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Numerische Mathematik 1, 269—271 (1959)

A Note on Two Problems in Connexion W
By
E. W. DIJKSTRA

We consider # points (nodes), sor.ne (?r all pavlrs oft:;?:c:u::
branch; the length of each branch is glven: We re:1 .
where at least one path exists between any two nodes.
problems.

Problem 1. Construct the
(A tree is a graph with one an

In the course of the construc
subdivided into three sets:

L. the branches definitely assigne
form a subtree);

I1. the branches fr
selected; ,

II1. the remaining branches (rejected or

The nodes are cubdivided into two sets:

A. the nodes connected by the branches ¢ l
one and only on

tree of minimum total length be
d only one path between every

tion that we present bere
d to the tree under con:

om which the next branch to be add

B. the remaining nodes {
of these nodes). :

We start the construction by choosing ar?
of set A, and by placing all branches that t
with, set I is empty. From then onwards
repeatedly. :

Step 1. The shortest brar}cln of set 11 1s
et I. As a result one node is transferred fr

Step 2. Consider the branches leading (_ro
ferred to set A, to the nodes that are s.ull
sideration is longer than the corrmPondmg
is shorter, it replaces the corresponding bran

We then return to step 1 and repeat t?le
The branches in set I form the tree require

The solution given here is to be prefe 8
Kruskar [1] and those given by H.LoB

4
%,
6
7

Top Algorithms/Data
Structures/Concepts every computer
science student should know

g Coding Freak [Follow ]
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Top algorithms -

Insertion sort, Selection sort, Bubble sort

DUKSTRA(G, w, s)

INITIALIZE-SINGLE-SOURCE (G, 5)
S =90

S W =irk
while O # 0

u = EXTRACT-MIN(Q)
S =.8Ufu}

for each vertex v € G. Adju]

RELAX(u,v, w)

E. W. D1jxstra: eld,

branches, viz, the branches

step 2, in sets I and II and the branch

h v
€ path of minimum total length between two given nodes

»if R is a node on the minimal
e _kfnowledge of the minimal

path from Pto (, knowledge
path from P to R, In the
other nodes are constructed

solution the nodes are subdivid,
.ch the path of minimum
in order of increasing mini

ed into three sets:

subdivided into three sets:
g In the minimal paths from node P to the nodes

whirh #ha gayt branch to be placed in set I wi] be

this set will lead to each node in set B-
d or not yet considered). :
and all branches are in set ITI. We now
onwards repeatedly perform the fo[lowing

ecting the node just transferred to set A
belongs to set B, we investigate whether
er path from P to R than the known
in se‘t II. If this is not so, branch 7 is
esults in a shorter connexion between P
ices the corresponding branch in set IJ
belongs to set C, it is added to set B and

J;onnected to node P
t I and one from set

)de P: the node with minimum distance

and the corresponding branch is trans-

fturn to step 1 and repeat the process

rn the solution has been found,

in only one way
IL. In this sense

i i - ibly 4n(n—1 ‘
heir solutions all the — possiDly 2 oy
;cz:rding to length. Even if the length of the b(;m:ﬁ;\:zs dlit
of the node coordinates, their methods deman 2

7 i si1
stored simultaneously. Our method only requires the

Disjoint-Set Data Structure (Union-Find Algorithm)

Kruskal’s Algorithm for finding Minimum Spanning Tree

Single-Source Shortest Paths — Dijkstra’s Algorithm

All-Pairs Shortest Paths — Floyd Warshall Algorithm

be applied in the case wh
S ere t
which it is traversed. e

distance from P), a
is furthest from p.
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= EP& (Greedy Choice) : {RiZFIi R RIERE
2, MWEi + 1FFEBEKET UXFEKRE:
d(s,u;y1) = min{d(s, uj) -+ W(u-,uiﬂ) | j=1,-,i}

s ARIE I B ES o] IARIUESKIFSSSP

s 19594F, fF=RZFKDijkstratg HE T A BB
FISSSPRRE %A, EFR “DijkstraB%”

KSSSPHYRE B AR 8




KRR AR Dijkstra® %

= B nfnEBWINXEG, FEEM RS € Vg

n Bt P aRvEtE(L(v),u), HA:

o Lw)RI AMNIRRsEE Birl v FrE B iE
B (BRPKISHY) RAEEIEHNKE

O uMNIZEE R FEIAvZ BTN SRR

s ESRIIREER (AL RFERRIAER G E
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14J) Dijkstra& jEHiA

Step 1. #454: i =0, Sy ={s}, L(s)=0, sHC—Ive
Ve, ¥L(w) EAw, En=1, %

Step2. Vv €S =V;—S;, FELRLW)AL(u;) + Wy, v)891A
(u; €S;), 22XL(w) + W, v) <L), WFvagiriE LA
(L(up) + W (uy,v),u), Br:

L(v) = min{L (v), minyes {L(u) + W(u,v)} }

Step 3. MRS PO &, FRBEARDLW)WIR wv EAH
Ui+t

Step4. Siy1 = S; U{uiv}

Step5. i=i+1; Fi=n—-1, HEXx&LL; & N4 5|Step 2.

