A Dual Bus Approach for LAN Interworking With
ATM Networks'

Chiung-Shien Wut, Nen-Fu Huang*, and Gin-Kou Maj

TComputer and Communication Research Labs. * Department of Computer Science
Industrial Technology Research Institute National Tsing Hua University
EO000, Chutung, Hsinchu, Taiwan 310, R.O.C. Hsinchu, Taiwan 300, R.O.C.
E-mail : cwu@eOsun3.ccl.itri.org.tw E-mail: nfhuang@cs.nthu.edu.tw
ABSTRACT

The interworking between conventional legacy LANs and the ATM network plays an important
rolein the initial step of the ATM roadmap. This paper presents a dual bus approach for connecting
LAN interworking units (IWU) to ATM networks. Several 1WWUs connecting heterogeneous LANs are
configuredinto adual busstructureand theend of thebusesaredirectly connectedtothe ATM ports. Each
IWU transformsthe connectionlessframe fromthe legacy LAN to fixed-length time-slotson the dual bus.
To providereliable connectionless services, a cell-based flow control schemeis proposed for dynamically
adjusting the cell input rate so as to match with the current resources in the ATM switch. The scheme
is further verified to be able to provide an optimal, best-effort and reliable interconnection scenario
through simulations. The results show that the total throughput obtained by each local subnetwork
dynamically matches with the cell processing throughput of the ATM switch. Besides, each IWU on the
dual bus shares a fair bandwidth.

1 Introduction

ATM (AsynchronousTransfer Mode) isthe standard recommended by ITU-T (International Telecom-
munication Union, Telecommunication Standardization Sector) and ATM Forum for implementing the
broadband ISDN [1], [2]. ATM loca area networks and long distance ATM trial are currently being built
by the research groupsall over theworld [3], [4]. For userson atraditional LAN to benefit from ATM, it
is essential to provide the interworking capability between them. Recently, two emerging standards for
interworking between IEEE 802.X LANs and ATM networks are defined, namely the LAN emulation
adopted by ATM Forum and the IP over ATM proposed by IETF (Internet Engineering Task force) [5],
[6]. Both schemes use an Interworking Unit (IWU) to perform the reguired interworking functions such
as connectivity, protocol conversion, address mapping, and congestion control.

It isoften necessary for an ATM switchto interwork with more than onelegacy L ANs of hetergeneous
types, i.e., Ethernet, Token ring, FDDI, and Fast Ethernet. There are three methodsto interconnect these
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IWUsto the ATM switch. Thefirst method is called the one-to-one dedi cate approach which el aborates
one IWU for each LAN and each IWU is connected to an ATM port, as shown in Figure 1a. This
approach is not efficient because of the low utilization in each ATM port. Another method is caled
the concentrated approach which elaborates one IWU for all the legacy LANS, as shown in Figure
1b. This approach has high utilization as the number of ATM ports are saved. However, it requires
a set of centralized control functions al embedded in one IWU, i.e., flow/congestion control, priority
control, packet format transformation, segmentation/reassembly, ..., etc. The above mechanismis even
more complicated when the aggregate throughput of all the legacy LANs is higher than the maximum
throughput of asingle ATM port. Thethird method we proposed is called thedistributed dual bus (DDB)
approach which elaborates one IWU for each LAN and these IWUs are interconnected by a high-speed,
distributed dua bus, as shown in Figure 1c. This approach is simple and efficient for interworking with
multiplelegacy LANsto ATM because of the following reasons:

¢ Theinterworking function for each LAN is executed seperately and independently.

¢ Thefunction for LAN accessto ATM is performed distributedly over the dual bus.

