Net wor k' t opol ogy and routing al gorithm based on 3-degree node.
BACKGROUND OF THE I NVENTION 5 Field of the Invention ,
The present invention relates to a nethod of arrangi ng ndfﬂéﬁk‘ﬁﬂﬂes
in a topology to inprove the routi ng capabil-ity of the nodﬁs %Qq tQE
inter-arrival tine of data between source node and desti natlif8 -
nodes. Since 10 the nmethod according to the present invention
S i ndependent of the network protocol, it can be used for

configuring ametwordr cospElddingardi sbundngetalgdrityst ebeséd on 3-dégpgmeve
a del ay between conputers in different conputer net wor ks. &; _
The need for hiogle.speed conmuni cati on has been the nost infYuenti al
factor in the design of a new network t opol ogy and for a network
t opol ogy dependent on a routing algorithmfor efficient data routing
on a backbone networ k.
BACKGROUND OF THE INVENTION
5 Field of the Invention
The present invention relates to a method of
arranging network nodes in a topology to improve the
routing capability of the nodes ana the inter-arrival time
of data between source node and destination. nodes. Since
i0 the method according to the present invention is
independent of the network protocol, it can be used for
configuring and interconnecting existing network systems to
improve a delay between computers in different computer
networks.

15 The need for high-speed communication has been
the most influential factor in the design of a new network
topology and for a network topology dependent on a routing
algorithm for efficient data routing on a backbone network.

For a backbone network, the need to interconnect

20 network gateways in an efficient manner is imperative to a
good network performance in terms of end-to-end delay. The
network topology chosen to interconnect network gateways
can also be the determining factor in providing real-time

services between computer terminals of different gateways

25 as the number of gateways in the interconnected network



For a backbone network, the need to interconnect 20 net wor k gat eways in

an efficient manner is inperative to a good network performance in
ternms of end-to-end delay. The net wor k topol ogy chosen to

i nt erconnect network gateways can gl so be the determning factor in
providing real -tine services betweén conputer termnals of different
gat eways 25 as the nunber of gateways in the interconnected network

2 becones | arger. Net wor k t opol ogi es used to

i nterconnect _a | arge nunber of network nodes will also determ ne the
met hod used becomegoﬁ%ﬁFFchi ng technol ogi es and topol ogies.  The network
5 t opol ogi es through_the use of swtching techno) ogies are capabl e
of delivering | ow cost?‘eﬁl"ﬁﬁkytf’gpiagi"@? gg&ﬁaéoe intercmfiftk1a vﬁﬁﬂ%‘hd

servi ce. The present invention_.can gl so e used as one .of ,the
user - def i nednH@gﬁér REt 865W8§Fe§°$iﬂ§tmlf algp b?%g?ﬁ&?\ﬁ‘él gh%vﬁ‘?gi‘ﬁ%dlsed

t opol ogi es may support. Fi bre .
P g f%r squr)itching technologies and topologies, The network

5 topologies through the use of switching technologies are
capable of delivering low-cost, highly reliable, scalable
connectivity and service. The present invention can also
be used as one of the user-defined network topologies that
Fibre Channel switching topologies may support. Fibre

10 Channel families of standards are the responsibilities of
the standardization committee TI11. Tl1l is a committee
within the National Committee for Information Technology
Standards {NCITS).

Description of Prior Art

15 There is a number of network topology already in
existence and being implemented as a part of the
international standards such as Token ring and Ethernet

which are networks based on ring and bus topology,

respectively. Interconnection network topologies can be
20 broadly divided into 2 main classes of static type and
dynamic type. Most of the static network topologies_

require node each having 2 and more links.
For measuring the performance of network topology,
diameter of the network is of the paramount importance.

25 Diameter of the network topology is a measure of the



10 Channel famlies of standards are the responsibilities of t he
standardi zation comm ttee T11. Tll1 is a commttee wi thin the
Nat i onal Conmittee for Information Technol ogy St andards (NCI TS).
Description of Prior Art 15 There is a nunber of network

topol ogy already in exi stence and béﬁng | npl emented as a part of the
I nternational standards such as Token ring and Ethernet whi ch are

net wor ks based on ring and bus topol ogy, respectively.

I nt erconnecti on network topol ogi es can be 20 broadly divided into 2 main
cl asses of stshaxtesfpalidbetweengpddnpessibhe of npgep ipfthe Retuerk; ¢
network topol ogi es requi re node each having 2 and nore |inks,

For measuri nfheedirnatameiccths pREWRFK dOMRABIRES the nygben(y binkHe

network is of the paramount inportance. 25 Di anmeter of the network
t opol ogy is foFr neeifidndf at Heessage from the socurce node to the 3

shortest path between all possible of nodes in the netwoyk. )
destination. Diameter of the network topology determines
5 the shortest possible path and a routing algorithm can
route a message from the source node to destination.. The 2
other important parameters include the degree of network
nodes and the minimum expaqsion increment of nodeslto the
network. Degree of network node is a measure of number of
10 links that a network node must have. The minimum expansion
increment is the minimum number of nodes to be added to the
network.

A presently known network topology that uses 3-
degree nodes is the cube-connected cycles network. It has
15 a large minimum expansion increment as £he network size
gets larger. The diameter of the network is very large as
the number of nodes in the network increases. One of the
most detrimental factor of this network topology is that it
needs a complex routing algorithm and the algorithm is also
290 dependent on the number of nodes in the network topology.
The network topology uses algorithms that must be changed
as the size of network increases since a generic algorithm

uses at each of network nodes becomes impossible.
Many of the existing routing algorithms and

25 network topologies are dependent on the type of network



The di aneter of the network determ nes the nunber of |inks for
routing a nessage fromthe source node to the destination. Dianeter
of the network topol ogy determ nes 5 the shortest possible path and a
routing algorithm can route a nmessgge fromthe source node to
destination.. The 2 ot her inportant” paranmeters include the degree of
net wor k nodes and the m ni nrum expansi on i ncrenment of nodes to the
net wor k. Degree of network node is a neasure of nunmber of 10 | i nks t hat
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between the source and the destination. The additional
routing information puts a burden on the already scarce
bandwidth resources.
10 Summary of the Invention

One object of the present invention is to improve
the distance of a network topoclogy comprising 3-degree
nodes.

