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Design of Flow Control Function for ABR Service in ATM Networks
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ABSTRACT

We survey several issues for implementing the end-to-end flow control function for ABR service and propose a
structure for implementation. In the proposed design, conirol parameters are calculated and maneuvered by soft-
ware for easy implementation and efficient adaptability for the changes of parameters while the cells are emitted at
the rate according to the allowed cell rate with the hardware implementation for real time processing. The proposed
structure can cope with the changes of the specifications including the calculation of the control parameters and their

application. Hence, the structure is expected to contribute to providing the ABR service in the future ATM networks.
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I. Introduction been applied to private networks including local area
networks(LANs) rather than public networks although

Asynchronous transfer mode(ATM) technology has it was adopted as a main technology for establishing

B-ISDN. In addition, the standardization process for

*HIAAEAATY AT AEAATA A the deployment of ATM technology into the current
“gjggiaﬁiig%ﬂﬂ AN LAN and WAN has been carried out consistently
R AT 19964 108 58 around the ATM forum. ATM is based on the virtual
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circuits and does not have error control procedures,
which are general in the legacy LAN, to transfer high
speed cells efficiently, which resulls in a possibility of
degradation of quality of service(QoS) caused by the
congestion. The deployment of ATM into the LAN
carrying bursty data traffic may lead this problem as
a significant one.

ATM forum specified available bit rate(ABR) ser-
vice for reducing such a QoS degradation and max-
imizing the usable bandwidth by deploying an end to
end flow control and has carried out its specification
process{1]. ITU-T has also accepted ABR as one of
the transfer capabilities in the ATM-based B-ISDN
and has proceeded with the standardization[2].

The study of the ABR service, however, has been
mainly focused on the performance evaluation of the
modified details of the algorithm using analytical
means or computer simulation so far[3~11]. The
method for actual implementation of the algorithm
has not been deeply explored for the establishment of
ATM networks supporting ABR service. Thus, there
still remains many problems to be solved for actual
implementation of ABR service. For example, the be-
haviors of the source end system(SES) and destination
end system(DES) are described separately in the cur-
rent specification of the traffic management working
group of ATM forum. These are to be included in the
same end system, which requires the integrated sol-
ution for both of the behaviors. Of course, there are
more issues left for actual implementation of the end
to end flow control for ABR service.

This paper will survey requirements for the design
of the end to end flow control function according to
the specification of ATM forum and propose a
designed structure for actual implementation con-
sidering these requirements. Section 1I includes the
discussions about these requirements. The designed
structure for the flow control is proposed in the third
section as a solution of the derived problems in the
second section. The fourth section will describe the

details of each block in the proposed design. We will

get a conclusion in the section 1V,

II. Requirements for Implementation of
ABR Flow Control

1. introduction to the end to end flow control for
ABR service

The end to end flow control for ABR service esta-
blishes a closed loop control system including SES,
DES, and switches, as shown in Fig. | according to
the specification of ATM foruml1]. Control infor-
mation in this closed-loop system is conveyed by re-
source management(RM) cells. SES initiates the con-
trol by generating forward RM cells. Switches may
modify these RM cells passing through themselves.
DES integrates the information from the received for-
ward RM cells and the internal state to send back-
ward RM cells with the integrated information in re-
sponse 1o the received forward RM cells. Congestion
control functions in the switches are classified into
two types of explicit forward congestion indication
(EFCI) and explicit rate(ER). There have been several
proposals for the ER method[1][12~14]. In this paper,
only the flow control functions in the end systems
(SES, DES) will be regarded.
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Fig. 1 Configuration of the end to end flow control loop
for ABR service.