The DDB method is briefly described as follows. Each IWU performs the protocol conversion
between the legacy LAN MAC and the ATM layer. The data flow on the dual bus is structured into
fixed-length time-slots which are intended for carrying the ATM cells. Therefore, the speed of the bus
should be equal to the speed of the ATM port, i.e., typically 155 Mbps. The operation of the DDB
method requires a distributed control protocol for each IWU to access the time-slots. Various access
methods can be adopted on the dual bus such as, IEEE 802.6 Distributed Queue Dual Bus (DQDB), the
Fair Distributed Queue (FDQ), and the Sot Interleaved Multiple Access (SMA) [7], [8], [9]. In this
paper, we select DQDB as the access method for describing the proposed scheme. To carry the ATM
cells on the dua bus, the ATM cell format is encapsulated by two additional octets, namely the Access
Control Field (ACF) and the Flow Control Field (FCF), as shownin Figure 2. The ACF octet is used by
the dual bus access protocol for access the empty slot. To operate the system efficiently, a flow control
mechanism is essential. The FCF octet is reserved for the flow control which will be proposed and
described later. The flow control isactivated distributedly in between each IWU and the ATM switch to
guarantee a reliable transmission. This paper will focus on the flow control method which cooperates
within the DDB approach and makes a more efficient and reliable system.

The organization of thispaper isasfollows. In section 2, the system architecture of the DDB method
is briefly describbed. In section 3, the cell-based flow control scheme is described and an example is
given. In section 4, some definitions for performance measurement and simulation model are defined.
The simulation results are demonstrated in section 5. A short conclusion is made in section 6.

2 System Architecture

For simplicity, thedual busstructure connecting multiplelWUsisreferred to asthe DQDB subnetwork
throughout this paper. The DDB system architecture is shown in Figure 3. In this configuration, the
IWUs are connected to the DQDB subnetwork via bus A (the forward bus) and bus B (the reverse bus).
An ATM switch with finite input buffer is capable of providing the cell-switching capabilities between
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Figure 3: The DDB system architecture.

the N input lines and the N output lines. The end of bus A is connected to one of the input lines for
feeding DQDB dlotsto the ATM switch. The head of bus B is connected to one of the output lines for
receiving cells from the ATM switch.

The local traffic between two IWUs can also be carried by the dual bus. Since al kinds of the frame
formats are converted into cells, the communication between two heterogeneous LANS is aso very
simple. Thistraffic is referred to as the local traffic. The traffic which transmitting cells to the ATM
switch is called the remote traffic. Two additional mechanisms are required for the remote traffic. An
Input Cell Filter (ICF) is placed between the end of bus A and the ATM input buffer for filtering cells,
as shownin Figure 3. Each ICF has afiltering database for distinguishing local cells from remote cells.
An Output Cell Arbitrator (OCA) is placed between the head of bus B and the output line of the ATM
switch for controlling the ratio of remote traffic to local traffic on bus B. For remote traffic, the OCA
activates the corresponding output line, receives a cell from the switch and injects the cell into bus B.
For locdl traffic, the OCA deactivates the corresponding output line and generates an empty slot into bus
B. In thissystem, if an output lineisinactive, then no cell is alowed to be switched from any one of the



input lines to this output line.

The ATM switch is assumed to be a nonblocking switch with finite input capacity. By nonblocking
we mean that any two cellswill not be blocked internally if they are destined to different output lines. If
there are multiple cells destined to the same output line, only one of them can be switched and the others
must be queued. Since the input buffer islimited, a remote cell coming from bus A may be dropped if
thereisno available buffer for it. To provide areliable communication for the proposed interconnection
system, an efficient flow control scheme is necessary. Two flow control methods are commonly used
for current computer communications, the window-based method and the rate-based method. In the
window-based method, the user is permitted to transmit up to a fixed amount of data (the window size)
whenever aconfirmation isreceived [10], [11]. Then, the user stops and waits until another confirmation
isreceived. A larger window size can produce a higher throughput but also results in a higher packet
loss rate. On the contrary, a smaller window size can produce a lower packet loss rate but resultsin a
lower throughput. The other method called rate-based flow control is proposed due to the high-speed
requirement of the ATM (Asynchronous Transfer Mode) networks [12]. Since the size of each ATM
cell is small and fixed, it is more efficient to regulate the cell transmission rate rather than to control
the transmission volume. But the rate-based scheme requires some additional mechanisms such as the
traffic monitoring, leaky bucket, rate control and adjuctment, ..., etc.