Another object of the present invention is to

15 improve the minimum expansion increment of nodes for a mesh
type network topology.

A further object of the present invention is to
reduce the complexity in the routing algorithm for the
network topology, thereby enabling to implement a low cost

20 router on each of the 3-degree nodes in a network topology
of a specific size,

A still further object of the present invention
is to provide a highly scalable network topology capable of

functioning as a backbone network architecture for allowing

25 a high-speed data delivery between arbitrary two nodes in



Many of the existing routing algorithms and 25 net wor k topol ogies are
dependent on the type of network

4 protocol. These restrictions require inplenentation of new
routing algorithns and network topologiessmdth respect to | egacy
network systens that were already in “place prohi bitive both

in terns of cost and technical 5 difficulties. Some of the
routing algorithm requires i nformati on on the traversal path to be
passed to th% nodei bet ween the source and the destination. The
addi ti onal he netyarkng information puts a burden oh the already scarce

D U esouroes. B R Bl e ook LS b s inensinn i £
ggfggiko;ofﬁ%%§¥&§§2F£:%%%ﬁg%%ﬂe%%%$8col in&gﬁgﬁhent, of both netﬁggﬁher
topology and routing algorithm for a point-to-point
5 connected network.

One still further object of the present invention
is to eliminate passing of routing information from the
source node to an intermediate traversal node and improve
the band width'utility in the routing management.

10 In order to achieve these objects, according to
the present invention, there is provided a method of
increasing the bandwidth and reducing a distance between
network nodes in a mesh connected network which includes
the following steps of:

15 a. converting nodes in the mesh connected network
being a representative of a network sub-system such as
routers, bridges, network-sﬁitching sub-systems into a 2-
dimensional network topology consisting of 3-links nodes,

b. generating addresses for the 3-links nodes using

20 a naming scheme based on 2-tuple radix-n scheme to ensure a
unique address for each of the 3-links nodes in a specified
network using a mathematical formula; and

c. interconnecting each 3-links node to an adjacent

3-links nodes linking wvia point-to-point connections using

25 a mathematical criterion based on a numerical



15 | nprove the m ni mum expansi on i ncrenent of nodes for a nesh
type networ k topol ogy. A further object of the present
i nvention is to reduce the conplexity in the routing algorithmfor
t he net wor k t opol ogy, thereby enaMéxm)to i npl ement a | ow cest 20
router on each of the 3-degree nodes in a‘*hetwork topol ogy of a
specific size. A still further object of the present
i nvention is to provide a highly scal abl e network topol ogy capabl e
of functioning as a backbone network architecture_,for allom%ng 25
a hi gh- speed KRRTESRIGALECOR bEPTRe &R bR LARESt BPIR1ES | Form 2 work
5 t he network. Cne further object of the present
i nvention is tpology Qﬁwﬁnﬁm99&fﬁ@@w@PRfﬁHBFéﬁanrndependent of both
net wor k topol ogy and routing algorithmfor a BOInt to-

connect ed net wor k. According to ©h& BEPPPRfuiPNE t&BPethgFetﬁé ﬁfﬁgent

' nvention provided a system including the following means:

5 means for configuring network sub-systems and
interconnecting the network sub-systems into a network
topoloéy based on 3-links nodes;

means for configuring each network sub-system
using invertedly oriented and upright oriented 3-links

10 nodes; and

means for generating a unique address or name for
each of the 3-links nodes;

means for configuring and interconnecting the
network sub-systems into a network topology:

15 means for routing a data message between a source
node and a destination node in the network topology using a
routing algorithm for selecting a shortest path from the
destination node to the destination node.

| The network sub-system such as bridges, routers

20 and gateways to be interconnected are represented by 3-
links network nodes. Each of these sub-systems is
implemented with 3 duplex 1links for interconnecting to
adjacent sub-systems, thereby making 3-links nodes a
representative of the network sub-systems. Each of these

25 nodes 1is either in upright or inverted orientation.



Is to elimnate passing of routing information fromthe sour ce node
to an internediate traversal node and i nprove the band width utility
in the routing nmanagenent. 10 In order to achieve these

obj ects, according to the present invention, there is provided a

met hod of I ncreasing the bandwi dt h “and reduci ng a di stance between
network nodes in a nmesh connected network which includes t he
foll owi ng steps of: 15 a. converting nodes in the nmesh connected

net wor k eing a representative of a network sub-system such .as
routers, bri &6‘8%9“%&’1&5? 05 (REFWRETs uh- SRCI§R PLe Perrormed;ibased ong)

net wor k topol ogy consisting, of. 3-1i nks nodes, b. generatkpg
addresses foP™the F3rhgra GSrAYLazy  ERhanthg ehetREBLRPESFE
2-tupl e radi x-n schene to ensure a |, uni que address for each of the
3-1inks node®dfsy sheciPrenided whkhyopk WaiiYe; AAIFESH i O ARG,
and C. ,interconnectigg each 3-1inks node to an adjacent

3-1i nks nodeSODVERtPN | Baged nen 2 PHtRE c EARET PofIRGT SYSEEM. 5 The
mat hemat j cal criterion based on. .a nuner i cal ]

5 addressing scheme adopted in naming the nodes is used by
the routing algorithm for finding the shortest path between
any 2 nodes within the network configuration.

