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BACKGROUND OF THE INVENTION
1. Field of the Invention:

The present invention relates to a communication method with a data
communication protocol for packet transfer a transport layer and a data link layer, and
a data communications terminal using the data communication protocol for data
communication.

2. Description of Related Art:

The data communication protocol being the interfacing condition for data
communications, typically the TCP/IP (Transmission Controi Protocol/Internet
Protocol) and OS] (Open Systems Interconnection) protocols, has a hierarchical
structure as shown in FIG. 1. As shown, the hierarchical structure consists, at the level
of operations executable by application programs, of an application layer 16 containing
characteristics of data communications terminals, coding control function, etc.,
presentation layer 15 containing communication-oriented profiles, document-oriented
profiles, etc., session layer 14 having a control function for data transmission and
reception IDs, etc., transpért layer 13 for carrying out a transport procedure

independent of any network because the transport layer 13 is an upper layer, network

laver 12 for control of call setting. disconnection, etc. for each network. data link laver



Protocol) and OSI (Open Systems Interconnection) protocols, has a

hi erarchical structure as shown in FIG 1. As shown, the hierarchicaf
:structure consists, at the level of operations executable by application
programs, of an application |ayer 16 containing characteristics of data
comuni cations termnals, coding controp function, etc., presentation

| ayer 15 contai ni ng conmmuni cati on-oriented profiles, docunent-oriented
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software which implements the transport layer 13, and then sequentially from the
transport layer 13 to the network layer 12, from the network layer 12 to the data link
lasrer 11, and further to a lower layer. Finally, the packet is represented in the form
of an electric or light pulse for transmission from a data communications terminal.
In the conventional packaged data communications terminal, the packet is
copied from a memory only twice. That is, the memory copying is done when the
pécket is moved from the application layer 16 to the transport layer 13 in a main
memory 1 and when the packet is moved from the main mcrﬁory 1 of the data
communications terminal to a packet buffer 3 in a network interface module 11 via a
bus 5, as shown in FIG. 2. The packet is moved between other layers higher than the
data link layer 1 just by passing a pointer to a location in the main memory 1 where
the packet is stored.
In the memory copying from the application layer 16 to the transport layer 13,
a flow control is made to avoid any data loss due to a packet buffer overflow in the
tfansport Jayer 13. Namely, when the packet buffer in the &anspon layer 13 is about

to overflow, such a control will be done that the application layer 16 suspends packet

copving. However. data flow between the data link laver 11 and a higher layer will not



| ayer 16 (al so including the presentation |ayer 15 and session 14) is
transferred to a software which inplenments the transport layer 13, and
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communications protocol that the reliability of data communications is not assured for

the layers lower than the transport layer 13 and the interaction between the layers is -
minimized.

The reliability of the data communications is assured only by packet
retransmission from the transport layer 13. Therefore, even if there is no space for
packets in the packet buffers of the data link layer 11, the protocol in the transport
layer 13 does not suspend the packet transmission, thus the packets are lost and
thereafter packets are reUansmiﬁed.

Conventionally, however, a packet is generated in the application layer 16, and
transferred to the date link layer 11 via the transport layer 13 and network layer 12 at
a lower rate than the rate of packet transmission from the nctwérk interface module
2 to outside the terminal, so that there occurs little packet loss due to overflow of the
packet buffer in the data link layer 11.

The conventional data communication protocol is likely to be much deteriorated
in throughput of data communications as the terminal performance and network

function have become higher. More particularly. since the performance of the terminal



transport layer 13. Namely, when the packet buffer in the transport | ayer
13 i s about to overflow, such a control wll be done that the application

=l ayer 16 suspends packet copyi ng. However, data flow between the data
link layer 11 and a higher layer will not

3 be controlled. The packet buffers of the data link layer 11 include one
in the network interface module 2 and $ne in the main menory 1. Since no
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interaction between the layers is mnimzed. The reliability of
the data cognie’ hasuchrecase, thasis apossibilitythaptheipacket buffers of the data link layer

11 overflow, resulting in a packet loss even in the terminal.

