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for Open Systems Interconnections,"IEEE Transac- tions on Communications,
April 1980. The model Background of the Invention
architecture consists of seven layers, namely: physical, data link,
network, transport, sessions, Field of the Invention
5   presentation and application layers. The present invention mainly
concerns the transmission ser- The present invention relates to computer
net-  vices layer of SNA, which relates to the methods works in general and
more particularly to protocols  used to transmit information across the
network. and techniques that improve the flow of information   People who
design computer networks are al- within said networks.
10   ways looking for ways to control the flow of data in the network.
Formats and protocols are used to Prior Art
control the flow of information between network entities or network nodes.
Whereas protocols refer The use of computer network systems for pro-   to
the total set of rules that govern information cessing and transmitting
data is well known in the  15  exchange within the network, formats govern
the prior art. A typical computer network system con-  structure of the
exchanged message. The prior art sists of at least one host computer
running under  sets forth several formats and protocols used to some type
of operating system, communication       improve information flow. For
example, US Patent controllers, communications media and a plurality
4,205,200 describes a technique for controlling the of end users
(terminals, printers, displays, etc.).  20  size of bytes making up a field
of data to be The host computer is connected, via communica-     serially
transmitted from one station to another. tions media, to either a
communication controller or  Each message carries a first pre-header byte
that an end user terminal. The communication controller  contains
information as to whether or not a change interfaces with other
communication controllers or  in the byte size of the data field is to
occur and a end user terminals via communications media. The  25  second
pre-header byte that contains information communications media may be
telephone lines,       representative of the size of the change. US Patent
channels, satellites, etc. By entering a request at a  4,410,889 sets forth
a technique for synchronizing user's terminal, the user may extract data
from the  stations that transmit variable length messages. US host
computer. Similarly, a user may enter informa-  Patent 4,527,267 describes
a technique for cou- tion on a terminal and have it transmitted to the   30
pling the X.25 access protocol and the internal host computer for
processing and/or to another     protocol of a utilization device. The X.25
access terminal in the network.                           protocol contains
a D-bit that indicates whether an In addition to the physical structure,
the prior  acknowledgement of packet communication can be art computing
systems are controlled by a system   local or must be end-to-end. Finally,
US Patents architecture which ensures the orderly flow of in-  35
4,517,669 and 4,519,068 describe formats for car- formation throughout the
system. The prior art de-  rying variable length messages between units of
a scribes several types of architectures. For example,  communications
system. an overview of the architecture used in computer      Session-level
pacing is another prior art tech- networks is given in an article entitled,
"Computer  nique used to control the flow of information in a Network
Architecture," by S. Wecker in Computer,  40  communications network.
Session level pacing al- September 1979. Another overview, including a de-
lows a receiving logical unit (LU) in a structured scription of System
Network Architecture (SNA) is  architecture, such as SNA, to control the
rate at given in an article entitled, "An Introduction to  which it
receives data from a sending LU. In the Network Architectures and
Protocols," by P. E.     past, pacing was done on a static basis. The re-
Green and printed in the IBM Systems Journal,  45  ceiving LU controls when
the sending LU may send Vol. 18, No. 2, 1979. In these articles, the
various  a window of packets, but the number of packets in computer
networks such as SNA, DNA, ARPANET,       a window is fixed at session
activation and cannot etc. are described by means of hierarchical ar-    be
adjusted dynamically. A more detailed descrip- chitectural layers, where
the lowest layer relates to  tion of session-level pacing is given in
Systems the physical communication lines interconnecting   50   Network
Architecture Format & Protocol Reference various user nodes of the network
and where the    Manual: Architecture Logic (SC30-3112). highest level
concerns the conversation per se        Even though fixed session-level
pacing works between the various end users of the network.      well for
its intended purposes, it creates unnec- In an attempt to standardize
network architec-  essary constraints on the systems. The constraints ture,
the International Organization for Standardiza-  55  are particularly felt
by systems that usually have tion (ISO) has adopted a model that is
described   relatively limited resources (such as storage, etc.) by Hubert
Zimmerman in an article entitled, "OSI   but still must service a large
amount of data. Such Reference Model - The ISO Model of Architecture
systems require more flexible control over their 3    
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than that which is afforded by   the reset window indicator set on. This
causes the fixed session-level pacing.                        sender to
halt transmission, set the current window size to zero, reset the next
window to the size Summary of the Invention
specified by the receiver, and return to the receiver 5   a "reset
acknowledgment" IPM. The reset acknowl- It is, therefore, the general
object of the    edgment contains the window size from the re- present
invention to provide an apparatus and      ceiver's unsolicited IPM,
confirms the size of the method that controls the flow of information more
new window, and indicates that no more data from efficiently within a
computing network.           the old window is forthcoming. After sending
the It is a more specific objective of the present  10  reset
acknowledgment, the sender begins sending invention to provide protocols
and formats that al-  the new window. low a receiving session partner to
control the win-   It is possible for the receiver to completely halt dow
size of incoming information.                  the flow of data by sending
an unsolicited IPM with The objectives of the present invention are
next window size equal to 0. When the receiver achieved by providing an
adaptive session pacing   15  recovers, it sends a solicited IPM with next
window mechanism  with a pacing request message, an       size greater than
0, which allows the sender to isolated pacing response message and an
isolated   resume transmission. pacing reset acknowledgment message. The
iso-         The receiver must make an allowance for the lated pacing
messages (IPMs) enable the receiver   data capacity of the communications
media in its to control the window size of messages.      20  next window
size algorithm. Too large a window The basic isolated pacing message format
in-    wastes buffer resources, and too small a window cludes a type field
that carries a sequence of bits  lowers throughput. The sender detects
conditions indicating the type of IPM, a reset window indicator  when the
current window is too large or too small that carries a bit which, when
set, indicates that the  and relays this information back to the receiver
by sender must stop sending data immediately, and a   25  setting the
request larger window indicator. The next window size field that carries a
sequence of  request larger window indicator only appears in the bits
indicating the number of packets a sender may  request header of the first
packet of a window sent send in the next window.