Brief Description of the Drawings
These and other objects and features of the
io present invention Qill become clear from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings throughout which like parts are designated by like
reference numerals, and in which:
15 Fig. 1A and Fig. 1B are diagrams showing upright
oriented node and invertedly oriented node, respectively;
Fig. 1C is a diagram showing a connection of
full-duplex links between adjacent nodes:
Fig. 1D is a diagram showing a network topology
20 composed of 3-links nodes;
Figs. 2A and 2B when combined as shown in Fig. 2
show a flowchart showing a network topology construction
according to the present invention; and

Figs. 3A and 3B when combined as shown in Fig. 3

25 show a flowchart showing a shortest path routing algorithm



6 representation for each 3-1inks node to forma network

t opol ogy of a specified configuration. According to the
present invention, there is also provi ded a system i ncluding the
fol |l ow ng neans: 5 means fgr configuring network
sub-systens and I nterconnecting the network sub-systens into a

net wor k t opol ogy based on 3-1inks nodes; nmeans for
configuring each network sub-system using invertedly oriented and
upright orie a4 means for
generatlng aqﬁﬁgﬁuergPﬁﬁégé Prgggﬁ§ 1R@Qntlon. ach of the 3-1inks nodes;
means for conidguridg ﬁé’s‘éff%tt%ﬁo%eﬁﬁénﬁréf‘&r? YRk $ub- syst ens
into a netmor opol o routlng a data message
bet ween a source frﬁ%r?: %qlstl‘gﬁionbgg@e I Pet NgHRREFWPEKAL og;y ogy
using a routing a gorlt or selecting a shortest path fromthe

destination r}.qil-gfe dde (desthpat+ on NG detailed descripPoRClYPr kan

sub- syst em suc rldges routers
5 illustrative embodiment when read in conjunction with the

accompanying drawings.

In Figs. 1A and 1B, there are shown an upright 3-
links node 1.1 and an inverted 3-links node 1.2,
respectively.

10 A unique numeric representation (value}) is
assigned to each link of the 3-1ink nodes, as shown therein.
The assignment of numeric representations to respective
links of the node 1is determined so that a coxrect
connection between an upright node 1.1 and an inverted node

15 1.2 is established if a sum of the numeric representations
assigned to each one link of the upright and inverted nodes
is zero.

In Fig. 1C, there is illustrated a connection of
a full duplex link between two nodes 1.3 and 1.4.

20 Referring to Fig. 1D, addressing or naming rule
for each node is explained according to the following
mathematical formula:

{1] X {MST,, LST,)=X{{y/n)%m, y3%n);
For y=0,1,2,3.(mXn)-1.

25 MST and LST represent most and least significant



20 and gateways to be interconnected are represented by 3- i nks

networ k nodes. Each of these sub-systens is I npl emented with 3
duplex links for interconnecting to adj acent sub-systens, thereby
maki ng 3-1inks nodes a representatl%f of the -network sub-systens.

Each of these 25 nodes is either in~upright or inverted
orientation. 7

| nt erconnecti ons between 3- Iinks nodes are performed based on a

th tical Each t ted '
R e
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features of thq: 10 present invention will becone clear fromthe
following *% e?ﬁﬁxﬁﬁﬁﬁﬁ%ﬂ? taken in conjunction with the preferred
5 Connections of two links of nodes adjacent to

each other are established according to the following

criteria.

{2] Upright Oriented 3-Links Node

X (x2,x1) .+ve_Link is connected to X({x2, [ {x1+1)%n]).~ve._Link
10 X(x2,x1).~-ve_Link is connected to X{x2, [(x1-1)%n]).+ve_Link

X{x2,x1).-ve _ RadixM _ link is connected to X{[(x2-1)%m],

X1l) ,~ve_RadixM_Link

[3] Inverted Node Oriented 3-Links Node

X(x2,x1) .+ve_Link is connected to X(x2, [ (x1+1)%n]}).-ve_Link
15 X{x2,%1).-ve_Link is connected to X(x2, [(x1-1)%n])}.+ve_Link

X({x2,x1) .+ve RadixM _ link is connected to X([(x2+1)%m],

x1) .-ve_RadixM_Link

Referring to Fig. 2, construction of the network
topology based on 3-links nodes can be performed based on

20 the algorithm depicted in a flowchart of Fig. 2.

The construction of the network topology may be
divided into two main phases, namely naming phase and
conneciting phase.

In the naming phase, nodes in an unconfigured

25 network are mapped to either upright or invertedly oriented



enbodi nents thereof with reference to the acconpanying dr awi ngs

t hroughout which |ike parts are designated by Iike ref erence
nuneral s, and in which: 15 Fig. 1A and Fig. 1B are di agrans
showi ng upri ght ori ented node and & vertedly oriented node,
respectively; Fig. 1C is™a di agram show ng a connection of
full -duplex |inks between adjacent nodes; Fig. 1IDis a

di agram showi ng a network topology 20. conposed of 3-1inks nodes;

Figs. 2A andisgﬁ%%ﬂgg an(HTetg _ned Nl sgg%nkn fé&es 2in the Sﬂgﬁ?ﬁgf ln%%@'rkt

showi ng a netwo pol"ogy construction accor ding present

Flg. 3 25  CERSIPIYI PESCREPE oty APERar: BEPeERen SPATLrNS oo ibim

Fig. 3 25 show'ng a’s routing algori
S the ot e B ntad FPE o BUAEE! e unmumn FUE debeser Pt o
In step 2.1, network parameters are iﬁitialized
5 by assigning the number of rows m and that of column n to
configure a desired network. Further, a node count Node.
Cnt is reset to zero. Then, in step 2.2, generation of
unique names or representatives of the names is performed
for all 3-links nodes contained in the network based on the
10 above equation [1].
When an unique node address is assigned to one 3-
links node, it is judged if the Node_cﬁt is an even number.
If the Node_Cnt is an even number, then the 3-links node
having the unique node address 1s assigned as an upright
15 oriented 3-links node at step 2.3. If it is an odd number,
the corresponding 3-links node is assigned as an invertedly
oriented node at step 2.4. When generation of node
addresses and assignment to either upright or invertedly
orignted 3-links nodes are completed for all 3-links nodes
20 contained in the network, the process enters into the
second phase for connecting 3-links nodes after resetting

node counter Node_Cnt, row counter m_Cnt and column counter

n.Cnt to zero, respectively.