Also, the data link layer 11 has functionally been irnproved to freely change the
packet transmission rate as in the ATM (asynchronous transmission mode). In this
case, there is a possibility that the rate of packet transmission from the data link layer
11 to outside the terminal is controlled to a low one depending upon how much
congested the network is. As the packet transmission rate is thus low, the difference
between the low rate of packet transmission from the data link lay_cr 11 to outside the
terminal and the rate of packet transfer to the data link layer 11 from a higher layer is
larger, the possibility of the packet loss will be larger.

When a packet is lost, the transport layer 13 has to retransmit a packet, so that
the data transmission throughput will be lower and the bandwidth of the network be
wasted. Particularly in a transport protocol for congestion control such as TCP, when
a packet loss is detected, the packet transmission rate is autonomously controlled to
a low one by reducing the transmission window size or the like, the data transmission
throughput will be remarkably low.

FIG. 3 shows the characteristic curve showing TCP throughput vs. maximum

transmission window size.



retransm ssion fromthe transport |ayer 13. Therefore, even if there is no
space for packets in the packet buffers of the data link layer 11, the
sprotocol in the transport |ayer 13 does not suspend the packet ’

transm ssion, thus the packets are lost and thereafter packets are
retransmtted. Conventional |y, fiowever, a packet is generated in
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batch-transmitted with response of noreception acknowledgment. Ifthe transmission
window size is increased excessively, the packet buffers of the data link layer 11
overflow, resulting in a packet loss. This is caused by the fact that a higher layer will
batch-transfer data in an amount for the transmission window size to the data link layer
11. Ifapacketislost, the availability control of TCP is put into action to largely lower
the data transmission throughput. The conventional data communication protocol is
disadvantageous in that the to-be-avoided packef Joss inside the terminal lowers the
data transmission throughput and network availa_bility. |
SUMMARY OF THE INVENTION

Accordingiy, the present invention has an objéct to overcome the
above-mentioned drawbacks of the prior art by providing a communication method
and data communications terminal in which a packet transferred between a transport
laver and a data link layer is not discarded and thus a packet is lost inside the terminal,
thereby preventing the data transmission throughout and network availability from
being lower.

The above object can be accomplished by providing a comumnunication method

in which data flow between a transport layer and a data link laver is controlled. That



4 _conmponents such as CPU, etc. has rapidly becone inproved, the rate of
‘packet transfer to the data link 11 froma higher layer is higher than
:that of the packet transm ssion fromthe network interface nmodule 2 to
outside the termnal in sonme cases. In such a case, there is a possibility
that the packet buffers of the data link layer 11 overflow, resulting in a
packet | oss even in the termnal. Al so, the data link |ayer 11 has
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second manner, a packet transmission rate of the data link layer is informed to the
transport layer which in turn will transfer the packet to a lower layer at a rate lower
than the informed one.

According to the present invention, since the flow control is done between the
transport and data link layers, no packet loss takes place inside the terminal and the
data transmission throughput and network availability can be prevented from being
lower. |
BRIEF DESCRIPTION OF THE DRAWINGS

These objects and other objects, features and advantages of the present
intention will become more apparent from the following detailed description of the
present invention when taken in conjunction with the accompanying drawings, of
which:

FIG. 1 shows a hierarchical structure of the data communication protocol,

FIG. 2 shows a configuration of the data communications terminal according
to the present invention;

FIG. 3 is a characteristic curve of the data transmission throughput attainable
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 2 shows the configuration of the data communications terminal according
to the present invention, and FIG. 3 shows the data transmission throﬁghput attainable
when the flow control according to the present invention is adopted.

As seen from FIG. 2, a communication protocol is implemented by a software
and executed by a central processing unit (CPU) 4. A packc.et to be transmitted is
generated in a main memory 1 by an application layer. The paéket is moved into a
bucket buffer3ina network interface module 2 by a software which implements a data
link layer. The packet is transmitted to outside from the términal by the network
interface module 2.

