound) P in erodedirsent, as
well as dissolved P from applied manure and fegi. Erosion control practices decrease P losgesdolwing
water flow over the soil surface and increasinfjliration.
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i) Leaching

Leaching is the removal of dissolved P from soily Jertical water movement. Leaching is a concern in
relatively high P soils (near or at P saturatia@gpecially where preferential flow or direct contrmts with tile
drains exist.
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Fig.2: Phosporus cycle

3.3 Description of Phosphorus Cycle in terms of PetNet

The description of the Phosphorus cycle in the fariiPetri net as shown in Fig. 2. Here the placegyp p.,

P, Ps: P P, Py represent respectively Phosphate from fertilizArsmal phosphate, Phosphate in fossils and
rock guano ,Plant phosphate, Organic wastes andimem Inorganic phosphate stored in soils andotlied in
rivers, Decomposers and Phosphate in oceanigneats. The set of transitionst, ..., t; are givenin the
following description.

The Phosphate from fertilizers is convertatlinbrganic phosphate stored in soils and dissblve rivers
(py) by means of an enabled chemical bindingioa@dsorption ¢) . This inorganic phosphate,jps then
transformed as phosphate,)(i fossils, rocks and guanozjue to run off ). The phosphate in fossils and
rocks (p) are released through weathering {o phosphate in oceanic sedimentg,(which will be converted to
organic wastes and remaing)(py means of immobilization it This organic wastes and remains will be taken by
animals (animal intake) sftand hence the phosphate becomes animal phogjpgatBue to death and excretion
(ts) of animals, the phosphorus in animals becomesrdposers (pwhich then becomes plant phosphate) ¢ue
to fertilization (}). The plant phosphate gjpcan be converted to fertilizers Xpms natural manureg)t This
transformation of phosporus in various forms caatds one cycle in the marked graph. The otheresyere
described as follows. The phosphorus in fertilizgr$ goes to plants gpdue to assimilation by plant cellg)(t
Due to decomposition,() the plant phosphatedjpis transformed to phosphorus in organic watesranthins (g).
The phosphorus in organic waste and remains islibeomes phosphate in oceanic sedimenjsd{e to leaching
(t;1). Due to manufacturing process,(tthe phosphate in oceanic sediments can be ceavéot phosphate in
fertilizers (p). The inorganic phosphate stored in soil and mgtg becomes phosphorus in decomposesks lfp
means of conception;§J. The phosphorus in decomposerg fecomes inorganic phosphate in soils and wapgys (
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due to precipitation {§). The phosphate in fossils and rockg) eecomes animal phosphate)(py conception (t).
The animal phosphatedjpn animal bones can be converted as phosphdtessils and rocksg) due to death and

decay(te)-
CONCLUSION

| constructed a marked graph for a given group withenerating set. It is proved that the constcuntarked graph
has subsets of places which are both siphon apdswah that the input transitions equal the outyartsitions
and both of them equal the set of all transitiohgshe constructed marked graph. As an applicatidvave proved
that the dual of the constructed marked graph hassaociation with the Phosphorus cycle.
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