Dijkstra& jLX 1A
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function Dijkstra(G, w, s)

AR AR A S IR

for each vertex v in V[G] // #IETE
d[v] := infinity // FFERBIEHRATEEE LIRS
previous[v] := undefined // HmRHAIEFRIZEEZE EAIGIEESEBARA]
d[s] =0 O(V) // BN RRENER R IEITEBNE e E, AT B G s shs&R/EEE IR0
S := empty set 1 oV
Q0 := set of all ve tices///' ( )
while Q is not an empty set // Dijkstra E;XFMH
u := Extract Min(Q)
s.append (u) o) _~O(E)

for each edge outgoing from u as (u,v)
if d[v] > d[u] + w(u,Vv)

// W (u,v) . w(u,v) IMuBIVEIEZKE,

drv] := d[ul + w(u,vy—> O(1)// BEHBRKERE A,

previous[v] := u

DijkstraZ ARy AR AL IR

// LBRETETR
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(4)) Dijkstra®z %8978 847"

o BEURAYTTA IR A RIR ]
s EEMIERAM (g2 o FiEA S H AL
o L(w) =d(s,v) X —vmk i
O WARI P B, A NHBERL—FRIEHRZ
(X Ed(s,v)ZsBlvaImIBRZEKE, BPIESH)

= [EEZE: o(VI* + |E]) = 0(|V|?) siEleoqv?)
o VT HIBLEMELHO((V] + |EDlog|V])
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AATA
AATG (x2
> 2 4 }é,f N ) R
. ‘l ﬂiy N -j"‘/ Z WOAST T A8 0T ANE)
ATGCCGTACGTAGGGTAATATATGACCA ACTA
AGGG (x2)
) ATAT (x4)
ing: N L et
(Sequencing: Solexa, Muming, etc..) ATGA (x2)
ATGC (x2)
Compute k-mer cce.¥
TGCCGT TAGGGT ATATAT with ked CG6TA(x2)
CTAT
T
AATGC TACGTA ATGACC 6 A CC(x2)
TTGCCG CGTAGG TAATAT G CCG (x2)
6TACGT GTACTA GGGT(x2)
AATGCC GGGTARA TGACCA g?;:
GTAGGG TATGAC GTAC(x2)
CTATAT GTAG (x2)
TAAT
Crearte Gragh for TACG (x2)
the set of k-mers TAETY
TAGG (x3)
TATA(x2)
TATG
TGAC(x3)
= T
Runtime Tie eI
: . - TT
+— BitParallel Yy X . b
«— Dijkstra ~ i — —_—
10%s: —e— AStarix ~ =t <o e ———— - L b Sev— I ATSY
: FGTAALM TAATE AATALS ATATK — :
—+— PaSGAL , e =" "'\"--n',A,.K-
2¢ - > ~x°-2 ' P | = s
105§ 7 y = - [trec] ‘rccc »{ccce »cccrr—»cotag»cu\c,;»YAGGV»AGGG.W>6661.-ﬂcﬂﬂ !
: / o 7 v ‘ " L) e _:-—«—-"/
. = [aaTa] sateck ‘ R
1 Wreer] ‘ ¥ Stact]o AcTAl—lcraT]
105: - v . = e “"GTAC», —_— -
10-?Mbp  10"'Mbp 10°Mbp 10Mbp N TACG > ACeT)
Reference length ‘(-ATGAI »reacl—leaccl—a{accal
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DijkstraZE ;% : Application and Beyo i

= 3 m A (graceful) &9 5%

An Q(n2 log n) Lower Bound to the Shortest Paths Problem++

Andrew C. Yao
Computer Science Department, Stanford University

David M. Avis
Department of Operations Research, Stanford University

Ronald L. Rivest
Laboratory for Computer Science, M.I.T.

Dijkstra&%k: NARHETE 30



Dijkstra&%k: NARHETE 31



=R

s HMANZE: [Rosen] 10.6.1, 10.6.2 73

w TRIESAR:

o Problem Set 26

» IEARETE]: 6 83H 10:00 By

HREEW 32



