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A network is defined as. being a finite, directed., loopless graplì i1r
rryhich each arc has an associated rneasure. 'r'he measurei associatè.l tothe arcs belong to a certain algebraical structure. The existence of a'
one-to-one map .between a netlvork and a square lc_
ments tlie associated measures of the netwoik, n unof all. important class of problems from graph a1r
algebrical language. The number of probleri.rs i,el is
1arge.-lr'he.n the algebraical structut" îs very ge1leral.

'rhe lirst rnatricial representatior of a graph had a boolean charac-ter."lhe elements ø¡¡ of the matrix.4, associatéd io the graph, are clefinecl,
as follorvs :

atij
1 if the arc (i,i) exists
0 if it does not.

- ^. 
T4" subject ttnder discussion refers to geueral algebraical structureÉ,

defined axionratically, which constitute meaðtlres for ãhe arcs of the net-
work in the broadest meaning possible. The measure of a path of the
netrvork is definerl as being given by the product of the ri.easures (irr
the algebraical strncture r''eãning) attached tb ttre arcs which rnake the
respective path.

'l'he first rvho cleiincd an algebraical strllcture axiomatically arrcl
'r'r'ho used it for the study of pãths in netr,vorks r,vas crì.. c. r,rorsrrj
[13.] i' 1960. His papel is the basii of a' actual "waterfall" 

"f ¿"";.;1i-zations and st.dies ancl the recent articles [1], [g], L2gl, [27] hãr,e pro-
ved that the subject ttnder discussion has noï tj"é" ã"Jt ìvitl exharìsti-
rtely.
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clr. c, Moisil defined an algebraical structure ca1led a s e tn i I' a t i-
ci,a.u,)t ord.ered sem,igr-ou1 as being a set s u'ith the following
properties:' 'fn S it is defined a1 internal compositiotr lalY ,,o" with the neutral
element e, so tlnat for any a, b, c of S holc1 :

aob:boa,
rLo(boc):(øob)oc,
ace:aoa:4"
Irr s it is defined a partial ordcr relation so that each pair of ele-

lnents belonging to S shoulcl have a lorver boundary in S. If one deno-
tes f thc sJmiJerial relation and q. A b tlLe lower bottnclary of the e1e-

nrerrts (r arTd ó then :

cLCa,
(tCb and b çø imPlies ø: b,

ø (- b and b 6 c implies (t. C- Ç,

oAbCø,øAbCb,
cC,& and. c çÒ irnplies cC a A,b.

-lir S, the laws of distributivity ancl ¿rbsorbtion ate valid:

a o (b ¡\ c) : (ao ó) A (a o c),
a 

^(øob):6-Co:o:;id.er on S the scluafe matricics ,4 .: (øù ancl t,he: ilLatricial pro-
dLrr:t P: A X B, rvherd fu: /)(n¡,ob¡,¡). It is provecl that. it ,4 i,;

a'fl tx >< n mttrix on S harrjng the propcrlf a¡¡ : c, t : 'i, ,:, ...,tt', th<:n

A,-t : /". 'Ihe author sholvs that certaiir problen'rs o l.ranspolt cconotry
ca¡ ltr: solved. on the basis of the above results. Suc pr:oblcins are : bhc

ploìtlet cf rletermining thc transport rotLte on lvhich thr: r:osts are mini-
iott,'t',., rc problem of cletermiuing the trairspott .r'olrbc rvith thc greatesl
trauspor'l- cãpacity and the problem of cletc-r:ininin¡¡ thc totti-'r on lr'l-ricli
the probability of the transport outcome is maximiLrn

i,r 1961 M. !.o-or,r [28] defincd thc a-lgeblica.i sl-n,tct.irre rvhich he

ca,ilecl a Q - selniring.- 
^-Q - 

seiniring is ¿r.sct oL'c'[c¿re_¡:Lts Ç -*'hich

has tu,o Ëitt"ty operatioirã:1) Jn aclditivc õpcrl-tiou ,,@" lti-ic1 a lrrr-rltipli-
c¿rtir.e operation ,,o" with the follou'ing; plopcrl.ies :

a(Ðb:b@a,
(o@b)@c:ø@(
(aob)oc:o.o(åo
ø.o(b@c):(aob)
(b@r)oa:(boø)

b@c),

øoc
coa

1) I)il{erent ¿Lntirors use clii'icrr:nt notatio.irs for tte trvo opcrttions. Itl oi'.'[er to keep

fhe accLrriicy in this paper \ye usc,,@" anil ,,o" antL tlLe c.rrrc:li)oildillpr rrcutL-o1 elertrcnts

are clenotecl by 0 and e.
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ancl rvhich contains the elemcnts 0 and c rvith the follorving properties :

a@0:ct,
ø o 0 : 0 o ct : 0,
Aoe:co0.:&,
^^^u w) u t.

ris it seen, Ì\,I. Yoeli does not postnlate the comutativity of multi-
plicatiorr.