FIG. 3 shows a TCP with flow control according to the present invention and
a conventional TCP for comparison in data transmission throughput with each other.
In the TCP window size control, data transmission and reception are controlled
depending upon a number of packets (window size) continuously receivable
correspbndingly to the size of the buffer in a receiving terminal. In the conventional

" TCP. when the maximum window size exceeds about 170 kB. the data transmission



w ndow si ze is increased excessively, the packet buffers of the data |link
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being | ower. The above obj ect can be acconplished py providing a
comuni cat | mhermmmdted rate is generally same as a actual data transmussion throughput as

graphically shown in FIG. 3. Different from the conventional TCP, the TCP with flow
control according to the present invention is such that even if the transmission window
size is large, the data t_ransmission fhroughput will not be lower, as seen from FIG. 3.
This is because no packet will be lost.

First embodiment:

FIG. 4 is a functional flow chart of the flow control according to the second
embodiment of the present invention. |

The first cmbodiﬁcnt adopts the first flow control method in which when the
packet buffers of the data link layer are so higﬁly occupied that a bucket packet is
likely to overflow, it is informed to the transport layer that the data link layer should
suspend the packet transfer.

In this first method of flow control, the main memory 1 has prepared therein a
variable indicative of a probability of packet buffer overflow (will be referred to as
“buffer overflow flag” hereinafter) which can be accessed from both the software
implementing the data link layer (will be referred to ;as “data link layer program”

hereinafier) and the software implementing the transport laver (will be referred to as
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layer program will set or raise a buffer overflow flag (at Step 201). On the other hand,
the transport layer program checks the buffer overflow flag before transferring a
packet to a lower layer (at Step 211) to discriminate whether or not the flag is set and
suspend the packet transmission if the flag is set (at Step 212). Thereafter, when the
occupancy of the packet buffers of the data link layer is below a threshold T2, the data
link layer program lowers the buffer overflow flag (at Steps 203 and 204), revokes and
requests the transport layer program to resume the packet transmission (at Step 205).
It should be noted that the thresholds T1 and T2 are a value (T1> ;1“2) depending upon
the characteristic of the netwqu interface module 2. Whén knowing the arrival from
the data link layer of the request to resume the packet transmission (at Step 214), the
transport layer program will resume the packet transmission (at Step 215). Then, the
transport layer will transmit packets (at Steps 211 and 213) while making sure that no
_ buffer overflow flag is set for the data link layer, until there exists no further packet
to be transmitted (at Step 216).. |
Second embodiment:
The second embodiment of the present invention employs the second method

of flow control in which a packet transmission rate of the data link layer is informed
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obj ects, features and advantages of the present intention will becone nore
;apparent fromthe follow ng detailed description of the present invention
when taken in conjunction with the acc anyi ng draw ngs, of which:

FIG 1 shows a hierarchical structure 8‘¥@t he data communi cati on protocol;
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In this second method of flow control, when a data transmission is started, the

data link layer program will first inform the transport layer program of a rate of data
transmission from the data link layer. Also, after the data transmission is started, each
time the rate of data transmission from the data link layer changes, the data link layer
program will inform the transport layer of the new data transmission rate. The
transport layer program has provided therein a traffic shaping function, that i§ to say,
a function to control the rate of data transmission to a lower layer, so that t:acket_
transfer is done at a rate lower than the data transmission rate of the data link layer.

More particularly, to control the rate of packet transfer from the transport layer
to the data link layer to a predetermined value Rt lower than the rate of packet transfer
from the data link layer, the transbort layer transfers a packet to a lower layer at a time
only when a total Psum + P of a sum Psum of data for packets having been
transmitted for a period from a time t - until t and a size P of a packet about to be
transmitted is smaller than a value Rt x (1 - s) + Bmax which is determined based on
a packet transfer rate Rt and maximum burst size Bmax at the time t - s after the first
transfer of packet. In other cases, no packet transfer is done before a time t’ after the
time 1 at which the above conditions are met, and at the time t’, a packet transfer is
done, théreby attaining the above object.

