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Chairman’s Address

It is my honour to avail this opportunity to extend my hearty welcome to you—
professors, scientists and specialists from China, Germany, HongKong, Japan,
Kuwait, Singapore and the United States of America. September —the best season of
Beijing always sees beautiful happenings of great importance, one of which is the
International Workshop on Advanced Parallel Processing Technologies — APPT’9%
Beijing, China. Nodoubt, this workshop is bound to be an effective and fruitfu]
success.

A total of 72 papers have been selected on the basis of originality, relevance and
quality considerations, out of more than 100 papers. This is done as a team work by
a panel of referees from various universities and institutes. The Program Committee
has approved this final selection and here at the same time highly appraises those
contributed but not accepted papers.

The Proceedings contains the written versions of 72 papers selected from the
contributed papers, covering a wide spectrum of interests, including innovative
computer architecture, parallel and distributed algorithms, automatic parallelization
of software, high- speed networks, modelling and tools of parallel systems,
performance measurement and analysis, neural networks and their applications, and
artificial intelligence.

This is the first workshop and it is hoped to be held in future alternately in
China and Germany. It will provide a forum for scientists and engineers to exchange
up-to-date research results and experiences about parallel computer systems as well as
to establish long-term cooperation in developing fnnovative products towards future
market situations.

The Program Committee feels very much obliged to acknowledge the referee-
panel, the session chairmen, the invited speakers as well as the contributors; without
whose contributions this Workshop might become impossible.

We hope the present publication of general interest to those working on the
computer architecture in their various disciplines.

On behalf of the Program Committee, I’d show my best wishes to you all, may
this confernece be an informative conference, may your stay be an enjoyable stay.
I’'m looking forward to seeing my dear coleagues again in not far future at conference
as this.

Prof. Dongzhuang Su
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Abstract

The Bus Bridge Protocol (BBP) is a multi-computer
interconnected protocol that is used to construct parallel
computer clusters. It was put forward in 1992. The original
intention is to design a kind of the relay protocol to satisfy the
connection of devices and processors which use different bus
standards. In recent vyears, researches and experiments
demonstrate that the BBP has advantages with constructing
Scaleable Parallel Computer Systems. This paper introduces its
principle and the operation mechanism of the bus bridge
multi-computer interconnected network based on the BBP. And
then we discuss some key feature parameters such as blocking
probability, setting-up delay, effective utility ratio and their
relations in order to provide a theory to prove the
implementation of a scaleable parallel computer system based
on the BBP.

Kevwords: Bus Bridge Protocol. Bus Bridge Network. BBP link.
Scalable Parallel Computer

1. Mechanism of Bus Bridge Network

The multicomputer interconnected protocol, Bus Bridge Protocol (BBP). was presented in 1992.
The original intention is to design a kind of relay protocol 1o satisfy connection of devices and
processors which usc different bus standards. In recent vears. the research and experiment
demonstrate that: BBP has advantages with constructing Scaleable Parallel Computer System.

In [1], the concepts. targets and implementation methods of the Bus Bridge were presented, a
hierarchical model of Bus Bridge interconnected protocol was discussed , and the setting of function
and the implementation method in each hierarchy arc studied. Based on them. this paper studies the
operation mechanism and feature parameters of the multicomputer interconnected networks based
on the BBP.

Exchanging networks adopted in multicomputer interconnection have two kinds of basic ways of
work: circuit switching mode and packet switching mode. As pointed out in [2], the Bus Bridge is
able to support the transformation and transmission of bus signals among processor nodes. So the
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circuit switching mode is adopted to implement relays. The reasonability and necessarity of the
selection are discussed in the following sections of this paper.

1.1 A comparison between circuit switching mode and package switching mode

In data communication networks based on package switching. the data blocks are named as
'packets'. The packets are sent to an object node from a source node. In circuit switching based
networks. a special transmission link is set up when communication between a couple of nodcs or
among a group of them is nceded. This link will be kept on until the transmission is tcrminated. A
synthetical network that combines the two technologies described is being developed.