'llie author defines rnatrices and operations with rnatrices on his
algebraical struct[re. It is denoted by A the link matrix 9f a g:raplt
uträ ¡y ? the transmissiorr matrix. 'l'he autiror proves t]nal A" : ?. for
111, > n - 1, rvhere tc is tlne orcler of tlne irrlal-rix A'

'Ì'[eie are tr,vo ki¡cls of matrices associated to a rretu,ork. They are
differcnt only because in one casc a¿¡: a, 'i - I, 2, ' ' ', n, like rvith
l{oisil and. in the second case c;ii: 0, 'i : I, 2, ' ' ', tt" rn both cases

iÎ thc arc (i,, j) cloes uot cxist iu the network, th'en a¡i - 0.

'fire calcnlation oI thc porvers of the matrix,f associated- to ¿r net-
l,o¡k is \¡cfy illlpoltant becãusc the clenrerrts of the matrix ,4* ll-rovide
inforrrr¿rtionJ rcfeì'ing to the lneasrlres of ccrtain paths' Tormecl ol a) at
rnost ,l: a,t-.c:; iÎ the matricial reprcsentation u'as made l'iLh ø¡¿ - e ot:

å) ex tly /e arcs iÎ thc triatricial representation rvas made rvith (Lii': 0.

'l'he sc /¡ ,: tt. '-- | is also interestiirg.
Iir 1965 R c. cRuoìi ancl P lIi')R-vú i4] cLefirrecl a particular

algebr,r,ical sttuctrue refcrrirrg l-o thc longest patþ i1 :i lrettvoil< r'r'irich

cJnn¡rt 1¡c ilclr1cled iir thc picr.ioris stlLLc.t'"trcs as it cloes not satisiy the
absorblioil prolrert¡.. In tiS l, \¡. piiîl-r)-\NU dclined irr 1967 ail a-lge-

braical s'criròturr: r.¡liich inr:iucles ¿r11 thc ¡ratir ptoblcms slirclic'd by ì'Ioisil,
Yoeii, Cruon aircl ilcrvé rviihout being, rnole general than tl.re scrnilatir:ially
orclerr:cl sernigrou¡t ot than t'rc Q - Scrniring llecausc thc atltho-r- lifesu-
rned .¡hat thã rnclirre is a toially o¡dcrecl seí-. '1'¡c s¡ud.y
oi celieiu algor calctrl¿tion oÌ thc Po\vels.oi lna.bri;< À ivith
e.¿¡: ç, r,r,ith-in i strLrc'tr-rrc cqr,1iva1er1t i.o tirat oI n'Ioisi1, rvas

rnaclc b¡. r. 'i' 1966 \:,2,Ji ancl in 196fì [26 i' .\s lar as the

Ç -:i:,¡íri1g is ccncerneC., p po.íliì.iì-'f end .J..r.EIÌr,ANl) itr i958 120]
õ1labora'rcc1 õa.lcu1atior rnei.hocls ïo, ,.r" :ririi.ting ltctrr e lnatr:ix l^ol rvhich
n¡¡ - t'

lil 'l969 in li6l -r.. l,I,f.lr)Àxu clcli[cci â l11olc gcncial algebraical
structtu.e cal1ecl d--s e rn,i,o,roy'!> or rout'ing senxigro?t'þ''llnis
is a 2 - semiring iir .vhicû thc' co;rdition a @ e : d was replaced by
ø@&==a.

lirr propert)' ot' iclernpotcuce Îor adclition is r'veaker than absorbtion
becansc n ø- ,: ¿ impliei ø O (.1 - 0 b¡¡ not viceyersa, (Such an alge-
brajcai structurc rvas alSo ca1led. bf il,r I,, DUIItìI.)lI1-J:tCOlt'IN, Ir. l,IiSIÐUR
and ìr- CROTSOT t5] ,,g c r b i. e y" t:,ithont having any collllectiou ivith
the sti.-Ldy of paths in r-retu,orks) .

c),
o
@
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sclixiring of.
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of Carré's semiring. A set Z is catled a hcrcditøry
Nä if T/ is its semiring having the following properties

{*}=VloranyxeX,
A eV ancl B c,4 implies B e Z.
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, .^ þ (rth.- sþ qc e ís an ordered qradÍrlple (X, o, V, r) tvhete (X,
o) is a monoicl and r is a s el.f -1naþ oI 7 suìi"fyirrg:

z(rÞ) : 6'
r(AøB):r(r(A)øB),
r(A o B) : r(r(A) o B) : r(A o r(B)).

ft is shorvn that each semi ce. ftis also shown how to obtain a
'Ihe author's reason for using to be

able to inclucle all the problems of p lcory.
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