l* National Library of Canada  ~

Cotlections Development Branch

Canadian Theses on

Microfiche Service sur microfiche

NOTICE

The quality of this microfiche is heavily dependent
upon the. quality of the original thesis subritted for
microfilming, Every effort has been made to emsure
the highest quality of reproduction possible.

if pages are n{issing, contact the university which
granted the degree. .

Some pages may have indistinct print especially
_if the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

Previously copyrighted materials (journal articles,
published tests, etc.) are not filmed. :

Reproduction in full or in part of this film is gov-
erned by the Canadian Copyright Act, R.S.C. 1970,
c. C-30. Please read the authorization forms which
accompany this thesis.

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

Ottawa, Canada
K1A ON4

hJ

Bibliothéque nationale du Canada
Direction du développement des collections

Service des théses canadiennes

AVIS

La qualité de .cette microfiche dépend grandement de
la qualité de la thése soumise au microfilmage. Nous
avons tout fait pour assurer une qualité supérieure
de reproduction.

S'il manque des pages, veuillez communiquer
avec {‘université qui a conféré le grade.

La qualité Himpression de certaines pages peut
laisser a désirer, surtout si les pages originales ont été
dactylographiées & I'aide d’un ruban usé ou si l'univer-
sité nous a fait parvenir une photocop:e de mauvaise
qualité.

"Les documents qui font déja l‘'objet d’un droit
d’auteur (articles de revue, examens publiés, etc.} ne
sont pas microfilmeés.

La reproduction, méme partielle, de ce microfilm
est soumise 3 la Loi canadienne sur le droit d’auteur,
SRC 1970, ¢. C-30. Veuillez prendre connaissance des
formules d'autorisation qui accompagnent, cette thése.

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS RECUE

NL-329 (Rev, 8/80)

3
R
E



DCA -

A DISTRIBUTED COMMUNICATION ARCHITECTURE

by

Hon W. Wong

Submitted to the School of Graduate Stud}es
in partial fulfillment of the requirements for

the degree of Master of Applied Science -

Department of Electrical Engineering
Faculty of Science and Engineerigg
University of Otrawa
Otrawa, Ontario

February 1981

(::)Hon W. WOng,'-Otana, Canada, 1981.

g

C [y
IR P R ey



. . ABSTRACT : .

13

This thesis (1) examines the concept of a distributed

Processor, as viewed from the communications ﬁrchitectﬁre'

-

point of view, (2) proposes a new distributed communication

- architecture,;DCA, and (3) suggests an interprocess comm-

gpication mechanism within a "processor and between processors.
The memory interfexrence effect is examined, on the time-

shared bus and crossbar switch systems. The analysis serves
. . 5 .
2s the basis of performance on CPU utilization under memoxry

hd .

contention situation.
DCA, a distributed communication architecture, is proposed
in this thesis. The architécture can be used to simulate -
operétions in different ckéises of machi;:s, as proposed by
Flynn(6). DCA can also be used as a local area networkx
composed of independent host computers. The reliability;
expansion pbtential_and reconfiguration capability of DCA
. are also discussed. .

-

Finally, the requirements of a process-to-process comm-

unication protocol are examined. An uniform interprocess
communication mechanism is suggested to allow local and

Temote process—-to=-process communication. Y .
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CHAPTER 1 = INTRODUCTION

~

‘The concept of a distributed processcr, as viewed from the

communications architecture point of view, has been explored by
Enslow(l), Thurber(z} and Anderson and Jensen(B). I; his dbfin-
ition of a "distributed" data processing system, Enslow E{ovides
a three dimensional view to characterize the degree of decen-
tralization éf a distributed system. Enslow claims -that a
distributed processorrmust have distributed Hardware, a

, distriﬁuted data b;se, and distribution of control. Thurber
chooses a hierarchial, softﬁare system-orienéed model, whicﬁ
contains multilayered protqcols,'e.g., user-level prdtocol,
inte;process communication pr;tocol and intercomputer comm-
unication protocol-.Anderson and Jensen view distributed
processofs as modeis éharacterized by transfer strategy,
transfer control method, transfer path structure and system

architecture.

——

The motivations for distributed systems are many. Some of
them are improved throughput and response time, modularity,
Joad 1éveling; high reliability, easy expansion, configuration
flexibility, and resouré; sharing(l)(u). Recent advances in
semiconducfor technology reduge the cost of processors and
increase decentralized processing throﬁgh the distribution of
ﬁrocessing functions to these processdrs. Their moderate
- throughput, coupled with the need for resource sharing and

communjication, attract more attention to their interconnection

mechaniams.
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This thesia proposes the design of a- distributed processor,

as viawed from the communications architacture point of view.

o i R
PRI L 7 |

and suggests an interprocess communication Protocol for local
; ™

- - - D /‘
and remote processes communicaticn. /

B

J—
The communication structure is considered to be comprised

of paths and switches. From a processor interconnection
stanqpoint, qémories are also considered as paths(h). Paths
are the media over which.igfofmation is tfansferred. Théy

may be common or dedicated links (bussesj, or' common memories.

Switches are devices used to control fhe traangg_of iAfor- o

mation:wiﬁéy ;;§ be"ﬁ;rdw;re switches, e-g.y crossbar switches,:
or software switches, e.g., comﬁhters such as tho ARPANﬁT IMPs(h).

One of the common 1nterconnect10n struct‘*bs between processors
is common memories in a tlmeﬁshared bu§ (commoq bus) or a crossbar
switch configuration(S). In order to understand the effect of
memory'interféreﬁce (access conflicts) on throughput of these .
systems, an analysis is made in the next chapter.

A brief description of the classification of computing
systems by Flynn( ) ~1is also 1nc1uded in the next chapter. The use
of the interconnection system of Distributed Communication
Architecture (DCA) in emulating the modes of operations defined
by Flynn is demonstrated in later chapters.

Chapter 3 explains the proposed'DCA structure and,its

ﬁé;its, followed by two application exampies.
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. Chaptor L suggests an intorprocoss communication protocol

for intra-module and inter=-module procass communication. The

distributog Oporating syatem and distributed data base issues,

however, are not discussed in this thosis,-dué to their

diverse scope.
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CHAPTER 2 - INTERCONNECTION SYSTEMS

,

In this chapter, an analysis is made én the effect of memory
interference in a:time-sh;red bus and a crossbar switch inter-
coﬁnection system. A ﬁri;f dchription of the classific;tion
-of cbﬁputing systems by Flynn(s) is also made. The emulation
of their modes of operation is demonstrated. It will be shown

in .the next chapter that the DCA's interconnection system can

be used to emulate the modes of operation defined by Flynn

’

S E ]
An analysis of the effect of memory interference in a
time-shﬁred bus interconnection system was made by Ravindran
and Thomas(T); The analysis was verified with a‘software_
-simulation which‘proved the analysis.to be very accurate.
The pgpcﬁ%sing;time, t(p)g after a memory access, is assumed
to be greater than or equalito the'yémory rewrite time, t(w).
If t(w)=0, the mékiéﬁm number of memoxry access is therefore
limétpd by l/t(a),-whére t(a) is the memory access ;;;e.
With t(pl;less than't(w), a queueing ﬁodelwcanno? be used.
since Eiﬁharrival rate can be greater than the service ;éte.
thué resulting in infinite delay. Moreover, the case t(p)=t(w)
serves.as a'boundary condition for the othexr twe cases(s)-
The time-shared bus modg£_§ssumes a singie memory unit
and ﬁu;ﬁible proces;ors sharing the bus. The first parameter
) réquiredlfor the calculation is the probability of a memory
. réferenaé during any CPU minor cycle time. Le¢t this proba-

bility be denoted by R.
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This probabilitf can be statisticaliy estimated sy taking
a lerge sample of ;n application program. At fifst..the
frequency of execution, #ith respect to a set of instrﬁcgion
classds, is collected. Secondly, from the manufacturer's
specification, the frequency of memory references f;r a
particular instruction class can bq found. The préduct of
the fréquency of -execution and the frequency of memory
references gives the memoTy utilization factoxr for that
instruction class. The sum of.al; the instruction classes

-

memory utilizafion factors gives the mean average percentage
of a memory reference. | | -