We propose a simpleflow control mechanism called Cell-Based Flow Control for the DDB method.
In this scheme, the remote traffic is transmitted into the ATM switch in a cell-by-cell request-confirm
fashion. An IWU on bus A of the DQDB subnetwork is permitted to transmit a remote cell destined to
the ATM switch if and only if it receives a confirmation on bus B from the ATM switch. The network
congestion is effectively prevented by the proposed scheme since no segment islost in the ATM switch,
and in the meantime, the transmission throughput of the interconnection system is maximized.

The performance of the proposed scheme is evaluated by simulations. The results show that the
total throughput obtained by each DQDB subnetwork dynamically matches with the cell processing
throughput of the ATM switch. Besides, each station on the DQDB subnetwork shares afair bandwidth.
In the next section, the cell-based flow control scheme is described in detail.

3 A Cell-Based Flow Control Scheme

The key feature of the DQDB protocol is described before the proposed scheme is introduced. The
DQDB Media Access Control (MAC) protocol is a standard defined by the IEEE 802.6 for local and
metropolitan area networks. Two modes of MAC access are provided: non-arbitrated (NA) access and
gueued-arbitrated (QA) access. For connectionless service, we consider only the QA access method. The
basic QA access method is described as follows. At the head of bus A, fixed-length slots are generated
periodically from upstream to downstream (in this paper, stations near the head of bus A are referred to
asthe upstream stations). Each slot consistsof 53 bytesin which thefirst byteisthe Access Control Field
(ACF) containing aBUSY bit and athree-bit REQUEST field. The BUSY bit isused to indicate whether
or not asdlot isused. Each of the three REQUEST bits is used to inform the upstream stations that an
additional QA segment with a particular priority level had occupied a position in the distributed queue.
Each station maintains two counters for each of the three priority level: the Request Counter (RC) and
the CountDown Counter (CD). The Distributed Queuing Machine has two states called IDLE state and
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Figure 4: A paradigm of the cell-based flow control.

COUNTDOWN state. In each IDLE station, the value of RC is incremented by 1 for each non_zero
request going upstream on bus B, and is decremented by 1 for each empty slot going downstream on
bus A. When a station is to access the bus A, it sends a request to all upstream stations by allocating a
zero REQUEST bit on bus B, downloads the value of RC to CD, resets the value of RC, and transits
itself to COUNTDOWN state. In this state, a station also increments the value of RC by 1 for each
non_zero request going upstream on bus B but decreases the value of CD by 1 for each empty slot going
downstream on bus A. When the value of CD goes to zero, the station is allowed to access the next
empty slot on bus A. After the station had accessed the slot, it enters the IDLE state again.

InFigure 3, theinput buffer of the ATM switchislocated at theend of busA of the DQDB subnetwork.
Under heavy load, thereisacell arrival in almost every slot time. If the cell processing rate in the ATM
switch is not fast enough, the cell loss rate is very high. Thus, the cell transmission from the DQDB
subnetwork to the ATM input buffer should be in an on-demand fashion. Two additional bitsin the FCF
octet of the slot header are used to achieve thisgoal: the ATM_REQUEST bit and the ATM_CONFIRM
bit. The ATM _REQUEST hit is used by the stations on bus A for requesting a space in the ATM input
buffer for each new segment queued for transmission. The ATM_CONFIRM bit is sent on bus B by the
ATM input buffer controllor to confirm that a space for another new cell isready. A paradigm of this
operation is shown in Figure 4. The non-zero ATM_REQUEST bit represents that a remote segment in
the upstream has aready entered the distributed queue and is waiting for a confirmation from the input
buffer. Thezero ATM_CONFIRM bit represents aconfirmation sent by the ATM switch and indi catesthat
thereis a spacein the input buffer for holding another one segment (cell). Each active station maintains
acredit counter (CC) for collecting the confirmations from the ATM switch. The ATM_CONFIRM bit
should not be reused, since one confirmation can match with only one queued segment. Thus, after a
station receives a confirmation (the zero ATM_CONFIRM bit), the value of the ATM_CONFIRM bit
should be changed into 1. When there is no active station waiting for confirmations, the ATM switch
always sends non-zero ATM _CONFIRM bitsinto bus B.

