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Numerische Mathematik 1, 269—271 (1959)

A Note on Two Problems in Connexion with Graphs

By
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Numerische Mathematik 1, 269 271 (1959

A Note on T'wo Problems in Connexion with Graphs
By
E.W.Dijrs™RA
We consider s points (nodes), some ar all s of which are conwected by &

braoch, U lenglh of each brancl s given, We restrct ourselves to the case
wheoe al least une palh exsts delween any (wo podes. We now consider two

oroblemsy.

Problem 1. Construct the tree of minimuam total length between the # node:
'A lree 15 gmaph with one and anly one path between avery two nodes,)

in the cowrse of the construction thal we peesent here, the branches are

subdivided into three sets:
the hranches defintely assigmed to *he tree under construction (they will
farm a subtres)

I1. the brunches from which e nest bracch to be added <o set 1, will be
selected

111, the remaining branches [rejected or mot yet oansiderad).

The nodes are snhdivided into two s

A. the nedes conmected by the bmmches of st 1,

E. the remaining nodes (one and only one brasnch of sot 17 wil® lead ta each
of these nodes,

Wo srart the constmection hy cheasing an arhitrary node as the only member
of st A, and by placing rll branches that end in Uus a0de in set 11 To stast
with, sct I is cpty. From then onwank we peclonm the following two steps
repeatedly,
be shortest branch of ses 11 is remavad from this set amd adkded to
B =t A,

‘_V(;‘A !
set 1. As a result eme node is srarsferred from set

Step 2. Consider the branches leading from the node, that has just been trars
ferged W wel A, (o the nodes that are still in set B, If the branch under eon-
saderation = longer than the corresponding branch in set T1, it °s rejeetod | it ot
is shorter, 1t replaces the carvesponding branch in sot 11, and the Jatter is rejected.

We then return to step 1 and repeat the process until sels LI and B are empty.
The branches in a6t T form the tree requirec.

The solution given here is o be prefened to the soluticn given by 1. B
KrUsKAL 1 and thuse given Ly H. Losemyax arnd A.WEmmazeeer [2. In
their solations all the - possibly $u(n —1) — bramches ave first of all sorted
according to length. Lven if the length of the branches & a compulablz [uclion
of the nocs coordinates, their methads demand that daw lor wll brancles wre
crorad simultansously. Cur method anly ryquires the simuliapeous stounyg of

B smey. Math. Pl 19
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the data for at most « branches, viz. the branches in sets T and II and the branch
under consideration in step 2.

Problem 2. Find the path of minimum total length between two given nodes
F and Q.

We vse the fact that, 1t K15 a node on the minimal path from 2 {o @, xnowledge
af the latter implics the knowledge of the minimal path from I” to K. In the
solution presented, e minimal pathis om F o (he ofer nodes are constracted
ir order of inereasing Jength until @ is reached.

In the course of the solution the nodee are subdivided inta three sets:

A the nodes for which the path of minimam length from P is known; nedes
will be added to this st in order of increasing mimimum path length from node P

T the noces from which the next node 1o be added (o set A will Le selected;
this sec camprises all those node: that are connscted to at Ieast one node of
set A bat do not yet belong to A themselves;

C. the remaining naodes.

The branches are ales subdivaded into three sets:

1. the brunches cocwrring in the mimimal paths from node P ot the nedes
in set A;

IL the branches from which the next hranch £a be placsd in ser T will be
selected: one and only one branch of this set will Jead o sach nods in st B

IIT. the remaining branches (rojected or mot yet considersd).

To stast with, all nodes are in s2t C and all branches are in set 111, We aow
transfer node P to set A and from then anwards repearsdly perform the fallowing
steps,

Step 1. Congider all hranches r ponnecting the nade just transferred to set A
wits nodes Rin sets D or C. 1 node R belongs to set I}, we investigals wheler
the nse of branch » gives rise o a shorter rath from P to K than the knewn
path that uses the cowresponding branch in set I II this 35 not 5o, branch r is
rejected; if, however, use of branch » sesults in a shorter connexion between F
wnd B han hitherto obtained, it replaces the corresponding branch in set I
and the latter is rejected, 1 the node R belongs to set C, il is added o s¢t B und
branch r is added to set IT.