Let.P be a fixed probability wvector denoting the proba-
bilities that 1,2,...,S processors are working, i.e., not wait-
ing for service from memory. A processor ig 'working' if it
is being serviced by memory at that instant or the processor ’
is not accessing memory at that time® For example, if there
are 10 processors_'wc;king' at an instant, it means there are .
10 processors working within the CPU and not accessing memory,
OR there are 9 processors working within the CPU and not |
accessing memory, togethér with 1 processor being serviced
by memoxy at that instant. In other woxrds, a processor is
'not working' if it is waiting for service from memory. Using
the Markov chain model PA=P, or P(t)A(t)=P(t+l),

Ai1fize 0 Ais
o o 5 Agyhogee- Agg _
1 2’. S) * & & 8 3 # ¢ S & P PP -

SlAS2 ASS
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ox, Pi = Piéli + P2A21 +...'. + PSASi

e )
or, the probability that the system is in state i
S B .
= = (probability that the system is in state j).x
(probability\that the system transits from state j

L

to state i)% - W

The state, in this case, means the number of ‘processors
'working'!. The set of simultaneous equations, PA =.P, can

be solved to find the vector P ; together with the condition

-

that Pl +* P2 + aes + PS = 1. ‘

The transition matrixa A, is modeled as sequences of
Bernoulli trials. For dxample, out of M Processors working
at the present memory cycle, the t.ransition probability that
N processors wofking at the next memory cycle is

: M
A(M,N)= g (N-1) (l-R)N_l for M 2 N;
M-(N-1)

A(M,N)= (S) R(1-R)S™F (1-R)°  for M=N=S;
1

A(M,N)= (1-R)M for N=M+1;
= 0 for N;>M+1, since there can only be one processor
‘ : servmced by memory in one memory cycle
and return to 'working' state at the

end of tHe cycle.
The probability that memory is idle is = S(lnR)s or
S processors are %orklng and none of them is being serviced by
memory at that interval{
The expected value of the CPU throughput, E(CPU), is
S .

= 7 ix P,

i=1 *

2-3

{
t
i
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For the number of processors S = 3, -Table 1 shows the

A

prqbdbility vector, the memory utilization perceﬁfage and

o ,_‘ﬁ?-,-’ . N
q:;rthea expected value of the CPU throughput as calculated

~ -

against different memory refefence probabilities.
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_ Table 1 w §

ﬁ(mémrefj P(1) . P(2) B(3) Memutil% - E{CPU) 7 i

0.1  0.0014 0.033% ' 0.9651 20 2.96

0.2 0.0153 0.1376 - 0.8468 56 2.83

0.3 . 0.0620 0.2869 0.6508 77 2.59

0.k 0.1566 0.4168 0.4262 90 2.27 -

0.5 0.2941 0.4706 0.2353 97 S 1.94

0.6 T 0.4530 0.4384 ~ 0.1083 99 1.65

0.7 . 0.6127  0.3472  0.0399 99 1:43 . |

0:8 0.7602 onzzgh. 0.0102 99 1.25 !

0.9 0.8899 0.1089 0.0011 99 1.11



" For the number of progﬁssors S = 6, Table 2 shows the
memory utilization percentage and the expected value of

the CPU throughput as calculated against different memory

reference probabilities.

Table 2
R(memref) . Mem;xtil@’ E(cPrU)
0.1 . 57T 5.75
0.2 92 4.63 |
0.3 99 ) 3.32
ol 99 7 250 | R
0.5 99 - 2.00 '
0.6 99 1.7
0.7 99 1.43
0.8 99 _ 1.25
0.9 99 1.11

2-6
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A‘g;aphicél description of memory reference probability,
memory utilization percantage, and CPU utilization for 3 and.
6 processors is shown in figure 1. The graph shows that when
the memory reference rate approachea to 1, and in both'casgs.

the CPU utilization approaches to 1.
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‘made by Bhandarkar and Fuller(s)(g). Bhandarkar analyzed

m * ( s(a)/(t(a)+t(p)) ) (8); where m is the number of memory

ot

2.9

' 2.2 Crossbar Switch.

The analysis of ébmory interference in multiprocessor

systems with a crossbar switch interconnection system was

two cases; one with t(p)=t(w), and another with t(p)> t(w).
If t(w)=0, in;the absence of memory contention, the theoretical

maximum value of the average number of busy memory modules is

modules. This serves as the upper bound condition. Systems
with t(p) > t(w) are generally processor speed limited and
relatively little performance improvemen£ will be obtained if
the memory speed is increased. (8) With t(p)< t(w), the queueing
model cannot be used.( ) In this sectlon, the. case t(p)=t{w) is
discussed because the analysis. serves as a bound?ry-condition
for the other two casgé. it is shown in tﬁé following, that as
multiprocessor systems grow to include more Processors, we can
expect half of_the processors to be active.(g)

For a multiprécessor system consisting of n processors anq
m mem&ry modules, the probability that one memory bank is idle
is equal to
(number of ways of assigning n processors. to m-1 ‘memory modules)/
(number of wayslof assigning n processors to m memory modules).

(11)'

Using the results of Jackson(lo) and Gordon and Newell the

probability that anyone of the memory modules is idle =
n+m-2 n+m-1 n

m-=2 m=1 n+m-=1

]
[

The expected number of busy memory modules
m

. _ _mn
/fgl Probability ( m(i) is busy) = —T

- - 2-9
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For m = n, the result is n/(2-1/n). As n approaches to
L,
1nf1n1ty, the limit of (expected number of busy memory
modules) = n/2. The important conclusion: states that as

multiprocessor systems grow to include more processors,

. we are not faced with a law of diminishing returns. If we

have the same number of memory modules, we can expect half

of the processors to be active(g).

The processor-memory reIetionship with respect to the
expeoted number of busy memory modules and the expected CPU
utilization is shown in figure 2. As the eumbef of processors
and memory modules increases, the average CPU utilization
approaches 50%. In e 2 by 2 configuration, the CPU %
utilization is only 35%. Thus, the crossbar switch inter-—
connection s?stem,yields a better utilization percentage
as the ﬁumber of processors and memory modules grows. The
utlllzatlon percentage levels offf to about 50% and remains
at that level no matter how many processors and memory
medules are added. This 1ntenponnectlon system is best for
moderate to large systems. One important factor in using the
crossbhar switch;system is the cost, as the number of

. ' . . . , 2
crosspoint logic increases as n .

-
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2.3 Emulation of Interconnection Netwofka. N

An interconnection network can Se used to siﬁulate a wide
varioty of other interconnection networks. Smith and Siegel(lz)
use an emulator network to simulate single stage and multi-stage
SIMD interconnection networks which include the STARAN, the
Omega, the data manipu;ator, and the Illiac nefworka(lz).

The SIMD (Single~-Instruction-stream, Multiple~Data-stream)
organizatiog is one of the four classifications in Flynn's
definition of computing systems(s). To examine the inter-
connection systems of Flynn's classifications, the four ;ain'
structures are described briefly below:

(1) SISD: Single-Instruction-stream, Single-nata-stréam
organization consists -of a single control unit, a single
brocessing unit and a single data path from the processing
unit to the memory unit. Machines such as IBM S$/360, DEC
fDP-il, and most conventional computing equipment available
today belong to this class.

(2) smMD: Single;Instruction—stream, Multiple-Data-stream
organization consists of a single contxol unit, and multiple
processing units with a single data path from each unit to
memoxry. Array vector computers or associative p;ocessors’sqch
as Illiac IV and Solomon belong to this class.

(3) MISD: Multiple-Imnstruction-stream, Single-Data-stream
organization consists of multiplercontrol ﬁnits and processing
units; a single data path from memory to one processing unit
and a single data path to memory from anotherhpfocessing

unit. This organization can also consist of only one control

2=12
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-

unit but this unit gonerates'tho_same control Signal to all

processing units. This class of machines is sometimes also

._*“ '

called pipelined processors. Machines such as Texas Instrument'
Advanced Scientific Computer belong to this claess.

(4) MIvMpD: Multiple-Instruction-stream, Multiple-Data-stream
{organization consists of multiple control units, and multiple
Processing units with a single data path from each unit to
memory. This organization is also called multiprocessor.
Machines such as Burroughs D825 and Ramo-ﬁool&ridgq RW=-400 -

belong to this class.