In actual implementation, end systems must include
integrated functions of both of SES and DES. The in-
tegrated functions of the end systems are summarized

as follows:

i Jcalculation of control parameters including al-

lowed cell rate
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ii Jextraction and analysis of RM cells and EFCI
from input cell stream

iit) control of cell emission rate(or interval)

iv) generation of RM cells and insertion into out-

put cell stream

The functions of i), ii), and iv) require a complex
processing like analysis or calculation of the para-

meters while the function of iii) requires a simple and
prompt processing due to the real time requirements

of the cell rate control. The functions of ii), iv) also
require a real-lime processing for extraction and in-
sertion of RM cells. The function of i) must be per-
formed fast enough not to influence the real time
processing of iii). However, the requirement for i) is
not so strict compared with those of 1i) and iv). Hence,
it is one of the possible choices that the implement-
ation of the function of i) be software oriented and
the implementation of the rest be hardware oriented
as shown in Fig. 2, which leads to an easier im-

plementation.
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Fig. 2 Composition of the necessary functions for the flow

control in the end system.

2. Constraints in the end to end flow control

One of the basic requirements for the end to end
flow control is that there exists a congestion control
method in the switch at least. Most switches in the
current market have EFCI as a congestion control

method, a binary feedback congestion control. EFCI,
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however, has been widely informed to have a problem
of unfairness[13]. In addition, the rate-based method,
the final choice of ATM forum, has been proved as
sensitive to the increased round trip delay time(RTT)
[7]. A segmentation strategy using virtual source(VS)
and virtual destination(VD) concepts was raised to
cope with this problem in the long distance link having
a large RTT value especially[1][13][15]. Flow control
functions in VS/VD may have different requirements
from a case of ATM terminal as an end system. A
terminal does not generally require many number of
virtual connections for ABR at the same duration. A
switch with VS/VD may require a concurrent proces-
sing of many virtual connections passing through at
the same time. This means that there may exist a
number of virtual connections for ABR waiting for
the concurrent processing.

Lastly, a constraint for the applicable category of
ABR service must be considered. Most cases assume
ABR and UBR services to use the remaining bandwidth
after CBR and VBR services. ABR service, however,
can be applied in the application for LAN intercon-
nection as shown in Fig. 3 for maximal utilization of
the network resources. ABR service is expected to
work as a main service to contribute to give more
chances of access to the users of the LAN in this

case. This may require a careful consideration on the

Now, we need to analyze the conditions for impleme-
nting to maintain ACR satisfying required QoS. If we
let the interval between the kth cell and the next /th
cell as 1y [slots], link bandwidth as Klbits/sec], cell
size as L bits], and the allowed cell rate of the virtual
connection % as ACRy[cells/sec], the condition to
maintain the cell emission rate within the allowed cell
rate at the case of Fig. 4(a) is given as follows:

K
max(/y) = ACRVL. N
And if we let the capacity of a FIFO chip storing
cells of a specified virtual connection #n as X, {cells],

the condition for no cell loss in the connection due to
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the excessive delays is given as follows:
max{ly) < X . 0))

From (1) and (2), the relation between allowed cell
rate of each virtual connection and the capacity of
each FIFO chip is

K

—_—— < X,. (3)
ACR,* L, "

As K/Lc. is a fixed constant, the FIFO chip for each
virtual connection must have the larger capacities than
the maximum allowed interval between cells which is
the product of K/L. and the inverse of the allowed
cell rate. For example, if a virtual connection wants
to use the full bandwidth of 149.76 Mbps, i.e. 353,207
cells/sec, the necessary capacity for the FIFO chip is
only a small amount approaching zero. However, if
the connection only wants to use a small bandwidth
approaching minimum cell rate(MCR) which might
be zero, the necessary capacity for the FIFO chip in-
creases very high. Hence, this way of using a separated
FIFO chip for each virtual connection is not efficient
in the point of the utilization of the memory space. In
fact, it is not easy to get such a FIFO chip having a
large capacity required for this purpose. Additionally,
the capacity of the FIFO chips in the actual im-
plementation, X, must satisfy for all FIFO chips so
that the necessary capacity for virtual connection #,
X, is always smaller than X, i.e. X>max(X,). Conse-
quently, if we let the number of concurrently active
virtual connections as p, the method using separated

FIFO chips has the following constraint.