With reference to Fig. 2, the second phase of the

25 network construction provides connections of receiving and



The invention wll best be understood by reference to the
follow ng detail ed description of an 5 Il lustrative enbodi nent when
read in conjunction with the acconpanyi ng draw ngs.

In Figs. 1A and 1B, there are shown an upright 3- - | i nks node 1.1 and
an inverted 3-1inks node 1.2, resp&&tlvely 10 A

uni que nuneric representation (value) is assigned to each |ink
of the 3-1ink nodes, as shown therein The assi gnnent of nuneric
representations to respective l.i pks_of the no ' m ned, so

s de
that a corrediransmittingpegtsortoet &é@ﬁsa@Ep??ﬁht ﬁolﬁfé hamﬁs dodes
inverted node 15 1.2 is established if
represent at i dds the netwggﬁ &ﬁe&etG°€§éﬁu6ﬁ§ lﬁchﬂ%eﬁgE?brﬁp%ﬁﬁF1°n

i nverted nodes ze Ek? é; % ere is
i |l ustrated alscé‘ifﬁﬂ?ctha(ﬁ?dopn the critegip SEIEP@lel b22detH two nodes 1.3

and 1.4. 20 Referring to Fig. 1D, addreSS|Q%iO£ nanlqgarule
for each node is expl ailfedt @& dtndho q?f'ee"f‘fi’r’}%v?%t a TR heTRt Tt al
f ormul a: [1] X(MST[err], LST[err]) X((y/n)@h1 gn%,

For y=0,9, 2, ort OE&Xink, (+ve _ Link) between two 3-link odes are

connected based on the criteria of [2] and [3]. Also, in
step 2.7, a comnection for the receiving port and
transmission port of link (-ve_Link)} between two 3-links
nodes is established according to the criteria [?] and [31].
10 Further, in step 2.8, with respect to link (-ve_RadixM._
Link), the receiving and transmission ports are connected
between two 3-links nodes according to the criteria [2] and
[3] for upright oriented nodes and in step 2.9, with resect
to link (+ve_RadixM_Link), the receiving and transmission
15 ports are connected according to the criteria [2] and [3]
for invertedly oriented nodes. By repeating the above
steps for all 3-links nodes, a network topology is
constructed as shown in Fig. 1D.
Fig. 3 is a flowchart showing a routing algorithm
20 to be implemented in every 3-links mnode for routing
messages between arbitrary two 3-links nodes in the network
topology. For simplicity, the 3-links node is referred to
as node hereinafter.
This routing algorithm is to guarantee the

25 shortest path between a source node to a destination node



25 MST and LST represent nost and | east significant
9 tuples, % represents nodul us operation, mrepresents nunber
of rows in the network, n represents nunmber of colums in t he
network, y is +ve integer nunber, and (y/ngzis an - I nt eger division.
5 Connections of two |inks of nodes adjacent to each
ot her are established according to the follow ng criteria.
[ 2] Upright Oiented 3-Links Node X(x2,xl).+ve-Link is

connect ed to P XZnhd ( Xddrdstldted/ e-dtiorklO toptkoyw.l) . - VERd | nklgsrithm
connected to X(x2,[(xl-1)%]).+ve-Link X(x2,x1).-veRadi xM link is

connect ed t 0 pfdud-eld WHlues of mlang ue-fRdindd LK size of 3thé nvetrwerk Node
Oriented 3-Links Node X(x2,x1).+ve-Link is connected to

X(x2, [ (x1+1) Ydnorosy L n&n Bidi tXong, ddressds NKE i sheosoeeed Hode and
X(x2,[(x1-1) %)) . +ve- Li nk X(x2,xl).+ve RadixMIlink is connected to

X([(x2+1) %1 ,destination nodes are required for searching the shortest
5 possible path.

In step 3.1, the number of virtuwal rows in the
network is calculated. The “virtual row” is defined as a
row consisting of only either upright oriented nodes or
invertedly oriented node having the same MST, value of the

10 address field X(MST,, LST,}.

In the nest step 3.2, the column distance between
the source node and destination node is calculated
according to equations given in the box of 3.2. The column
distance is calculated using the LST, values of the source

15 and destination nodes in the address field X{MSTy, LSTy).
The column distance in a positive direction (n_pos-~dist)
gives a distance for which a message should traverse
traversal nodes starting from the +ve_Link’s transmitting
port of the source node and before reaching the destination

20 node. Traversal nodes are nodes through which the.message
is transmitted to the destination node. The column
distance in a negative direction {n._neg-dist) gives the

number of links through which the message should traverse

traversal nodes starting from the -ve_Link’s transmitting

25 port of the source node and before reaching the destination



x1) . -ve- Radi xM Li nk Referring to Fig. 2, construction of

t he network t opol ogy based on 3-1inks nodes can be perfornmed based on
20 the algorithmdepicted in a flowhart of Fig. 2. The
construction of the network topol ogy nmay kg divided into two main
phases, nanely nam ng phase and connecti ng phase. In

t he nam ng phase, nodes in an unconfigured 25 network are napped to
either upright or invertedly oriented

10 3- 11 nkg,,nodes. Al : 1 1.nk _po [ _ Jo gw%%%

t opol ogy arenﬁgﬁédiheT%@§$a§Pﬁg£8§80§§§°§0§§$gt%n%PEE e%s§§%€m¥ . %' 2.2,
2.3 and 2.4 tOQether‘Mfﬁis%%§“§p§EeQi§Eﬁgg-row distances are ¢d1&hBPrea 1,
network paranmeters are initiralized y assigning the nunber of rows m

and that of GUiWH EnkOyirtual AU BHiLulatiedl 13l EREWYep Fulherrna

r
node count No reset to zero. Then, in stép 2.2,

generation O%irtual row distance in a positive direction (m_pos-dist)

5 is a distance for which a message should traverse traversal
nodes starting from the +ve_RadixM_Link’s transmitting port
of the source node and before reaching the destination node.
The wvirtual row distance in a negative direction {(m_neg-
dist) is a distance for which a message should traverse

10 traversal nodes starting from the +ve _ RadixM _ Link’s
transmitting port of the source node and before reaching
the destination node. Calculations of these two row
discauces are made according to the conditions given in the
box of step 3.3.