Figure 3 shows the classification of computing systems by
Flynn. The two attributes in the classification are the control
signals (instructions) and data. These.modescofaopvratiqﬁ‘can
be emuiated by applying different or the same contfol signals
and data within the interconnection system of a distributed
processor. The control signals can be in the form of operation
code passed via a communication link to all or a subset of
processing elements. Thus, a broadcést operation is sométimes
necessary. Data can also be transported along Aifferent.
communication links to the processing élements and different
ox the same control sequencés can be applied to different
data stream. The DCA interconneé%ion system, as shown in a later
chapter, is well suited fbr use in emulating these kind of
aperations. It can be used to study the effectiveness of -
various design parameters in a Prototype before the actual

system is built.

#
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CHAPTER 3 - DCA, A DISfﬁIBUTEDxCOMMUNICATION ARCHITECTURE

3.0 DCA, A Distributed Communication Architecture.

The design of a distributed processor, as view from the
communications architecture point of view, is proposed in

this chapter. DCA, a distributed communication architecture,

is shown in Figure 4.

Distriggted systems;_composeé‘of an interconnection of
processing elements, communicate via common memory, a bus or
a communication line. Their differences are Jjudged by the
degree to which their attributes match an environment. Their
attributes are (1) interdependency, (2) extent of resource
sharing. (3) degree of autonomy, (4) method of connection and
(5) the complexity of each proc9551ng element. A multiprocessor
can he cops:dered as a dlstributed system and a network of
sultiprocessors joined together by some means can also be
considered as a distributed system. DCA makes use of the
powerful throughput of a multiprocessor together with flexi-
bility, resource sharing and reliability of a network of
hultiprocessors. .

DCA is made up of a number of computer modules (CM) and
cables running parallel along the x- and y- axis. Each computer
module is connected to one cable running in the x=- axis and
another cable running in the y- axis. The number of computer
modules and the number of cables are determined by the.appli-
cation. It is the purpose of thzs section to show the

versatility of this structure.
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3.1 Computer Module (CM).

The interconnection system of a computer moduie is shown
in Figure 5. It is madé up of n precessors and n memory'
modules interconnected by a crossbar switch. The valite of n
ranges from 1 to 16. Patel showed.that the performance/cost
of a crossbar switch is best provided, if the number of pro-
cessors is not over 16 (33). The proposed processor is an
Intel 8086. It contains a Bus Interface Unit (BIﬁ) which can
pre~fetch instructions and save them in =z queue for up to é
instruction bytes - just enough space to accomodate a
'mov memory,accumulator' instruction together with a "mov
accumulator,memory' instruction. The address space of the
8086 allows access of one megabytes of memory. The XCHG and
LOCK instructions in the 8086 can be used to control access
to common resources. The XCHG instruction can obtain the
current value of a semaphore and set it to busy in a single
instruction. Since the XCHG iﬁstruction requires two bus cycles,
it is necessary to precede the XCHG inétruction with a LOCK
instruction which establishes control over the bus throughout
execution of the instruction that follows the LOCK instruction.

The 8086 allows different addressing modes: direct address-~
ing, register indirect addressing, based addressing, indexed
addressing, based index addressing, string addressing and
I/0 port addressing. There are develofment tools such as
ISIS-II operating system, PLM-86 highg}ngl language, ASM=86
assembler etc. to support the_development process.

The memory system is n-way interleaving providing simuil-

3=3
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3-4
taneous access for all processors. It is divided into program
store and data store; leaving a possible inclusion of cache
memory in fhe future. Memorx units are protected with addit-
ional bits for error detectionr and correction. How many bits are -

required depends on the application; cost versus how much

‘reliability. It should be pbinted out here that local program

store and data store can be provided to any individual pro-
cessor, if the application warrants it. .
Interprocessor interrupts are performed in hardware. A

programmable interrupt controller (e.g. Intel 8259A) in each

Processor handles interrupts from other Processoxrs and I/O
devices. An interrupt can bé used to synchronize procei/es
in different processors. Since the processors share common
memory, softwhre techn;ques can also be used for this purpose.- ?

1/0 cont&ollers share the main memoxry with other processors. ' |
Devices are connected to their controllers via another crossbar
switch. This allowg resource shafing for all prdcessors, and
eliminates any fequeét.to a particular processor for I/0
services, except in intermodule communication through the .
cable. This configuration increases the reliability and

flexibility.

There are two Ethernet-type control units associated with

each computer module. One control unit is connected to the

1st processor and the other to the Nth processor. The control
unit performs the Ethernet protocol (aspe;plained in 2 later
section) and error checking and recovery. One control unit

taps into a cable running parallel to the x- axis and the

3-4
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oth;r controlﬂunit-tupé into another cable rumning parallel
to the-y- axis. The cables can be of different medium: fiber
optie¢, coaxial or tWistéd-pair. The application determines
the communication requireﬁents of each cable, and the DCA

structure is flexible to different applications.
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3.2 Distributed Ethernet.

Ethernet is a distributed packet switching systea” for
local communication among computing stations (32). The
transmissién media are coaxial cables. Stations connected to
@ coaxial cable communicate with each other Aby sending
variable length digit data packets. A station's Ethernet
interface connects bit-serially through :a cable to a
"transceiver uhich_inl turn taps into the «coaxial cable (the
_ Ether). The.coumunication mode is broadcasting, vhereby all
stations hear the same message. -5t ion accepts a packet
if the destination address or the packet is the same as the

station's address.

Ethernet's coarunication protocol takes a strong influ-
enrce from the Aloha Network. It uses a carrier sense multi-
ple acéess with collision detected mode {CSEA-CD) for
communication. Before attempting any transaission, an
Ethernet controller semses for any transition on the Ether.
The packet's bits are phase encoded which énsures t@at
there is at least one transition on the Ether during each
bit time. In analogy to sensing the presence of carrier im a
multiple access path for radio communication, the mode of
access is termed carrier sensermultiple access. The CSM2A
protocol 1is further broken dowm into noanersistent and

p-persistent  protocol, which deals mainly with the

retransmission algorithm. In Ethernet the retransmission

3-7
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algorithm is called Binary Exponential Backoff, whick is
considered as a non-persistent CSMA. The retransamission

intervals are multiples of a ‘*slot', +the time for one

end-to-end round trip delay. An Ethernet controller starts.:

vith a mean interval of one slot: each collision brings the
delay interval of retransmission to a nmean of twice that of
the previous iaterval.

— _
W¥hat distinguishes the Ethernet from the CSMA protocol is

its provision’of detecting interference. Interference is
indicated vhen the transceiver notices a difference betéeen
the value of the bit it is attempting to send and the value
of the bit it is receiving from the Ether. The advantages
of this approach is to limi£ the interference period to a
maximum of one - round trip time. The packet will be able to
be reschedunled for transmission as early as possible and the

frequency of collision is used for the. Binary Exponential

Backoff algorithm.

In Ethernet, the acknowledgment of packets does not have
priority over data packets. PFor reliability purposes, a
modified Etherget — Acknowledging Ethernet - gives priority
to an acknowledge packet transmission over a data packet
transmission. A simulation showed the Acknowledqging Ethernet
has shorter response times and increaséﬁ effective trans-

(34)

mission rates
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From another report on the performance- of an Ethernet
local network in real life, the statistics showed an
Ethernet efficiency of 97.4% with 64 hosts and the packet

leagth of 512 bytes (28) |

However, the same report also
shoved an Ethernet efficiency of $54.2% with the same number
-of hosts and packet length of 4 bytes. Thus wve can see
Ethernet's peéformance is extreﬁély good for file fransfe;

applications and modest with interactive applications.
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3.3 Merxrits of DCA.

There are wany advantages of the Diﬁtributed Comminication
Architecture.

(1) Under Flynn's classification of computing syste;;‘the
DCA can be used to simulate the operations of a SISD, SIMD,
MISD and MIMD machine,  see Figuré 6.

It is a SISD machine when the DCA architecture consists of
only one computer module with only one processor.

It can simulate a SIMD machine when different transactions
(data) are coming in through the x- axis cables and the first
set of computer modules all eiecute the same sequence of
operations.

It can simulate a MISD machine when data are broadecast on
one c¢able and the computer modules execute different sequences
of. operations on the same data.

Finally, the computer modules themselves are MIMD machines:
and the DCA organization can therefore act as a MIMD machine.

" Although performance will be degraded when DCA is used to
simulate operations of SIMD oxr MISD machine, DCA ﬁﬁwever,
serves as a tool to study thése structures.