to the receiver (the pacing request), and is not Generally, a sending node
transmits to the      defined in a response. The receiver factors the
receiving node a pacing request having information   30  sender's request
for a larger window into its cal- including use data in the Request Unit
(RU) field  culation of the size of the next window, and if it can and the
Pacing Indicator (PI) bit set in the Request  commit the resources,
increases next window size Header field. If the sending unit is able to
send  in the solicited IPM it returns to the sender. data faster than the
receiver is currently receiving  The sender detects that the communications
it, it may turn on a bit called "Request Larger  35   media can provide
greater throughput than the Window Indicator" (RLWI) indicating that it
could  window size permits if the sender sends an entire use a larger
window size than it currently has. The  window, still has data to send, and
has not yet Pi and RLWI bits are located in the Request Head-  received the
solicited IPM. In this case, the sender er (RH) field of the packet.
sets on the request larger window indicator in the In response to this
packet (the first in the   40  first packet of the next window sent to the
receiver. pacing window), the receiver generates and trans-     The sender
detects that the size of the window mits a solicited IPM. The receiver
specifies next  is too large for the communications media capacity window
size, which refers to the size of the window  if the solicited IPM arrives
before the sender fin- following the window the sender currently is send-
ishes sending the entire window. Also, any time the ing, to be greater than
0. The sender finishes   45  sender does not have more than a window's
worth sending the packets in the current window and then  of data to send,
a larger window is not needed. In sets the size of the next window to the
number     either case, the sender sets off the request larger indicated by
the receiver in the solicited IPM. The  window indicator in the first
packet of the next receiver calculates next window size according to
window. the resources it is willing to commit, and may   so   The foregoing
and other objects, features and increase or decrease the size of the window
with   advantages of the invention are more fully de- each solicited IPM.
The preferred minimum allowed  scribed in the accompanying drawings. size
of the window may be established at session activation.
Brief Description of the Drawings At times the receiver may experience a
critical  55 shortage of resources, such as storage, and must      Fig. 1
shows the format for the IPM according change the size of the window
immediately. In this  to the teachings of the present invention. case the
receiver sends an "unsolicited" IPM with 4    



5                 EP 0 249 035 B1                    6 Fig. 2 shows a flow
chart of a computer pro-    (such as 66 and 68, or 70 and 72) communicate
gram, at a data sender, for generating a pacing    over a logical
connection called a "session". In Fig. request and sending data.
7 the respective sessions are identified by nu- Fig. 3 shows a flow chart
of a computer pro-    merals 74 and 76, respectively. Although each LU
gram, at a data sender, for processing a received   5   is shown
interconnected by a single session only, it IPM.
should be noted that multiple sessions can be Fig. 4 shows a flow chart of
a computer pro-   established between two LUs. Information relative gram,
at a data receiver, for processing a received  to a session and its
establishment is well known in pacing request message.
the prior art. Therefore, detailed information will not Fig. 5 shows a flow
chart of a computer pro-  10  be given here. Suffice it to say that a
session is gram at a data receiver for handling a buffer short-
established when one LU sends another an SNA age.
request known as the "BIND" which specifies the Fig. 6 shows a flow chart
of a computer pro-    protocols that both partners agree to abide by for
gram at a data receiver for processing a received  the duration of the
session. The "BIND" sender reset acknowledgment IPM.                     is
and receiver are known respectively as the primary Fig. 7 shows a logical
representation of a com-  LU (PLU) and secondary LU (SLU). A more de- puter
network. The IPM of the present invention   tailed description relative to
session establishment, can be used to control data flow within the network.
etc. can be found in Systems Network Architecture Fig. 8 shows a block
diagram of the physical    Format & Protocol Reference Manual: Architecture
components of a computer network.              20   Logic (SC30-3112). A
block diagram showing the physical compo- Detailed Description of the
Preferred Embodiment   nents of a T2.1 computing network in which the
invention can be used is given in an article entitled, The invention to be
described hereinafter is   "SNA Networks of Small Systems," IEEE Journal
intended to be a general informative message that  25  on Selected Areas in
Communications. Vol. SAC-3, controls the flow of information throughout a
com-  No. 3, May 1985. puter network. This being the case, the use of this
Fig. 8 is a block diagram of the physical com- invention is not restricted
to any specific type of  ponents in a computing network. The LUs of Fig. 7
computer network. However, it works well with the  are housed in the nodes
of Fig. 8. In traditional IBM SNA architecture and as such will be de-  30
SNA networks, nodes are categorized as: sub-area scribed in that
environment. However, this should  nodes which correspond to hosts (also
known as not be construed as a limitation on the scope of the  type 5 (T5)
nodes), 37X5 controllers (type 4 present invention since it is within the
capabilities  nodes), which can route packets from one node to of one
skilled in the computing art to use the     another, peripheral nodes,
which correspond to invention as is disclosed herein or with slight modi-
36  small processors, cluster controllers, and terminal fication to control
the flow of information in other  devices (T2, sometimes T1). T1 and T2
devices types of networks.                                 are attached to
the network by sub-area nodes that Fig. 7 is a conceptual representation of
a typi-  provide boundary functions for all communication cal SNA network
in which the flow control protocols  with other nodes. The path control
network (Fig. 7) (to be described hereinafter) can be used to pace   40  is
implemented by the physical network (Fig. 8) of the flow of messages. SNA
network 62 includes a    interconnecting nodes and links. path control
network 64 and a plurality of logical    Still referring to Fig. 8, the
path control network units (LU) 66, 68, 70 and 72. Each of the logical
includes domain A and domain B interconnected to units couples a user to
the SNA network. Thus, LU  each other by a gateway. Domains A and B have 66
couples user 66' to the path control network 64,  45  identical structure
and components. Therefore, for LU 68 couples user 68 to the path control
network  brevity of description, only domain A will be de- 64 and so forth.
