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Martin Zachariasen, Algorithms for Plane Steiner Tree Problems, Ph.D. thesis,
University of Copenhagen, 1998 (Published as technical report 98/15, Dept. of
Computer Science, University of Copenhagen)

Summary

Topological network design is the process
of planning the layout of a network subject
to the constraints of topology. Applica-
tions, for example, include the design of
transportation and communication net-
works in which the construction costs typi-
cally are associated with the nodes and/or
edges of the network. The Steiner tree
problem is one of the fundamental, topo-
logical network design problems. The
problem is to interconnect a subset of the
nodes such that there is a path between
every pair of nodes while minimising the
total cost of selected edges.

Originally, the Steiner tree problem was
stated as a purely geometric problem: Giv-
en a set of points (terminals) in a plane,
construct a tree interconnecting all termi-
nals such that the total length of all line
segments is minimised. In the Euclidean
Steiner tree problem, the length of a line
segment is the usual Euclidean (or L,) dis-
tance between the endpoints of the seg-
ment. Correspondingly, in the rectilinear
Steiner tree problem distances are mea-
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Samandrattur

Topologisk netplanlegging snyr seg um at
fastleggja strukturin av einum neti undir
givnum topologiskum treytum. Hetta verd-
ur nytt { sambandi vid gerd av netum til
flutning og samskifti, har kostnadurin ofta
er tengdur at kndtunum ella kantunum {
netinum.

Eitt av teimum grundleggjandi problem-
unum innan topologiska netplanlegging
verdur nevnt Steiner problemid. Hetta snyr
seg um at binda saman eina partmongd av
kniitunum, soleidis at ¢ll knitapgr hava ein
veg imillum hvgrt annad; samstundis skal
samladi kostnadurin minimerast. Uppruna-
liga var Steiner problemid givid sum eitt
reint geometriskt problem: Ein mongd av
punktum (nevnd terminalar) i planinum
skal samanbindast vid einum trai, soleidis
at samlada longin av gllum linjustykkjun-
um { trenum verdur minimerad. { ti euklid-
iska Steinertrenum verdur vanliga euklid-
iska (ella L,) fralggan nytt til at mata
longdina av linjustykkjunum, medan tad
rektlinjada Steinertreid nytir sonevndu
rektlinjadu (ella L,) fralgguna.
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sured using the rectilinear (or L,) distance.

This thesis is about algorithms for solv-
ing Euclidean and rectilinear Steiner tree
problems. New exact and heuristic algo-
rithms for these problems are evaluated by
performing extensive computational exper-
iments. The thesis covers a full range of al-
gorithms for the Euclidean problem: Fast
greedy heuristics with an O (n log n) worst-
case running time behaviour; powerful lo-
cal search algorithms that provide near-op-
timal solutions quickly; and efficient, exact
algorithms that solve problem instances
with more than 2,000 terminals to optimal-
ity. The new heuristics provide better solu-
tions faster than any other heuristic pro-
posed in the literature and the new, exact al-
gorithm solves problem instances that are
of an order of magnitude greater than those
previously solved.

The efficiency of the proposed algo-
rithms stems from a structural property of
optimal solutions to these two problems.
The optimal Steiner tree breaks into so-
called full Steiner trees (FSTs) in which all
terminals are leaves. These FSTs are typi-
cally very small (seldom spanning more
than six terminals) and have many well-es-
tablished properties that may be exploited
efficiently by using geometric structures.

The thesis is a collection of six research
papers. Five of these are on the Euclidean
and rectilinear Steiner tree problems, while
the last one presents a tabu search algorithm
for another geometric-plane problem, the
travelling salesman problem. The thesis
begins with a short introduction to algo-
rithms for planar Steiner tree problems.
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Henda ritgerd er um algoritmur til at
loysa euklidiska og rektlinjada Steiner pro-
blemid. Serstakliga eru eksaktar og heurist-
iskar algoritmur eftirmettar vid at gera um-
fatandi royndir 4 teldu. Ritgerdin fevnir um
oll slgg av algoritmum - serliga hvat ti
euklidiska probleminum vidvikur:

Skjotar algoritmur vid O(n log n) koyri-
ti0, godar lokalar leitialgoritmur, sum finna
loysnir av hggari g6dsku, og effektivar eks-
aktar algoritmur, sum kunnu finna optimal-
ar loysnir til problem vid meira enn 2000
terminalum. Teir nyggju heuristikkarnir
finna betri loysnir skjétari enn allir adrir
kendir heuristikkar, og tann nyggja eksakta
algoritman kann loysa problem, id eru
meira enn 10 ferdir stgrri enn tey, id adur
eru vordin loyst.

