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3-layer 2.5D Metabolic pathway layout algorithm
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Abstract

Metabolic pathway, represented by well-displayed graph, have a complex binding structure,
which makes the graphical representation hard to visualize. To apply automatic graph layout
techniques to the genome-scale metabolic flow of metabolism domains, it is very important to
reduce unnecessary edge crossing on a metabolic pathway layout. we proposed a metabolic
pathway layout algorithm based on 3-layer layout. Our algorithm searches any meaningful
component existing in a pathway, such as circular components, highly connected nodes, and the
components are drawn in middle layer. Then the remaining subgraphs except meaningful
components are drawn in upper and lower layer by utilizing a new radial layout algorithm. It
reduces ultimately reduced the number of edge crossings. Our algorithm solve the problem that

edge crossings exponentially increase as the number of nodes grows.
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LayoutPathway(Pathway graph)

IF any cycle exists in graph
FIND all cycles (V,) in graph
decompose graph — N, into connected components Comps
group Comps into Upper_Comps, Lower_Comps
LayoutCenter (N,)
LayoutUpper (Upper Comps)
LayoutLower (Lower_Comps)

ELSE IF highly connected node exists in graph
FIND all highly connected nodes (N ) in graph
decompose graph — N into connected components Comps
group Comps into Upper Comps, Lower Comps
LayoutCenter (N):
LayoutUpper (Upper Comps)
LayoutLower (Lower Comps)

ATRE 1. HE 2E Ldo2E
algorithm 1. layer partition algorithm
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LayoutCenter (components N)
{
IF component N is N,
CireularLayout(each circular component of N
set each circular component of N. to super nodes
ELSE IF component N is N
set HC node of N,to super nodes

count edges among super nodes

set super node with the highest degree to C,,.,
set other super nodes to C,,,,, = {C, :i=I,...,n}
ModifiedRadiall (C..pp,,. C,

outer ) h

UDRIE?, FEE o LNRE
algorithm2. supernode definition algorithm
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Mo dlf— tedRadiall ( center,, Co m‘er)

layout C,_,,.. to Center on CL
Rionser = radius of C,.,,,
r; = radius of C;

Fonge -=MAaximum among 7;

n=%#of C;

calculate Rauter omax {‘Rcemer +rmm,:

i
—

FOR EACH C;

calculate center of mess of C;

sort C; by degree of node
IFn=1

FIND (%, » ¥5na) near to center of mess of C,,,,,
ELSE

C’ o= Find_init_position (C,,,,.)

Final node Layout (C°,,..,)

UTEIE 3. HYE LAL 2f0[0IR LTEIF
algorithm3. modified radial layout algorithm

o5 o] =7)7 Pﬁ@ﬂ
Al 4 (center of mess)<
gt % 78 e
R 73 =&
¥ itk AgkE e e 11594 FAIZA we} o %
79 == $A7F AdErt.

AR 777 ==0] 7] A= 5 de] = E IR
9 w=9 A AR e X0 sidEE o gt

Find init position (C,,;,)

{
init_position[i] : initial position of super node
n=*#of C

FORi=1. ..., n
. . - 360
init_position[i].theta : = ——xi
n

init_pesition[i].set = false
FOR EACH C;
FORi=1...... n
IF init_position[i].set= false
calculate distance init_position[i] & center of mess of C;
TF min distance > distance
min_distance := distance
init_position[i].set = true
sort C, ., bV init_position

UNRIE 4. 7 =0 IU| fX| HY ¢u2IE
algorithm 4. initial position setting algorithm
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Final node Layout (C,,;.)

{
angle(i] : positioning angle of C;
C0e_angle[i] s angle of C°, ..
angle[1]=0

FORi=2ton
C’node_angle[i] - s.in'f(r )i /Rouferjl

angle[i]=angle[i-1] +C 4, angle[i|+C’, ;. angle[i-1]
FORi=2ton
IF R,,..,=R +F

outer center max
alpha = 2 (= iangfe[f]) /n
=
angle[i]=angle[i] + alpha
FOR i=1 ton
layout C, e C’,,, wWith angle[i]
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algorithm 5. final layout algorithm
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supernode
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LayoutUpper& Lower(Components Comps)

FOR EACH Comp i € Comps
IF Comp iis atree && |Comp i[>2
IF Comp i is alinear && |Comp i[>3
apply “circular layout algorithm’to Comp i
ELSE
RadialLayout (Comp i)

set each component to circular super nodes C;
ModifiedRadial2 (C;s)
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algorithm 6. upper and lower layout algorithm
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ModifiedRadiai2 (Cgs)
{
count edges between C;and center layer CL
sort Cs by the number of edges between C, and CL

FOR component
set C;with the highest degree to C,
layout C, to Center on CL

center

center

FIND minimum k such that R +r _ <rad .. =

center ma e

IF k< n && k exists

C” ners = Find_1nit position(Cy,,,,,s)

Final node Layout(C,, Cj, ... Cy-))
IF k<n-I
LayoutOuter(Cy.;, Cpes ... C,, k+2)
ELSE

St Ripier = Reomter ™ Fmax

C s = Find_init_position(C,,,,.5)
Final node Layout (C,, C;, ... C))

LI2|E 7. M2 LAt 2ojorR LIRIE
algorithm 7. new radial layout algorithm
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LayoutQuter(C,,,,.s, int start_index)

{

outer mae . Maximum radius among C,,,,.s
WHILE start_index < n

FIND minimum [ such that Rie + Tower me < 700 sy
IF{ <n&& kexists

>

R, = i
T
Final node Layout(Cip: smiew Cs - Cp)
start_index = [+1 -
Rymer=R
ELSE
set R, ,...,=R
Final node Layout (C.pr smgow Car - C)

set

outer

»

nner ' ! outer_max

Yn2|E 8. 2/f A IEC Bojolr ¥u2liE
algorithm 8. outer circlular group layout algorithm
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metabolism
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