Although not shown, each of the   scribed in detail. A skeleton
representation of the LUs is provided with application programs, I/O de-
components in domain B is shown to describe the vices and associated data
bases. Furthermore, the  interrelationship between the two networks. The
LUs are structured so that their interfaces to their  50  network includes
a host processor 1 located at respective application programs (not shown)
are    node A (domain A) and a host processor 9 located user friendly while
their interfaces to the path con-  at node B (domain B). The host
processors may be trol network are such that messages are efficiently  any
conventional host computers. In the preferred formatted for transmission in
the network.         embodiment of this invention the host computers As
stated above, the LU is the end user's  55  are IBM System 370. The host
processor 1 in- interface to an SNA network. LUs are attached to   cludes
an operating system 17, a plurality of ap- the path control network, which
is responsible for  plication programs 13, and a virtual telecommuni-
addressing and routing data packets. Two LUs       cation access method
(VTAM) 12. A logical unit 5    



7                 EP 0 249 035 B1                   8 (LUa) couples the
application program to VTAM.    the well-known SDLC protocols are used for
com- The structure of LUa is identical to the structure of  municating over
link 21. Similarly, communication the above described LUs. Essentially, LUa
accepts  controller 2 is connected over link 25 to a remote instructions
and commands from an application     communication controller 6 and by
means of links orogram, formulates a message and transports the   5   22',
23 and 24' to terminals 31, 32 and 33, respec- message from node A to node
B. The number of    tively. A cross domain link 26' interconnects the RUs
(to be described subsequently) that are al-   communication controller to a
remote controller 11 lowed to flow between node A and node B could    in
domain B. The remote communication controller be controlled by the teaching
of the present inven-  11 is connected to host processor 9 by commu- tion.
10  nication controller 10. The communication control- VTAM contains a
system service control point  lers in domain B use control programs similar
to (SSCP) component 14. VTAM is an IBM commu-        those that are used
with the communication con- nication access method that is well known in
the  trollers in domain A. prior art and as such details will not be given.
Each element in the network of Fig. 8 that can Suffice it to say that the
system service control  15  send or receive data is assigned a network
address point 14 is a component of VTAM that manages a    and is known as a
network addressable unit (NAU). domain of the network. The SSCP performs
func-    The network address uniquely identifies the ele- tions such as
bringing up the network, shutting it  ment, regardless of whether the
element is a de- down, assisting and establishing and terminating  vice
such as a terminal or terminal control unit, the communication between
network addressable  20  programs such as VTAM application programs, a
units, utilizing the algorithm to be described subse-  cluster controller,
a host processor or a portion of quently for formulating transportation
units and  an access method, such as VTAM. The network reacting to network
problems (such as failure of the  address is combined with other
information neces- link or control unit). To perform these functions, the
sary to route data to its destination. SSCP communicates with physical
units (PUs) and   25  It should be noted that SNA defines three logical
units (LUs). Usually, the communication is  types of network addressable
units, namely; Sys- within its own domain. A more detailed description  tem
Service Control Point (SSCP), physical units of the VTAM/SSCP component is
given in "General   (PUs), and logical units (LUs). In Fig. 8, the encir-
Information for Virtual Telecommunication Access  cled PU represents a
physical unit. It is a portion of Method" (GC27-0463 and GC27-0462).
30  the device, usually programming or circuitry or Still referring to Fig.
8, a communication con-  both, that performs control functions for the
device troller 2 is attached to the host 1 via channel 16,  in which it is
located and, in some cases, for and local cluster controller 4 is attached
over chan-  devices that are attached to the device that con- nel 15 to the
host. The communication controller is  tains the PU. For the device under
its control, the a transmission control unit with processing being   35
physical unit takes action during activation and controlled by a program
product called "Advanced  deactivation, during error recovery and resetting
Communication  Function/Network  Control Pro-     synchronization, during
testing, and during gather- gram" (ACF/NCP). The program product resides in
ing of statistics and operation of the device. Each the CPU of the
controller. The ACF/NCP commu-     device in the network is associated with
a physical nication controller is well known in the prior art and   40
unit. In the local cluster controller 4 there is a as such details will not
be given. Suffice it to say  physical unit 41 and in the remote cluster
controller that the main purpose of the network control pro-  5 there is a
physical unit 51. There are also phys- gram is to transmit data received
from the host  ical units in the local communication controller 2 processor
to terminals, clusters, or other NCPs and  and the remote communication
controller 6. to receive data from the terminal clusters or other  45  A
logical unit (LU) is a device or program that NCPs and sends it to the
host. The NCP can        an end user (such as a terminal operator and/or
I/O process data in various ways as it passes through  mechanism) uses to
access the network. The logi- the controller. In controlling the flow of
data, the  cal unit may be hardware and/or programs. Within NCP must
interact with portions of the controller  a structured protocol such as
SNA, the logical unit hardware.                                    so
comprises the presentations services (PS), data On the line side, the NCP
interacts with the  flow control (DFC), and transmission control (TC)
communications scanner (not shown) and on the     layers. For purposes of
description, the logical unit channel side it interacts with the channel
adapter  may be viewed as an access port into the network. (not shown). A
more detailed description of the   The logical unit may or may not be the
original controller and its associated control programs is  55  source of a
message. The information upon which given in the above referenced manual.
a request is based may have originated at the The communication controller
2 is connected   device controlled by the logical unit. Similarly, the to
remote cluster controller 5 by link 21. Preferably,  network sees a logical
unit as a destination of a 6    
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A detailed description of the RU  sender in a pacing request to indicate
that it could and its relevancy to the present invention will be  use a
larger window size than it currently has. The given subsequently. In Fig.