Effektiviteturin af algoritmunum kemst
fyrst og fremst av, at optimalu loysnirnar
hava ein serligan strukturellan eginleika.
Tad optimala Steinertreid kann bytast
sundur {1 minni sonevnd full Steinertrg
(FST), har allir terminalar eru blgd i tren-
um. Hesi FST eru vanliga sera smé (fevna
sjaldan um meira enn seks terminalar), og
hava négvar velkendar geometriskar egin-
leikar, 10 kunnu brikast 4 ein effektivan
hétt vid at nyta geometriskar strukturar og
algoritmur.

Ritgerdin er eitt savn av seks visindalig-
um geinum. Fimm av hesum eru um eu-
klidiska og rektlinjada Steiner problemid,
medan tann sidsta er um eina tabuleitingar-
algoritmu til eitt annad geometriskt pro-
blem, nevnt tann ferdandi seljararin. Inn-
gangurin { ritgerdini er ein innfgrsla til
Steiner problemid 1 planinum.
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Our natural surroundings do contain a lot
of puzzles, and the sea environment is no
exception. During the last decades some of
these puzzles have been solved, for exam-
ple the question about the life cycles of the
nematodes involving planktonic crusta-
ceans, fish and sea mammals like whales
and seals. However, even though the main
routes for some of the nematodes have
been revealed, important details as to their
pathways have been waiting for further
clarification.

In its six scientific papers, this thesis
deals with some aspects of the obscure
pathways of the life cycle of the parasitic
nematode Anisaki simplex, which also is
called "whaleworm*.

The first step in the work was to develop
a method, which made it possible to isolate
a lot of eggs from A. simplex. The females
used were sampled from the stomach of
long-finned pilot whales. The eggs were
kept at different temperatures and salini-

Géturnar { livandi umhvgrvi okkara eru
négvar — og har er havumhvgrvid onki und-
antak. [ ngkur 4rtiggjur eru nakrar gitur
partvist loystar um livsringrasirnar hja
ymsum rundormum, id 4 ymiskum livsstig-
um ferdast imillum ti { sjonum, hadani til
fisk og sidani til sigdyr sum t.d. hval og
kép. Sjalvt um hgvudsfarleidirnar hja ngkr-
um tilikum rundormum hava verid kendar,
hava aloftast tydningarmiklir smélutir vid-
vikjandi livsringrasini hja teimum restad {
at verid avdukadir.

Henda ritgerd lysir { 6 visindaligum
greinum livsringrdsina hjd rundorminum
Anisakis simplex (hvalormur er eitt slag av
sandmadki), id er ein snikur og ferdast
imillum krill, fisk og hval).

Fyrst vard ein kanningarhdttur mentur,
sum gjgrdi tad mg@guligt at isolera eitt stort
tal av Anisakis-eggum. Til hetta vérdu nytt-
ar fullbinar Anisakis-honir Gir maganum 4
grindahvali. Eggini vordu klakt vid ymisk
hitastigi og ymiskan saltleika, og avdikadu
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ties. Several life characteristics for the A.
simplex larvae then could be analyzed. Ex-
perimental infection was performed on ma-
rine macroplankton from Faroe waters,
and Meganyctiphanes norvegica was found
to be a successful host. Examinations of the
food of saithe, Pollachius virens (L.)
seemed to confirm this result, implying that
this species of krill bears the main respon-
sibility for the transport of A. simplex lar-
vae to fish.

Another new result is that eggs of A. sim-
plex do not differentiate inside the pilot
whale intestine, suggesting high tempera-
tures (37 °C) to act as a brake for the hatch-
ing of larvae.

Thus the tiny eggs (with a diameter of
only 40/1000 of a millimeter) have to reach
the cold sea, before hatching of larvae is
bound to start. Then a new generation of
whaleworm is going on its dangerous jour-
ney in the oceans. The first hurdle is to find
the fast-svimming, large krill species
Meganyctiphanes norvegica. Maybe some
other species will get a chance, too. Having
reached inside the krill, an euphausiacean
crustacean, the lucky A. simplex larva will
grow from approximately 0.25 to 25 mm. If
this kind of life style of the larva as a para-
site inside the krill is well established, the
prospects for its survival are good, because
now hundreds of different fish species are
searching for a good meal of krill, with or
without A. simplex larvae inside. When the
digestion of the krill inside the fish stom-
ach has reached a certain point, the larvae
is free and will cut its way through the
stomach wall. It will move about in the
fish, until the immune system of the host is
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hesar kanningar ymisk livsfyribrigdi hj4
nyklaktu Anisakis-larvuni.