FIG. 5 is a flow chart of a traffic shaping according to the second embodiment



FIG 4 is a functional flow chart of the flow control according to a first

enbodi ment of the present invention; and FIG 5is a flowchart of a
.traffic shaping according to a second enbodi nent of the present invention.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FIG 2 shows the

configuration of the data communicationg;termnal according to the present
I nvention, and FIG 3 shows the data transm ssion throughput attai nable

when the flgwﬂfe%pe%&{tﬁc&%qi ng to the present invention is adopted.
As seen from , a conmuni cation protocol is inplenented by a software

and executed by g-.eglgepé@gédﬂ&? SRohRGnYYG. § hb)sebond’ mafdeessf flewdeontrol is
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ot her. The transport layer program has two parameters: Data trans?erp rate Kt and
maximum burst size Bmax, and a token T being a variable. The initial value of the
token is equal to the max1mum burst size Bmax. Conceptually, the token increases at
the data transfer rate Rt as the time passes but not above the maximum burst size
Bmax.
| After idling (at Step 100), when a packet arrives from the application layer (at
Step 101), first the token T is renewed (at Step 103). Namely, the token T is renewed
to a value T = min(Bmax, T + Rt x (t - tp)) where t is the current time and tp is the
preceding time of packet transmission. |
Next, the packet size P ia compared with the token T (at Step 104). When P <
T, a packet is transmitted (at Step 106). When the packet is transmitted, the token T
is decreased by the packet size P (T = T - P). After the packet transmission, it is
judged whether there exists a packet to transmit (at Step 107). If there is no further
packet to be transmitted, the operation returns to the idling status (at Step 100). When
there remains a packet or packcls to transmit, the packet transmission is processed for

time-out (at Step 102 )-

On the other hand. if the result of comparison shows that the token T is smaller



In the TCP wi ndow size control, data transm ssion and reception are
controlled dependi ng upon a nunber of packets (w ndow size) continuously
_receivable correspondingly to the size of the buffer in a receiving
termnal. In the conventional TCP. when the maxi num wi ndow si ze exceeds
about .170 kB. the data transm ssion 12

8 throughput is lower. On the contrary, the TCP with fl ow control

according to the present.d R DRI at whidinthecaken (This ldsgex than P is
transni ssi oﬁh?‘hﬁaﬁlé’h%ﬁi%m's{ﬁ%lhleomeri ng thereof In the TCP with flow

control . funciionaho KeEp. Tifi] ghercth ifiaiie-du il il  dmelongthrunt o |

| ayer at a ¢@ toa conventional TCP. The designated

rate is generally sane .as ag‘Ctiﬁé}dat a transm ssion throughput as
gr aphi cal | y tsheratt pperptien (af Step ent fromthe conventional TCP, the TCP

with flow control according to the present .inventi ' i f
the transmi ssion Whmithﬂﬁmc'gm °P°fat$° Is done, a timé-out prodessing Hfs (Ji%ic;ﬂ@.’),

the transport layer programis revoked and the packet transfer is resumed (at Step 101).

It should be noted that the data transfer rate Rt has to be lower than the data
transmission rate R1 of the data link layer tﬁat is_ informed from the data link layer.
Also, note that the maximuin burst size Bmax should be smaller than Buf x (Rmax -
R1)/Rmax where Buf is a packet buffer size in the data link layer and Rmax is a
maximu.m rate of transfer from the transport layer to a lower layer to avoid a buffer
overflow at the data link layer. |

As having been described in the foregoing, the present invention provides a flow

control between the transport layer and data link layer so that no packet is lost in the

terminal, whereby it is possible to prevent the data transmission throughput and

network availability from being lower.
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said data communication protocol being such that data flow between the transport and
data littk layers is controlled by informing the transport layer that the data link layer
should suspend a packet transfer from tl'te transport layer to the data link layer via the
‘network layer when the bucket buffer in the data link is likely to overflow, or by
informing the transport layer of a packet transmission rate of the data link layer and
trartsferring the packet from the transport layer at a rate lower than the informed
packét transtnission rate.
2. The method as set forth in Claim 1, wherein the flow control is done through
information by the data link layer of the transport layer of an instruction to suspend the
packet transfer when the availability of the bucket buffer in the data link layer is larger
than a first thréshold, and then through request by the data link layer to he transport
layer to resume the packet transferred when the availability of the packet buffer 1s
smaller than a second threshold smaller than the first threshold.
3. The method as set forth in Claim 1, wherein the flow control is done by
transferring from the transport layer a packet tu a lower laver only when a total Psum
+ P of a sum Psum of data for packets having been transmitted for a period from a

time 1 - s until t and a size P of a packet about to be transmitted is smaller than a value