8, a logical unit is   data sender determines that it can use a larger
shown as an encircled LU. In the local cluster     window when it receives
an isolated pacing mes- controller 4, there are two logical units 42' and
43.   5   sage, has data that needs to be sent and has no LU 42' controls
device 44 while LU 43 controls     pacing count (to be described
subsequently) to device 45. Similarly, cluster controller 5 contains  send
it The data receiver will increase the size of logical units 52-54,
controlling devices and loops  the next pacing window if it has the buffers
avail- 55-57. Each of the terminals 31-33 includes PUs    able to do so.
34-36 and LUs 37-39.                          10      A new RU is defined
for IPMs: A type field Fig. 1 is a graphical representation of a basic
comprising bits 0 and 1 in byte 1. In the preferred link unit (BLU) format
according to the teachings of  embodiment of this invention there are three
possi- the present invention. The BLU routes messages     ble settings for
type: (data and control information) throughout the com-  0,0 represents a
solicited IPM. The solicited IPM is puting network of Figs. 7 and 8. Each
node in the   is  sent by the data receiver in response to a pacing above
described computing network is fitted with   request. The solicited IPM
carries the value to be an intelligent device, which may be a computer,
used as the next window size. This value is always microprocessor, CPU,
etc. The intelligent device is  a positive number. programmed to generate
and process the BLU (to        0,1 represents an unsolicited IPM. The un-
be described hereinafter). Referring again to Fig. 1,  20  solicited IPM is
sent by the data receiver when it the BLU includes a link header (LH),
transmission  needs to change the current buffer allocation for header
(TH), request response header (RH), re-     this session. It carries the
value that is to replace quest response unit (RU) and link trailer (LT)
fields.  the next window size. This value is always a non- The fields are
concatenated together and carry vital  negative number. If a 0 is placed in
the next information that is used for routing the message   25   window
size field (to be described subsequently), through the network.
the sending node will complete the current trans- The link header field,
transmission header field,  mission and discontinue all future
transmission. and link trailer field are well known in the prior art.  1,0
represents a reset acknowledgment. The Therefore, detailed descriptions of
these fields will  reset acknowledgment IPM is sent by the data not be
given. Suffice it to say that the transmission   30  sender in response to
an unsolicited IPM. It carries header field carries information that is
used by path  the next window size that the data sender had control to
route message units through the network.  received in the unsolicited IPM.
The reset acknowl- Information such as the addresses of the origin and
edgment IPM flows at the same priority as session destination network
addressable units (NAUs), ex-  traffic so that when it is received the
buffer man- plicit route number, and a virtual route number are  35  ager
at the data receiver can free all buffers al- placed in the transmission
header field. The link  located to the session except for the number in the
header and link trailer fields carry information that  unsolicited IPM's
next window size. The buffer is used by link control. A more detailed
description  manager controls the allocation of resources such of the
fields is given in the IBM SDLC General     as buffers, etc. at the data
receiver. Information Manual (No. GA27-3093).           40      Bit 2 of
the first byte is the reset window The basic link unit, when encoded
according to  indicator. This indicator is turned on by the data the
teachings of the present invention, is called an  receiver to inform the
data sender that it is to set isolated pacing message (IPM) or a pacing
request.  the residual pacing count (to be described subse- These are used
for pacing messages between a       quently) to zero for the current window
before sending and a receiving node. The coding changes   45  using the
next window size carried in this IPM. If are made in the RU and RH fields.
The RH field    this indicator is not on, the current pacing window
includes three bytes identified with alphabetical  is completed before the
next window size is used. characters A, B and C. The last bit of byte B is
the  Bit 0, byte 2, is the format indicator. Presently pacing indicator
(PI) bit. The bit is set "on" by a  its only value is a 0, which indicates
that a 15-bit data sender to indicate that this request unit (RU) is  so
integer follows. Admittedly, this bit could be used the first in a new
window and that a new pacing    to indicate a representation other than a
15-bit window (permission to send some number of re-      integer. quest
units) is needed. When this bit is "on" and     Bits 1-15 represent an
unsigned integer whose the RU is a request, the message is called a
value indicates the next window size that the data "pacing request." It
should be noted that this bit is  55  sender is permitted to send. On a
reset acknowl- set "on" in all "isolated pacing messages." A bit  edgment
IPM, the value echoes the value received prior to the PI bit is the request
larger window  in the unsolicited IPM. For a solicited IPM a posi-
indicator (RLWI). This bit is set "on" by a data  tive value is required.
For an unsolicited IPM a 7    
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is required.                   unit (RU), the request header (RH) and the
trans- Having described the computing network and    mission header (TH).
Other elements in the send- the format used for shutting messages within
the  er's node process the PIU to create a BLU for network, the programs
used in the node computers  transmission on the link. Some SNA nodes may
for processing the messages will now be de-   5   support additional
protocols (e.g., segmenting), scribed. The description will first cover
programs  which do not, however, affect the pacing protocols and techniques
practiced at the data sender fol-  of this invention. The pacing indicator
(PI) in the lowed by those techniques practiced at the data   RH field is
set "off" indicating that this is not the receiver.
beginning of a new window. The data sender then As stated before, the
present invention covers  10  exits the process. If in block 20' the
current window formats, protocols and techniques used for dynam-  is
finished, that is, the RPC is a 0, the program ically pacing messages
between a sending node     goes to block 203. and a receiving node. As with
all SNA networks, a    In block 203 the program checks to see if the
session is established upon which data is transmit-  next pacing window has
already been authorized. ted and a set of protocols is used. Thus, before
15  The pacing window is authorized if the next window any transmission is
activated, the session has to be  size (NWS) is greater than 0. If the next
window established between the session partners. The es-  size has not been
authorized, the program goes tablishment of sessions within SNA networks is
well  into block 204, which requires it to wait for an known within the
prior art. Therefore, a detailed  isolated pacing message. The data sender
then description will not be given. Suffice it so say that  20  exits this
process to wait. If the next pacing window the logical unit that is
responsible for activating the  has been authorized, that is, the next
window size LU-LU session is called the primary LU, and the  (NWS) is
non-zero, the data sender descends into logical unit that receives the
session activation re-  block 205. quest is called the secondary LU. The
selected set   In block 205, the data sender makes the cur- of session
parameters is the content of the BIND   25  rent window the size of the
next authorized window session (BIND) request that the primary LU uses to
by setting RPC to NWS and 0'ing NWS. In block activate an LU-LU session.
