Chapter 7. Interconnection Networks

1. Introduction
Types of interconnections 

MPP (Massively parallel processor) network : 수천nodes, <25m






LAN (Local area network) : 수백nodes, kilometers






WAN (Wide area network) : 수천nodes, 수천kilometers

Internetworking = connection of two or more interconnection networks

2. A Simple Network

message = header + payload + trailer










00 = request










01 = reply










10 = ack request










11 = ack reply

Network software :
translation of requests and replies into message with appropriate headers




reliable delivery – not garbled & not lost <= checksum & acknowledgement

-> “network protocol”
Performance :
Bandwidth = maximum rate at which the network can propagate information

(Fig.7.5)

Transport latency = Time of flight + Transmission time

Sender overhead (so), Receiver overhead (ro)

-> Total latency = so + Time of flight + Message size/Bandwidth + ro

-> Effective bandwidth = Message size/Total latency

Workload characteristics : 짧은 메시지가 많다.

(Fig. 7.7)


최대8KB가 가능한 NFS 시스템에서도 95%가 192bytes 이하임

3. Connecting the IN to the Computer

(1) Memory bus or I/O bus ? – Memory bus for MPP, I/O bus for LAN/WAN

(2) Polling or interrupt on receive ? – wasted pollings vs interrupt overhead

(3) How to avoid invoking OS ?

4. Interconnection Network Media (Fig.7.9,10)

  Twisted pairs of copper wires 
: phone - Mbps, kilometers (10Mbps for shorter distance : LAN)

  Coaxial cables 


: cable TV - 10Mbps, kilometers

  Fiber optics : uses pulses of light – trans. medium (fiber), light source (LED), detector (photodiode)


Fibers are simplex (not duplex as in twisted pairs and coaxial cables)


Multimode fiber (dispersed light), Single-mode fiber (faster, more expensive)

Connecting fiber to a computer : T-boxes – Taps, Active repeater (optical-to-electrical)

5. Connecting More Than Two Computers (Fig.7.11)

(1) Shared (Ethernet)
: distributed arbitration, collision detection (carrier sensing) & backoff 

   Switched Media (ATM): point-to-point w/o intermediate nodes, no arbitration,동시다수통신가능

(2) Switch Technology : MPP (regular topology for simple package and scalability), LAN (varied)

Separated switch (multistage) : x-bar, omega (blocking), fat-tree (Fig.7.13,14)

Integrated switch : ring, token ring, mesh, torus, hypercube (Fig.7.15,16)

* Bisection width = 반으로 가르고 경계를 넘나드는 bandwidth의 합 (Fig.7.17)

(Ex) 64-node system, all-to-all communication (64x63=4032 messages)

Bus: 4032 time units, Fully connected: 1 time unit, Ring: 1+2+..32+31+30+..1=1024 tu

2D torus: Timerow=1+2+3+4+3+2+1=16, 16+(8+t)x2+(16+t)x2+(24+t)x2+(32+t)=272

6-cube: 2x(1+2+3…+11)=132 




(Fig.7.19)

* Practical issues : 2D layout, scalable switch speed, routing -> “implementation”-dependent

(3) Connection-oriented
: time-division multiplexing, time slot is dedicated regardless its usage

   Connectionless communication : each package is routed to the destination by looking at its address

   Circuit switching : connection-based service, a circuit is established with reserving bandwidth

   Packet switching : message is broken into packets with destination (“statistical multiplexing”)

  * Possible to have (logical) connection on top of a connection-less network: TCP/IP

(4) Routing: delivering messages  Shared media (bus): simple to route=> just broadcast

   




  Switched media : path and switch policy

path: source-based routing, virtual circuit, or destination-based routing


switch policy: store-and-forward, wormhole(blocking), or cut-through routing (large buffer)

(5) Congestion control: circuit switching – blockage due to full bandwidth




   packet switching – high traffic, deadlock 

-> packet discarding, flow control(back pressure), choke packet

6. Practical Issues for Commercial Interconnection Networks

(1) Standardization – low cost & stability vs long procedure & no-evolution

(2) Node failure tolerance – LAN vs MPP (Fig.7.20)

7. Examples of Interconnection Networks (Fig.7.21,22,24)

LAN-
Ethernet : 10Mbps in 1978 (IEEE 802.3), expansion with switches



Bridges : LAN-LAN, just pass information



Router or gateways : LAN-WAN or WAN-WAN, resolve incompatible addressing

FDDI (fiber-distributed data network) : 100Mbps, longer cable, same technology as Ethernet

Switched Ethernet : aggregate many small networks with fast, multiport switches

ATM (asynchronous transfer mode)

MPP – multiple data lines with high speed network : Cray T3D’s 16-bit,150MHz=2400Mbps

9. Internetworking

Internetworking : computers on independent and incompatible networks can communicate

Protocol suites : enabling technologies (software standards) – reliable comm w/o reliable networks

  TCP/IP = transmission control protocol/internet protocol : key idea is peer-to-peer comm.(Fig.7.28)

  0-64KB data+20-byte TCP header(in-order,reliable)+20-byte IP header(out-of-order,best effort)

10. An ATM network of workstations (NOW)

ATM : high performance, virtual channel, fixed-sized cell (48+5=53 bytes) (Fig.7.30,31)

(1) Host interface card : Intel i960CA processor, DMA interface, CRC generator/checker

(2) Centralized switches : omega switch, 16 155Mbps ports=5Gbps (Fig.7.35)

(3) Same technologies: ATM switch to connect computers and to connect LAN-WAN

(4) Contention – Re-circulating, extra stages,…
FIFO queue





Header (2-bit)                 Payload                       Checksum (4-bit)











Address/Data