The circuit switching mode is the first practical switching technology. It has been used in
tclephone systems for more than one hundred years. Its characteristices are relatively simple. clear
and definite. When there is a connection request among nodes. it is necessary to wait for Tw. the sct
up time of physical link. before transmission. After finishing the task of transmission. network still
nceds to withdraw this link so as to free the network resource. Once physical link is set up. the
overhead of transmission along this link is not very large. This is because there is no routing
selection and blocking treatment.  During data communication. physical links are maintained no
matter whether the data flow is identical or not. The physical link is canceled under the request of
the node which set it up .

The packet switching mode is a kind of store and forward modc. During transmission. messages
arc divided into packets. attached addresses. control. check sum and other information. Those
packets are transmitted o an object node from the source node through some midway nodes. In each
midway nodc. packet is temporarily stored and additional controls and check information are
processed. The packet switching mode can be further divided into two operation methods namely the
virtual circuit and the data diagram. The virtual circuit has some features that simulate to the circuit
switching modc. It rcquires 1o start cnd-to-end virtual circuit cstablishing rcgulations. These
regulations stipulate that the first packet of a message must carry an object address. Once data
transmission process begins. the following packets are transmitted along the path that has been set
up and necdn't carry an address segment anymore. Packets are transmitted in sequence. If errors are
found in a packet. it is necessary to transmit this packet again. After data transmission is finished.
the end-to-end path is shutdown. When running in the data packet mode. network regards packels as
independent units. when packets cross each midway node. they are checked one by one. but we still
can't guarantec that the transferring sequence of packets is consistent with the sending sequence.
Therefore. each packet must contain its own object address.

Packets coming from different source nodes can share channcls and packets are transferred
continuously. Thus efficiency of the networks can be improved through this way. Correspondingly.
in the circuit switching mode. if source nodes transfer information in a burst way. network resource
may be wasted during connection process.

A disadvantage of the packet swilching mode is that packet transferring delay can be larger than
that of the circuit switching mode. In the circuit switching mode. once physical link is set up, delay
of data transmission in network is only caused by propagation. On the other hand, during packet
switching, packets flow from one node to another. They are stored and then forwarded at each node.
The produce and reorganization of pockets are another reason of delay at a continuous and even data
flow among nodes.

When emphasizing quick response to interact among nodes, the circuit switching mode is more
suitable. For example, responding to information coming from a network at the bus signal level, the
circuit switching mode can get quicker reaction than the packet switching.

Through modeling these two switching modes, [3] compares their reaction under different
network utility ratios and different data scales by using real examples. We can see that connection
delay of the packet switching mode is shorter than that of the circuit switching when data scale is




about 40 to 300 bytes, but the connecting delay of the circuit switching mode is comparatively steady
for a wide range.

This conclusion is also suitable to the Bus Bridge network based on parallel data and control
links because serial link and parallel link are almost equivalent from the point of view of the
information transmission. There are differences in the implementation method and presented
performance. When abstracting the models of the circuit switching mode and the packet switching
mode, we did not emphasize their corresponding implementation method tn precious discussion.
There is a new question following the rescarch of the network features. i.e. using the Bus Bridge
network in message passing mode that is identical with a common network or in a distributed shared
memory system. This question is based on the resulls of a network feature study. Actually, the
requirement that the Bus Bridge network adopts the circuit switching mode comes from the unfixed
data flow length caused by memory access and the response speed that needed at bus transaction
level.

If some high speed packet switching networks. such as FDDI. arc used to transfer data and
encode bus transactions. we still can obtain reasonable speed under the condition of satisfying the
consistency of accessing on local memory and remote memory. Therefore the packet switching mode
is not unfeasiblc.