-
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9 "transport

.operations of the transport |ayer program Wen the occupan

opérat] onarof the data | ink | ayer program and FIG 45 iﬁoiﬂi}mm!m|ﬂ||l|u|||||
S * :{

ratio of the bucket buffers of the data |ink layer is below a threshold T1,
the data link layer programw || set qr, raise a buffer overflow flag (at

Step 201).
buffer over
Step 211) t

On the other hand, the transport |ayer program checks the

Qw f | Syl Ridriifled bagsiL b@ta packat kransfer irateeRt and
id‘i gc'r m+na g&%%%ﬁgfhor notcthe flag ig set and suspend the

PacK et L At byt Sif¢ Bridat theithe (31s Fi@Rhe ot rakfsrestigacket, boebyt he
t he

occupancy ofMaXHBUT

%t[Slbil ers o

ata link layer is below a threshold

T2, the data |ink 'a»yerhggg%&gém@,ggﬁqgg, {\ggam& fY pedre dhee 4fér Beeps

203 and 204)ransfegsige sAt

nSport [ayer programto resune

t

t he packet transmission (at Step,205). It should,b { t.h
L & atﬂgé ﬁgle tﬁgB cbifol the

t hr eshol ds Titnearad whichathe aovererdipiqns are

characteristic of the network interface nodule 2 atXY]Lﬁrc] knowanﬁ_eaggn%{r{chval

from

rate of packet transfer from the transport layertothe d layer to

value Rt smaller than the rate of packet transfer from the data link layer.

4, A data communications terminal having a central processing unit, main memory

and a network interface module connected via a bus between the central processing

unit and main memory, the flow control as set forth in any of Claims 1 to 3 being done

by the central processing unit.
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the data link layer of the request to resune the packet transm ssion (at
Step 214), the transport layer programw || resune the packet transm ssion
-(at Step 215). Then, the transport layer will transmt packets (at Steps
211 and 213) while making sure that no buffer overflow flag is set for the
data link layer, until there exists no further packet to be transmtted

(at Step 216). ~ Second embodi ment: The second enbodi nent
of the present. invention enploys the sggond nethod of flow control in
whi ch a packet transm ssion rate of the gata l'ink layer is inforned

10 to the transport layer which in turn will transfer the et gt
| over | ayercoMMUNTCATEION METHOD)aANDh DATA! EOMMUNIFATIONS TERMEﬁXF‘m 14 2gcond

met hod of 1 QY COnldRlun ¥ Tok $HOTOCOL FORS INTER-SAYER: FEOW CANTROL

ABSTRACT OF THE DISCLOSURE

A data communication protocol is implemented to control-data flow between
a transport layer and a data link layer. The protocol provid_es two manners of data flow
control. (1) In the first control manner, when the occupancy of packet buffers of the
data link layer is smaller than a first threshold, the data link layer informs of the
transport layer that the packet transport should be suspended, and thereafter when the
occupancy is smaller than a second threshold smaller than the first bne, the data link
layer requests the transport layer to resuﬁe the packet transfer. (2) In the second
control manner, when the amouﬁt of packets is smaller than a valuc.: determined based
on the transfer rate and maximum burst size, the transport layer transfers a packet to
a lower layer, and when the packet amount is larger than the value, a packet is
transferred after a predetermined time passes to control the transfer rate to a

predetermined one.

