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Flynn’s taxonomy falls short in several areas. For
one, there seem to be very few (if any) applications
for MISD machines. Secondly, Flynn assumed that
par-allelism was homogeneous. A collection of
processors can be homogeneous or heterogeneous.
A machine could conceivably have four separate
floating-point adders, two multipliers, and a single
integer unit. This machine could therefore execute
seven operations in parallel, but it does not readily
fit into Flynn’s classi-fication system.

Another problem with this taxonomy is with the
MIMD category. An architec-ture with multiple
processors falls into this category without
consideration for how the processors are connected
or how they view memory. There have been several
attempts to refine the MIMD category. Suggested
changes include subdividing MIMD to differentiate
systems that share memory from those that don’t,
as well as categorizing processors according to
whether they are bus-based or switched.

Shared memory systems are those in which all
processors have access to a global memory and
communicate through shared variables, just as
processes do on a uniprocessor. If multiple
processors do not share memory, each processor
must own a portion of memory. Consequently, all
processors must communicate by way of message
passing, which can be expensive and inefficient.
The issue some people have with using memory as
a determining factor for classifying hardware is that
shared memory and message passing are actually
programming models, not hardware models. Thus,
they more properly belong in the domain of system
software.

The two major parallel architectural paradigms,
SMP  (symmetric multi-processors) and MPP
(massively parallel processors), are both MIMD
architec-tures, but differ in how they use memory.
SMP machines, such as a dual-processor Intel PC
and the 256-processor Origin3000, share memory,
whereas MPP processors, such as the nCube, CM5,
and Cray T3E, do not. These particular MPP
machines typically house thousands of CPUs in a
single large cabinet connected to hundreds of
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Nguyén tic phan loai Flynn khdng thanh céng
trong mot s6 linh vue. Pi voi mot vai linh vire, co
vé nhu co rat it (néu cd) ung dung cho cic may
MISD. Thtr hai, Flynn cho ring tinh song song la
ddng nhat. Mot tap hop cac bo xir Iy (bd vi xir 1y)
c¢6 thé dong nhat hodc khong ddng nhat. Mot may
¢6 thé hinh dung c6 bén bod cong diu chdm dong
riéng biét, hai bo nhan, va mét bo tich phan. Do do,
may nay c6 thé thuc hién bay hoat dong (phép
toan) song song, nhung né khong dé khép vao
trong hé théng phan loai Flynn.

Mot vin d& khac v6i nguyén tic phan loai nay la
voi loai MIMD. Mot kién triic v6i nhidu bo xir 1y
thuoc loai ndy ma khong cin xét dén cac bo vi xur
1y duoc két ndi nhu thé nao hodc ching hién thi bd
nh¢ nhu thé nao. P ¢ vai nd lyc dé tinh chinh
loai MIMD. Cac thay ddi dugc dé xuét bao gém
phan chia MIMD thanh cac hé théng riéng biét chia
s¢ bo nhd tir nhitng MIMD khong phén chia, cling
nhu phén loai cac bo xur 1y theo tinh chit ching dwa
trén bus hay chuyén mach.

Hé théng bd nh¢ dung chung la nhing h¢ théng
trong d6 tit ca cac bd vi xir Iy ¢6 quyén truy cap
vao mot bd nhd toan cuc va giao tiép qua cac bién
chung, ciing giéng nhu cac qué trinh thuc hién trén
mot bo xt Iy don. Néu nhidu bd xu 1y khong chia
s¢ by nh¢ (dung chung bd nho), m01 bo xtr Iy phai
c6 mot phan riéng de nhé. Do d6, tat ca cac bo vi
xu ly phai giao tiép qua phuong phap truyen tin
nhin, co the ton kém va khong hiéu qua. Van dé
ma mot sd ‘nguoi gip phai trong viéc dung bo nhd
nhu mét yéu s6 quyét dinh dé phén loai phan cung
1a bo nhd dung chung va sy truyén tinh nhin thuc
su la cac mo hinh 1ap trinh, khéng phai la mé hinh
phan cing. Vi vay, thich hop hon ca 1a chung nén
thudc vé linh vuc phﬁn mém hé théng.

Hai md hinh kién trac song song chinh, SMP (hé
thong da xur 1y d6i xtng) va MPP (cac bo vi xir Iy
song song 16n), déu 1a cac kién trac MIMD, nhung
khac nhau & cach thuc sir dung bd nhé cua chung.
Cac may SMP, chang han nhu may tinh Intel bo xir
Iy kép va bo xtr 1i 256 Origin3000, chia s¢ bd nhd,
trong khi d6 cac bo xtt Iy MPP, nhu Ncube, CM35,
va Cray T3E khdng chia sé bo nhé. Cac may MPP
dac biét nay thuong cd hang ngan CPU trong mdt
hop (v6) 16n duy nhét két ndi véi hang trim GB bd




gigabytes of memory. The price of these sys-tems
can run into millions of dollars.

