
Lecture #34

*********************************
Review  -- 1 min
*********************************
Convergence of MP designs

Design questions
• Interface to network (want low overhead, high BW)
• Network design (scalable, low latency, high BW)

Key challenge
programming MPs
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NUMA v. UMA
Network: Bus v. Switched
Consistency v. Coherency
Cache consistency

CC-numa v. non-cc-numa

Snooping v. Directories



Snooping Protocol

*********************************
Preview - 1 min
*********************************
Directory protocol
Consistency models
NOW, SGI Origin

*********************************
Lecture - 20 min
*********************************
fundamental issues

naming/programming model
synchronization
latency, bandwidth
consistency, coherency

Programming model – shared memory v. msg passing
Shared Memory Message Passing
easier to program interface makes costly  operations explicit
lower latency less hardware, easier to design
easier to do HW controlled caching

Message passing v. shared memory
-----------------------------------------

Message Passing
<slide>

• Computers (processor + memory) communicate via network
• Explicit network commands to access other computers
• Send: specifies local buffer + receiving process on remote

computer
• Receive: specifieds sending process on remote computer + local

buffer to place data
• pairwise syncrhonization – match send and receive;

• other MP models relax sync for better performance (e.g.
AM)



History of Message Passing
♦ network topology important b/c could only send to immediate

neighbor
♦ typically synchronous, blocking sends and receives
♦ later: DMA w. non-blocking sends; DMA for recv.; DMA to

buffer until processor does receive, then copy to correct
destination in processor local memory

♦ later: SW libraries to allow arbitrary communication

Message Passing example: IBM SP-2 = RS6000 workstations in rack
♦ Network interface card has Intel 960
♦ 8x8 crossbar building block of network
♦ 40 MB/s link

Shared memory
• Communicate via Load and Store
• Usual model: share code, private stack, some shared heap, some private

heap <slide>

♦ each processor can name every physical location in macine
♦ data xfer via load,store
♦ data size: byte, word, … cache block
♦ Use virtual memory to map virtual to local or remote physical
♦ memory hierarchy model applies: communication moves data to

local cache (as load moves data from memory to cache)

Comparison: message passing v. shared memory
• Shared memory

• proc communicate with shared address space
• easy to implement on small-scale machines
• advantages

♦ model of choice for uniprocessors, small-scale MPs
♦ ease of programming
♦ lower latency



♦ easier to use hardware controlled caching
• message passing

• processors have private memories, communicate via messages
• advantages

♦ less hardware, easier to design
♦ focuses attention on costly, non-local operations

UMA v. NUMA
--------------------

UMA – Uniform memory access*�+,*.-0/.1325476�8.8.9;:=<?> @A8.B�C :=>ED?F�<?GH@I9�4,4,>EJ�K
J�9;:MLNG%<O+P25B%4QB%*%CEC 6A*.R%B�4
K�G%G%SUT=G%<V4,8.*%CECEDO47@I*�CE9.476I4W:X9�8.4

Y[Z]\ -_^a`Mb[c]dQLNeH6Ae%*%<OSUT=G%<�CE*%<OK%9.4W6I4W:X9�8.4,f
9HgI*%8.F�CE9%4P25-0h[`Q@�e%*�CiCE9�J%K%9�j�`MJ;:=9%C,-k6I47:=9%8.F�<?G



l 4,CE>ES%9�m
c Z /UnoDVJ%G%J�B%J�> T=G%<O8

9�*;@Ie.J�G%S�9%d�*.F�<?GH@I9%4Q4,G�<�p?G�<�4,9HqI9�<?*�CirOjQ@�*;@Ie�9%4Qj�CEG;@I*�C,8.9�8.G%<s6
9�tuK�t�v]w�n0xy^az�{

l 4,CE>ES%9�m
Z /Unyq�t�c Z /Un
Y[Z]\ -_^a`Mb[c]d�*%SHqI*�J;:=*%K%9H|X{}noGHT�9%*H@Ie

Z /Uny259�*%4,>E9�<�:XG.F�<?G�K%<O*%8
c Z /Un(258.G�<?9.4W@I*�Ci*�R%CE9

c]9H:uL[G%<O+PTXG�<�-0e%*�<?9�S./.9%8.G�<~6ADOD�R%B%4Pq�t�47L[> :M@Ie�9%S
Y[Z]\ -_^a`Mb[c]d�*%SHqI*�J;:=*%K%9H|X{}noGHT�9%*H@Ie

Bus – fast, but expensive to scale (adds pins)

<slide: bus BW v. year>

Multistage network: less expensive to expand than bus/crossbar�
 more bandwidth

<slide  -- bus, crossbar, multistage>
<slide – cray t3e>

Synchronization
To cooperate, processes must coordinate
message passing – implicit coordination when data

arrives/transmitted
shared adddress �  addtional operations needed to expliclity

coordinate e.g. set a flag, awaken a thread, interrupt a processor



Latency, bandwidth
Bandwidth

need high BW in communication
cannot scale, but stay close
make limits in network, memory, processor (not software)
communication overhead is problem in many machines

Latency
affects performance, since processor may have to wait
affects ease of programming, since requires more thought to

overlap communication and computation
efforts to reduce latency increase hardware complexity

(e.g. caching)

Latency hiding
Examples: prefetch, overlap send with computation

consistency, coherency
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