Using the above mechanism, three algorithms should be further designed for the proposed scheme to



achieve a better performance of the system, as listed below.

¢ In the ATM switch, a credit generating algorithmis necessary in order to confirm the requests
from bus A.

¢ Thecredits generated by the ATM switch should be fairly shared by all the active stations on bus
B of the DQDB subnetwork. Thus, afair credit distribution protocol is necessary for the DQDB
subnetwork.

¢ To avoid the system to behave like a stop-and-wait system, the multiple requests outstanding
strategy should be used to increase the throughput.

The details of the above three algorithms are presented in the following subsections.

3.1 The Credit Generating Algorithm

Two counters are maintained in the ATM switch for the credit generation. The ATM Reguest counter
(ARQ) is used to count the number of non-zero ATM _REQUEST bitsfrom bus A. The Confirmed Space
counter (CS) is used to reserve the space for the credits sent by the ATM switch. Assume that the total
capacity of the ATM input buffer is b and the current number of cells queued in the input buffer is¢ (in
unit of cells), the procedures of the credit generating algorithm are described as follows.

Algorithm CG (Credit Generating)

The following procedures are executed in every slot time:
1. ARQ = ARQ + 1 for each incoming non-zero ATM _REQUEST bit on busA.
2. (S =CS5—-1andq = g+ 1for each incoming remote segment from the ICF.

3. If ARQ > 0and C'S + ¢ < b, then azero ATM _CONFIRM bitissent onbusB, CS= CS+ 1 and
ARQ = ARQ- 1.

Therelation between the above counters and the parametersis shownin Figure 5. Certainly, thevalue
of ¢ will be decremented by 1 if a queued cell in the input buffer is routed to one of the output lines.
The counter C''5' isincremented by 1 for each credit sent and is decremented by 1 for each new incoming
cell. Thus, the value of C'5 represents the expected number of cells that will arrive in the near future.
That is, thevalue C'S' + ¢ represents the expected queue length of the input buffer in the near future.
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3.2 TheCredit Distribution Protocol

To fairly share the credits on bus B, the Distributed Queuing Machine defined by the IEEE 802.6
standard is not considered to be usable because:

1. TheDistributed Queuing Machineisnot fair without the Bandwidth Balancing M echanism (BBM)
[7].

2. With the BBM, the credit may be lost. This may cause a station to keep waiting for a credit from
the ATM switch, but the ATM switch has sent the credit out and keep waiting for anew arriving
cell (deadlock condition).

Recently, many fair distributed queuing methods were proposed to overcome the drawbacks of the
origina DQDB standard [13], [8]. For our flow control, the scheme called Sot Interleaved Multiple
Access (S MA) which we have proposed in [9] isused. In thisscheme, each station transitsitself into the
active state if it has segments queued for transmission. Each station keeps the number of downstream
active stations (excluding itself) by an active counter AC. A countdown counter CD is used to bypass
empty slotsto the downstream. Initially, the value of CD equalsto AC. Thevalue of CD isdecremented
by 1 for each empty slot going downstream. When the value of CD goes to zero, the station is allowed
to access the next empty slot, and then, downloads the value of AC to CD, and begins to count down
again. In another words, a number of AC empty slots will be bypassed unconditionally after a station
has transmitted a segment.