. Figure 4B
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data link layer programw ||l first informthe transport |ayer programof a
rate of data transmssion fromthe data link layer. Al so, after the data
.transm ssion is started, each tine the rate of data transm ssion fromthe
data link |layer changes, the data |link layer programw Il informthe
transport layer of the new data transm ssion rate. The transport |ayer
program has provided therein a traffic shaping function, that is to say, a
function to control the rate of data transmission to a |lower |ayer, so that
packet transfer is done at a rate |l ower than the data transm ssion rate of
the data link |ayer. More partilgdl arly, to control the rate of
packet transfer fromthe transport layer to the data link layer to a
predeterm ned value Rt lower than the rate of packet transfer fromthe
data link layer, the transport layer transfers a packet to a |ower |ayer at
atinmne only when a total Ps m df_gata for packets havin
been transmtted for a peri¢d NS%?éAﬁO}EE%‘?EH untiT t and g size P of ag
packet about to be transmtte 1 apajge Rt x (t - s) + Bmax
which is determ ned based on ﬁ%%sc ‘;y;rx‘lnlt'qﬂi?ﬂ te Rt and maxi mum bur st
size Bmax at the time t - s gfter sglgr,géun_ﬂysﬁrans#e”of packet. | n other
cases, no packet transfer is |done -before—a—t+re—t+- after the

TRANSPORT LAYER  [—1
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DATA LINK LAYER 117
PHYSICAL LAYER —10

0
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tine t at which the above conditions are net, and at the tine t',

a packet
transfer is done, thereby attaining the above object. FIG 5is a
-flow chart of a traffic shaping according to the second enbodi nent
of the present invention. In the enbodi nent shown in FIG 5, the

second nmethod of flow control is effected for an arbitrary period S[err]
fromthe packet transmssion start tinet - s until the current tinmet in
t he expression for determ nation of when packet transm ssion is done.
The transport |ayer programhas two paraneters: Data transfer rate Rt and
maxi mum bur st size Bmax, and a token T 2 ing a variable. The initial value
of the token is equal to the maxi mum B gst si ze Bmax. Conceptually, the

token increases at the data transfer rate Rt as the tinme passes but not
above the maxi mum burst size Bmax.
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After idling (at Step 100), when a packet arrives fromthe application

| ayer (at Step 101), first the token T is renewed (at Step 103). Nanely,
‘the token Tis renewed to a value T =mn(Bmax, T + Rt x (t - tp)) where t
is the current time and tp is the preceding tinme of packet transm ssion.
Next, the packet size P ia conpared with the token T (at Step 104). \Wen P
< T, a packet is transmtted (at Step3166). When t he packet is
transmtted, the token T is decreased by the packet size P (T =T - P).
After the packet tranmsmssion, it7i1s judged whether there pxists a packet

to transmt (at Step 107). hF—there is no further packet tp be
transmtted. the operationxxeturhs to the idling status (at| Step 100). Wen
there remains a packet or papKPtk to transmit. the packet tfansmission is
processed for tinmerout (at Stagp 102) . On the other{hand. if the
resul-t of conparison shows th he token T is smaller
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12 - than P. no packet is transmtted. A time at which the token T is-|arger
than Pis <calculated (to =t + (P - T)/Rt) where tois atinme-out tine to
‘set atime length until the tine-out operation (at Step 105). When
the tine-out operation is done, a time-out processing starts (at Step 102),
the transport layer programis revoked and the packet transfer is resuned
(at Step 101). It should be noted that the data transfer rate Rt
has to be lower than the data transm ssion rate RL of the data |ink |ayer
that is informed fromthe data link layer. Also, note that the maxi num
burst size Bmax should be smaller than4paf x (Rmax - R )/Rmax where Buf is
a packet buffer size in the data link layer and Rrax is a maxinmumrate of
transfer fromthe transport layer to a |ower layer to avoid a buffer
overflow at the data |link |ayer. o) havi ng been described in the

f oregoi ng, the present %ufem\i on pr.ovi i2fl ow control between the
transport |ayer and date|igK | ayer so th 0 packet is lost in the
termnal, whereby it is ‘pp_s,a e to pre
throughput and network pg@fability frd
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echod with a data |BECLACEM ‘E' N"sErsE HEET] @l\lllt“l\lalﬂ \\WNSTT% S??aﬁgzmaooo
rom a