(2) Reliability ~ the reliability of this system is a
function of‘the numbexr of shared components attached to the
cables. DCA is reliable because the control function of the
system is passive and fully distributed. Bus coupling is based
on the use of transformers to DC-isolate all devices connected

to the bus. Although distributed control increases the node

3-10
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cbmplbxity, because of a rgdundant‘Ethernet-1nterfaco in anch'
computer module, the probability of losing the whole computef
module is small.

Assuming now that p is the probability' that a computer
module fails. ?or & system of n by n structure, the maximum
delay is 2(n-1) links delay, when (n-l‘)2 com;uter modules are
out of service, see Figure 7. This probability of'2(n-l) links
delay is (p (a-1)* ) (1-p)**1). 1f p = 1073 and n = 10, the

probability is about 10'2h3.

i

(3) Expansion ~ there are many ways of expanding the system. ¢
It can be done by adding more processors to a computer -module,

by adding more computer modules to the Ether, or by increasing

the bandwidth of the transmission medium. Fiber optic cables

can be used to replace the coaxial ;able, allowing = much-higher
bandwidth. An additiomal cable' can 1ink two or more computer
modules, if the neéd arises in intermodule communication. The
bottleneck of an application usually: determines what 6ption is
fequired. |

In order to give an idea of.cost versus expansion, as viewed
from_the interconnection system point of v;gw, the ratio of the
number of links to the number of computer modules in a N by N
configuration is tabulated in Table 3. o

(h) Reconfiguration - system reconfigures to suit different
applications and to share resources. As explained in (1), the
architecture can be used to simulate.four classes of machines.

Since Ethernet is used to share resources in local computer

networks, the DCA architecture inherits this property..

3-11
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Figure 7: Maximum Number of Links Delay of DCA

3-13



3-14 ©

Configggatidn Computer® Links Ratio of Links:to

L.Modules Computer Modules

2x2 oo 4 | 1
3x3 9 6 . 0.67
b x4 16 8 0.5
5x5 25 10 0.5
6 x 6 36 12 ' 0.33
7 x 7 Lo 14 0.29
8 x 8 64-(_ 16 0.25
9 x9 81 18 0.22
10.x 10 100 20 0.2
100 x 100 10,000 200 ' 0.02

-

Table 3: Expansion ratio of links and Computer Modules
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3.8 Performance of Distributed Communication Architecture

{DCA).

In this Sectiog: two examples are given to calculate the
performance of the DCA structure. The first example calcu-
lates the performance of a computer module under ideal and
non~ideal situaticons. The second efdﬁple determines under

what éitnation will the DCA structure svitch @ froam

CPU-bound to I/O-bound in a transaction processing applica-

tion.t
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. 3.84.1 A Picture Processing Application. ' : -

The problem is related to image processing. Giver a
picture composed of N by N elements and a window size of M
by M elements, we want to find the highest value of the
elements within the window, as the window moves from left to
right and top to bottom of the picture. In other words, it
is regquired to find the highes£ value of 52 elenents ;
(v-8+1) 2 | tines. | \

S s i

To calculate the upper bound of performance on the DCA _ 1
stfucture, we assume a configuration of the DCA system. In
this exagéle, ve assume 2 memory organization of P-way

interleaving and P 8086 microprocessors with a basic clock

cycle of 125 nanoseconds. Let M=4, K=500 and P=4.

The elements in the picture are stored im different
memor§ nodules as shown in figure 8 . Bach processor is able.
to access an element at each memory module simultaneously
without any conflict. The access pattern corresponding to
each time unit and each processor is showvwn in figure 9.. At
each time interval, each processor accesses different memory

modules. This confiéuration allows us to calculate the upper

boznd of performance on DCA.

Each processor inputs an e€element into the accumnlator and

compares the accumglator content with a designated register

3-16
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content. If the accumulator content is larger than the register
content, the accumulator content-feplaces the regiﬁter content.
A cycle is defined here to represoent the t;mo to find tﬁo
highest value of the 16 elements. The cycle has its minimum
value if the first elenient of the 16 elements is the highest .
value. Under this situation.'the cycle takes (21M2)(125)
nanoseconds. The minimum time to complete the whole Jjob is

(N-M+1)? x 21m® x 125

P x 109

= 2.6 seconds

Undér 2 non-ideal situation, some of tpe pracessors-will T 3
finish the cycle earlier tham the others. Inevitably, there
will be mémory conflicts when more than one processors want ;
to access the same memory module. To determine the expected

number-of processors to be active, Section 2.2 shows the

formula._ to ea;culate the value, for the number of processo;s

and memory modules in a éystem..Table L shows the job time

under different. configurations and bus situations. The

corresponding graph is shown in Figure 10.

. 3-17
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.Figure 8 : Storage Pattern of Picture Elements in
b-way interleaved memory system
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Figure 9 : Access Pattern by Processor in

different time intervals
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Window S

(5]

e Number of NMemory
Modules, Number of
Processors

Loy & 2,2
b4
8,8 ,
16,16
32,32
64, 64

8w 8 2,2
4,4
8,8
16,16
32,32
64,64

-

3-20

Job Time under Job TPime With
ideal situation Memory

_ Interference
5.2 sec., 7.8 sec.
2.6 . - 4.6 "
1.3 " 2.4 "
0.65 . 1.3 "
0.33 " 0.7 "
0.16 " 0.3 "
20.4 sec, 30.6 sec.
10.2 " 17.9 "
5.1 " 9.6 "
2.6 " 5.0 "
1.3 " 2.6 "
0.64 * 1.3 "

.Table 4: Job_time of picture processing application

under ideal and memory conflict situation

3=20
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3-.%.2 .A- Transaction Processing Application.

A process in a station (i.e. a computer module) receives
a trapsaction via a terminal, processes the transaction and
sends a message to another station. The process waits for

the next transaction before repeating the same cycle again.

Let ¥ be the mean number of tramsactions transmitted per
second over a link (i.e. the Ether). Then the mean trans-

mission time of a tramsactiom is 1/M second.

J——

Let T be tke mean niumber of tramsactions processed in omne
second by a station. Thus, the nRean process time is 1/T
second.

The traffic intensity, T(I), is defined as M/T.

Let p1 be the probability that the message is seat tc a
station on the same link, and p2 be the probability that the
message has to transverse through two links. The mean
transmission time is

1 2 1
Ployr *+ p2gr = (p1 + 2p2)p
Assuming ‘there are ¥ by N stations in DCA, as shown in

figure 11, thus

p1 =281 ., (1)

N°-1 N%-1

3-22



The mean transmission tine is

2(N-1) ', 2(N-1)3].L _ 2N 1 -
21 21 N N+l M /

The average number of links to transverse in a N by ¥

configuration is equal to 2N/(N+f).

Since the mean number of transactions on a lin&his .|

transactions per second and there are 2N links, the maximum-

number of messages in DCA is 2M% per second. The mean muaber

of messages per second on a link is

ZN?/K N+113" M(N+1)

In other words, H{H+1) is the maximuzm number of processes
that can be generated fer second in a "Bus-Bound' situation.
The total processing time, PB, .in the DCA system per second

is ‘ , '
.1
M(N+1) T

In a *CPU-Bound' situation, the fraction of process

execution time per second is
1/T =Y
2N 1N
/7 #(§q7% T
. B !
The total- processing time, PC, in the ?E}/éysteﬁ per second

L4

o
is ( \

)

o \\\‘\‘_////
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Yhenr PC = PB, the system swvitches from CPO-bound to

I/0-bound. This simplifies to .

(2T+M)+ \[(2T+1)% + 4TV
2T

N=

It (2T+ma ~ D> 4TM or T >> M, then N = 2 + ¥/T = 2. Thus a
2 by 2 configuratiorn yields a good balance between process-

ing and I/0 operatidn when T >> M.

Table 5 shows some combinations of T and ¥ values and

their resulting values of N. As the processing time bécomes.

the dominant factor in a tﬁansaction cycle, ii hecomes
feasible to add more computer modules to increase the
o#eréll syster throughput. Given the message rate an& the
processing rate of a transaction, the number of computer

modules in DCA car be estimated to yield & bpalanced system.
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Figure 11: An N by N confisuration of DCA in
transaction processing
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—
I K N -
100 10 2 )
100 50 3 )
100 100 &4
100 200 5
100 400 7

100 1000 13

T: Mean number'af transactznns pnocessed
per second. .. .- -

M: Hean number af $ransactzons transmitted
per sehond

N: Number of Computer Modules in a
N by N configuration

Table 5: Transaction Processing Configuration
Calculatlon.
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3-5 Conclusion. . ,
DCA, & distributed communication architecture, is presented ﬁ

in this chapter. The organization can be used to simulate the
operations of'a SIsSD, SIMD, MISD or MIMD sfructure.\DCA can

also be used as a 1oca£ area network. The Computer Module,

the basic unit of DCA, is a multiprocessor ﬁith a crossbar
switch interconnection system. An Ethernet-based network connects
the computer modules along =a multiple access transmission

medium. The architecture is suitable for expansion, recon-

figuration and reliability.