We usethe SIMA schemeon busB tofairly sharethecredits. Inthiscase, westill refer to the upstream
(downstream) stations as the stations near the head of bus A (near the ATM switch). Two additiona bits
inthe FCF octet, the ATM _START bit and the ATM _END bit are used to inform the downstream stations
that an upstream station has just changed into active state or inactive state. Two counters ATM_AC and
ATM _CD are maintained in each station. The ATM_AC is used to keep the number of upstream active
stations, i.e., increases (decreases) by 1 for each non_zero ATM _START (ATM_END) bit received on
busA. The ATM _CD is used to bypass ATM _AC zero credits to the upstream stations.



On bus A, we need another distributed queuing protocol to fairly share the empty slots. Either the
origina DQDB standard or the SIMA scheme can be employed. Each time a station wants to transmit
aremote segment, it begins to send a reguest to the ATM switch by a zero ATM _REQUEST bit on bus
A. In the mean time, it begins to count the empty slots on bus A via the countdown counter CD (note
that both DQDB standard and the SIMA scheme have a countdown counter CD). The station can not
transmit a remote segment on an empty slot of bus A until the counter CD is zero and a credit from the
ATM switchisreceived. Thus, the new condition for a station can transmit a remote segmentis: CD =
0 and a zero ATM_CONFIRM is received.

3.3 Multiple Requests Outstanding

If each station can request only one ATM credit before it can transmit the next remote segment,
the system will perform like a stop-and-wait system. To achieve a higher throughput, the Multiple
Requests Outstanding (MRO) mechanism can be used. When a station is waiting for a confirmation
and there are still many segments awaiting in the local queue, another remote request can be put into a
zero ATM _REQUEST bit before the credit arrives. Two additional counters, the Outstanding Request
Counter (ORC) and the Confirm Counter (CC) are maintained in each station. The following algorithm
is executed in each station to perform the MRO mechanism.

Algorithm MRO (Multiple Reguests Outstanding)

The following procedures are executed in every slot time:

1. If there are arrivals of k£ new remote segments from the users, then ORC' = ORC + k;

2. If ORC > 0and azero ATM_REQUEST bit arrives, then ORC' = ORC — 1 and write "1" into
the ATM _REQUEST bit;

3. If a station receives a zero ATM_CONFIRM, then ¢'C = CC + 1 and write "1" into the
ATM_CONFIRM bit;

4. If astation successfully transmits a remote segment, then C'C' = CC — 1;

5. A station can transmit a remote segment if and only if CD = 0 and CC > 0.

34 A Summary of the Scheme and An Example

To use the cell-based flow control scheme, there are four additional control bits required in the cell
header, the ATM_REQUEST bit, the ATM_CONFIRM bit, the ATM _START bit and the ATM_END
bit. In each station, four additional counters should be maintained, the ATM_AC counter, the ATM_CD
counter, the CC counter and the ORC counter. An example of the cell-based flow control scheme on the
DQDB subnetwork with three stationsis given in Figure 6(a) throughout Figure 6(f). Figure 6(a) shows



the control bits and counters required in thisexample. In Figure 6(b), station 3 becomes active. It sends
anon_zero ATM _REQUEST on bus A and sendsanon_zero REQUEST on bus B. In Figure 6(c), station
1 becomes active. It sends a non_zero ATM _REQUEST on bus A and sends a non_zero REQUEST on
busB. Also, station 3 getsa zero ATM _CONFIRM from busB. In Figure 6(d), station 2 becomes active.
It sends anon_zero ATM _REQUEST on bus A and sends a non_zero REQUEST on busB. Also, station
1 gets a zero ATM_CONFIRM from bus B and station 3 gets an access to an empty slot on bus A. In
Figure 6(e), station 2 gets azero ATM _CONFIRM from bus B and station 1 gets an access to an empty
slot onbus A. In Figure 6(f), station 1 gets an access to an empty slot on bus A.

The deadlock condition mentioned in subsection 2.2 may still occur when we use the SSMA protocol
instead of the BWB mechanism. However, the probability isreduced. To avoid the deadlock condition,
we assume that the head of bus A would send a busy slot to flush the confirmed space of the input buffer
when a zero ATM_CONFIRM bit is collected at the end of bus B.