K
<X. 4
oL ) @
Another method using the shared memory of Fig. 4(b)
also requires the same condition with that of Fig. 4(a)
to maintain the cell emission rate within the allowed
cell rate as shown in the relation of (1). And if we let

the capacity of a memory area storing cells of a speci-
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fied virtual connection »# as Y, [cells], the condition
for no cell loss in the connection due to the excessive

delays is given as follows:
max(Ze) <Y, . (5)

From (1) and (5), the relation between allowed cell
rate of each virtual connection and the capacity of

each memory area is

K

o ¥y . 6
ACR, * L, ©

Then, if we let the total capacity of the shared mem-
ory as Y and the number of concurrently active virtual
conneclions as p, the capacity of a memory area
storing cells of a specified virtual connection #, Y, is

related with these as follows:

P~

Y vi<y. 7
=0

Hence,

K G 1

—_— Y ——]<Y. 8
L, (,:6 ACR,') ®)

Now we can compare the required memory capacities of
these two methods from (4) and (8). The summation for
method for applying ABR service in a LAN/WAN
interworking equipments like ATM routers. It is gen-
erally needed to have a large cell queue and its queue
management per virtual connection for this kind of

interworking at ATM routers. A similar requirement
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Fig. 3 Provision of ABR service in the interworking between
the legacy LAN(Ethernet) and the ATM network.

121



HEGRGRER AL "985 Vol.23 No.5

may also be needed for the case of VS/VD. This re-
quirement is very different from the case of an ATM
terminal as an end system of ABR control loop, which
only uses host memory for internal cell processing

without the need of additional memory management.

3. Requirements for implementation
3.1 Store and extraction of cells per virtual con-
nection

We have problems to solve for implementing end to
end flow control for ABR service as the followings.
First, a method must be provided to support multiple
virtual connections for ABR service at the same dur-
ation. Sufficient number of virtual connections must
provide ABR service concurrently in the case of inter-
connection between the legacy LAN and ATM LAN/
WAN as shown in section I1. The flow control func-
tion must be designed so that the interconnection can
accept the concurrent multiple requests of the legacy
LAN users. Second, in the viewpoint of actual imple-
mentation, this flow control function is a kind of
traffic shaping function at the cell output part. We
must maintain intervals between cell outputs during
the valid time for the virtual connection according to
the allowed cell rate(ACR). This requires that we
have a buffer for each virtual connection, store the
cells for the virtual connection into the specific area
of the buffer, and read out the cells according to the

allowed interval for the virtual connection. Using a
FIFO memory chip per each virtual connection can

be a simple way to implement this function as shown
in Fig. 4(a), which has a difficulty in maintaining the
allowed interval between cells without cell loss due to
the limit of the memory capacity in each FIFOQ. An-
other way is using a shared memory for multiple vir-
tual connections as shown in Fig. 4(b). This method
has little limit for memory capacity for each virtual
connection within the capacity of the implemented
memory chip, whereas it requires additional memory
management for manipulating the memory area per

each virtual connection. This method can utilize the
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memory space more efficiently and can easily expand

the number of concurrently active virtual connections.
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Fig. 4 Methods for store and release of a cell per each vir-
tual connection (a) using separate FIFO chips and
(b) using shared memory

K [ 1
all virtual connections, ie. ¥ = R
Al vir ons, i.e - (;0 ACR,') can

K 1
{ be larger than the p times of X= ¢ :
not be larger than the p times o L. mdx( ACRn)

Thus the result of the comparison is as follows:
pxX =Y. 9

This shows that the method using separated FIFO
chips can not have smaller requirements for the
required memory capacity than that using shared

memory. For cxample, assuming the allowed emission
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interval for a virtual connection to be 1,000 slots and
that for another connection to be 20,000 slots, the
total amount of the required memory capacity in the
method using FIFO chips has to be more than 40,000
cells (the product of p=2 and max(K/{ACR,* L,)) at
(4)) as it may not have different capacities for differ-
ent connections. This amount is hard to be satisfied
with the FIFO chip in the current market. On the
contrary, the method using the shared memory only
requires the total amount of 21,000 cells (Y of (8)),
which means it is more economic and easy lo be
implemented with the general memory chips. With the
method using shared memory, we can usc general
DRAM or SRAM chips to store and release cells of
multiple virtual connections and can simply expand
the number of concurrently active virtual connections
and the duration of the allowed emission interval only
by additional allocation of the memory or the expan-
sion of the size of the memory chips. This merit will

grow as the number p increases.