15 After the calculation of column and row distances
in steps 3.2 and 3.3, the message routing is determined in
the horizontal and vertical directions.

In steps 3.5 and 3.4, three possible ways of the
message routing in the horizontal direction are determined.

20 If n_pos-dist < n_neg-dist(step 3.5), then +ve_Link is
selected as the message routing direction n_direct for the
current node and if n_pos-dist > n_neg-dist(step 3.4), then
-ve _ Link is seiected as fhe n _ direct. The third
possibility is n.direct=LEVEL in the ‘case n_pos-dist=n_neg-

25 dist. “LEVEL” means that no routing of message in the



uni que nanes or representatives of the nanmes is perforned for al
3-1inks nodes contained in the network based on the 10 above equati on

[1]. When an uni que node address is assigned to one 3-

i nks node, it is judged if the Node_Cnt 14 an even nunber. If the
Node_Cnt is an even nunber, then the 3-1inks node havi ng the uni que
node address is assigned as an upright 15 oriented 3-1inks node at step
2.3. If it is an odd number, t he corresponding 3-1inks node is
assi gned as amrimmariLd| girection ofsemieedssaaye aft siepnedddd inWime
generation of node addresses and assignment to either upright or

invertedly case ®haEnted ZTurreh: nusths Ras oonplitlkedfber tald Bertidesl
nodes 20 contained in the network, the process enters into the

second phase didfectOitiectbnging | duks twdehe afldrdlentessidn Ngf the cuodent

counter Node Cnt, row counter mCnt and col unm counter nCnt to
zero, respectrigsdly. W+th reference to Fig. 2, the second
phase of the 25 net wor k construction provides connections of receiving
and 5 In steps 3.6 and 3.7, three possible ways of the

message routing in the vertical direction are determined.

If m(dest.)/2 = m(source)/2(step 3.6), then m_direct is set
equal to LEVEL. If m.pos-dist < m_neg-dist, then m_direct
is set to DOWN indicative of +ve_RadixM_Link of the current
10 node. If m_pos-dist > m_neg-dist, then m_direct is set to
UP indicative of -ve . RadixM _ Link of the current node.
“LEVEL” indicates that the destination node is in the same
row as the current node and prevents the routing algorithm
from selecting the input port of the message as an output
15 port of the message. When m_direct is DOWN, +ve_RadixM._
Link is selected and when m_direct is UP, -ve_.RadixM_Link
is selected for routing the message.
In step 3.8, “Entry point” of message is checked
to classify into four cases 3.9, 3.10, 3.11 and 3.12
20 depénding on “Entry point” indicative of the origin of the
message to be routed:
If Entry point = host mode, m _direct is set
according to conditions defined in the box of 3.9. If it
is -ve_Link, m_direct and/or n_direct are set according to

25 conditions defined in the box of 3.10. In the case of



transmtting ports of 3 links for each of the 3-1inks nodes in the
network to be configured. This connection operation I s made based on
the criteria cited in [2] and [3]. In step 2.6, the
receiving port and transm ssion 5 port 3&¢f link "(+ve _ Link) between
two 3-1inks nodes are connected based on the criteria of [2] and [33.
Al'so, in step 2.7, a connection for the receiving port and

transm ssion port of link (-ve_Link) between two 3- Iinks nodes is

establ | shed seaondignlio 4 hever ket aul s ATk [3ha/of0n _ dHddierard nest oP

2.8, with respec Ink (-ve the “recel ving and

transm ssion a‘&‘?!otr%ﬁ{ge @&n%ﬁaﬁﬁllons delfehwaen i Weha- Ik sonoges1accorgli ng
to the criteria [2] and for upright oriented nodes and in step

2.9, wWth regg (i:gy pozmtt Olé'@ft‘t( eoRadLXMLI Nige ﬁgﬁﬁﬁﬁcil‘ﬁ'k”g m

transm ssi on rts are connected according To the criteria and

[ 3] f0Gﬂf@6¥1f§“§ét0bhﬁﬁﬁeéonﬁﬂﬁﬁL 1nB¥té§p3312n9 the above
steps for all 3-1inks nodes,” a network topology is constructed as

R R s Lt 0 i -

nmessages bet weRn %EbiEBQEy §¥Op$- |4 ks topdes 1on ghe Neiwank directional
pointers in the vertical and horizontal directions,
respectively.

Step 3.13 performs an alternate routing procedure

10 according to the conditions defined in the box c¢f 3.13. In
step 3.14, the final routing output link is determined.

The source node and the traversal nodes performed
the routing algorithm once until the destination node has
been reached. The routing algorithm would cease to process

15 if the destination address were the same as the address of
the current node. In this case, the current node is the
destination node. The routing algorithm routes message out
of one of the 2 possible links for traversal nodes and 3
possible 1links if it is the source node. This routing

20 algorithm is able to find the shortest path for message
between the source and the destination nodes.

Performance criteria for the network are given as
follows:

The minimum distance between 2 nodes in the

25 network is reflected by the diameter of the network.



topol ogy. For sinplicity, the 3-links node is referred to as node
herei nafter. This routing algorithmis to guarantee the 25
shortest path between a source node to a destination node

12 in the constructed network4gtopology. The al gorithm
requires values of mand n to know the size of the network t opol ogy.
In addition, addresses of the source node and destinati on nodes are
required for searching the shortest 5 possi bl e pat h.