Sidani vordu infektiénsroyndir gjgrdar,
i0 prégvadu, at eitt krill-slag av m.a. Fgr-
oya-leidini, id eitur Meganyctiphanes nor-
vegica, mé roknast sum tydandi millum-
vertur hja A. simplex (hvalormi). Fylgjandi
kanningar av f@dini hja seidi og upsa bendu
eisini 4, at nevnda krillslag hevur hgvuds-
dbyrgdina fyri at flyta Anisakis-larvur til
fisk.

Av ¢drum nyggjum durslitum kunnu
nevnast kanningarnar av Anisakis-eggum {
garnunum 4 grindahvali (sum koma fré
binum Anisakis-honum 1{ maganum).
Kropshitin hja hvalinum tykist forda fyri
menning av Anisakis-larvuni 1 egginum,
soleidis at kleking ikki fer fram, t4i0 hitin
er hggur (37 °C).

Ikki fyrr enn grsmau eggini (bert uml. 40
tisundapartar av einum millimetri { tvgr-
mét) koma 1t { sjégvin, fer klekingin {
gongd - og eitt nytt ettarlid av hvalormi fer
sina vandafullu og torfgru ferd tt { havum-
hvgrvid. Leidin gongur fyrst og fremst at
finna skjéttsvimjandi og stéra krill-slagid
Meganyctiphanes norvegica. Kanska onn-
ur slgg eisini faa ein kjans.

Innkomin { krillid fer Anisakis-larvan at
vaksa: fra umleid 0,25 mm til uml. 25 mm.
Er 1ivid sum snikur { einum krilli komid
val aleidis, ser ljosari ut fyri tilveruni, ti
nd bida hundradtals ymisk fiskaslgg, id
gjarna vilja smakka ein krillbita, vid ella
uttan Anisakis-larvum 1. T4 10 krillid er
sodnad i fiskamaganum, gerst Anisakis-
larvan leys tr fjgtrum. Hon borar seg ut
gjggnum magaveggin og kann ferdast
reettiliga langt 1 fiskinum, til verjuskipanin
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on alert and constructs a capsule around the
intruder. Now there is only one thing to do
for the larva: it has to wait and wait, pre-
sumably for months or years. There will be
no food and no growth. It will not fulfil its
life cycle unless the right final host is com-
ing along, for instance a long-finned pilot
whale, a porpoise, a dolphin or a minke
whale.

If a seal eats the fish infected with A.
simplex larvae, the larvae will not reach
sexual maturity in the seal stomach.

This thesis has shed some light on some
parts of the life cycle of A. simplex, the
whaleworm. Other parts, however, wait for
further investigation. For example, what is,
more precisely, the connection between the
number of pilot whales around the Faroes
and the prevalence of infection with A. sim-
plex in fish? How widespread is the infec-
tion of the krill in Faroese waters? Contin-
uous research on these matters are of sig-
nificance for the Faroe Islands as a fishing
nation - and for international marine sci-
ence as a whole.
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i fiskinum syrgir fyri at gera eitt hylki kring
henda 6bodna gest. N er bert eitt at gera
hja Anisakis-larvuni: bida og aftur bida {
langa tid. I manadir ella 4r liggur Anisakis-
larvan nidurbundin, uttan at fia fgdi. Hon
gerst ikki leys aftur og fullfiggjar ikki livs-
ringrés sina, fyrr enn ein hvalur far fatur 4
fiskinum, i0 hysir henni. Talan kann vera
um t.d. grindahval, nysu, springara ella
sildreka. Um képur etur fiskin, klarar
Anisakis-larvan ikki at gerast kynsbuigvin.