3.2 Cell emission interval control per virtual con-

nection

The emission of cells according to the allowed emis-
sion interval just as in Fig. 4 requires a function of
measuring time duration between the latest cells
transmitted and the cell to be transmitted on a virtual
connection, which is to prevent any violation of the
allowed emission interval. A way to do this is to use a
counter for each virtual connection as shown in Fig.
5(a), which starts the counter at the instance of a cell
emission and outputs a signal for permission of the
next cell emission at the instance of the expiry of the
counter after the elapse of the allowed emission inter-
val of the virtual connection.

In this method, if we let the output of the counter
showing the elapsed time after the latest cell emission
of the virtual connection 7 as C;, the time instance of
the latest emission as D;, the link bandwidth as K
[bits/sec], the cell size as L[bits], and the allowed cell

rate as ACR;, the cells on the virtual connection

must accord with the following relation for the coun-
ter method to work properly.
Ci—D;i < ]?‘ie%it—. (10)
This method is simple for a single virtual connec-
tion, whereas the complexity increases in proportion
to the increasing number of virtual connections to be
processed concurrently. A way to solve this problem
is shown in Fig. 5(b), which uses the memory as the
counter for counting the current elapsed time of each
virtual connection. The memory area is divided into
segments for storing and updating the time instance
of the cell departure(TCD) and allowed emission in-
tervallAED of each virtual connection. AEI is updated
in accordance with the changing ACR value for the
ABR virtual connection. TCD is initialized to zero at
the instance of cell departure of the ABR connection.
The stored TCD is to be updated and compared with
the stored AEI al every cell transmission time. The
comparison is performed by subtracting the stored
AEl from the updated TCD and checking whether
the result matches to zero. If it matches to zero, a sig-
nal permitting the emission of the cell on the connec-
tion is issued. These update and comparison, how-
ever, must be finished within one cell transmission
time as all the memory scgments for multiple con-
nections must be updated in each transmission time
of cells. This causes a limit to the number of virtual
connections to be processed concurrently by the lim-
ited time of cach cell transmission. We let the mem-
ory access time including setup time and hold time as
tm, the number of memory accesses during each trans-
mission time of cells as @, and the time required for
updating the stored TCD as f,. Then ¢, is determined

as follows:

=0 %ty an

We can regard all the virtual connections have the

same value for fp, and the update of the memory

1213
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segments must be finished within each transmission
time of cells. Hence, if we let the transmission time of
cells as 7' (2.83 us for the available link speed of 149.
76 Mbps), the following rclation must be maintained

for a proper operation.

e *t,<T. (12)

In actual implementation, the value of @ is the
number of possible virtual connections to be proces-
sed concurrently. This means that a large value of @
is needed cnough for the multiple virtual connections
to be processed concurrently. The value of @, how-
ever, can not exceed a fixed limitation due to the fixed

constants, f,, and T as shown in the relation of (12).
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Fig. 5 Methods for cell emission interval per each virtual
connection (a) using separated counters and (b)

using a memory
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Even with this problem, the method using memory has
advantages compared with the method using counters
in the point of implementation. The method using
counters does not reuse the counter logic for multiple
connections, which causes the proportional increase
of complexity with the increase of ABR virtual con-
nections to be processed concurrently. On the con-
trary, the method using memory reuses the logic and
memory as far as the relation of (12) is guaranteed.
This means that the complexity of the method using
memory will not increase proportionally with the in-
crease of ABR virtual connections to be processed
concurrently. If the increased number of ABR con-
neclions makes @ violate the relation of (12), it is in-
evitable to add the additional modules having the

same logic with the explained scheme using memory.