M 2t e

.oewal,
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CHAPTER 4 - INTERPROCESS COMMUNICATION IN DCA

ThiS‘chnpter examines the inferprocess communiéatioﬁ'in a
distributed system. The issues of distributed opérﬁting systems
and distributed data bases are not discussed, due to their _ ;
diverse scope. |

4.0 Interprocess Communication in DCA.

One of the major issues in a distributed system is the
communication requirements between procosses‘(l3). A process is 1
a virtual or logical processor. A job or a task requires many

execution cycles of the processes. Processes do not always act

-
”

independently; they communicate with each other to coordinate -

PR PRE UL SR

ac;ivities. One of the requiféments of interprocess communication

is unambiguous'synchrdpization; Fhe.ability to accesé shared _‘;
resourcés in an orderly manner..Another requgrement is the
maintaiqgnce of standard or uniformity in interprocess communi-
cation techniques. Since there may be heterogeneous hosts in a
distributed architecture, each ﬁaving dissimilar process level. -
_protocols, it is desirable to avoid any kind of transformation
between them. Transformation requires processing time and space
iﬁ termé'of memory, and is best avoided. By providing resources
tréﬁsparency to Bll users, it also allows portability and
uniform access to resources that are local or remgte. Final}y,
the performance ?bjectives should also be considered. They are
throughput, delaé, cost efféctivenéss, and réliability.

In the Distributed Communication Architecture (DCA), the

l". .-

. . 1
. o . X
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interprocess communication can be looked upon from two different
aspgcts. The first aspect concerns the communication within a
éomputer Module (CM), ;f the intra-module interprocess
communication.-Tpe sacond aspect concerns the communication
among Computer Mo&ules. or the inter-module interprocess
communication. The rest of the chapter is devoted to these
two aspects, and also the-processpcontrol_structure requifed

to implement the interprocess cdéhunication scheme.
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Hh.l DCA Intra-module Interprocess Communication.
4.,1.1 ITmplicit and Explicit Mechanisms.

Intra-module interprocess “communication mechanism takes

many forms. The interprocess commug}cation mechanisms for
common mem;ry systems have had a long history - from Dijkstra's
semaphores (lh)(lS), Hansen's conditional critical regions (16),
Hoare's monitors (17) to Campbell's and Hebermann's path ~

(18)(19). All of these mechanisms are best suited

. expressions
to solve synchronization problems. Thé}'are implicit in.natufe .
because they share a common object and have to follow a certain
access rule to keep the object in a consistent state (20).
Their access ocperations are known ag procedures.

The message passing system (21) is an explicit éynchronization
system in which a procéss has to wait until another prbcesé has
completed an éction, which results sending.a message to ‘wake
up' the calling process. It is not necessaxry, however, that the °
calling-process goes to 'sleep! after it Sends a message to a
called process requestlng for service, if the calling process
can continue without the result from the completion of that
service. The calling process can proceed asynchronously along

with the called process until it reqﬁires a feedback from the

called priocess before it can proceed further.
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4.1.2 Criteria to choose an interprocess communication mechanism:.

In order to determine the type of interprocess communication

mechanism we need, it is nécesSary to’Iook-again,at the

requirements. The majoxr requirement iﬁ the present case is a
uniform implementation technique for a distribufed system.
This technique should be able to survive, if the system is

\
separated into dlfferent computing units (e.g. from an
8-processor system with common memory to two h-processor
systems without common memory), and withstand integration o
of two or more units into one. Based on this stringent f
requireﬁeht, the message-oriented system is chosen because %
it can be used in common mémory systems and distributed systems. '

4.1.3 Characteristics of a Message-Oriented Svstem.

From a good desién boint of view, there are several ;
outstanding features in a message-oriented system (22){
« Resources of the same type are associated with their
own procesées which act like resource managers. If a process
requests for a resource, 1t sends a request in the form of a
message to the Process associated with the resource. In this

way, requests are received and processed serially. This

serial characteristic avoids any synchronization Problem. Untike

L]

el

L T
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the other implicit synchronization technigues which allow
many brocesses to carry out the synchronizatioh procedure
‘themselves, the process—-oriented resource management

restricts the synchronization task to itself.

1

- Process preemption, the blocking of a process, has less
delay effect with accessing conmon resources 1in a
message-oriented system. Since there is a single process in

-

charge of . a resource, preemption has delay effect only on

‘,
¢
!
1
3
;.
by

that particular process. The impliéit synchronization
techniques alldﬁ many processes to enter the allocation and

deallocation regions, and thus process preemption of any of

B L Y oW S e

these processes may have a delay effect on each other.

- Communication paths are established between pairs of |
processes. The' path ends specify the station namber, process
number and port number. A port i1s a gqueue used to hold i

messages belonging to a certain class.

— Connections between processes' are relatively stable. A ¥
*father' process can be used to receive and dispatch all
messages, while at the same time creating 'sén' processes to
handle the received messages.

L.1.4 Message-oriented Operations.

There are four primitive operations in a message-oriented

. 2 24
systen. They are connect, disconnect, send and receive( 3)(- 2 The

hes
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formats of the four operations are: . ' -
connect (sender, receiver)
disconnect (sender, receiver)

send (receiver, message)
receive (sender, message)

The connect operation is used to establish a logicai
coanection betveenitwo érocesses. The operating'systen tries
to locate the destination process, initiates the connection
protocol and wvaits for a confirm message from the destina-
tion process before it sets a condition return code in the
source's process control block. The sender is blocked until
the operating.system is ready to return the condition code.
In addition, connection informatiom is updated into the

process control block of the sender.

The disconnect operation does the reverse of a connect
operation, with the difference of initiating a discdnnect
protocol.

The send oéeration copies the message into a buffex,
fiﬁds the receiver location from the process control block
and passes this_information to the comrunication processor.
A broadcast operation can be carried out by decoding the
receiver address in which a common or global address can be
used. The bufferxr %s attached to. the sender's ptocess
control block for a future receive operation. In this way, a

send-receive pair of operations guarantees a buffer space is

L-6
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available.

The receive operation essentially vwvaits for a message.
WVhether the'proﬁess vishes to be'blocked or not depénds$o;
the operating' system impleamentation. If a process cannot
procéed further without £he-expected message, thea it should
be bldckéd to allow other ready processes to gain control of
the processor. In the case where a prbcess can proceed
further, it makés no sense.to spead time on switching to
another process. A process can inform the operéting systen
on blocked receive by issuing a system call 'wait! after the
receive command. ¥hen a message arrives, it is copied from
the :eserveﬁ buffer to the process message space. The buffer
is put back iﬁto-the buffer pool. The process is unblocked

¥

and put into the ready list.

In addition, the operating sjystem must be able to handle

l

removed. Those messages sent to a nonexisting process nust

messages to or from a process ‘which has been destroyed or
be returned with status information. Other messages <¢an be
left in the gueues of the other procegses.

4.1.5 Analysis of a Message-oriented Systen.

The concerntration of reguests and service on a single
resource process makes the analysis nmuch easier. In fact,
using the classical guewmeing system M/M/1, the average gueue

.. \
size and the average tinme delay can be found. The MN/N/1

4-7
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J 4-8
sy%tem assumes a Poisson arrival di‘%gthutlon, exponential

service-time distribution and/a single serve:'(zs)

e N
1
gt gt A T

£

M f T

Let the @ean arrival rate be A (mean) requests/second and
the maxinmum service rate be A (max} regquests/second. Thus the

traffic intensity ,T, is A (mean) /A (max).

The average gquene size is then given by E(n)=T/(1-T). - - ;

§

, i

The average . time delay is given by ;
E(t)=1/(A(max)~A(mean))- ' 1

n

Loy
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42 DCA Inter-Nodule Interprocess Communication.
“~

~

The packet protocol, EFTP, used in Ethernet has been very
useful for file transfer from statioa to station. It is not
desiéned for process to process communication within a
netﬁork. There are no mechanisms to relate processes and
allow transparency in interprocess communication. Tﬁere is
Ro .control function imbedded in the packet pretocol to allow
flow control or other functions such as remote progranm
calling, contract broadcasting and coordination of
resources. In order to take a broader 1look at interprocess
conmunication, the following sections are dedicated to the

discussion of the DCA protocol.