Kanningarnar { ritgerdini hava varpad
1j6s & nakrar partar av ringrasini hja A. sim-
plex. Ymsir partar eru t6 eftir at lysa. Til
dgmis: hvat er veruliga sambandid imillum
tal av grindahvali og tittleikan av hvalormi
(A. simplex) 1 fiski 4 Fgroyaleidini? Hvussu
umfatandi er infektién vid hvalormi { krilli
4 Fgroyaleidini? - Framhaldandi kanningar
av hesum vidurskiftum hava bdi tydning
fyri Fgroyar sum eina fiskivinnutj6d - og
tydning fyri havlivfrgdiligu visindina 4
hesum gki i alheimshgpi.
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Der nordfriesische Rufnamenschatz in seiner Zusammensetzung vom spdten Mittelalter
bis ins 17. Jahrhundert. Teil 1. Die germanischen Namen dinisch-nordischer Herkunft.
Copenhagen, C.A. Reitzel 1997 (Navnestudier udgivet af Institut for Navneforskning no.
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Der nordfriesische Rufnamenschatz in seiner Zusammensetzung vom spdten Mittelalter
bis ins 17. Jahrhundert. Teil 1. Die germanischen Namen dénisch-nordischer Herkunft.
Keypmannahavn, C.A. Reitzel 1997 (Navnestudier udgivet af Institut for Navneforskning

nr. 37). 455 bls., 5 kort.

This doctoral thesis is the first component
of a two-part investigation into the person-
al names in Utland, which is the main area
of Northern Frisland by the North Sea be-
tween the Danish-German border and the
river Eider. The investigation covers a peri-
od that extends into the 17th century. The
principal aim is to divide the names in three
groups: 1) Germanic names that derive
from Frisian/West Germanic; 2) Germanic
names that derive from Danish/Nordic, and
3) Christian and Biblical non-Germanic
names. In the second part statistical estima-
tions will be made on certain aspects of the
material, using the results from part one.
The main task of the first part was to iso-
late the Danish-Nordic names (both the
certain and the probable ones) in Utland by
using observations on sound developments
and geographical distribution. Due to the
historical pattern of settlement in this area,
the Danish-Nordic names are of special
significance. To a certain degree the task is
comparable to that which other authors
have tackled in works that investigate the
occuring of Nordic personal names in areas

Doktararitgerdin er fyrri partur av eini tvi-
byttari kanning av félkangvnum { ti so-
nevnda Utland, kjarnagkinum i Nordur-
frisalandi vid Nordsjogvin millum dansk-
tyska markid og FEideranna. Kanningin
fevnir um eitt tidarskeid, 10 rgkkur inni 17.
¢ld. Adalmalid vid kanningini er at skilja
folkangvnini sundur { triggjar bdlkar,
nevniliga tey germonsku ngvnini, sum ant-
in stava fra frisiskum/vesturgermonskum
ella fra donskum/nordurlendskum, og so
tey bibilsku-kristnu ngvnini, sum ikki stava
fr4 germonskum. Kanningartilfarid fer, 1
@drum parti av verkinum, at verda vidgjgrt-
hagfrgdiliga vid stgdi 1 urslitinum frd fyrra
partinum.

Hgvudsevnid 1 fyrra partinum er — vid
stpdi 1 1j6dsgguligum og navnageografisk-
um kanningum - at pilka Ur tey ngvnini {
Utlandi, sum eru ella kunnu vera av dansk-
nordurlendskum uppruna. Vegna sgguliga
busetingarmynstrid { Utland hava hesi
ngvn serligan tydning. Verkatlanin kann {
avisan mun samanberast vid tad, sum adrir
hgvundar longu frammanundan hava gjgrt {
kanningum av nordurlendskum félkangvn-
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that were not originally inhabited by
Nordic people, e.g. Normandy in France
and the Danelag in England.

The thesis is organized into three main
sections: 1) aims and method, the area of
investigation, the sources and the period in-
cluded by the investigation; 2) the list of
names, presented with the intention of cor-
rect classification and grouping; 3) results
of the correlation between the geographic
and chronological systematisation of the
names and the historical pattern of settle-
ment in the Utland. Included in the re-
search is a zone adjacent to the Utland,
stretching from the town of Tgnder down
Central Schleswig into the northern part of
Dithmarschen The most essential source
material was taken primarily from unpub-
lished taxation lists from the 15th century
and later. The names with all occuring vari-
ants are presented according to how they
were first found in the sources.