. Designed Structure of the Flow
Control Function

1. Structure for implementation

We design the flow control function to provide
ABR service from the requirements acquired in sec-
tion II. First, we decide to implement with full
software for the function of 1) at 1I. 1, i.e. calculation
of control parameters including allowed cell rate. This
function requires a CPU including a coprocessor for
floating point calculation. The function of iii) at II. 1
requires the implementation using full hardware for
real time processing of cells according to the allowed
emission interval. The functions for RM cells, ii) and
iv) can be constructed with a combination of hard-
ware and software. In addition, an adaptation func-
tion to be coupled with ATM layer functions and the
PHY/ATM layer functions for actual transmission of

the cells are needed. More detailed design of the
required functions needs to be confirmed through the

mapping of the functions into the blocks.

The functions discussed in section 11 can be mapped
into four blocks: CRCB(cell rate control block), AICB
(allowed cell interval calculation block), RCIB(RM

www.dbpia.co.kr
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cell input block), and RCOB(RM cell output block)
in the flow control function module as shown in Fig.
6. We will discuss the details of these blocks in the

next sections.
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CPCB: Control Parameter Calculation Block

Fig. 6 Block diagram of the flow control function module.
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Fig. 7 Structure of the part to store and release cells per
virtual connection.

2. Cell rate control block (CRCB)

CRCB consists of a part to store and release cells
and another part to decide the instance of cell
emission per virtual connection. We design the part to
store and release cells as shown in Fig. 7.

In Fig. 7, an input cell is temporarily stored in
1-cell FIFO for VP/VC identifier extraction. Extracted
identifier is translated to the list number of cell
queue. The list number is transferred to write address
memory and the write address memory outputs the

correspondent write address of the input ceil from the

list number. The write address is to be used as an ac-
cess address of the cell queue in the shared memory.
The writing of the cell stored in the I-cell FIFO into
the appropriate area of the write address in the
shared memory is performed by the store command
which was activated by the input of the cell. The read
address memory stores the list number of cell queue
to be released, received from the cell rate control
block. The shared memory for cell queueing is shared
by multiple virtual connections and read and written
with the address from the write address memory and
read address memory. The addresses used for the read
of cells are stored into the idle address FIFO and
reused for the write of the cells. The initial values of
these write address memory, read address memory,
and idle address FIFO are written by the software in
the control parameter calculation block. The detailed
description of the operation for the cell store and for-
ward is shown in (a), (b) of Fig. 8.

Numbers in the circles of Fig. 8(a) indicates the
sequences of the operation in the part for cell store.

The behavior in each step is as {ollows:

1. Initial values of write address memory, read address
memory, and idle address FIFO are established.

2. The cell of the list #1 is stored in the address of
‘AAAA’ according to the contents of the write ad-
dress memory(AAAA).

3. The address from idle address FIFO is written as
the address of the next write location(X) for the list
#1 into the shared memory and write address mem-
ory. ,

4. The cell of the list #2 is stored in the address of
‘BBBB’ according to the contents of the write ad-
dress memory(BBBB).

5. The address from idle address FIFO is written as
the address of the next write location(Y) for the list
#2 into the shared memory and write address
memory.

6. The next cell of list the #2 is stored in the address

of ‘Y" according to the contents of the write ad-
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Fig. 8 Detailed procedure of (a) cell store and (b) release in

the shared memory.
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dress memory(Y).

7. The address from idle address FIFO is written as
the address of the next write location(YY) for the
list #2 into the shared memory and write address
memory.

8. The next cell of the list #1 is stored in the address
of XX’ according to the contents of the write ad-
dress memory(XX).

9. The address from idle address FIFO is written as
the address of the next write location(XX) for the
list #1 into the shared memory and write address

memory.

The procedures of steps 4-5, 6-7, and ¥-9 are the
repeats of the steps 2-3. Thesc procedures also apply
to the lists other than #1 and #2. Numbers in the
circles of Fig. 8(b) indicates the sequences of the op-
eration in the part for cell releases. The behavior in

each step is as follows:

1. Initial values of read address memory and idle ad-
dress FIFO are established.

2. Cells of the list #1 are extracted from the memory
location(AAAA) indicated by read address memory
and the used addressCtAAAA) is written into- idle
address FIFO.