In step 3.1, the nunbegggkﬁgkﬁt%zhééowsNyQ t he for N>Mnetwork S

calculated. The "virt efined as a row consi sting of
only either upright oriented nodes or i n%(ertsﬁg% ori ented node
havi ng the same MST[er PR2PEEEE GfMihe 10 addbes ld X(MST[err],

IBS;F\[A:;\] . t he sou”@?rﬁoggiéggmg’géﬁri %E{f&g%sﬁg ted]ﬁqscigga% g'{%%)%qc%f
columns of the network
5 The minimum incremental number of nodes that can
be added to the existing network topology is reflected in
the minimal expansion increment. This property of the
network topology provides an indicator for the scalability
of the network topology. There is 2 ways of adding node to
i¢0 existing network; row and column addition.
Case 1: Rows Addition
Npewo = My + 23
Additional Nodes, N =2 x Nyg
Case 2: Columns Addition
15 Noew = Naa + 27

Additional Nodes, N =2 x My,

Advantages of the routing algorithm for network topology
using 3-links nodes are summarized as follows:

1. No routing table needs to be maintained by

20 each node or a central node.

2. Routing information of traversal nodes such
as address or representative of the traversal node name
need not be passed to traversal nodes and destination nodes.
This cuts down the bandwidth utility during messages

25 routing.



according‘to equations given in the box of 3.2. The col um di st ance
Is calculated using the LST[err] values of the source 15 and destination
nodes in the address field X(MsT[err], LST[err]). The col umm
distance in a positive direction (n-pos-disst) " gives a distance for
whi ch a nessage shoul d traverse traversal nodes starting fromthe
+ve Link's transmtting port of the source node and before reaching
the destination 20 node. Traversal nodes are nodes through which the

message is trangmtgg 8u£9tléﬂ§1 daat dMor@n rd¥¥ifrces Thequibeddaimm

di stance in a negatlve directi n_neg-di st) gives the nunber of

links throughe (yyﬂ q!iaet iﬁeg%l%mﬂu&r%erﬁﬁzmal arld QYA Sef £ IOpast

starting fromthe -ve_ s"transmtting 25 port of the source node and
?gf ore reachl%g)fé}ﬁe unljt(ﬂf1 raq'{;oten anc_hpioes}’-e Thlds nlsnengljan}lss{ ?use sta?rrethe
585 5 OB Dl gl ahppers o i Wt
posi tivegdi refé'ags(:giﬂﬁéégi Skbng the nodes connected in the network.
Each node is only responsible for routing data out of the 3
possible links and the distributed routing effort carried
out by the nodes in the network guarantees the theoretical
shortest path are determined.

10 4. No high performance computational power is
necessary for one node to do the routing for the whole
network.

5. Because of the distributed properties of the
routing algorithm, the emulation of the 3-links node can be

15 performed easily. This emulation is required if the number
of nodes to be added to the existing network is less than
minimal expansion increment. The physical nodes can
implement the virtual nodes easily with ninimal
com_putational and memory resources.

20 Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are

apparent to those skilled in the art. Such changes and

25 modifications are to be understood as included within the



5 is a distance for which a nmessage should traverse traversal nodes
starting fromthe +ve Radi xM Link's transmtting port of the source
node and before reaching the destination node. The virtual row
distance in a negative direction (mneg- 18 dist) is a distance for
whi ch a nessage should traverse 10 traversal nodes starting from the
+ve - Radi xM - Link's transmtting port of the source node and
bef ore reaching the destination node. Cal cul ations of these
two row scopk S6fiuthe presente ianemtdiong a0 défimehdbyi bhe gppended t he
box of step 3.3. 15 After the cal culation of colum and row
di st ances clainh® @ Bpss ITheyvrdeph}, Hexrefromage routing is determined in
the horizontal and vertical directions. In steps 3.5 and
3.4, three possible ways of the message routing in the horizontal
direction are determned. 20 I f n_pos-dist < n-neg-dist(step 3.5), then
+ve Link is sel ected as the nessage routing direction n-direct for
t he current node and if n_pos-dist > n_neg-dist(step 3.4), then
-ve - Link is selected as the n - direct. The third
possibility is n_direct=LEVEL in the case n_pos-dist=n_neg- 25 di et.
"LEVEL" neans that no routing of nessage in the



hori z al direction is necessary. It is needed in the

ont
casel ﬂﬂJEWHﬂﬂH lﬁ m node has no link for the vertical direction
rout i i entati on of the current node. 5

In steps 3.6 and 3. 7, three possible waysiegf the nmessage routing in
the vertical direction are detern ned. If m(dest.)/2 =
m(source)/2(step 3.6), then mdirect is set equal to LEVEL. |If

m pos-di st < mneg-dist, then mdirect is set to DOM indicative of
+ve_Radi xM _Ligpatofrst heaguenent: 10 node. [|f mpos-dist > mneg-dist,
then mdirect is set to UP indicative of -ve _ RadixM _ Link of the
current nodej, " BEMBlholdngitC aheBeh Bohgt fiRe ASSHEWAELIR Na@deediscimy t he
same row as the current node and prevents the routing al gorithm
fromsel ecting yhetanedt Bethefh HEWHRSEAIRERS aAnOURPUResBS comééted the
message. Wien mdirect is DOANN, +ve_Radi xM_ Link is selected and

when m di r eclyeitirod® Cdﬁ@;@@qhéwkgégg of: Is selected for routing the
nmessage.

5 a. converting nodes in the mesh connected network
being a representative of a network sub-system into a 2-
dimentional nethrk topology consiéting of 3-links nodes;

b. generating addresses for the 3-links nodes using
a naming scheme based on 2-tuple radix-n scheme to ensure a
10 unigque address for each of the 3-1links nodes in a specified
network using a mathematical formula; and
c. interconnecting each 3-links node to an adjacent
3-links nodes linking via a point-to-point connection using
mathematical criteria based on a numerical representation
15 for each 3-links node to form a network topology of a
specified configuration.
2. The method according to claim 1 wherein the
mnethod of generating the address for each 3-links node in
the network is based on a 2-tuple radix-n number, X(MST,
20 LST#, where the MST is most significant tuple and LST is
the least significant tuple and the mathematical formula
generating the 2-tuple number for each of the 3-links nodes
in the specified network is based on the number of columns
n and number of rows m of the specified network.