The BIND request       206, the data sender determines whether or not it
specifies, as parameters, the protocols that the  needs a larger window by
determining if it is cur- primary and secondary LUs are to observe when
rently "active." The program for making this deter- communicating with each
other over an LU to LU   30  mination will be described subsequently. If
the session. A more detailed description of session   sender is "active,"
the program proceeds to block establishment, etc. is given in SNA Technical
Over-  207. view (Order No. GC30-3073).                          In block
207, the data sender decrements the On receipt or sending of a BIND
response, a   residual pacing count and sends out the PIU with data sender
sets its residual pacing count (RPC) to  35  bits in the RH field set to
indicate that this is the 0 indicating that it is about to start a new
window. It  first PIU of this pacing window and that a new also sets the
next window size (NWS) to 1 which is  window needs to be authorized. The
bit settings the initial window size. Of course, it may set the  are as
follows: pacing indicator--PI-- (hereinafter NWS to a value greater than 1
if such were the    called PAC) is "on" and the request larger window
agreement between sender and receiver without  40  indicator--RLWI--is "on"
signifying that it is active deviating from the scope of the present
invention.  and can use a larger pacing window if the data With these
settings, when the first normal-flow re-  receiver can give it and request
larger window quest unit (RU) is to be sent, it will be treated as a
indicator-RLWI--is "on". The data sender then ex- first in the pacing
window. The data sender then  its this process. exits the initial routine
and enters block 201 of the   46  If, in block 206, the data sender
determines program shown in Fig. 2.                         that the sender
was not active (a technique for Fig. 2 shows a computer program that can be
making such a determination will be described used to instruct the computer
at a data sender to  subsequently), it proceeds to block 208. encode and
process PlUs according to the teach-      In block 208, the data sender
decrements the ings of the present invention. When a data sender  so   RPC
by 1 and sends out the PIU with bits in the has data to send, it enters the
program through   RH set to indicate that this is a first PIU of this block
201. In block 201 the program checks to see  pacing window and that a new
window needs to be if the current window is finished. The current win-
authorized (pacing indicator--PAC--is "on") and that dow is finished if the
residual pacing counter (RPC)  it is "lazy" (i.e., not "active") and,
therefore, does is 0. If the RPC is not 0, the program enters block  55
not need any more pacing count than it is currently 202. In block 202, the
program decrements the     being given. The data sender then exits this
pro- residual pacing count and sends out the path in-  cess. formation unit
(PIU), which includes the request 8    



13                EP 0 249 035 B1                    14 Fig. 3 is a program
used by the data sender    transmission header field with the pacing
indicator when it is receiving an IPM. The data sender enters  bit in the
RH field set to an "on" state. If the data this program in block 301 when
it receives either a  receiver is in reset window state (that is, awaiting
a solicited IPM or an unsolicited IPM from the data  reset acknowledgment
IPM), it proceeds to block receiver. If the IPM is unsolicited, the data
sender   5   502 where it turns off the pacing indicator and exits enters
block 302 and sends a reset acknowledg-     the process. ment IPM to the
data receiver carrying the next       If the data receiver is not in reset
window state, window size that it received in the unsolicited IPM  it
proceeds to block 503 to determine the next and at the priority of session
traffic. The data   window size to send in the solicited IPM. In block
sender then proceeds to block 306 to update its  10  503, the data receiver
examines the queue of data pacing count fields.
that needs to be passed on toward the destination, If the IPM is solicited,
the data sender pro-  which may be in this node or the next node in the
ceeds to block 303 to determine if it is "active" or  route. If this queue
is beyond a certain size (that is, "lazy". If the current pacing window has
been      an implementation-defined specific threshold), it is completed
(that is, the residual pacing count-  15  considered long and the data
receiver proceeds to -RPC--is 0), and there is data waiting to be sent
block 504. The specific threshold is a function of (that is, the data is
being produced faster than the  the system on which the invention is
implemented pacing is being allowed to flow), then the data    and is
selected at design time or is determined sender determines that it is
"active" and proceeds  dynamically. to block 304. If either condition is
not met (that is,  20  In block 504, the data receiver establishes the
there is still pacing count left or there is no data to  new next window
size as a value smaller than the be sent), then the pacing count in use is
keeping  current one in order to reduce the size of the ahead of the data
being generated and the data     queue it is holding. The data receiver
then pro- sender considers itself "lazy" and proceeds to     ceeds to block
510 to build and send the solicited block 305.
25  IPM. If in block 503, the data receiver determines In blocks 304 and
305, the data sender records  that the queue is not long, it proceeds to
block 505. its state ("active" or "lazy") and proceeds to block  In block
505, the data receiver examines the re- 306 to update its pacing count
fields.             quest larger window size indicator (RLWI) to see if In
block 306, the data sender examines the     the data sender wants a larger
window to be au- reset window indicator in the IPM. If it is "on," the   30
thorized. If the data sender indicated that it did not data sender executes
block 307 and clears the rest  need a larger window (RLWI is "off"), the
data of the current window by setting the residual pac-  receiver proceeds
to block 506. ing count (RPC) to 0. It then proceeds to block 308   In
block 506 the data receiver establishes the to record the size of the next
authorized window.  new next window size as the same as the current If the
reset window indicator in the IPM (block  35  one or a smaller value. The
data receiver then 306) is not "on," the data sender proceeds directly
proceeds to block 510 to build and send the solic- to block 308. In block
308, the data sender records  ited IPM. If in block 505 the data receiver
deter- the size of the next authorized window by copying  mines that the
data sender did want a larger win- the next window size of the IPM into its
local     dow, if possible, it proceeds to block 507 to deter- control
block value. The data sender then exits the   40   mine if it should
increase the window size. In block process.