3. The memory location of the list #1 in the read ad-
diess memory is updated with the next write ad-
dress(X).

4. Cells of the list #2 are extracted from the memory
location(BBBB) indicated by read address memory
and the used address(BBBB) is written into idle ad-
dress FIFO.

5. The memory location of the list #2 in the read ad-
dress memory is updated with the nex! write ad-
dress(Y).

6. Cells of the list #1 are extracted from the memory
location(X) indicated by read address memory and
the used address(X) is written into idle address
FIFO.

7. The memory location of the list #1 in the read ad-
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dress memory is updated with the next write ad-
dress(XX).

8. Cells of the list #2 are extracted from the memory
location(Y) indicated by read address memory and
the used address(Y) is written into idle address
FIFO.

9. The memory location of the list #2 in the read ad-
dress memory is updated with the next write ad-
dress(YY).

The procedures of steps 4-5, 6-7, and 8-9 are the
repeats of the steps 2-3. These procedures also apply
to the lists other than #1 and #2.

Functions for the decision of cell emission instance
in CRCB consists of the parameter memory per vir-
tual connection, access controller, adder, comparing
logic, and initializer as shown in Fig. 9. The parame-
ter memory per connection includes lists of the con-
trol parameters per each virtual connection. The ac-
cess controllier allows cyclic accesses of the parameter
memory. The number of accesses within one cell trans-
mission time is limited to N which is specified by the
way of implementation. N can be increased with the
advances of the processing speed of the logic devices.
The timing diagram of Fig. 9 shows N limes accesses
within one cell transmission time. The longer one cell
transmission time is and the faster processing speed of
the devices is, the larger the value of N becomes.
During the active duration of access permission sig-
nal(shown as zero level in Fig. 9), access controller
reads the current emission interval to transfer to the
adder and reads the allowed cell emission interval to
transfer to the comparing logic. The comparing logic
compares the resulted value of the adder and the al-
lowed emission interval. If the compared values are
matched, the initializer will be activated. The result of
the adder also updates the current cell interval in the
list of the parameter memory. The zero value from
the activated initializer clears the current emission in-
terval in the list of the parameter memory and the list

number of the same list is issued as the number of the
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Fig. 9 Structure for determining cell emission interval for

each virtual connection and its timing.
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Fig. 10 Flow of the cell emission instance determination.

Update TCD of the nth list

list allowed to emit a cell.

Fig. 10 shows the control flow for the decision of
cell emission instance in the CRCB. This flow as-
sumes there exist N lists in the parameter memory for
N concurrently active virtual connections. After the
initialization of control parameters, the current cell
emission interval values of the connections are incre-
mented by one and compared with the correspondent
allowed cell emission interval value with the elapse of
one cell transmission time. If matched. the number of
the matched list will be issued and the current cell

emission interval value will be cleared to zero.

1218

3. Control parameter calculation block(CPCB)

CRCB consists of three software modules to calcu-
late the control parameters including ACI and to re-
port to the other blocks as shown in Fig. 11. An in-
terrupt indicating RM cell receive intrigues RM cell
analyzing module(RCAM) to report the analyzed
results to the ACI calculation module(AICM). RCAM
converts the 16 bits of CCR, ER into the real values
to be used for the calculation of the ACI or new
values for CCR, ER. AICM calculates control parame-
ters integrated status information from the received
control parameters of the correspondent virtual con-
nection and the current state of the network from
RCAM. AICM sends the calculated ACI, actually the
number of slots permitted between sending of the
cells, to CRCB. The calculated parameters used as
clements of the RM cell field are sent to RCOB. CPU
chip used for CRCB must have a coprocessor for the
floating point calculation and be fast enough to work

well with the other hardware blocks.
7 Rl mld\

ACR AL
AE[ calculation
RCOB-=—{ pencrition ‘(\; CRCB
N modult.
CCR
LCI (real \.ﬂuc
ER T ER(rcal valuc)
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)
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(for backward RM /

Intcrrupt
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Armival of RM celllCCR, ER, C1)

Fig. 11 Structure of CRCB.