1.2 Operational Principles of Switching Node in Bus Bridge Network

The switching node (SN) is an imponant componcent of the Bus Bridge network. Basic structure
of an SN is a fully connected multiport network with a small dimension. It is controlled by an
internal processor. External ports of the SN meet the request of the BBP. They can connect not only
with a terminal node (TN) but also with other SNs. The number of the SN's ports is 2”7 (n=2.3.4,
...) in order 10 decrease volume and cost of the SN.

1.2.1 Organization of Switching Node

Figurc 1 gives out a frame diagram of the SN's main function blocks. We can sec that the SN
with 2" ports contains a fully
connected network consisting of

BBE port0 = BBP port ! BBP port 2" 2" inputs and 2" outputs. The

0 1l o] .. 1] oo port i 05i$2”’]) is

combined by the ith input and
the ith output. When the
: connection between the port i

and the port j is established, the
! input of the port i and output of
‘ the port j are set up (o connect,

and  vice versa. Thus the
1 L Lso™ connection between the port i
' and the port j is a fully duplex.
) Control The current flow direction of this
2 ports interconnect network Unit connection (that is the direction
of data flow) is controlled by an
R/W* signal of the port i. The

Fig. 1 Functional block diagram of an SN LSIi and LSOi are an input and
: output bypass monitor of the part
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monitor is an interacting path between the monitor unit of the SN and other nodes (TN or SN) that
is connected by the BBP ports of the SN. It is also used to monitor running statuses of an active link.
The monitor unit is a control center of the SN. It is in charge of setting up requirement from external
link and judging the competition of internal pathes. It also supports the setting and removing of the
SN's internal port connections. The SN can offer duplex connection of 2”~! pairs of ports. It can
also connect with all devices equipped with the BBP port.

1.2.2 Working Routine of Switching Node

After the power is up, an SN is in a passively waiting statc. What the SN waits for is a link
setting signal coming from any BBP port. When receiving the requirement coming from a port. the
monitor unit will accept link set up instructions. and make corresponding responses according to the
arbitration result of internal conditions. Once the SN finishes the current connection request. it
monitors this internal connection, and is rcady to respond to the request of changing the work state
of this link. At the same time. it keeps an cye on other ports and (or) the internal connection.

Figure 2 gives the working procedurc of the SN's monitor unit.
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Fig. 2 The working processing graph of the SN




In Figure 2, the judgement of the internal priority can adopt many kinds of methods such as
FIFO, polling and so on. In order to support the network layer of the BBP, the SN uses a method that

firstly compares the priority of links that have conflict, and then compares the code value of the SN's
ports from which the requests enter.

1.3 Operational Mechanism of the Bus Bridge Network

When two terminal nodes (TNs) arc interconnccted by a link that follows the BBP. the
connection between them is named as a Bus Bridge connection. When more than two TNs are
interconnected by onc or more switching nodes. the connections among those TNs are called a Bus
Bridge Nenwork (BBner). Introducing the bus bridge nctwork aims at ecmbodyving much more TNs
into a multicomputer system. The BBnet is more scalable than a bus. The cost of the scalablity is a
certain delay of the link building.

The working of the BBnet is controlled by the net laver of the BBP. Distributed runtime
management s used to enhance the scalability of the BBnet. Those TNs in the BBnet arc in the
cqual position. The TN which wants to send its subtasks to other TNs becomes a temporary client in
the BBnet.

After it receives those subtasks. a TN becomes a server group. SNs in a BBnct are almost the
same except their individual names. Each SN can cooperatc with its neighborhood. Any SN is
unnecessary to know the topology and working states of the wholc BBnet.

At the connecting stage. conflicts of link arc automatically resolved by SNs that along the path.
Once the TN which inquires the connection has gotten the path. all things it should do are to wait
for a reply message from the BBaet if the path OK or connecting inquire is failed.

- At the maintaining stage. all SNs along the path monitor the running status of the path and do
not join the communication process between TN pairs.

.H\SD;/“—’

SN

Sy

M: monitor SNn

Fig. 3 A schematic diagram of the maintaining stage of a multilevel bus bridge link.

