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Figure 2.1 The evolution of a typical sequential computer: (a) a simple
sequential computer; (b) a sequential computer with memory interleaving;
(c) a sequential computer with memory interleaving and cache; and (d) a
pipelined processor with d stages.
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Figure 2.2 A typical SIMD architecture (a) and a typical MIMD architecture (b).
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if (B==0)
C=A;
else

Mlerent  processors  onnst exeede differest stes
J(e\c Son € Q,QQC}L U\-)C/Qe__.

N

C=A/B;

(a)

Processor 0 Processor 1 Processor 2 Processor 3
Initial values
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A o Ry Al i A0
s of 5] Bl B[ o]
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Processor 0 Processor 1 Processor 2 Processor 3
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A A A1) al o]
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Processor 0 Processor | Processor 2 Processor 3
Step 2
(b)

Figure 2.3 Executing a conditional statement on an SIMD computer with four
processors: (a) The conditional statement; (b) The exscution of the statement in

two steps.
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Figure 2.4 A typical message-passing architecture.
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Figure 2.5 Typical shared-address-space architectures: (a) Uniform-memory-
access shared-address-space computer; (b) Non-uniform-memory-access shared-
address-space computer with local and global memories; (¢) Non-uniform-memory-
access shared-address-space computer with local memory only.

Copyright (r} 1994 Benjamin/Cummings Publishing Co.

e shared meﬂ\y‘ud NUMA V= msﬁ-_ Paéss'tr\ﬁ
—> NUMA p‘zov‘[o!e,s K 90&‘7?0":‘_ {9’1-— R/\.O —t@ ?'LQJ“WOT‘Q.

rMemenies

m{gﬁa&s\@ : Temoe access emuloded (o} @(?Mc'd_ msg-
F%S‘ﬂj»
T easy o emuote mSy- passing ascch Bj 9|wa}1ec§1-""€mc’bx orely
e YRVEZE 3 o?;{f{[{_ulr



. T\ODE’(Oc[(iij f\ffhm"QQ
‘b 2p

element

EF] LI [ﬁ CHL] s ;’ A switching

wadesspe”

R
-D00000

Pp-f[j ..........................
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Figure 2.7 A typical bus-based architecture with no cache (a) and with cache memory
at each processor (b).
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Figure 2.9 (a) Cost versus number of processors for interconnection networks based
on bus, multistage, and crossbar connected networks; (b) Performance versus number
of processors for the three networks.

Copyright (r) 1994 Benjamin/Cummings Publishing Co.

Processors Multistage interconnection network Memory banks

Stage 1 ) Stage 2 ; Stage n

Figure 2.8 The schematic of a typical multistage interconnection network:
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Figure 2.10 A perfect shuffle interconnection for eight
inputs and outputs.
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Figure 2.11 Two switching configurations of the
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Figure 2.13 An example of blocking in omega network:
one of the messages (010 to 111 or 110 to 100) is blocked

at link AB.
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(a) (b)

Figure 2.14 A completely-connected network of eight processors (a), and
a star-connected network of nine processors (b).
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Figure 2.15 A four-processor linear array (a) and a four-processor ring (b).
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Figure 2.16 (a) A two-dimensional mesh with an illustration of routing a mes-
sage from processor P, to processor Py; (b) a two-dimensional wraparound
mesh with an illustration of routing a message from processor P, to processor
Py; (c) a three-dimensional mesh.
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Figure 2,18 A fat tree network of 16 processors.
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Figure 2.20 Three distinct partitions of a three-dimensional hypercube into two two-

dimensional cubes. Links connecting processors within a partition are indicated by
bold lines.
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(b)

Figure 2.21 The two-dimensional subcubes of a four-dimensional hy-
percube formed by fixing the two most significant label bits (a) and the
two least significant bits (b). Processors within a subcube are connected
by bold lines.
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38 Models of Parallel Computers

. Table2.1 A summary of the characteristics of various static network topologies connect-
' ing p processors.

Bisection Arc Cost
Network Diameter Width Connectivity (No. of links)
Completely-connected 1 pi/4 p—1 plp—1)/2
Star 2 1 1 p=1
Complete binary tree 2logl(p+1)/2) 1 1 p—1
Linear array p—1 1 1 p-—1
Ring Lp/2] 2 2 P
2-D mesh without wraparound  2(,/p — 1) VP 2 2p - ./P)
2-D wraparound mesh 21/P/2] 2./p 4 2p
Hypercube log p p/2 log p (plog p)/2
Wraparound k-ary d-cube dlk/2) 2! 2d dp
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Figure 2.22 A three-bit reflected Gray code ring (a) and its embedding
into a three-dimensional hypercube (b).
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Figure 2.23 (a) A 4 x 4 mesh illustrating the mapping of mesh pro-
cessors to processors in a four-dimensional hypercube; and (b) a 2 x 4
processor mesh embedded into a three-dimensional hypercube.
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Figure 2.25 Routing a message from processor P, {010) to processor Py
(111) in a three-dimensional hypercube using E-cube routing.
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Figure 2,26 Passing a message from processor Fy to P; (a) through a store-and-
forward communication network; (b) and (c) extending the concept to cut-through
routing. The shaded regions represent the time that the message is in transit. The
startup time associated with this message transfer is assumed to be zero.
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