Minimum Spanning Tree: Prim's
Algorithm

1. Initialize a tree with a single vertex, chosen arbitrarily
from the graph.

2. Grow the tree by one edge: of the edges that connect the
tree to vertices not yet in the tree, find the minimum-
weight edge, and transfer it to the tree.

3. Repeat step 2 (until all vertices are in the tree).
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Complexity Analysis

Minimum edge weight data Time complexity (total)
structure

adjacency matrix, searching O(V*V)

binary heap and adjacency OV +E) log(V)) =0(E
list log(V))

Fibonacci heap and O(E + V log(V))
adjacency list
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Parallel Formulation

Prim’s Algorithm for Finding the Minimum Spanning Tree

. Initialize S with the start vertex, s, and V=S with the remaining vertices.
2. forallvin V=§
o Set p|v] to s.
4 if there is an edge (s, v)
5 Set d|v] to w(s, v).
else AUCKOAQ TTOPAAANAOTTOIEITA

6. g oo, (dev yTTOpOUME VA BdAoupe BUO
- Kopupéc Tautéypva ato MST)
8. . V=S, find the smallest d|u«].
9. Remove # from V=S and add it to S.

10. Insert the edge (#, pl#]) into the spanning tree.

11. for all v in V=S

12. if w(n, v) < dlv]

13. Set d|v| to w(u, v).

14. Set plv| to u.
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Parallel Formulation

Prim’s Algorithm for Finding the Minimum Spanning Tree

. Initialize S with the start vertex, s, and V=S with the remaining vertices.
2. forallvin V=S

3. Set plv] to s.

4 if there is an edge (s, v)

5 Set d|v] to w(s, v).

else ElkoAn

6. Set d|v] to os. TapaAAnAotroinon!
7.  while V=3 empty
8. or all # in V=S, find the smallest d|#].
9. Remove # from V=S and add it to S.

10. Insert the edge (u, pl#]) into the spanning tree.

1L, for all v in V=S

12 if w(n, v) < d|v]

13. Set d|v] to w(u, v).

14. et plv| to u.
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P = 0 aplOpoc twv dlepyaoiwv
N = 0 aplOuoOC Twv KOUBwWV Tou ypadou

Vi = To cUVOAO TwV KOUPBwWV TTou avatiBevtal otnv
dtepyaoia Pi,Pi=0, ..., P-1

16€a: kaBe diepyaoio Ba vmtoAoyilel mapaAAnAa ta

difu] = min{di[v]|v € (V VT)O Vi}

To oAkO eAayloto Bploketal pe reduction mavw o€
LLEPLKA EAAYLOTAL



Ye kA Oe Bripa n Baowkn dtepyaocia PO Ba €xeL to
arnoteAeopa tou reduce operation, SnAadn molog
KOpBoc Ba pooteBeL oto HEVTpO.

H Sdtepyacio PO Ba kavel Broadcast oe 0Aouc To oLo¢
KOUBOC mpooTteEBNKE .

KaBe Siepyaoia avavewvel og kaBe emavaAnyn TLg
TLLEC VLA TLC AMTOOTAOELC aTto To VEO MIST yla touc
KOUBOUC TTOU TNC OVTLOTOLOUV .



ALOLOLPOCOC TOU TIVALKAL YELTVLIAONC KOl TOU TTivaKa
arnootacewv o€ 1D blocks.
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Run time formulation
Computation cost

e Ye kABe BAua to update TwWV TLHWV TOU TTivako
amooTtAoswVv o€ KABe diepyaoia eivat ©(n/p) , adou
kKaBOe Siepyaoio £xeL avaAdpet n/p KOUPBOUC KL TO
update pe adjacencny matrix eivat O(1)

e O UTTOAOYLOUOC TOU EAAXLOTOU TIAVW OTOUC P
KOpuBouc sival maAL yia kaBe diepyaoia O(n/p)

* o TIc n emavaAnPelg
computation cost= O(n* n/p)



Communication cost ylwa uAomoinon o€
QPYLTEKTOVLKN KATAVEUNUEVNC LVALNC

Ye KAOe emavaAnn Exouvpe

* all-to-one-reduction yla uTtoAoyLopo TG EAAXLOTNG
KNG TpOG eLoaywyn (O( log p))

* one-to-all broadcast yia tnv yvwotomnoinon og 0Aouc
TNC OKUNG TTou TEALKA eLoaxOnke oto MST (O( log p))

Kootoc: O(N log p) yia tic N emavaAnPeLg



Speedup and Efficiency

@ ((n?)

@(n?/p) + O(nlog p)
I

| +©O((plogp)/n)

A
|

Minimum Spanning Tree: Prim's Algorithm

11/6/2015 Parallel Formulation

10



MPI: Message Passing Interface

 OAec oL blepyaoiec ekteAoUV To 1OLO TIpOYpALOL

* KaBe diepyaoia emeéepyaletal UMTOOCUVOAO TWV
dedopevwy N dSLadopoTrolel Tn pon EKTEAEONC TNG UE
Baon to Baduo (rank) mouv tnc anodidbetl to MPI



>UA\oyLkN Emkowvwvio oto MPI

Noapadeypa:
ATtooTtoAn tou msg otic dtepyaoiec 1-7 amo tn O
MPI_Bcast(msg,count,MPl_FLOAT,0,MPI_COMM_WORLD);

Algpyaoiec MPI

0 1 2 3 4 5 6 7
msg

Fevika: MNa p dtepyaoiec exovpue log 2 p BrApata
ETILKOWVWVLOLC




Broadcast communication tree
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Reduce communication tree

p-1
User-defined Reduction Operation: Z B ,
Processor O with corresponding =0 db
Sendbuf content je'% _—_U_f 7
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MPI_Reduce
pl intermediate steps P
6 22
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28

pit o5 '‘Root” process with Recvbuf content
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3,5

_—a

/

2,5

/

speedup

1,5

0,5

12/6/2015

number of processors

Minimum Spanning Tree: Prim's Algorithm

Parallel Formulation

—&—edges=4500935
== edges=9003857
== edges=13495971

15



Amnote\eopata

time (6000 nodes)
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Amote\eopota
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Amnote\eopata

time (8000 nodes)
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Amote\eopota

speedup (10000 nodes)
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Amote\eopota
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Amote\eopota

speedup (12000 nodes)
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Amnote\eopata

time (12000 nodes)
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Amote\eopota
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Amote\eopota

time (14000 nodes)
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