Introduction to Interconnection
Networks
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Design Considerations

» Performance Requirements (latency, throughput)
 Scalability

* Incremental expandability

 Partitionability

« Simplicity

» Distance Span (maximum clock rate, physical media)

« Physical constraints (packaging, wiring, and
maintenance)

* Reliability and repairability
» Expected workloads
» Cost constraints

Shared-Medium Networks

Interconnection Networks

— Shared-Medium Networks
i.nc:ll Area Networks

Single Bus
Cnn[eﬂllun Bus (Ethemet)
I: — Token Bus (ARCNET)
Token Ring (FDDI ring, [BM token ring)
\\ Hierarchical Network (Bridged LAN)
Backplane Bus

I: Single Bus (SGI POWERpath-2, DEC LSB)
Multiple Buses (Sun XDBus)

Outline

« Design considerations

« Classifications of interconnection networks
— Direct vs Indirect Networks
— Irregular vs MINs vs Fat Trees

« Convergence of Direct and Indirect Networks

Classification of INs

« Four major categories
— shared-medium networks
— direct networks (router-based)
— indirect networks (switch-based)
— hybrid networks

Direct Networks (Router-based) .

t— Direct Networks (Router-Based Networks)
I f— Strictly Orthogonal Topologies
Mesh
b— 2D Mesh (el Paragoe)
—— 1D Mesh (MIT J-Machine)
Tarus (k-ary n-cube)
| |— 1D Unidirecsional Torus or Ring (KSR Ist-level ring)
E 2D Bidirectional Torus (TntelCMLU iWARP)
3D Bidirectional Tonss (Cray TID, Cray TIE)
L Hypercube (el iPSC, iCUBE)
L Other Topologies: Trees, Cube-Connected Cycles, de Bruijn, Star Graphs, el.




Direct Networks

Other Local
Functional Processor
Memary
Unit
l L
Input Output
Channels Channels
-
—_—
. Router .

I — T
_ fb——

Figure 1.6: A generic node architecture

Indirect Networks (Switch-based) .

+— Indirect Networks (Switch-Based Networks)
—— Regular Topologies
Crosshar (Cray XIY-MP, DEC GIGAswilch, Myrinet)
Multistage Interconnection Networks
Blocking Networks
Unidirectional MIN (NEC Cenju-3, IBM RP3)

\—— Noablocking Networks: Clos Network
L Irregular Topologies (DEC Autonet, Myrinet, ServerNet)

L— Hybrid Networks (Convex Exemplar, KSR-1)

Bidirectional MIN (TBM SP, TMC CM-5, Meiko CS-2)

Generalized MIN Arch.
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Figure 1.13: A generalized MIN with N inputs, M outputs, and g stages

Orthogonal Topologies
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Figure 1.7: Strictly orthogonal direct netwoek topologies

Switch Architecture for MINs
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Figure 1.12: States of a switch point in a crossbar network

Butterfly MIN
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Omega MIN
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(d) Omega Network

Buttefly BMIN

Figure 1.24: Alternative paths in an 8-node butterfly bidirectional MIN

Fat-Tree
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(b} a |6-node fat tree

Switch Architecture for
Bidirectional-MIN (BiDi-MIN)
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Figure 1.22: Connections in a bidirectional switch

16-node BMIN
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Irregular Topology
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Figure 1.10: A switch-based network with irregular topology




Hybrid Network and Convergence

« Hybrid/Hierarchical Networks
— Cray T3D
« “two processors connected to each node
— SGl origin
« two processors connected to a Hub (a node)
« multiple nodes connected to hypercube (up to 64 nodes

« fath per&ube ﬁrc itecture (intermediate routers do not have any node
conriected to them

« hierarchical ring
— SMP clusters

« bus within a node and regular/irregular across nodesDirect Networks
— Multi-core clusters

* QPI/HT inside a node

. Dclﬁg}ggdlty network (fat-tree, hypercube, combined fat-tree/hypercube

« Direct Networks
— anode connected to each router
« Indirect Networks
— switches at the intermediate stages are not connected to nodes