The OCA (Output Cell Arbitrator) on each output line of the ATM switch isfor controlling the ratio
of theremote segmentsto thelocal segmentsin each of the DQDB subnetworks. For simplicity, theratio
isdenoted asR/L, where R and L areintegers. Withinevery (R 4 L) slot times, the OCA should transmit
at least I empty slots to bus B and the rest slot times are reserved for transmitting remote segments.

4 Performance M easurement and the Simulation M odel

4.1 Performance Measurement

The performance of the cell-based flow control schemeisevaluated in termsof the following metrics:

ATM Switching Throughput (AST) = the average number of segments received
by the ATM input buffer per slot time.

ATM Cedll LossRate (ACLR) = the average number of segmentslost in the ATM
input buffer per slot time.

DQDB Station Throughput (DST) = the average number of segments transmitted
by a DQDB station per slot time.

Assumethat the number of stationson the DQDB subnetwork is» andlet D.ST; denotethethroughput
of the ¢-th station on the DQDB, 1 < ¢ < n. Then, the Total DQDB Throughput (TDT) is defined by

TDT = DST;
=1

The performance of the ATM switch ismeasured by AST and AC I R. A high performance system
would requireahigh AST and alow AC' L R. To evaluate the performance by one metric, we define the
ATM Switching Efficiency (ASE) by

B AST
" 1+ ACLR x LOSS_PENALTY

where the LOSS PENALTY is a constant which represents the penalty due to data retransmissions when
there are cellslost in the ATM switch. The constant 1 in the divider isto avoid the divide-by-zero effect

ASE
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when AC' L R equalsto zero. With thisdefinition, only ahigh AST and alow AC' L R can produce ahigh
ATM switching efficiency (ASE). When both AST and AC' L R are high, the efficiency will be degraded
because the cells received by the input buffer are almost retransmitted cells.

4.2 The Simulation M oded

The cell-based flow control schemeisimplemented by the C' programming language on a Sun SPARC
10 workstation. The simulationmodel consistsof an N x ¥ ATM switch whichinterconnects N DQDB
subnetworks as shown in Figure 7. The forward (reverse) bus of each DQDB subnetwork is connected
to one of the input (output) lines of the ATM switch. The inside of the ATM switch is the same as
that in Figure 3. Each input line has an ICF (Input Cell Filter) which is used to absorb local cells
from entering the input buffer. Each input buffer has a fixed capacity for holding cells, denoted by b
(in unit of cells). Each output line has an OCA (Output Cell Arbitrator) which is used to control the
remote/local ratio (denoted by R/L ratio). The ATM switching network should be a non-blocking multi-
stage interconnection network. We use a max-min bipartite matching algorithm [14] to simulate this
network. With this algorithm, the maximum number of conflict-free input/output pairs can be obtained
and the lengths of all input queues are kept balanced.

For DQDB subnetworks, the message arrival rate of each station is a Poisson distribution and
the message length is an exponential distribution. The message length is also in unit of cells. Let
D@ D B; represent the i-th DQDB subnetwork connected to thei-th input/output line of the ATM switch,
1 < ¢ < N. Letn denote the number of stationsin a DQDB subnetwork. Let A;; represent mean
message arriva rate of the j-th station on D¢ D B;. Then, the subnetwork message arrival rate for
D@ D B; can be defined by

A= A
7=1
The subnetwork segment arrival ratefor D¢) D B; can be defined by
X = \; X mean message length .