As one of the results it is to be consid-
ered likely that most of the Nordic names
in Utland were assimilated before the mid-
dle of the 13th century, some before the
14th century and very few later than this
period. In the somewhat higher areas (the
so-called Geest-land) on the islands of
Sylt, Amrum and Fohr as well as in the
south of the Utland in the Geest areas of the
Eiderstedt peninsula, Nordic personal
names that seem to be relic forms, suggest
that Nordic people settled here early. (In
Eiderstedt these names appear partly as de-
terminants of place-names.) After the early
Middle Ages and into the 17th century,
however, not many people from Jutland
seem to have moved to the Utland. In the
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um { gkjum, har nordurlendingar hava ikki
upprunaliga buid, til dgmis i Normandinum
i Fraklandi og { ,,Danelagh* i Onglandi.
Ritgerdin er skipad { triggjar hgvudspartar:
1. endamdl og mannagongd, kanningargk-
10, keldurnar og kanningarskeidid; 2.
navnatilfarid verdur lagt fram og vidgjart
mest Ur hesum sjénarhorni: rgtt bélking; 3.
urslit av navnageografiskum, navnakrono-
logiskum og busetingarsgguligum slagi.
Kanningargkid fyri vidgjgrd ngvn fevnir
eisini um eina leingju uttan fyri Utland, 10
toyggir seg nordur ur Tgnder og sudur
igjggnum Midslesvik inn { nordrara partin
av Dithmarschen. Tydningarmesta keldu-
tilfarid umfatar — fyri tad mesta 6utgivin —
figgjarskjgl tr 15. ¢ld og seinni. Ngvnini
og allir teir variantar, i0 fyrikoma, verda
lpgd fram 1 ti liki, tey fyrst koma fyri 1 elstu
heimildunum.

Kanningin visir, at meginparturin av
nordurlendsku ngvnunum i Utland traliga
vordu tikin upp fyri midja 13. ¢ld, ngkur
fram til midja 14. gld og bert 6gvuliga fa
eftir hetta. [ teimum hggtliggjandi so-
nevndu geest-umrddunum 4 oyggjunum
Sylt, Amrum og Fohr og somuleidis 4 halv-
oynni Eiderstedt benda fornleivdarlig per-
sénsngvn (sunnanfyri partvis sum forlidir {
bistadarngvnum) 4 mangan hétt 4 biseting
av nordbigvum tidliga { tidini. Eftir eldri
hamidgld og upp 1 17. ¢ld hevur hariméti
allarhelst bara eitt slgd av jutum busetst {
Utland. A valloyrunum { Utland hava frisar
tikid vid litlum av ti nordurlendska navna-
tilfarinum, og sostatt er storur munur 4 hes-
um gkinum og nevndu geest-oyggjunum,
har frisar longu umleid 300 ar framman-
undan (i 8. gld) hgvdu sett seg nidur. Eitt av
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marshlands of Utland, the Frisians assimi-
lated only few of the Nordic names. In this
respect great differences occur compared
to the above mentioned Geest islands,
which were already inhabited by Frisians
about 300 years earlier (in the 8th century)
than most of the marshlands. One of the an-
cillary results of the thesis is that informa-
tion found in the work Danmarks gamle
Personnavne (The Old Personal Names in
Denmark), can be corrected and comple-
mented in several respects.

The project was untertaken in 1969 with
support from the Swedish state in the form
of a doctoral candidate scholarship. Since
then, it has provided the framework for a
long series of publications, many of which
were preparatory work to the doctoral the-
sis. The Ferring Stiftung at Fohr has sup-
ported the thesis project considerably. The
Danish research Council for the Humani-
ties defrayed the printing expenses. The
thesis was defended 27 February 1998 at
the University of Copenhagen.

framihjadrslitunum av ritgerdini er, at upp-
lysingar { verkinum ,,Danmarks gamle Per-
sonnavne* kunnu verda rettadar og full-
figgjadar { mongum fgrum.

Vid doktaraevnisstyrki fra svenska stat-
inum vard { 1969 farid undir verkatlanina,
sum sidani t4 hevur verid karmur um eina
langa r@d av greinum og ritum hja hgvund-
anum. Fleiri teirra hava beinleidis lagt
lunnar undir doktararitgerdina. Ferring
Stiftung & Fohr hevur studlad arbeidinum
munandi. Statens Humanistiske Forskn-
ingsrad hevur greitt kostnadin fyri prent-
ing. Ritgerdin vard vard hin 27. februar
1998 4 Larda Héskilanum 1 Keypmanna-
havn.

Leyvoy Joensen

North Atlantic Nationalism and Literary Export. 1998. Ph.D. thesis at Columbia Univer-

sity, New York.