4.2.1 DCA packet protocol.

The DCA packet layout is shown in fiqure 12. A start bit
called SYNC, as used in Ethernet, precedes the packet. This
start bit is generated by the transmitting interface. The

receiving interface uses the SYINC bit to detect the start of

a2 packet and acquires bit phase. The rest of ' the éacket is

made up of multiple bytes. The first byte 1is the t*field
length', followed by the destimation address, the source
address, a sequence nunber field, ‘the control field, data

information and a 16-bit cyclic redundancy checksan.

The 'field length' byte is used to indicate the length of

the Source address, destipation address, seguence npunmber

bag -

4-9

BT IR LS

B B o



. , o I 1)

field amd the control field. The breakdown of the field

o~

vithin the 'field length' byte is shown in figure 13

b
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ol rae W b et A

FIELD | DESTINATION|SOURCE [CONTROL|DATA 16-bit

S M

Y -

N | LENGTH ; ADDRESS ADDRESS|FIEID {FIELD!{ CRC g

C .
Figure 12

DCA Packet Format

-~ :
i
1

7 6 5 4 3 12 1 0 Bit
_i l - - :
oo |s| A | A, __ ;
i ! i . : 3

(". Field length bdyte
As'Adf? 00 to 11, address fiéld length 'is 1 byte to 4 bytes

respectively, for source (As) or destination (&4);
Station address (1) byte,

Process address (2) bytes, and - :
Port address (1) byte. ]

S= 0 to 1, sequence number field length is 1 byte to 2 bytes E
respectlively. . —
Ns or Nr = 0 to 15 OR O to 255 respectively.

- C =00 to 11, control field length is 1 byte to 4 bytes
: respectively.

X= not used.

Figure 13
Field Length Bvte
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4 .2.1.1 Flag.

~

A flag is used to denote the beginrning of a packet. In
IBM's Synchronous Data Link Control (SDLC) protocol, the
*01111110* bit combipation is used_ﬁs a flag or wvhat is also
referred as a ‘*sync' character. Irn the DCA network, it
follows the Ethernet's donvention with a 'sync' bit to
indicate a transition from idle to transmission of packet.
Bit or byte ééuffing is therefore deemed unnecegssgy.

b .2.1.2 Destination and Source Address.

-

in addreéss is_ ased  to identify a unique entity from
anot;;r- a- stgtion has an address which is distinct from
other stations, and within stations, othér entities like
processes have their own addresses. In fact a° Process
contain several addresses with each addresg;deaicatqd to
communication with anotherpmvce33(272 The address can be
dynaaically created, transferred or destroyed; thus provid-

ing security in the system.

In DCA, the address field can be from 1 to &4 bytes lomng.
The first byte is the Computer ¥odule's (CM) address, the
next two bytes is the process number within the CM, and the
last byte is the port number vithin a process. The port
number consists of two fields, a 7-bit field designatiﬁg the
port address and the least significant bit indicating a send

port if it's a zero amd a receive port if it's a one. Thus a

Lai2
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pProcess consists of 128 ports for output and input. Tke

address field format is shown in figure ik .

4-13
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8 16 7 1 bits
Computer | Process Address | Pors S/R

odule

ddress . _ Address

S/R= Send Port or Receive Port

Pk m A e e et bl o e A B o b e e a L

Fisure 14 ;
Address Format :

for source or destination {
i

{

g

i

e, e
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k.2.1.3 Sequence number field.
A segpence neaber can be used for error comtrol. In spLcC,
- . 26
a sequence number is made up of three bits (26) .

Stations transmitting sequenced information packets request

confirmation by sending a ‘'sead seguence count', Ns; the

other statiom confirms by .sending a ‘'receive seguence
count!, Nr. Both stations keep a pair of counts, Ns and Nr,
to designate the next packet number to send and the.next
packet number to receive respectively. The counting capacity
for ¥s and Nr- is 8: alléuing up to 7 frames to be sent

before a receiver reports its ¥r count to the transmit{izl’J

To determine the gmaximum value of a sequence number,
there are twvo factors to be considéred- One “is the maximum
data rate‘(number of packets per second) in the CE; and the
other is the maximum packet life time in the DCA network.
For.eiample, if the gpaximum data rate in the CM is 1000
packets per second, and the maximum packet life time in DCA
is 250 @npilliseconds; then the zaximum sequence number is
1000 x 0.25 = 250. Any value greater than this naximunm
seguence number-is guaranteed (in theory) to safeguard any

- hS
duplicate sequence number.

In the DCA packe£ protocol, an option is provided for a
user to use a @maximum sequence number of 15 or 255. The

field length byte contains a bit to designate what bption is

b-15
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(:L' used. Becau;e‘the transmitting mediua and the maximun data

-

rate camn be changed dynamically, the 6ption is used to allow.

flexible iamplementation for DCa.

h.2.1.4 Control field. ’ - B -

v

The control field is.useﬁ to indicate the message inten—
tion, or-message- types. Depending on this information, a

process can cooi@inate with or activate other processes.

)

'
)
M
A
L1
1
1

n;hete are-various types of control informaticn for different

™~
"

' ] ] S ) .
/ applications, “so in this section the description is-

restricted to general usage. Figure 15 suamarizes -the
« - )

S S S,

control functions. Individual functions are explained below.

('* (1) Positive Acknowledgment - reception of message is

4

error free. - -

(2) Negative' Acknowledgment — error in received message

or intention reject

(3) Positive acknowledgment with buffer requirement - in

addition to (1), it informs the receiver how many @more

sRessages it can take. . ' .

-

[

-

(4) Positive ackrowledgment , stop transmission antil

-

t further notice - the received message is error free buat no
. [ 4

more messages should be sent until further notice. ) ,

-

a

_— S T :
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(5) Restart transmission - receiver can resume receive

operations. s .
(6) Locate program - locate a remote prograam or process.
{7) Remote call - submit job to a remote progranm.

(8) Remote return - remote program indicates.work is

finished.

(9) BRequest resource - request for a resource

(10) Allocate resource — reguest for Teservation of a
resource.

{11) Deallocate resource - indication to return the
resource.

{12) ‘Confirm resource - resource is available .

{(13) Data transfer -+ tramnsfer parameter or data with the

format of data following the control field.

(13) File transfer - transfer 1large amount of data, with
the format of data apd the class of device in which the file

is saved on following the control field.

417
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(15) Reset frame - sequence number - reset the next

expected message sequence number.
(16) Connect - reguest for a virtual connection.

(17) Disconnect - request for a disconnection.
(18) Pace - receiver cannot keep up with the transmit-

ter's speed, do not send any nore messages until farther

notice.

(19) BRequest for bidder - given a job description in the
message, it requests £for a station which has the resources

to submit a bid.

[, g

- '.;_:j' ) - g
(20) Submit bid - station contains all the . resources
required for thiﬁﬁ§°5r the perceptage workload and downtime

on this station is indicated in the message.

(21) Avard bid - the station vins the contract.

~ )

~

\ .
(22) Reject - request retransmission of Nr and following
_ !
frames.,
NWAN
(23) Selective reject - request retransmission of Nr
‘only.

's 4-18
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(28) Reconnect =~ previous connection wvas

ates connection again.

-b-19

b-19
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Control Field

Positive Acknowledgment
Negative Acknowledgment

PositivenkckndwiedgmeﬁtﬁwithTbuffer.requirement.

Positive Acknowledgment, stop transmission until
further notice
- Restart Transmission .

Locate Program

Remote Call

Remote Return

Request Reséurce ) &
Allocate Resource

Deallocate Resource

Confirm Resource

Data Transfer I
File Transfer ’

Reset Frame Sequence Number
Pace

Connect
Disconnect
. Reconnect

' Request for bidder
Award Bid
Submit Bid

Reject
Selective Reject

Figure 15 Summary of Control Field

-
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2.1.5 Information field. '

The information . field contains data that is traasported
from one port to another in the DCA system. The data.nay be
physically transaitted from one CM to another via the Ether:
or internally By data buffer descriptor. A descriptor
contains a pointer to the starting address of a buffer, the
nunber of items of data in the buffer ang the length‘of an
item. .