Each DQDB subnetwork uses the standard distributed queuing protocol to access the empty s ots.
The probability of transmitting the remote segment in DQDB; to DQDB; (i # j), is1l/(N —1)



(uniform distributed excluding the case for : = j). The efficiency of the cell-based flow control scheme
is observed on thefirst DQDB subnetwork (D¢ D B;1) according to the following parameters:

1. N =16

2. n=10;

3. Station Distance = 5 slots;

4. The Distance between the ATM switch and the nearest DQDB station = 5 slots;
5. b=128t0 1,

6. Mean Message L ength = 30 segments;

7. R/Lratio=8/1,5/1,2/1,1/1, and 1/2;

8. LOSS_PENALTY = 100;

4.3 TheOptimal Input Buffer Size

In this section, the minimum input buffer size for gaining an optimal cell processing throughput is
investigated. To optimally design aflow control under heavy load, the cell arrival ratein the ATM input
buffer should be matched with the cell departure rate (cell processing rate), and in the mean time, the
input buffer sizeis minimized. Assumethat there is only one station in the DQDB subnetwork and the
round-trip delay from the station to the ATM input buffer is d (in unit of cells). In order to balance the
cell arrival rate and the cell departure rate in the ATM input buffer, the credit generating rate in the ATM
switch should be equal to or greater than the cell departure rate. Assumethat the cell departurerateis p
(per dlot time) and the input buffer sizeis b (in unit of cells), then a most b credits can be sent within
every d slot time. Thus, the credit generating rate is at most

b/d.
Since werequireb/d > p, we have
b>dp.

In the DQDB interconnection system, the average cell departurerateis R/(R + L) (since thetraffic is
uniformly distributed). Therefore, the optimal input buffer sizeis

dR

R+L°
5 Simulation Results

The performance of the interconnection system without any flow control is observed first. In Figure
8, the average switching efficiency of the ATM switch with respect to different A1 is presented, where b
isset to 100. Theresult is an average of 20000 slot times after an initial execution of 20000 slot times.
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The performance is very poor when thetotal subnetwork arrival rateisgreater than R/(R + L). Thisis
because that the cell lossrate in the ATM switch is quite high.

The performance of the interconnection system after applying the cell-based flow control schemeis
shownin Figure 9 throughout Figure 14. In Figure 9, the average switching efficiency of the ATM switch
with respect to different A\ is presented, where b isset to 100. The performanceisimproved significantly.
This result shows that the ASE always matches with the AST under different total subnetwork arrival
rates since the ACLR is always zero. Furthermore, the ASE under heavy |load always matches with the
ATM cell processing rate R /(R + L). Thismeans that the cell-based flow control scheme can reach the
optimal switching throughput such that no cell islost.

In Figure 10, the average switching efficiency of the ATM switch with respect to different b is
presented, where )\; is set to 1.0. The result shows that the throughput convergesto R/( R + L) when
b isequal to or greater than R/(R + L) x 50. This matches with the result in section 4 since 50 is the
average round-trip delay between the ATM switch and the DQDB stations.

In Figure 11, the average switching efficiency of the ATM switch with respect to different \; is
presented, where R/ L isset to 8/1 and b isset to 1, 5, 10, 20, 30, 40, 50, 70 and 90. When b is smaller
than 50, the ASE is approximately equal to 72 x &;. Thismeansthat the proposed flow control scheme
can result in optimal throughput when the size of the input buffer islimited. A close-up of Figure 11is
presented in Figure 12.

In Figure 13, the average switching efficiency of the first input buffer is presented when the ATM
cell processing rate is dynamically changed. Assumethat \; = 1.0. Attime=0, the R/ L ratio is set to
8/1. At time = 5000th slot, the R/ L ratio is changed into 1/1 and at time = 10000th slot, the R/  ratio
ischanged into 2/1. The result shows that the cell-based flow control scheme can always keep the cell
arrival rate matched with the cell processing rate dynamically.

The throughput of the DQDB subnetwork is also observed. The TDT of D@ D By and the DST of
each station are shown in Figure 14 when the stations are activated or deactivated at different time. The
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Figure 9: The average switching efficiency of the ATM switch for different A; under cell-based flow
control.
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Figure 10: The average switching efficiency of the ATM switch for different b under cell-based flow
control.
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Figure 11: The average switching efficiency of the ATM switch for different \; under cell-based flow
control.
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Figure 12: The close-up of Figure 11.
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Figure 13: The average switching efficiency of the ATM switch for dynamic ATM cell processing rate.

activating or deactivating time are listed as follows.

