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Scaling Challenge

paths passing by a server in2D mesh network when

u Path Given a pa”' Of servers dimensionorder routing is employed
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route Is called a path 5 496 112
u Routing table: each server —; = =
maintain a routing table ! 1320 220
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Virtual Hierarchical Mesh Network
Hierarchy rules & node addressing
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A 12x12 hierarchical mesh network case



Virtual Hierarchical Mesh Network

Subnet Agent & Routing Table
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Agent of first-level
subnet

Agent of second-
level subnet
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an example for subnet agent selection

local routing table

first-level subnet routing table

source | destination| output port first-level subnet number output port
0 1 EAST 0 LOCAL
0 2 EAST 1 EAST
0 3 SOUTH 2 SOUTH
0 4 EAST 3 EAST
0 5 EAST
0 6 SOUTH second-level subnet routing table
0 7 EAST secondlevel subnetnumber output port
0 8 EAST 0 LOCAL
1 3 SOUTH 1 EAST
1 6 SOUTH 2 SOUTH
2 3 SOUTH 3 EAST
2 6 SOUTH

routing table for server(0, 0, 0)




Virtual Hierarchical Mesh Network

Hierarchical Routing

Packet arrives at a
Server

Compare packet's destination first-level
subnet index with that of local server

Access comrespanding
first-level routing table

to get output paort

Compare packet's destinationsecond level
subnet index with that of local server

Access comesponding
second-level rauting

table to get cutput port

Compare packet's destination third level
subnet index with that of local server

¥

[ COMmpare packet's |

source first-level or
second-level subnet
index with that of local

(aLa]

Change packet's
source index as that
of local server

Access comespanding

local routing table to get
output port

flowchart of the hierarchical routing algorithm
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Virtual Hierarchical Mesh Network
Agent Selection, Deadlock & Load Imbalance
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Unused links
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Virtual Hierarchical Mesh Network

Multi-Agent Hierarchical Mesh
Improve the performance of the network

Ancreasing agent number for different level

0 2

second-level subnet
boundary node identifier

first-level subnet
boundary node identifier

network

Aat the expense of more paths employed
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. Boundary node for
first-level subnet

Path

otal —

= Path

rst_sub

+Path

. Boundary node for
second-level subnet

c_sub

+Path

cal_max

% mn 2r=ﬁn3n+:#

ocal routing table second-level subnet routing table

Source | Destination output secondlevel boundary | output

server server port subnet number port
0 1 EAST 0 SOUTH
0 2 EAST subnet 0 1 EAST
0 3 SOUTH 2 EAST
0 4 EAST 0 EAST
0 5 EAST subnet 1 1 EAST
0 6 SOUTH 2 EAST
0 7 EAST 0 SOUTH
0 8 EAST subnet 2 1 EAST
1 3 SOUTH 2 EAST
1 6 SOUTH 0 EAST
2 3 SOUTH subnet 3 1 EAST

2 6 SOUTH 2 EAST

first-level subnet routing table

first-level boundary output first-level boundary output

subnet number port subnet number port
0 SOUTH 0 SOUTH

1 EAST 1 EAST

subnet 0 2 EAST subnet 2 2 EAST
3 EAST 3 EAST

4 EAST 4 EAST

5 EAST 5 EAST

0 EAST 0 EAST

1 EAST 1 EAST

subnet 1 2 EAST subnet 3 2 EAST
3 EAST 3 EAST

4 EAST 4 EAST

5 EAST 5 EAST

routing table for server(0, 0, 0)
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Virtual Hierarchical Mesh Network

Packet Routing & Deadlock Avoidance

Two additional packet fields:

Firstlevel index field{ YYom)* n+ 26 r

Secondevel index field:zZ%n

Packet arrives at a
sepger

Compare packet's destination first-level
sulbinet index with that of local server

Access corresponding first-level routing
table to get output port based on first-
level agent index field

Compare packet's destinationsecond level
subnet index with that of local server

Y

Arcess corresponding second-level
routing table to get output port based on
second-level agent index field

[ CoOmpare packet' s

source first-level or
second-level subnet
index with that of lacal

¥

Campare packet's destination third level
subnet index with that of local server

N Change packet’s
source Index as that

of local server

Access corresponding
local routing table to get 4
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output port
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As for a kxkx({mxm)x(nxn) network, give
that maximum path number is limited,
determinek, m, nrespectively, so that
(kxKx(mxm)x(xn) is maximum:

max (kmnj
3+ ( Ay

——— —) —) D:

subjectto} nrl

Tn>1

Tk, m ni

—)

knm+n?n+ﬁ
k >

Z

n 2048

Network size

12x12=144

Subnet size Path number
first-level subnet 2x2 24
secondlevel subnet 2x2 12
third-level subnet 3x3 24
total number (2x2x3¥ 60

Virtual Hierarchical Mesh Network
Scaling2D

Network size

64x64=4096

Subnet size Path number
first-level subnet 4x4 256
secondlevel subnet 4x4 64
third-level subnet 4x4 56
total number (4x4x4y 376

Network size

160x160=2560(¢

Subnet size Path number
first-level subnet 4x4 640
secondlevel subnet 4x4 160
third-level subnet 10x10 980
total number (4x4x10% 1780

Network size

256x256=65534

Subnet size Path number
first-level subnet 4x4 1024
secondlevel subnet 4x4 256
third-level subnet 4x4 64
fourth-level subnet 4x4 56
total path number (4xa4x4x43 1400
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Evaluations

Performance evaluations
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Data center network: switch, server, hybrid?
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