4.2.1.6 Error check sequence field.

1

The error check sequence field cortains a 16-bit cyclic

Iredundaﬁdy checking (CEC) code. The CRC code is the remain-

der generated by dividing the bits stream after the SYNC bit

by a polynomial. The international .standard for the
polynomial, CRC-~CCITT, is x16+x12+ x5’+ﬁ1‘--- By recomputing
the Cﬁc upon-receipt of the packet, the receiver can verify
the content of the packet.

4.2.1.7 Packet size.

An optimal packet size is determined by a tradeoff
between the requirements of delay ‘and throughput. 1A short

packet size has the effect of lower deiay and lower tkrough-

put, ard more software overhead on the‘Eystem- 4 long packet
size has the effect of higher throughput and higher delay,

and 2 higher error probability on the system. .A preliminary

(28)

shows a mean packet length of
¥

report on Ethernet
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about 122 bytes; with an efficiéncy of more than 90% with 684
hosts. | “

in DCA, we choose a packet size of 1K bits (128 bytes) as
the unit of conmunication. In the future, when the trans-
mission - medium quality improves, for example with lower
error ratés a;d-higher bandvidth, the influence of packet

size will decrease.

4.2.1.8 Data transparency.

Datea transparency implies-distinguishing data bits fron
control bits suck as the start-of-message character. In the
BCA system, by using a SYNC bit to ipndicate the start of a
message, data transparency’ is inherited in the B;otocol.
Unlike IBM's Binary Synchronous Control and SDLC disci-
plines, byte stuffing or bit étuffing is not required in
DCA.

4.2.1.9 Connection establishment and clearing.

Before any exchange of data between two processes, it is
necessary to detérﬁine whether the called process is operat-~
ing or willing  to establish a conpection. Similarly at tke
énd of"a conyversation betwven two processes, one process
must ipitiate é disconneétion. In the case of system recov-

! . . . .
ery aftezhggii?re, a reconnection. between a previous exist-

ing conversation is needed.

ha22’
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Under the%e three situations, a process must (i) idenfify
itself, (2) deéernine what is the sequence nuaber, and (3)
exchange any data that are necessaty; €.g. process identifi-
cation and‘ port numbér, reasons for disconnection or

3

accounting information etc..

A connection request is confirmed by the called process
by also sending a connection reguest to the calling process.
The information will be the same but the value may be
different; in both cases a receiving port number and a send

Sequence number are passed to the other process.

The control  field is  used to  ipdicate a
vconnect/disconnect fanction.. By decoding the coatrol field,
the connection establishment and clearing function can be

realized.

The state diagram for a conmection is shown ig. figore 16

4-23



One
_way
Connected
State
(Local)

Two-way
Connected
State

1 Connect Request
2 Confirm Message
- Send

+ Receive

Figure 16: Connect State Diagram
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Comnected
State
(Remote)
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5.2.1.10 Error coﬁtrof.

Etror'control consists of detecting transmission errors,
missing or out of sequence packets and'duplicate packets. It

is enforced by paritf checking and cylic redundancy checksum

to detect transmission errors. The sequeﬁce number imbedded
in a packet is used to uniguely identify a péézzt- A
timeout mechanism is imposed on a packet's 1lifetime in the‘
network. Retransm;ssion takes place if a negative acknowl-

edgment is received or there is an absence of acknowledgment

within a time frame. .

i
.
B
'
1)
]
'l
H
i
¢
]
hl
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In the DCA network, under ideal situnations, it is neces- )

sary teo make at most two hpps to reack a ‘called -party.
Instead of giving a positive acknowledgment to the calling
. party right éfter the go-betueen party bLkas received tﬁe' S
transit packet, tke go-betwveen party seizes the Ether and
forwards the transit packet to the called party. If there is .
Do error when the callgd party receives the éacket, then a
positi;e acknowledgment is paséed to the go-betweern party.
Bt that time the go~between party theﬁ sends a positive
acknovledgment .message to the <calling party. Within a
Computer Hodule, an acknowvledgment message has always tﬁe

o -
top priority to transmit.

Retramsmission will also take place if‘ the sequence
-4

number in the acknowledgment nessage is not the expected

k25



value, or there is a timeout on thé packet to indicate an
absence of acknowledgment within the packet's 1lifetime in
the network. In eithér case, a selective or reject retrans-
mit scheme will cause the packet(s) to be sent again. The
sender should keep @ count of retransmission to indicate the
status of a line and thke reéeive' party. The count can be
used to determine a complete failure (permanent or intermit-
tent) on ¥he transmission medium and the receive partya..

4.2.1.11 Flow control.

-

In order to balance the rate of sending and receiving
datarin a station, flow control is Used to regulate the
amount of data sending or receiving to or froama a station.
This scheme 1is called tkhe *vindow technigue® in which the
linit is referred to"as a ‘window'. It indicates the nuaber
of ou§§tandiﬁg packets or messages that can be output
vithout receiving a positive acknovwledgment. FPor a receiver,
the acknovledgment message contains the sequence numbel of
the next expected frame and also a window to indicate how
many more frames it cam accept. Tﬁis can dynamically change
the buffer allocation requirement and prevent overflow in a
receiving station. Alternatively, a receiving station can
explicitly send a message to the transmitter to indicate a
halt transmission J At a later time when the réceiver can
receive more messages from that station again, it can
explicitly send a restart message to the transmitter. In all

cases, the flow control requirement is to requlate data rate

4-26
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to/from a station so all stations within a network can work

harmoniously. A

In DCA, if the sender and receiver are on the same Ethér,
the acknowledgment comes back right avay and the window size
for sendinéwis set to one. The acknowledgment can contain a
number to indicate a‘windoﬁ for receiver. Instead of adopt-
ing a discard and wvait for retransmission policy, it is more
time saving to indicate the buffer or load situation at the

receiver to the sender.

When the sender and the receiver are not on the sasne

s ..
Ether, a third party is involved . Sipce there are 2 hogg

(29)_

involved, the window size is initially set to 2 It

is further observed that even with different arrival-rates,

the 'optimal' window sizes remain close to those for sypmet-

0
Tic loading (30) . A higher network power can result with

a smaller window size.

5.2.1.12 Buffer allocation.

To determine -an optimal buffer space in a station, the

'probahility that a packet will be discarded because of no

buffer space is used to evaluate the allocation policy. -

Let RHO be the ratio of the—meam arrival-rate to the mean

service rate, and Kk the buffer Size. Using a single server

3
i
]
A
K

_— —r

. - ~
_Syster” and assunring exponentially -distributed interarrival

-’

4a27



- ” ™~

and service times, the probability that k baffers are full
(31) | ‘

(1-REO) (RHO)X.
1-(RHO)®HL

For RHO >> 1, the probability approaches one nmearing most

arriving packets will be discarded. The buffer size has no
A3

influence to the system as long as REO >> 1. For RHO << 1,

-

the probability approaches zero meaniné the buffer size can

‘be very small because arriving packets are processed very

quickly.

For BHO = 1, meaning the arrival rate is the same as the

service rate, the probability is 1/(k+1).

In reality, application spftware norm?lly allocates a
pocol of buaffers forr all the input/output ports. This can
average out the usage of buffer space and allov some flexi-
biiity.

4.2.1.13 Waiting time apd efficiency.

A simple model is used to6 calculate the mean number of
slots of waiting in a contention interfal and the fraction
of time the Bther is carrying good packets (32).
ing there are Q-stations continuously qaeued to transmit a
packet and the probability that a quened station atteapts to

transmit in the current slot is 1/0, then the delay proba-

bility is 1-(1/90).

4-28
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The probability that only one station atteapts a trans-
maission in a slot is L=Q*(1/Q)*((1-(1/Q))fqr;~';) or

(-qzon oL

-

. ) -t
The mean number of slots of waiting, W,= =

isax (1-a or (1-a)/A.

Let P be the nuamber of bits ir a packet, C be the channel

—

)
Al
!
i
\

capacity and T be‘the time in seconds of a slot, the nuaber
of seconds it takes to detecﬁ a collision after starting a
transmission. The efficiency E is therefore

(B/C) / ( (B/C) + (¥*T) )

i

) -~
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"the process control ~block. To give a better visaal

. 4.3 Process structure.