Step 2. Every node in set B can be connected to node 2 in oaly ous way
if we restrivt ourselves w branches from set I and cne from set I1. Tn this senee
¢ach node in set D has & distance from wode P: e node with minimuwm distance
from P i= transferred from set B ta g2t A, and the correspording branch is trans-
lewred from et Ll o set I, We then return w step 4 and repeet the process
until node 0 i transferred to set A Then the solution bas been found.

Remark 1. The above process can alsy be applied in the case where the langth
of a branch depends on the direotion in which it is traversed

Remark 2. For ezch branch in sets I and L1 it 1s advisable to recerd its two
nodes (o order of ‘ncreasing distance from P), and the distance between P and
that node of the branch that is furthest from P. For the branche: of s=¢ I this

Twe Pecdlems e Comnexon with Graphs a7t
is the aclual minimam distance, for the brandie- of st I it is only the minimnum
thus far obtaiued.

The salutien given above is Lo be preferred o the solatdon by L. R, Forp [3]
as descubed Ly © Rumse [, for, irrespective of (e number of hranches, we
meed not store the data fur all branches simmitanzovily bas caly thos: lar the
brarches i =cis 1 and I, and thi= awnber i- always lesss =han ».  Furthermare,
the amount of work to he dons seemns to be conzidorably less

Reoloreg o

sEAL e, B On the Shorbest Spunning Snbtres of o Ceaph and the
velling Salesman Problen. Troc. Amer. Mats, Soc, 5. 48— 350 (1356).

B Lomzesarn, 1L, acd A, Weiseenczr: Foema) Prasrdures for Congec wag Ter-
mmnas wich x Minimum Total Wirs Longth JoAss Lomp. Ml 4 438—437
(1957).

LJ:' Fowo, L. R.: Netwerk fow theory, Hand Conp, Faper. P 623, 1556

[4] Bxrcr, C.: Théoriedes graphes ct s applicatisas, PP. 63=iA, Pass: Dunod 1958,
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{Reader's reaction:

Author's defence:

EWD230 - O

[Copies to members of IFIP.WG.2.1 ]

Department of Mathematics
Technological University
Postbox 5173

EINDHOVEN

The Netherlands

"there are writings which are lovable although
ungrammatical, and there are other writings which
are extremely grammatical, but are disgusting.
This is something that I cannot explain to
superficial persons."

from the Epigram of Chang Ch'ao "0On Flowers and
Women" as quoted by Lin Yutang in "The Importance
of Living".

"My tragic tale I won't prolong
sing rickety, tickety tin,
my tragic tale I won't prolong
and if you did not esnjoy my song
you've yourselves to blame if it's too long:
you should never have let me begin....

from "The Irish ballad" by Tom Lehrer|




On ﬂ\ﬁo\ 68 ...

?eaJerls reo‘c)‘ion:

“H\ere ore wri)’in\c)s oo‘hich oare \ovo\)o\e o‘\H\ouﬁ\w
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ex)‘reme\n:) 3r‘o\mmo\)’ico\\, )DU\)’ are clisgus)’in\cj. _nwis s

someH‘xing H‘\o} % comno;' ex)o\ain Yo su)oer-Plcia\ persons.

gu)‘\horls c|e17ence:
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y OGN o
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Yyou s\\ou\cj never ‘ho\ve \e)’ me )Desin....
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%MO\T‘ClQCl COmeﬂClS
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_i‘P X >= Yy 2> m = X
[]S>=x—>m:=g)

‘. ql, q2, q?), q‘4 = QI, QZ, Q?), ®4
do gl > 92 » ql,92 = 92,9
[] ‘12 > q?) - q?,qg ‘= qg,qZ
CJ[] q% > q4 - qg,q4 = q4,q3
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Guarded commands. non-determinacy and a calculus for the derivation of

programs.

by Edsger W.Dijkstra *)

*¥) Author's address: BURROUGHS
Plataanstraat 5
NUENEN - 4565
The Netherlands.

Abstract. So-called "quarded commands" are introduced as a building block

for alternative and repetitive constructs that allow non-determimistic
program caomponents for which at least the activity evoked, but possibly
even the final state, is not necessarily uniquely determined by the initial
state. for the formal derivation of programs expressed in terms of these

constructs, a calculus will be shown.
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