1. Attime=0, station 5 becomes active.

2. At time= 6000th slot, station 10 becomes active.
3. At time = 10000th slot, station 3 becomes active.
4. At time= 14000th slot, station 5 becomes inactive.

5. At time= 17000th slot, stations 1 and 6 become active.

Inthiscase, the R/ L ratiois set to 8/1 and the message arrival rate of each station in active state is
0.05 (heavy loaded). All other DQDB subnetworks are also heavy loaded and assume that only remote
segments are transmitted. The result shows that the bandwidth is fairly shared dynamically by each
active station on the DQDB subnetwork. 1n the mean time, the total subnetwork throughput is about 0.9,

which is approximately equal to 72 = .

6 Conclusions

In this paper, a distributed dual bus approach is proposed for interworking between multiple IWUs
of the legacy LANs and the ATM networks. Heterogeneous LANS can also interwork with each other
viathe dual bus topology as well as the interworking with the ATM. The essential part of the proposed
method is a flow control scheme called cell-based flow control which is a novel approach instead of
traditional window-based or the rate-based schemes. The resulting system is strongly reliable since no
cell islost. Furthermore, the switching efficiency of the ATM switch is maximized under limited input
buffer. The simulation results also show that the bandwidth of the DQDB subnetwork can be fairly and
dynamically shared by the active stations.
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Figure 14: The bandwidth allocation of a flow-controlled DQDB subnetwork.

References

[1] ITU-T Recommendation .361, "B-ISDN ATM Layer Specification", March 1993.
[2] ATM Forum, "ATM User-Network Interface Specification, 3.0 edition”, Sept. 1993.

[3] H.Houh, J. Adam, M. Ismert, C. Lindblad, and D.L. Tennenhouse, "The VuNet Desk Area Network:
Architecture, Implementation, and Experience”, to appear in IEEE Journal on Selected Areas in
Communications, fisrt quarter 1995.

[4] L.Landweber and C. Catlett, "TheBLANCA Testbed: 1993 BLANCA Annual Report", Department
of Computer Science, University of Illinois, Urbana-Champaign.

[5] ATM Forum, "LAN Emulation Over ATM: Draft Specification - Revision 7", LAN Emulation
Sub-working Group, Oct. 1994.

[6] M. Laubach, "Classical IP Over ATM", RFC 1577, Jan. 1994.

[7] "Draft of Proposed IEEE Standard 802.6 DQDB MAN, Media Access Control and Physical Layer
Protocol Documents’, P802.6/D12, Feb. 1990.

[8] M. Kabatepe and K. Vastola, "FDQ: The Fair Distributed Queue MAN", Proceedings of IEEE
INFOCOM, Firenze, Italy, 1992, pp.200—209.

[9] N.F Huang and S. T. Sheu, "A Slot Interleaved Multiple Access Scheme for DQDB Metropolitan
AreaNetworks', Proceedings of IEEE INFOCOM, San Francisco, USA, 1993, pp. 1075-1082.



[10] A. Tanenbaum, "Computer Networks', Prentice-Hall, 1988.
[11] W. Staling, "ISDN and Broadband ISDN", Macmillan, 1992.

[12] N.Yin, and M.G. Hluchyj, "A Dynamic Rate Control Mechanism For Source Coded Traffic in a
Fast Packet Network", IEEE Journal on Selected Areas in Communications, Vol. 9, No. 7, Sept.
1991, pp. 1003-1012.

[13] J. Liebeherr, I. Akyildizand A. Tantawi, "An Effective Scheme for Pre-Emptive Prioritiesin Dual
Bus Metropolitan Area Networks', ACM SGCOMM Conference Proceedings, Baltimore, USA,
1992.

[14] E. L. Lawler, "Combinatorial Optimization: Networks and Matroids', New York: Holt, Rinehart
and Winston, 1976.