- .
-

L4 f
A process control block (PCB) is a process state descrip-

tor. It contains information relatiag to the statas of a
process, the ongoing iniéractions_uith other processes and
the resources i:grolds.'ht any time daring the life cycle of

a- process in the system, the process control block amust

reflect an unambiguous current state of the process. ‘\\\\‘_— _

{

Process coatrol b;ocks;are linked'together under differ-

ent process states. A process can migrate from one state to

another as shown in figure 17 . Thérefore a process control

block is linked to the appropriate process state to reflect

the current status of the process. Within ‘the process
control- block, it contains queue headers pointing to differ-

ent data structares. A data stroctare  is used to describe a

transaction or- an. object’ (e~.g. Tesources). Any other

{

_;;bertinent informration related to a process is also saved in

L 4

description, a process control block and its 'related data

structures are.shown ir figure 187
T - ‘ ‘
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'-hajp

P B PP LT | PR P e e



‘C. ~ Job

Figure 17

Process State Diagram

;
E
i
4
M
4
3
1
]
W

H

L3 ISR S R SN

[P



MAP

~yfrocess| Process Name

PCB Local/
Pointer| Remote

Address| Pointer

[Process Namel

Process Control Block (PCB)

Link Pointer

-MAP index
State Information
Stack Pointer

Mailbox Size

_ Resource Description Block (RDB)

[Class # | Description | Quantity]

Figure18.

Process Control Biock & Data Structure
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Connection Queug VAP index |Link ] (CB)
Header Sequence # |Status
Send Queue Header - P{MAP Index | Link (MB)
Receive Queus Message Pointert————4Ilength[Message]
Header . Lo -{EE?iindexl_L' (MB)
Resource Request Message P01nter————~———i engtthessaéE]
Queue Header- MAP index | Iink] (RB)
Resource Allocation }Class #1Quantitv[Status)
Queue Header ~MAP index | Tink | (RB)
S :
Receive Buffer Class #]Quantitv] Status]
Queue Header -+ Length[Message] Link]
Data In Queue —MAP index ] Link] (DDB)
Header _ Format|[# item | access controll
Data Out Queue ' |
Header - DDB
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b.3.1 Data structures associated with a process control

block.

The MAP data blolk is used to transform process names to

process addresses. There is a bit to indjicate vhether the

Process 1is local or remote. This bit is set at process.

creation time or when a conhection is made vith another
remote process. In' addition, the address of the process

control block is stored.

- . B
The resource description block (RDB) contains - the class
number of a resource and its description.. The class number

is used? to designate the types of resources {e-g., a 300

lines/mjnute line .printer, a “double density floppy disk

etc.), ; the description contains information such as the
logical device name and address, quantity and status of the

Lesource. . . ‘ N

-

The connection block (CB) - contains a JAP index of the

destination process, the sequence numbers and statuns infor-

mation. The status infornation\'contgiﬁs bits setting to -

reflect the followings:
= @ process initiates a connection to a destination process
= a confirm on connection from the destidation process

- receiver requests halt transmission until further notice

A message b¥ock (¥B) indicates the sender or receiver MAP

. ’ - ) l : ~ ) '.‘
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by
index and a pointer to the message buffer..

A resource block (ﬁB) shows the quantity of a resburce class
which is being held by a process or allocated to a process. The
status bit shows the allocation state. |

The data description_?lqck (DDB) contains the f;rmat of the
input or output data, the number of items and access control
information‘(e.g. read only; réad/write etc.) related to the

data.

The PCB also cohtains the process state information, =a

pointer to its own stack, and the size of its mailbox.

L.3.2. Example of a brocess-~to~process transaction.
Process A contains ‘hardware resourées of disk and tape
its. At a certain time, process A isstitched to process
transactions which are output to another brocess B after -
Processing. The disk and tape units are not going to be used.

At first, pfocess A esfgblishes a virtual connectién with
prbcgss'g. Arcénnectionﬁblock-is linked to the connection
queue. When process B acknowledges the connéction, the
staéﬁs Bit is set.in the co;néétion block to indicate =2
cpn}irqu connection. Proceﬁs A ;ow has the priviledgé'to
talk to process B; And vice versa. -

When process.A Treceives a broadcast message from process

C with a control field indicating a 'request resource' type,

B3l

e
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- b-35
it checks the c¢lass of resources it bholds. Assuming the
reguest is for disk and tape units, process A constructs a
resource block and attaches to its resource allocation
queue, with the allocation status bit set to ‘opén'- It
sends a ‘'confirm resource' message to process C. VWhen
process C responds by | sending an 'éllocate‘ resource’

_ message, process R sets the allocation status bit to 'close'
and returas a"deallocate resource' message to process c;

Now transactions are coning into the receive gueue
. T

]
- (assuming * previous  comnections with other processes).

Process A acts upon the transactions and wmoves the message
block from the receive gueue to the send queue; with the MAP
index now-pointing to procesé B. The processed transactions .

are sent to process B..

When process C finishes with the disk and tape units, it
sends a 'deallocate resohrce' message to process A. Process
A checks its resource allocation queue , accepts the message
and dgéueues the resource block.

Process A continues' to interact with process B antil it
has finished all the iransactions- At that time process A
issues a *'disconnect! message'to process B which confirhs'by
returning a ‘disconngct' nessage. Process A issues a systenm
call to the operating systém kernel which deallocates all

the resources held by process A and removes the process. &

o - ' " /.
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flowchart is shown in figure 19 for this process to process
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'Allocate ---»

set allocation
status bit to

Resource"* ‘close!

message ’

ggggess ¢ |[send ‘allocate
resource’
message to
Process C -

v

~

Communicate with
" |Process ? .

message
from

broadcast---yCreck Reéources[

© Process C
Block

Allocate Resource

message t

Send 'Confirm Resource'

0 _Process C

'deallocate-Mue{Dequeue resource block

resource’
message

!
H

from
Process C

end of transaction
rocessi

send "discormect

to Process B

message"’

4 0
-

'disconnect
message"

Issue Sys%em call to

from Process B

operating system

[process 4 removed]

Figure

19:

-

Diagram for process-to-process

transaction.example.
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4.4 Summary.

K

This chapter has covered the'areguirenents'déﬁw;n inter-

process commuonication mechanism, the choice to deteraine

wvhat is the best for the Distributed Computer Architecture,

A R N Eb g P e

the characteristics of the mechanism, the operations associ-

ated with it, -the design and issyes Hlth the protocol the
/'-‘

-

performance calculation and the process control structure.

-
S

t .
Although this chapter will not. be able to' cover every

L L NN NIy L N

aspect of interprocess communication, it dives an architec-

ture wkich can be refined in‘subseguent detail designs to

arrive .at_a working model. There are spec1al groups uorklng

R et

on standard protocols for open system architectare and it

el S0nS

‘Will arouse further interest 1n this area.
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CHAPTER' 5 - CONCLOSION

5-0 Conclusion.

This thesis focuses on the design and analysis of a

dlstrlbutedcommunlcation archltecture,DCA, and its i?fggﬁrocess

communication Cechanlsm. ' -

The DCA structure is made gp of computer modules whioh
are ioterconnected together by a commuoication zediul (€.G.,
coaxial cables) to form a unigoe architecture. The communi-
oation discipline‘is based on Ethermet. This distributed
architecture can be used to simunlate a SIMD structare (€.9.,
an array processor), a MISD structure (e.g., a pipelined
processor) or a MIND striucture (€-9g-, zultiple computer
system). The DCA sSystem can also be partitioned into anits
with each unit operstgggﬁfEE any structure (SI&D, MISD or

MIND).
/
e o

a'coﬁputer module contains a éLossbar switch intercon-

)

'nection Systen connectlng processors vith memory modulgs.

r 4 :
From the analy51s of the crossbar swltch, as thé number of k

processors and memqry’ modules -increases together, the
average anmber of actlve processors at. any 1nterva1 is about
50%. This indicates that, by adding more processors and'

memory modules to the computer module, it still maintains

half of its total throughput. . _.' -

[t . . B . .
.
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L4
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} o The DCA éystem is reliable because of its réﬁundant_pathé

interconnecting processors and memory modules within a

oaputer module, aand between computer modules. This inter-

'6Bnnection system also allows expansion at moderate rate and

r
reconfiguration for special applications.

/‘/ An interprocess communication mechanism is provided to
allow processes to coordinate activities and share common

resources. A uniform approach is suggested to eliminate any

transformation. The interprocess communication protocol

contains facilities to call remote programs and solicit for®’

¥OLk or resources.
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