507, the data receiver examines the queue of data As with the data sender,
the data receiver on  that needs to be passed on toward the destination.
receiving or sending of a BIND response enters    If this queue is empty,
it is considered short and into an initializing process. In this process,
the data  the data receiver proceeds to block 508. In block receiver
allocates one pacing buffer to the session.  45  508 the data receiver sets
the new next window One is the initial window size for a session using
size to be larger than the current window size. This adaptive pacing.
However, it is well within the skill  allows data to flow more quickly
towards its des- of the art and within the scope of the present
tination since the data sender has indicated that it invention for the
sender and receiver to agree to  can send it faster and the data receiver
has deter- assign more than one pacing buffer without deviat-  50   mined
that it can receive it faster. The data re- ing from the scope of the
present invention.       ceiver then proceeds to block 510 to build and On
completing the initializing process, the data  send the solicited IPM.
receiver enters block 501 of the process shown in     If in block 507 the
data receiver determines Fig. 4. Fig. 4 shows a program that controls the
that the queue of data was not empty it proceeds data receiver when it is
receiving a pacing request.  55  to block 509 and establishes a new next
window As stated before, the format for the pacing request  size as the
same as the current window size keep- includes a path information unit that
has an RU    ing the data flow the same as it is. The data field plus RH
field that contains a request plus   receiver then proceeds to block 510.
In block 510 9    
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receiver has determined the appropriate   Operation next window size,
reserves that number of pacing buffers for the session, and builds and
sends the     Once a session is established between a data solicited IPM
with the determined next window      sender and a data receiver, there are
one or more size. The data receiver then exits the process.  5   pacing
stages established for the session. The As is evident from the above
description, the   number of stages depends on the configuration data
receiver must make sure that the number of    over which the session flows.
Note that each LU is pacing buffers that it reserves for handling the
both a data sender and a data receiver. Pacing session is sufficient to
contain the information it is  occurs simultaneously and independently in
the receiving. Thus, Fig. 5 shows a process that con-  10  two directions.
On each sender end of a pacing trols a node receiver on the occurrence of a
buffer  stage, there is a component in the transmission shortage. The data
receiver enters the process at  services layer of SNA that sends a pacing
request. block 601 when it is notified that there is a buffer  The receiver
is on the data sink side of the session shortage. The shortage is usually
reported by a    stage and receives pacing requests, generates function
located at the node and called the buffer  15  pacing responses, and
determines the next window manager. The data receiver, on receiving
notifica-  size. Independent and separate algorithms are tion, looks at all
sessions for which it is a data  used for controlling the data sender and
the data receiver and selects the sessions whose pacing     receiver,
respectively. count it will reduce. It then proceeds to block 602.
Whenever the residual pacing count is non- In block 602, the data receiver
decides if the   20  zero and a normal-flow request is queued to be
shortage is critical. If it is, the data receiver pro-  sent, the data
sender sends it to the data receiver coeds to block 603. In block 603 the
data receiver  and decrements the residual pacing count by one. builds and
sends an unsolicited IPM with the next  If, at any time, the residual
pacing count is 0 and window size set to 0 for each of the selected     the
next window size is non-zero, then the residual sessions. This is called a
"hard slam" in Fig. 6. It  25  pacing count is set to the next window size.
The then proceeds to block 605 where it places each    next window size is
reset to 0, and the pacing selected session in a reset window state. While
the  indicator is set "on" in the RH of the next request session is in the
reset window state, no pacing    sent. When an unsolicited IPM is received,
a reset requests are honored.                              acknowledgment
is returned immediately. If the If in block 602, it was determined that the
30  reset window indicator is set "on," then the resid- shortage was not
critical, the data receiver pro-  ual pacing count is set to zero.
Regardless of the ceeds to block 604. In block 604, the data receiver
setting of the reset window indicator, the value of determines a new
reduced next window size for      the next window size is obtained from the
pacing each selected session and for each selected ses-   response. If at
any time the data sender deter- sion builds and sends an unsolicited IPM
with the   35  mines that it needs a larger window size to handle next
window size set to the value calculated for that  data, it sets the RLWI
bit in the RH field in the session. It then proceeds to block 605 and exits
the  pacing request, thus indicating to the data receiver routine.
that it would like to have a larger next window size. Fig. 6 shows a
process that controls a data    When the sender receives a solicited IPM
and the receiver when it receives an acknowledgment IPM.  40  send pacing
count is 0 (indicating the entire pre- On receiving this message (block
701), the data    vious pacing window has been sent), and the send-
receiver turns off reset window state for the session  ing pacing queue is
not empty (indicating that there and frees all pacing buffers assigned to
this ses-  are more requests to send) then the sender be- sion except those
authorized in the unsolicited IPM  comes "active." Otherwise, the sender is
"lazy." to which this is an acknowledgment. The data  45  When an "active"
sender sends a pacing request, receiver then descends to block 702.
RLWI is to request a larger window. When a "lazy" In block 702, the data
receiver determines if  sender sends a pacing request, RLWI is set off the
unsolicited IPM being acknowledged was a       indicating a larger window
size is not needed. The "hard slam." A hard slam occurs when a data
pacing request receiver uses the RLWI value in sender is told that the next
window size is a "0". If  50  calculating the next window size value to be
sent to it was not a hard slam, the data receiver proceeds  the next pacing
response. to block 703 and exits the process. If the un-        The sender
receives an implicit pacing count of solicited IPM was a hard slam, the
data sender has  1 when the session is activated, and sends one not been
authorized to send any data. The data     request with the pacing indicator
set. At this point, receiver, therefore, proceeds to block 704 and   55
the receiver may increase the window size in the sends the solicited IPM
with a non-zero next win-  pacing response. dow size when it has buffers
available. It then exits  The receiving unit has control and responsibil-
this process.                                      ity for session pacing
and implements the degree 10    
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necessary to manage buffers. When       The receiving system has total
control of the a pacing request is received, the receiver deter-  flow of
data to it. This is important because the mines the next window size and
sends it in a       receiver must commit the storage resources to solicited
pacing response.                         handle the sender's transmission.
