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Abstract We extend a parallel depth-first search (DFS) algorithm for planar graphs to deal with
(non-planar) solid grid graphs, a subclass of non-planar grid graphs. The proposed algorithm takes
time O(logn) with O(n/+logn) processors in Priority PRAM model. In our knowledge, this is the
first deterministic NC algorithm for a non-planar graph class.
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2. Par Planar DFS

Par_Planar_DFS [14]1€ At gngl&dA & ABF
Blo] 982 suz oo tis =HFel B dert sik
o] dmElZe TR teH o] T AA,
By 2oz 7} faceES FE7 TYH faceE R ¥
A %02 dto] Folx HYW 2HZE o] @AY F
o= Urol mdicth EAEZ, 4 GAY FLERE
g WA a2 (outerplanar graph)5& derh &4
vl BW gl DFS-treeSS 78 ¥ HFHLE
olE DFS-treeZ Fatd Fojxl HW e=e] DFS-
tree2 deth A A GAEZ dsidE G face-on-
vertex Z#=Q Groll Wa)A breadth-first search®
s8A Aok W= Gre vertex HELS $4 G9
BE vertexS< T3 G & face foll WSHE
& vertex f'&t & w olHF vertexE A EFBT
AT edge AL G faced) 9 BAS AA
vertex vl TisiM RE 7153 edge {v, fHER olF
oA, 1 1e ol BAF ojF Blvk

e Al o] dnaFe F& ADE Jekdnh

Ad 1 (Hagerupl12)). Suppose that time T(n)
> log n and p(n) processors suffice to construct a
planar embedding of a planar graph on n vertices
and to compute a BFS tree with a given root of a
Then,
undirected connected planar graph G=(V,E) on n

planar graph on 3n vertices. given an
vertices and a vertex r € V, a DFS tree of G
rooted ar r can be computed in time O(T(n)) by a
Priority PRAM with p(n) processors.

3. Mgt gnalE

Aot FuElEe A tSH 2 A AR B
Btk A aAlAE, ME3 edge contraction &
st Z0)A solid grid 2HZ GF gl ¥ FH I
3 (embedded planar graph) G'E HIFH3L A).
= WAl @ACME, 69 & DFS Ed T8 3437]

9)3} Par_Planar DFSE H4RtH32 &), =A% &4
M, o] A YA DFS Ej2RE dHy 2@z
o] th3 DFS E2E ARHLE FITH33 A).

3.1 ez HHE A

o] @Al F8& ololtyolr BA WZ edge S
Eocell(RE 1 22)EL 23, I celld] FHELS
%) edge 3 1= contract(FE 13=2)5to] YW=
BY adZs Q= Aot} L o HE wkZ
(pseudo—code)E YERATE

1 4

Input: Solid grid graph G=(V, E).

output: Embedded planar graph G'.

1: label every edge with '0' in parallel

2: for every subgrid pardo
if the cell has intersecting diagonal
edge pair then

4: label a horizontal (vertical) edge

with ‘1' in an interleaved manner

: end if

. end for

: for every subgrid pardo

o =~ o !

contract edges labelled as 'l' (remove it
and update vertex weight and adjacency
information) in an interleaved manner
9: end for

¢ gmelZe] B 394 i WA edge B
vertex?] HES ol&s] o go] 1Y UNE F
Aok () vertexE Z1ELE 3, e {(+1)),
G+ (G, G+D) edge?t TAS) EAFE o=
zt @3 edgeddol Bk 2Rl 4ox TR EIZ
edgeS AHsh=d T 71 A%g Eok (MAHEHE
edgeSe MZ disjointslop gk (v) LnaE AA ]
A FHolE FHolE § 71A) edged nAA AH
gl 3 AR Ae edge contractiono] 58 F-&o
Aoz WAl AL WA A 3ln F

A G A WA Aol AuiEE AL WA

o=

29 1 Par Planar DFS] 9. (a) o1 Rty 2= GAHS rootE WebATh. (b) G4 face-on-vertex -1
A Gr(AAS A, Re A, A g 34 J9e 47 F 0, 1, 28 vehdoh () ¢4 DFS-tree(H

& D)
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28 2 (a) Subgrid® vyre .
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nE A 1. ne vertexE J}A= YHEE B HF
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i, r& REZ = G 8 DFS EzglE= Priority
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rity PRAM =2doA  On/Viegn)iel ZzAxz
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TSSP
level 1

TSSP
level 2

(a) (b)
213 4 candidate TSSP edged) H(E HA)

.

1% 3§ A E2ol @ tree-segment simple paths (Procedure: TSSP extension)
Input: initial cand;; and initial P";j;
maximal simple path& Y=L, Output: a DFS-tree segment simple path P";;
Aol 2. TSSP level: FEE 7]¥2Z 3l= TSSP 1: for every subset of cand;;
S0 14 Hojslod BE TSSPEO fjdl #=21F¢] 2: if the edge makes degree of an end-vertex

level W5 & YHe=r] > 2 w.r.t initial P"iy
e Bz Ao olzd TSSPY edgeEzte] #A 3: then remove the edge from cand;;

o st Re = [8]ldA] 2HEUTH 4: if the edge is unique element in a subset
Hzx Ae 2 [8l. & ¥ ¥BY 2= G span- of cand;;

ning tree T o Wal4, EE cross-edge TS % ¢  °: them include it P’y

Do) SSrEk 6: if the edge does not make degree of each
i) 2 level9) P TSSP9} E & TSSP AFo]<] end-vertex > 2 w.x.£ current P

N 7: then include the edge in Py
$t frond ’
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(edges_P el AU T P39 edge e} G”
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333 9 a#j 29 DFS-tree F3}7]
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Input: Contracted graph G', DFS-tree T' of G'.
Output: Original solid graph G, DFS-tree T of G
: for every subgrid pardo

: extend it in an interleaved manner

: construct initial cands and initial TSSP

. for every TSSP pardo

: conduct TSSP extension

A U R W N

find a DFS~tree edge for r*

nz g 3. HF EdEs e gngdEFe
EREW PRAM XA Olnflogn) /]9 ZZMA2
Ollogn) Algretll =8 € = 4

7. A% Eg9 DFS Eg oRo
(814 SHAAG. A AA for FI&
ggoMe 1R fAkEh 8]l 38 7HE) 7
23, F WA for FEZ= F 74 Felz A3k
717} log n Bt} &L TSSPEL & Wdog n IV
w29l TSSPES) & Mol 93t Xesxs
33 log n BY 2 TSSPEL log n 9 o] o
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