25 3. The method according to claim 1 wherein the



In step 3.8, "Entry point" of nessage is checked to classify into

four c 3.11 and 3.12 20 dependi ng on "Entry point"

i ndi cai@ﬁmmiumﬂau@slﬁug of the nessage to be rout ed.

| f Ent = «fode, m _ direct is et " according to conditions
defined in the box of 3.9. If it Is -ve_Link, mdirect and/or

n_direct are set according to 25 conditions defined in the box of 3.10.

In the case of 15 . Entry
poi nt = +ve. ddtHematitialeciriel il detirreicie atlee sednnection dseorekmgahyp
conditions defined in the box of 3.11. | f Entry point is either of
-ve or +ve_Rai dMffenéntt hde® in the digteoirk sbsséd egualtlie hfavéEtical step
3.12. 5 The variables mdirect and n_direct determ ned in

one of four HgPesbritdtdoh bE ane Bi-nahkdi bEchpeight and inperbédrsodést he
vertical and horizontal directions, respectively.
Step 3.13 perdal N8 b raldcd’ NEdrhéciiiddopr ed@dUltnks between two nodes
5 results in a sum of zero based on tpe mathematical criteria
for each of the 3 links for both the upright and inverted
nodes.
4. A method of finding a shortest path for routing a
data message from a source node to a destination node in a
10 network composed of 3-links nodes connected in a mesh
comprising steps of:
introducing a generic routing algorithm to each
3-1links node of the network, said generic routing algorithm
determining a link for outputting the data message from a
15 current node to an adjacent node so that a path from.the
source node to the destination node through traversal node
becomes shortest;
performing the generic routing algorithm at each
node to which the data message is transmitted;
20 outputting the data message via a link determined
by the generic routing algorithm to an adjacent node; and
repeating the performing step and outputting step
until the data message reaches the destination node;
thereby enabling to transmit the data message

25 from the source node to the destination node through the



llO | égbéFdiﬁé_fgmthe céhditions defined in the box of 3.13.

In

step 3. I' nlu ting output link is determ ned. The
sourcelmmﬂmm nm ersal nodes perforned the routing algorithm
once unt% | ‘the d&sti ndti on node has ,iDeen reached. The routing

al gorithm woul d cease to process 15 i f 2the destination address were the
sane as the address of ' the current node. |In this case, the current
node is the destination node. The routing al gorithmroutes nessage
out of on% of the 2 possible Iinks for traversal nodes and 3
possi bl e | i nRoTEESt P§%Phe source node. This routing 20 algorithmis

able to find the shortest path for nessage bet ween,t he, sourc
o The method ?&ﬁ?ﬁ?gﬁ§hc§' Cﬁ@ﬁﬁa #orﬁﬁ?ﬁgln

desti nati on des. %ri

i fol | ows: , The. 0 pi
Podes 1 the JeRSTLGGRIHR) BLAGFEERP oGOBGE LIRS of BHRY
16

e ne

e ,.and the
tﬁ%%? are

ig%ance bet ween 2
f of the network.

a. computing row and column distances Dbetween

5 current and destination nodes based on addresses of these
nodes in 2-tuple radix-n representation;

b. determining a point of input for the data message

to be routed; and

c. determining an output of the data message based

10 on the type of node and computed'shortest distance between

the current node and destination node.

6. A method of configuring a network topology using

3-1links nodes comprising steps of:

a. determining the numbers of rows and columns of

15 the network to be configured based on the total number of

nodes in the network;

b. generating addresses for all nodes of the
network;
C. interconnecting 3 1links of the nodes in the
20 network using mathematical criteria said mathematical
criteria determining the connection between any two

different nodes in the network based on the numerical

25

A

representation of three links of upright and inverted nodes
and correct connection of the links between two nodes

results in a sum of zero based on the mathematical criteria



‘Diameter = M2 + N2~ for N>M Di aneter = M
ES[JMIH lﬂflllﬂﬂlmm g o O M mum f nor enent al._ nunber of

nodes* t tfat Lcam s dded to the exisjjng network topology is
reflected in the m ni mal expansi on 1 ncrenent. This property of the
networ k topol ogy provides an indicator for the scal abi I ity of the
network topol ogy. There is 2 ways of adding node to exi sting network;
row and colu d 0 £ ForRAte Aggti M) and 1nverted

N err] I\/[e?PC]P Qé&h Bf the three I%dltloonal es g N = X Nerr]
Case 2: Col ums ddition 15 N[err] =
Nerr] + 2; eéA Addi ti onal Nodes, N=2x Merr]

Advant ages of7the rout |zgg %I rrjkt hF{)%Bioaf&Mr kmd ORO4 Oy fefoﬂﬁghag an

3-11nks nodes are summari ze routing
tabl e needs t% nhgtgggkb¥o 20 newCdWRWE BY ﬁdﬁ?ﬁ&r%hd“¥3%s or
2. Routing i ’forma on o raver sal nodes such as address or
represengativg, iple e ayeisal ¢804 28R isting network to reduce the
minimum expansion increment of the network configuration

and thereby enabling to reduce a distance between any two

nodes and improve the scalability of the network.



need not be passed to traversal nodes and destination nodes. Thi s
cuts down the bandw dth utility during nessages 25 routing.

17 3. Conputational and nmenory resources required
for the routing algorithmis mniml and an efficient i npl enent ati on
can be achieved. This is mainly due to the,g architecture of the
networ k topol ogy where the routing task % is distributed anong the
nodes connected in the network. Each node is only responsible for
routing data out of the 3 possi ble Iinks and the distributed routing

ffort - th t k t th
Theor ot f cal | *BSTRAGE D, ?%%aﬁﬁS@?%Qrm ned. 10 o0 4 No high

per f or mance conputatlonal pomer necessary for one node to do the
routing for Because .of, t he

di stributed re§°8f’1?ﬁ¥ G""r fc}%’}%gagﬁaﬁﬂzpﬁ‘mﬁ) eI ATPETEER t he

3-1inks node can be
noede.