In this Fig. 3, the TNa controls the current link. The connection between the TNa and the TNb is
an immediate path. It includes all signals in the terminal layer of Bus Bridge Protocol except the
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arbitration signal bus. The arbitration bus is valid only between two directly connected BBP
compatible ports. When the TNa changes the value of DIR*, one of the control signal in BBP
compatible port, SNs alonc the path will automatically change their data transfer direction. When
TNa sets C/D* to 1, SNs will open data input channel so that they can receive control commands
for following works from the TNa. There are three alteratives for the TNa to cancel the Bus Bridge
connection with the TNb:

(1) The TNa cancels the path according to the opposite order of path building;

(2) The TNa maintains a long enough 'cancel ready' command so that the TNb and each SN
alone the path can accept this cancel information. then the TNa gives a cancelation;

(3) According to the same order of sctiing path. the TNa notices the neighbor nodes to remove
path with it and send a cancel-command to the next node on the path until it rcaches the TNb.

In scheme 2. It is difficulty to decide the delay time for the cancel-command by the TNa. This is
because that SNs on the path should moniior different amount of internal links and work in different
states. The distinction of scheme 1 and 3 is that scheme 3 need that SNs join the canceling progress.
but scheme 1 nced only that SNs respond 10 the 'link close' command.

The sctting up progress of long paths is protected by a priority strategy of the network-laver of
the BBP. When path sctting up progress is failed at some stage. the BBnet asks the TN which fails in
obtaining its path to frec all resources it has occupicd. It will retry the path getting progress afier a
while or use a new path if it is possible.

2. Analysis of the feature parameters of the BBnet

From the point of view of a TN. the average link sctting delay and data transmission delay are
two important  parameters for the BBnet. From the point of view of parallel system designers and
users. thosc paramcters about the aggregate bandwidth of the BBnct. the blocking probability of a
link inquiry and the overhead of maintenance a link can give much more features of the BBnat

2.1 Discussion for blocking probability of the BBnet

There are two types of blocking in the BBnet. One is caused by requirement conflicts on network
resources. Another is caused by conflicting on an objective TN (OTN). In this section, we take a
BBnet as a random server system. TNs in the BBnct as a group of clients. The server abilities and
blocking situation of BBnet arc consided.

Supposc that the number of different BBP links offered by the BBnet between the TNa and the
TNb is n. Different BBP links may have some overlap parts. Each BBP link has no cycles.
According to the demand of the BBP's nctwork laver. if the TNa is failed in getting any of n possible

BBP links to talk with the TNb. then its link inquiry is withdraw from the BBnet. The TNa will retry
afier a certain delay.

When a BBP link requirement is produced by the TNa. the BBnel can be in the following server
statues: '

S0: All possible BBP links are idle;
S1: One BBP link (or its part) is occupied. but other n-1 BBP links are idle;

Sm: m BBP links (or their parts) are busy, but other n-m BBP links are idle;
Sn: All n BBP links are busy.



[Definition 1)
Let N= {N] R Nz, N,,} be a set of all BBP links which a BBnet can offer between the
TNa and the TNb. Suppose that i € N, 1= i) Wiz Ui3 U ... Uiy, and (1 <j<m)

is one of the segments of the BBP link I = TNG = {TN‘\-|X € {1, 2., I} }comaions all
thosc TNs whosc number is / in the BBnet. When there is at least onc clement of I serving for the
BBP conncction in TNG . andif TN, € TN _then TN, ¢ TNG, orif TN, € TNG.
then TN, € TNG . wecall it the BBP link i busying.

The blocking probability of a BBP link sct up inquiny between the TNa and the TNb is the
probability of the random serve system. BBnct. working in status Sn. We catl it P,.