Originally, the term MPP described tightly coupled
SIMD multiprocessors, such as the Connection
Machine and Goodyear’s MPP. Today, however,
the term MPP is used to refer to parallel
architectures that have multiple self-contained
nodes with private memories, all of which have the
ability to communicate via a network. An easy way
to differentiate SMP and MPP (by today’s
definition) is the following:

MPP = many processors + distributed memory +
communication via network

and

SMP = few processors + shared memory +
communication via memory

Distributed computing is another example of the
MIMD architecture. Distributed computing is
typically defined as a set of networked computers
that work collab-oratively to solve a problem. This
collaboration, however, can occur in many dif-
ferent ways.

420  Chapter9 [/ Alternative Architectures

A network of workstations (NOW) is a
collection of distributed workstations that works in
parallel only while the nodes are not being used as
regular worksta-tions. NOWs typically consist of
heterogeneous systems, with different proces-sors
and software, that communicate via the Internet.
Individual users must establish the appropriate
connection to the network before joining the
parallel computation. A cluster of workstations
(COW ) is a collection similar to a NOW, but it
requires that a single entity be in charge. Nodes
typically have common software, and a user that
can access one node can usually access all nodes. A
ded-icated cluster parallel computer (DCPC) is a
collection of workstations specifi-cally collected to
work on a given parallel computation. The
workstations have common software and file
systems, are managed by a single entity,
communicate via the Internet, and aren’t used as
workstations. A pile of PCs (POPC) is a clus-ter of
dedicated heterogeneous hardware used to build a

nh¢.Gia cua cac hé théng nay cé thé 1én dén hang
triéu do la.

Ban dﬁu, thudt ngit MPP mo ta nhiéu bo xu ly
SIMD duoc ghép chit, ching han nhu MPP cua
Machine Connection va Goodyear. Tuy nhién, ngay
nay, thudt ngir MPP duoc sur dyng dé dé cap dén
cac kién trac song song ¢6 nhidu nut doc lap voi
cac bd nhd riéng, tit ca déu co kha ning giao tiép
qua mdt mang. Mot cach d& dang dé phan biét SMP
va MPP (theo dinh nghia ngay nay) la nhu sau:

MPP = nhiéu bd vi xir 1y + bd nh¢ phan phdi (bd
nh¢d phan tan) + giao ti€p thong qua mang

va

SMP = vai bd xir Iy + bd nhd chia sé + giao tiép
qua bo nho

Dién toan phan tan 1a mot vi du khac cia kién trac
MIMD. Dién toan phan tan thuong duoc dinh nghia
12 mot tdp hop cic may tinh ndi mang lam viéc
phéi hop v6i nhau dé giai mot bai toan.Tuy nhién,
s phdi hop nay c6 thé xuét hién theo nhidu cach
khac nhau.
420 Chuong 9 / Céc kién trac thay thé

Mot  mang ludi cac may tram (NOW) 1a mot tap
hop cac may tram phan phdi hoat dong song song
chi khi nao cac nat khong dugc st dung nhu céac
may tram thong thuong. Cac NOW thuong bao
g6m céac hé khong dong nhat, voi cac bo vi xir 1y va
phan mém khac nhau, giao tiép v6i nhau qua
Internet. Nhitng ngudi ding ca nhan phai thiét lap
két ndi phu hop voi mang trudc khi tham gia tinh
toan song song. Mot nhom cac may tram (COW) la
mdt bd tuong tu véi NOW, nhung né doi hoi mot
thuc thé duy nhét chiu trach nhiém. Céc nit thuong
¢6 phan mém chung, va nguoi dung c6 thé truy cap
mot nit thudng cé thé truy cip tat ca cac nat. Mot
cum may tinh song song chuyén biét (DCPC) la
mot tap hop cac may tram dugc tap hop lai dé lam
viéc trén mét tinh toan song song nhat dinh. Céc
méy tram c6 phan mém chung va hé thong tap tin,
duge quan 1y boi mot thuc thé duy nhét, giao tiép
théng qua Internet, va khdng dugc str dung nhu cac
may tram.Mot tdp hop cac may tinh (POPC) 1a mot
nhom phan cing khong déng nhat chuyén biét




parallel system. Whereas

a DCPC has relatively few, but expensive
and fast components, a POPC uses a
large number of slow, but relatively cheap nodes.

The BEOWULF project, introduced in 1994 by
Thomas Sterling and Donald Becker of Goddard
Space Flight Center, is a POPC architecture that
has success-fully bundled various hardware
platforms with specially designed software,
resulting in an architecture that has the look and
feel of a unified parallel machine. The nodes on a
BEOWULF network are always connected via a
private network. If you have an old Sun SPARC, a
couple of 486 machines, a DEC Alpha (or simply a
large collection of dusty Intel machines!), and a
means to connect them into a network, you can
install the BEOWULF software and create your
own personal, but extremely powerful, parallel
computer.