An unsolicited pacing message with the reset   5   The range of window
sizes is large. The re- window indicator on is sent whenever the receiver
ceiver can specify any window size from 0 (halting node becomes congested,
i.e., cannot accept more  the flow of data) to N where N = 1, 2, 3, 4 ...
32767 data. The impetus for the generation of an un-     (allowing varying
throughput). solicited pacing response is the responsibility of    The
necessity for accurate window values to be the buffer manager. Only one
unsolicited IPM can   10  specified at system definitions is eliminated be-
be outstanding at a time. The receiver is responsi-  cause optimum window
sizes can be determined ble for sending pacing responses to appropriate
by systems according to the current environment. pacing requests and
ignoring others. When a re-    This eases the chore of system  definition
and ceiver node sends an unsolicited pacing response,  results in better
tuning of the network. it is resetting the pacing window and should not  15
Adaptive session level pacing is a super-set of, send a pacing response to
any pacing request still  and therefore fully compatible with, fixed
session- on the pacing queue. A method for ignoring pacing  level pacing.
This makes it easy to gradually intro- requests is to enter a "reset
window" state upon   duce adaptive pacing into an existing network. the
sending of an unsolicited IPM, and to turn off    If the receiver is
experiencing extreme conges- the pacing indicator in all pacing requests
now on   20  tion, it can choose a window size of 0. This allows the queue
or placed in the pacing queue before the  systems to control the flow of
data at the session reset acknowledgment is received.                 level
without the danger of deadlock. The receipt of the reset acknowledgment
Via the feedback mechanism  (the reset ac- causes exit from the reset
window state.           knowledgment), the sender confirms changes the When
a pacing request is removed from the   25  receiver makes in its window
size for reset. This pacing queue by the receiver, a solicited pacing
allows the receiver fine control over its resources response is returned to
the sending node provided  because upon receipt of the acknowledgment the a
reset acknowledgment is not outstanding. If a    receiver knows exactly its
resource commitment. reset acknowledgment is outstanding, no response
If the window size of a session is not limited by is sent because the reset
cleared all outstanding   30  buffer constraints, the algorithm
automatically ad- pacing requests and responses and a pacing re-     justs
the window size to maximize throughput, so quest will arrive after the
reset acknowledgment.  that throughput is limited only by the capacity of
The data sender is stopped from  sending       the communications medium.
normal-flow requests when it gets an unsolicited      If the window size of
a session is not limited by IPM with a window size of 0. When the pacing
35  buffer constraints, the algorithm is able to increase request receiver
gets the reset acknowledgment     the window size so as to reduce the link
and (the response to the unsolicited IPM), the data    processing overhead
of IPMs. sender's window size has been reset to 0 and no further
normal-flow requests may be sent by it. In  Claims order to resume data
traffic flow (allowing the data  40 sender to send normal flow requests), a
solicited  1. A method for controlling the exchange of mes- IPM (which
always contains a non-zero window          sages in a computing network,
said network size) is sent by the data receiver. The data sender
including a plurality of nodes coupled by a may resume sending normal-flow
requests when           communications network with at least two of the
solicited IPM has been received. The next  45      said nodes coupled by at
least one session window size value used in this solicited IPM is
over which the messages are exchanged, said usually small (for example, 1).
method characterized in that it comprises the Several benefits inure to the
user of the dy-      steps of: namic session level pacing described herein.
at the receiving node, generating and transmit- Among the benefits are:
50      ting to the sending node a first flow control Systems, at the
session level, can adapt to network    message; said message having a first
field in load by dynamically controlling the number of          which a
sequence of bits representative of a packets sent in each window. In other
words, the       value to be used as a next window size is receiver can
increase or decrease the number of        being placed and a two-state
indicium (reset packets sent in each window at any time while the   65
window indicator) being set to a first state data is being sent, thereby
better managing its        when said receiving node wants said sending
resources.                                             node to immediately
discontinue sending data with a current window size and to substitute 11
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necessary to manage buffers. When       The receiving system has total
control of the a pacing request is received, the receiver deter-  flow of
data to it. This is important because the mines the next window size and
sends it in a       receiver must commit the storage resources to solicited
pacing response.                         handle the sender's transmission.
An unsolicited pacing message with the reset   5   The range of window
sizes is large. The re- window indicator on is sent whenever the receiver
ceiver can specify any window size from 0 (halting node becomes congested,
i.e., cannot accept more   the flow of data) to N where N = 1, 2, 3, 4 ...
32767 data. The impetus for the generation of an un-     (allowing varying
throughput). solicited pacing response is the responsibility of    The
necessity for accurate window values to be the buffer manager. Only one
unsolicited IPM can   10  specified at system definitions is eliminated be-
be outstanding at a time. The receiver is responsi-  cause optimum window
sizes can be determined ble for sending pacing responses to appropriate
by systems according to the current environment. pacing requests and
ignoring others. When a re-    This eases the chore of system  definition
and ceiver node sends an unsolicited pacing response,  results in better
tuning of the network. it is resetting the pacing window and should not  15
Adaptive session level pacing is a super-set of, send a pacing response to
any pacing request still  and therefore fully compatible with, fixed
session- on the pacing queue. A method for ignoring pacing  level pacing.