The different application programs running on the TN will product differcnt distribution tvpe of
BBP link inquirics. Approximately. the distribution type of the BBP link inquiries produced by the
TN satisfics the Poisson distribution. Then the link serving svstem of the BBnet can be secn as an
M/M/n queuning svstem, Its state transfer chart is as follow:

I 2 y M fh+1y M

Fig. 4 The serve status transfer chart of the BBnet.

Supposc 7. 1s the productive ratio of the inquiry stream. (also termed as strength). [ is the serve
strength of the single BBP link. which represents that the inverse of the avcrage uime of the BBP
link serving an inquiry.

Based on the balancc principle of the svstem status:

for the status Sy . we have AP, = wP, , P, =pPy. (H
2})
for the status S] . we have )\.Pl = 2LLP3, Pz = pm". 2)
Where p = {;
Similarly. we have
pm . . pH
Pw=—Do;...;Py= Po . 3)
According to the canonical condition: P i = ,wehave
p p? p"
Po+5Po+5Po+ ...+ =Po=1, (4)
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then

Py =- I (5)

n p"

m=0 m!
Substituting (3) by (5). we have

- .
Pn - ( " p"'\\ (6)

! _—
n..L 2=

m=0,

The equation (6) points out the probability that all n BBP links between the TNa and the TNb are

occupied. i.e. the probability that the inquiry from the TNa is refused. It also shows the relationship

- among the blocking probability. inquirv strength of TNs. average serving time of the BBP links and
the total number of the possible BBP links.

2.2 Average Waiting Time of BBP link inquiry.

In the real system. the refused BBP link inquires will not be discarded directly. They will be
reproduced after a while under some control strategies. During this time, the TN can either block the
process which inquiries the BBP link and does context switch. or wait at the inquiry fail point beforc
retrving. Because the context switch costs a lot of system time. the interval between two successive
retry inquiries is an important paramcter for the TN to determine whether do context switch or not.

We add a new state into the chart of Fig. 4 to show the situation that when n BBP links are all
busy the BBP link inquiry will qucuc. '

A A A A A
H M n M (-1 H © e H

Fig. 5 The status transfer chart with inquiry queuing.

InFig. 5: Sn+1 represents that all n BBP links between the TNa and the TNb afe busy, and there

is an inquiry waiting in the TNa ; Sp+r represents that all n BBP links are busy, and there are r
inquiries queueing in the TNa.

Suppose that % < 1, then we have

E-”;Po, (OSmSn-l)
P, = M

m

Po, (nsm<sn+r

nim=-n).pt -

According to the canonical condition, we have:



Poy+Pi+...+Py+ ... +P,+...=1 @®)
Substituting (8) by (7), we get
n pm pm.l P p 2 P » ‘1
Py = m}_jom+ —(1+5+ (;) +. (;) +...)
-1
n m n+1
(AN A B
mz=:0 m! + n-n' (1_5\) )
The average number of BBP link inquirics waiting in the TNa. L. is given as follow:
L='Pn+‘+2P”+2+...+"Pn+r+... = 1 (l())
Substituting (10) b\ (7). we have:
p! p !
= —Pol ] +2(;) + ...+r(,—,) + ...
p:hlp
= (11)
;111!(1—-%)
According to the Little formula:
L=AT, (12)

Where, A is the inquiry arriving strength and T\, is the average waiting time of the BBP link
inquiry. Hence.

T, =Lin=—2%0

np~n!(l—%)~

The equation (13) shows the relationship among A, WU and n and the average waiting time of the
BBP link inquiry.

(13)

2.3 Usage Efficiency of BBP Links

From the discussion above, we sec that if the number of the possible BBP link n between the TNa
and the TNb increase, then the probability of building a successful BBP link is increase. But it needs
much more SNs to enlarge the number n. The cost of the BBnet increases at the same time. Hence
we want that each BBP link in a BBnet has suitable usage efficiency.

According to the status transfer model in Fig. 5, we know that the number, C, of average
occupied BBP links between the TNa and the TNb can be shown as follow:

e X o