Flynn’s taxonomy has recently been expanded to
include SPMD (single pro-gram multiple data)
architectures. An SPMD consists of
multiprocessors, each with its own data set and
program memory. The same program is executed
on each processor, with synchronization at various
global control points. Although each processor
loads the same program, each may execute
different instructions. For example, a program may
have code that resembles:

If myNodeNum = 1 do this, else do that

In this way, different nodes execute different
instructions within the same pro-gram. SPMD s
actually a programming paradigm used on MIMD
machines and differs from SIMD in that the
processors can do different things at the same time.
Supercomputers often use an SPMD design.

At a level above where Flynn begins his taxonomy,
we need to add one more characteristic, and that is
whether the architecture is instruction driven or
data driven. The classic von Neumann architecture
is instruction driven. All processor activities are
determined by a sequence of program code.
Program instructions act on the data. Data driven,
or dataflow, architectures do just the opposite. The

duoc st dung dé xdy dung mot hé thong song
song.Trong khi do:

mot DCPC c6 twong d6i it thanh phan, nhung cac
thanh phan dat tién va nhanh, mét POPC su dung
méot sO lugng 16n cac nit cham, nhung tuong doi
ré.

Du an Beowulf, dugc gioi thiéu vao nam 1994 bédi
Thomas Sterling va Donald Becker thugc Trung
tam bay khéng gian Goddard, 13 mét kién truc
POPC c6 cac nén phan cirng khac nhau duoc thong
nhat thanh cong voi phﬁn mém duoc thiét ké dic
biét, dan dén mot céu tric co dang vé ciia mot may
song song hop nhit. Cac ndt trén mang Beowulf
luén duoc két ndi thong qua mot mang riéng. Néu
ban ¢6 mot sun SPARC cili, mdt vai bd 486 may,
mot Alpha DEC (hodc chi don gian 1a mét bd may
Intel dusty 16n), va mot phuong tién dé két ndi
chiing vao mang, ban c6 thé cai phin mém Beowulf
va tao ra may ca nhan riéng cua ban nhung cuc ky
manh mé, song song.

Nguyén tic phan loai Flynn gin day di duoc mé
rong dé gop vao cac kién tric SPMD (nhiéu dit liéu
don chuong trinh). SPMD bao gdm cac vi xtr 1y,
moi cai véi tap dit liéu va bo nhé chuong trinh
riéng cta n6.Cung mot chuong trinh dugce thuce thi
trén mdi bod vi xur ly, véi su déng bd hoa tai cac
diém kiém soat toan cuc khac nhau. Mic di mdi bd
vi xir 1y tai cing mot chuong trinh, mdi bo nay co
thé thuc hién nhiéu 1énh (quy trinh) khac nhau. Vi
du, mét chuong trinh cé thé c6 ma twong ty nhu:

If myNodeNum = 1 do this, else do that

Bi“mg cach nay, cdc miat khac nhau thuc hién cac
1énh (quy trinh) khac nhau trong cing mot chuong
trinh. SPMD thyc sy la mot mo hinh 14p trinh dugc
st dung trén cac may MIMD va khac véi SIMD &
chd cac bo vi xir 1y ¢6 thé 1am nhiéu viéc khac nhau
cung mdt lac. Siéu may tinh thudong sir dung mot
thiét ké SPMD.

O mot mirc d6 trén mirc Flynn bat diu nguyén tic
phan loai ctia minh, ching ta can thém mot dic tinh
nira, va do6 1a lidu kién trac dugc diéu khién bang
lénh hay diéu khién bang dir lieu. Kién trac von
Neumann c6 dién dugc diéu khién bang 1énh. Tt
ca cac hoat dong xir 1y dugc xac dinh bai mot chudi
cac ma chuong trinh. Cac 1€nh chuong trinh tac
dong trén dir lieu.Dir lidu dugc diéu khién, hoic




characteristics of the data determine the sequence
of processor events. We explore this idea in more
detail in Section 9.5.

With the addition of dataflow computers and some
refinements to the MIMD classification, we obtain
the taxonomy shown in Figure 9.2. You may wish
to refer to it as you read the sections that follow.
We begin on the left-hand branch of the tree, with
topics relevant to SIMD and MIMD architectures.

9.4 PARALLEL AND MULTIPROCESSOR
ARCHITECTURES

Since the beginning of computing, scientists have
endeavored to make machines
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dong dir liéu, kién tric chi lam diéu nguoc lai.Cac
dac trung cua dir liéu xac dinh trinh ty cla cac sy
kién xtr ly.Chiing t6i s€ phan tich y tudng nay chi
tiét hon trong muc 9.5.

Véi viée bd sung dong dir li€u, cac may tinh va mdt
sd cai tién dé phan loai MIMD, ching ta c6 duoc
nguyén tic phan loai duoc hién dién trong hinh 9.2.
C6 thé ban mudn tham khao nd khi ban doc céc
phin tiép theo.Chung ta bit dau & nhanh bén trai
clia cdy, voi cac chi dé lién quan dén kién trac
SIMD va MIMD.

9,4 Kién tric song song va da xir Iy

Ké tir khi bit dau ky nguyén may tinh, cc nha
khoa hoc di cb ging dé lam cho may
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