There is disclosed a network topology which
converts nodes in an existing mesh network into a 2-
dimentional network topoleogy consisting of 3-links nodes,
5 generates a unique address for each 3-1links nodes using a
naming scheme based on 2-tuple radix n scheme and
interconnects each 3-links node to adjacent 3-links node
using mathematical criteria based on the numerical
representation for the 3-links nodes, thexeby forming a new

10 network topology.
There is also disclosed a routing algorithm for
routing a message from a source node to a destination node

through a shortest path traversing traversal nodes.

Fig. 2



15 . perforned easily. This emulation is required if the nunber of

nodes to be added to the existing network is |ess than m ni mal
expansi on increnent. The physical nodes can i npl enent the

vi rtual nodes easily wth m ni mal conput ati onal and menory
resources. 20 Al t hough the present invention has been fully
described in connection with the preferrgggenbodi nents thereof with
reference to the acconpanying drawings, it is- to be noted that

vari ous changes and nodifications are apparent to those skilled in
the art. Such changes and 25 nodi fications are to be understood as

i ncluded within the 18 scope of the

present invention as defined by the appended clains unless they depart
t herefrom o '
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19 VWHAT IS CLAI MED | S: 1. A nmet hod of increasing the
bandwi dt h and reduci ng a di stance between network nodes in a nesh
connect ed net wor k conpri sing steps of: 5 a. converting
nodes in the nesh connected network being a representative of a
networ k sub-systeminto a 2- di nrenti onal network topol ogy consisting
of 3-1inks nodes; b. geneppgi ng addresses for the 3-1inks
nodes usi ng a nam ng schene based on 2-tuple radi x-n schene to
ensure-a 10 uni que address for each of the 3-1inks nodes in a specified

networ k using a mat hematical fornula; and C. i nter connecting
each 3-1inks node to ansadjacentﬂ 3-links nodgs linkimy via a

poi nt -t 0- poi nt connecti&n using ¢ mat hemati cal®criteri & based on a
nuneri cal representatlog 15 f@r each 3-1inks no to forga network

t opol ogy of a speCified conflguratlon 2. £The net hod
according to claim 14 at he met hqd @& genera t he address

t é‘network is based on a 2- tup’le radi x-n

for each 3-1inks nodesi A
P -9 'he MBT is nmosty sk Q té.lp| e and LST

nunber, X( MST,
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the | east significant tuple and the mathematical fornula generating
the 2-tuple nunber for each of the 3-1inks nodes in the specified

network i s based on the nunber of col ums n and nunber of rows m of
the specified network. 25 3. The met hod according to claim 1
wherein the mat hematical criteria determ ne the

connecti on bet 2 differgpe nodes in the network based on the

nuneri cal p§$ entation of the 3-1inks of upright and inverted
nodes <g d c ect connection of the |inks between two nodes 5
results in a 0 based on the mathematical criteria - for each
of the 3 Iin&% t ' ' nodes. 4

atp nessage from

A nmethod of finding a shoftest path for routing
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3-1inks node of the network, said generic routing algorithm
determning a link for outputting the data nessage froma 15 current
node to an adjacent node so that a path fromthe source node to the
destinati on node through traversal node beconmes shortest;
perform ng thée generic routing algorithmat each node to which the
data nessage is transmtted; 20 4/6 outputting the data nessage
via a link determ generic routing algorithmto an adj acent
node; and g the perform ng step and outputting step
e destination node;

until the dat e [ec
t her eby enabl i rapsmt t dat a nessage 25 fromthe source node to
t he destination no t hfough t
21 shortest{ path. : The met hod according to claim 4
wherein the generjc rout+lg al gorithm conprises steps of:
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a. conputing row and colum distances between 5 current and

destination nodes based on addresses of these nodes in 2-tuple

radi x-n representation; b. determ ning a point of input for

t he data nessage to be routed; and c. determning an

out put of the data nessage based 10 on the type of node and conputed
shortest distance between the current node and desti nati on node.

6. A met hod of configuring a net 'k topol ogy using 3-1inks
nodes conpr|S|ngf§jgpsjEﬁ2 a. determning the numbers of rows
and colums of 15 " the network to be configured based on the FijaB nunber
of nodes in the network; N\ generating addresses—tor
all nodes of the netmork, c. interconnecting 3 I} nks

of the nodes in the 20 net wor mat hemat i cal critérg' ai d
mat hemat i cal criteria determning the connec oklbet ween a@“—?va:

different nodes in the net represent gtion
of three links of upright amd correct{connect}i on

and i nverted nodes

of the |links between two nodes 25 qa_ Hts in a sum of zero pased orf the
mat hematical criteria m{satrce & desfination) = M X 2
Fig.
32 ig.3B
Calculate Column Distance
n_dist = n{destination) - n{source)
n_pes-dist = m - n_dist (f n_dist < 0)

n_pos-dist = n_dist {it n_dist >= 0}
n_negedist= iy~ dist (if n_dist> 0}
n_regdist=ABS n dislf  (fn_disi<=0)

{- 33
Calculate Row Distance '
m_dist = m{deslination) - m{source)
m_pos-dist= m - m_dist (if m_dist < 0)
m_posist=m dist (if m_dist >= 0}
m_negdist= m~m_dist {if m_dist> )
m_negdist=ABS jm_dis{]  (fm dist<=0)

Determine n Determine m
tirecticn

m_direct=UP

n_direct= g L
va_Link +vg_Link = EVEL




22 for each of the three links for the upright and inverted

nodes. 7. A network topological nethod of reformng an
exi sting network to a new network by adding two rows or 5 col ums of
nodes to the existing network to reduce the m ni mum expansi on
I ncrement of the network configuration and thereby enabling to reduce
a di stance between any two nodes aﬁéGinprove the scalability of the
net wor k. ' .

- Fig.38
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