4. RM cell input block(RCIB)

RM cells can be extracted by detecting if the value
of PT ficld of the input cell is 110. Most of ATM
layer chips have the function of extracting OAM and
RM cells from input cell stream. Hence, this function
block can be implemented with the ATM layer chips
having this extracting function. The extracted RM
cell is read and written by CPU to analyze and up-

www.dbpia.co.kr
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date its contents. RCIB can report to the CPCB that
an RM cell is received using an interrupt signal.
RCIB only extracts the RM cells on the correspon-
dent virtual connection and validates it to CPCB. The
analysis and update of the received RM cell is per-

formed in CPCB as discussed in the last paragraph.

5. RM cell output block(RCOB)

This block performing the function of iv) in I1.2
consists of software for generating or updating RM
cells and hardware for sending RM cells with CRC-10
generation. RM cells are generated by the successive
updates of the RM cell fields received from CPCB.
The forward and backward RM cells are stored and
released in the separated FIFO chips in RCOB. Con-
tents of the backward RM cells are updated with the
information from the latest forward RM cell and the
changes of EFCI bit of the received data cells. The
change of the EFCI bit is reported to the software for
generating and updating RM cells via polling or inter-
rupt. The fields of the forward RM cell are updated
whenever there occurs changes in the control parame-
ters related with the fields of the forward RM cell.

A backward RM cell must be sent as fast as pos-
sible after receiving a forward RM cell while a. for-
ward RM cell must be sent after sending Nrm in-rate
cells or the expiry of the specified time of Trm. This
requires monitoring of the number of in-rate cells be-
tween sending forward RM cells and sending a for-
ward RM cell after Nrm-1 in-rate cells are sent after
sending the last forward RM cell. If at least Mrm
in-rate cells have been sent and Trm has been elapsed,
a forward RM cell must be sent. RCOB is designed
to satisfy these requirements as shown in Fig. 12.

Applying the list number belonging to the virtual
connection allowed to emit a cell, the number of
already sent in-rate cells, Ndt, is read from the RM
control memory and sent to the adder. Nrm is also
read from the RM control memory and sent to the
comparing logic to be compared with the incremented

Ndt value from the adder. Comparing logic activates

the initializer and issues the list number to send a for-
ward RM cell when incremented Ndr is same with
Nrm to clears the Ndt value to zero. If not activated,
the initializer updates Ndt with the incremented Ndr
from the adder. Procedures for Mrm and Trm can be
established with the same way of the explained about
Nrm. Forward RM cells are sent on the condition
satisfying the constraints of Nrm or those of Mrm

and Trm.
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output data cell
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-
/ I
} decoder
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Trm Ndt RMFIFO
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Nrm
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J - Tee

pennission

Tem
updated Trey :

Fig. 12 Structure of RM cell emission control in RCOB.

IV. Conclusion

We proposed a structure for implementation of flow
control for ABR service in ATM networks. In the pro-
posed structure, control parameters are calculated
and maneuvered by software for easy implementation
and efficient adaptability for the changing procedures
of parameters due to the standardization process while
the cells are emitted at the rate according to the al-
lowed cell rate with the hardware implementation for
real time processing. Detailed description about the
updating methods of the control parameters will be
given in the future. The proposed structure can cope
with the changes of the specifications including the
calculation of the control parameters and their appli-
cation. In the proposed structure, general memory

chips are used instead of separate FIFOs or counters
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for the simpler implementation and cost reduction.
The structure in this research is expected to con-
tribute to provide the ABR service in the future ATM
networks with its adaptability, simplicity and low
cost. We have not considered the effects of the deta-
iled characteristics of the cell traffic like the burstiness
or cell delay variation, which is left for further study.

We expect more studies on this issue for more ef-
ficient function implementation.
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