structure consisting pf, ove, &n wmpplic¢ation |@ay
presentationlayer, ; %g@l ont | ayer, transport | ayer, gqgr k9 COP)’
Iiﬁi Iayer and fa physical l|ayer, said data

| ayer, data
conmuni cati on protogol hgt data flow bet ween the

transport and data fink layers is |10 controlled by informng the
transport Iayer of a packet transh?ssion rate of the data Iink
| ayer and transferring %he packet fromthe transport |layer at a
rate | ower than WﬂéTlﬁsoFﬁéaMEQCE f transm ssion rate. 2. The
method as set forth in Caim1l, wherein the 15 flow control is done

by transferring fromthe transport e CkBhmhifiaatewer
| ayer only when &- totﬁlcﬁgﬁﬁplgatlon megpogfwheéu%]gsgﬁ]§§ data for packets

having been protocblahaviinged hderarpbiced EEBHPRUEENEORSASEAPE| Of rand
2 5 from above, an application layer, presentation layer,
session layer, transport layer, network layer, data
1ink layer.and a physical layer, said data
tcommunlcatlon -protocol being such that: data” flow
between the transport.and data link layers is
10 controlled by informing the tramsport layer of a packet
cransmission-rate of the data link layer and
~ transferring the packet from the-transport layer at a
rate lower than the informed.packet transmission rate.
2. The method.as set forth in Claim 1, wherein the

15 flow control is done by transferring from the transport
layer a packet to a lower layer only when a total Psum
+P of a sum Psum of data for packets having been
transmitted for a period from a time t-s until t and a
.size P of a packet about to be transmitted is smaller

20 than a value Rt X (t-s) + Bmax which is determined
based on a packet transfer rate RC and maximum burst
size Bmax at the time t-s after the first transfer of
packet, but by transferring, in other cases than above,
no packet transfer before a time t!' after the time t at

25 which the . above conditions are met, and a packet at the
time t', to control the rate of "packet transfer from
the transport layer to the data link layexr to a
predetermined value Rt smaller than the rate of packet
transfer from the data link layer.

30 3. A data communications terminal having a central
processing unit, main memory and a network interface
module connected via a bus between the central
processing unit and main memory, the flow control as
get forth in Claim 1 or 2 being done by the central

35 processing unit.
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Size P of a packet about to be transmitted is smaller 20 than a
value Rt x (t-s) + Bmax which is determned: - based on a packet

t ransfer rate Rt and maxi mum. bur st size Bmax at the tine t-s
after the first transfer of packet, but by transferring, in other
cases than above, no packet transfer before a tine t' after the tine t at
25 whi ch the above conditions are net, and a packet at the

time t', to control the rate of packetjfransfer from t he
transport layer to the data |link layer to a : pr edet er mi ned val ue
Rt smaller than the rate of packet transfer fromthe data |ink
~layer. 380MMUNBCATION GETHOID, TAND OATAC COMMBNICAZIONSY TRBMENAE Nt WETH

processi ng “”bé%ng@amﬁcﬁ{'%lﬁ)ﬁﬂd@%ﬂ HiveERAEAYER FLOW CONDROLE

connected via et ween e central processing unit and
mai n menory, the flow contral "set forth in Claiml or 2 being

as
done by t he ARBNRACT OF3EHE DISGLQSRENg unit .

A data communication protocol 1s implemented to control-data flow between
a transport layer and a data link layer. The protocol providps two manners of data flow
control. (1) In the first control manner, when the occupancy of packet buffers of the
data link layer is smaller than a first threshold, the data link layer informs of the
\ q/ transport layer that the packet transport should be suspended, and thereafter when the
occupancy is smaller than a second threshold smaller than the first one, the data link
layer requests the transport layer to resume the packet transfer. (2) In the second
control manner, when the amount of packets is.smaller than a value determined based
on the transfer rate and maximum burst size,‘the transport layer transfers a packet to
a lower layer, and when the packet amount is larger than the value, a packet is
transferred after a predetermined time passes to control the transfer rate to a

predetermined one.
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