This makes it easy to gradually intro- requests is to enter a "reset
window" state upon   duce adaptive pacing into an existing network. the
sending of an unsolicited IPM, and to turn off    If the receiver is
experiencing extreme conges- the pacing indicator in all pacing requests
now on   20  tion, it can choose a window size of 0. This allows the queue
or placed in the pacing queue before the  systems to control the flow of
data at the session reset acknowledgment is received.
level without the danger of deadlock. The receipt of the reset
acknowledgment            Via the feedback mechanism  (the reset ac- causes
exit from the reset window state.      -    knowledgment), the sender
confirms changes the When a pacing request is removed from the   25
receiver makes in its window size for reset. This pacing queue by the
receiver, a solicited pacing   allows the receiver fine control over its
resources response is returned to the sending node provided  because upon
receipt of the acknowledgment the a reset acknowledgment is not
outstanding. If a    receiver knows exactly its resource commitment. reset
acknowledgment is outstanding, no response       If the window size of a
session is not limited by is sent because the reset cleared all outstanding
30  buffer constraints, the algorithm automatically ad- pacing requests and
responses and a pacing re-     justs the window size to maximize
throughput, so quest will arrive after the reset acknowledgment.  that
throughput is limited only by the capacity of The data sender is stopped
from  sending       the communications medium. normal-flow requests when it
gets an unsolicited       If the window size of a session is not limited by
IPM with a window size of 0. When the pacing   35  buffer constraints, the
algorithm is able to increase request receiver gets the reset
acknowledgment     the window size so as to reduce the link and (the
response to the unsolicited IPM), the data    processing overhead of IPMs.
sender's window size has been reset to 0 and no further normal-flow
requests may be sent by it. In  Claims order to resume data traffic flow
(allowing the data  40 sender to send normal flow requests), a solicited
1. A method for controlling the exchange of mes- IPM (which always contains
a non-zero window           sages in a computing network, said network
size) is sent by the data receiver. The data sender    including a
plurality of nodes coupled by a may resume sending normal-flow requests
when           communications network with at least two of the solicited
IPM has been received. The next  45      said nodes coupled by at least one
session window size value used in this solicited IPM is        over which
the messages are exchanged, said usually small (for example, 1).
method characterized in that it comprises the Several benefits inure to the
user of the dy-      steps of: namic session  level pacing described
herein.          at the receiving node, generating and transmit- Among the
benefits are:                       50      ting to the sending node a
first flow control Systems, at the session level, can adapt to network
message; said message having a first field in load by dynamically
controlling the number of          which a sequence of bits representative
of a packets sent in each window. In other words, the       value to be
used as a next window size is receiver can increase or decrease the number
of        being placed and a two-state indiclum (reset packets sent in each
window at any time while the   55  window indicator) being set to a first
state data is being sent, thereby better managing its        when said
receiving node wants said sending resources.
node to immediately discontinue sending data with a current window size and
to substitute    19                EP 0 249 035 B1                    20 



the next window size for the current window        sages characterized in
that it comprises the size in subsequent transmissions or said indi-
steps of: cium being set to a second state only if the       at the sending
node, generating and transmit- receiving node authorizes the sending node
to     ting to the receiving node a flow control mes- complete transmission
with the current window    5  sage having a first field designated for
carrying size and thereafter use the next window size;   information; and a
second field (type) carrying one set of      remainder fields (RH) with a
first indicium (PI) coded bits selected from a plurality of sets to
being set to a first state if the request unit identify the type of message
being transmitted.    (RU) is the first in a new window and that a 10
new pacing window is needed and with a sec- 2. The method of claim 1
further including the         ond indicium (RLWI) being set to a first
state steps of receiving, at the sending node, the       only if said
sending node could use a window flow control message;
larger than the current one. examining the indicium (reset window indica-
tor) and if said indicium is set to the first state  15   8.  The method
set forth in claim 7 further includ- preparing a second flow control
message with      ing the steps of: a second set of coded bits (new NWS)
dis-          at the receiving node, posed in the second field;
receiving the flow control message; a second sequence of bits disposed in
the first    determining the size of the information window field and
having a pattern identical to that  20   that said receiving node is able
to accept; and received in the first flow control message; and
generating and transmitting to said sending transmitting said second flow
control message      node a response flow control message includ- to the
receiving node.                             ing a field in which a sequence
of bits specify- ing a next window size is placed. 3. The method set forth
in claims 1 or 2 wherein  25 the first state is a logical "1" and the
second  9. The method of claim 8 further including the state is a logical
"0."                            steps of receiving, at the sending node,
the response flow control message and thereafter 4. The method of claims 1,
2, or 3 wherein a           adjusting the window  size for subsequent
logical "00" code is representative of a first  30  transmissions to mirror
that in the response type of flow control message and a typical
flow control message. "01" is representative of a second type of flow
control message.                               10. The method of claims 7,
8 or 9 wherein: a third field (RU) is designated for carrying a 5. The
method of claims 2, 3 or 4 wherein the   35     sequence of bits
representative of a next win- second set of coded bits includes a logical
dow size that said sending node is permitted "10" which is representative
of a third type of   to transmit to said receiving node; flow control
message.                              remainder fields concatenated to said
third field and having a type field (type) designated 6. The method set
forth in claim 1 further includ-  40  to carry one sequence from a
plurality of bit ing the steps of receiving the flow control
sequences which identify the type of flow con- message at said sending
node;                      trol information and a reset window indicator
examining the message and generating and           field for carrying an
indicium when set to a first transmitting a second flow control message
state informing said sending node to exchange only if the two state
indicium set to the first  45  a current window size for the next window
size state whereby the second flow control mes-         carried in the
first field or said indicium when sage includes a sequence of bits
confirming        set to a second state informing said sending the size of
the new window and indicating that     node to complete transmission with
the current no more data from previous windows is forth-       window size
before changing to the next win- coming.
50      dow size placed in the third field. 7. In a computer network having
a plurality of     11. The method according to claim 7 characterized nodes
interconnected by a communications           in that: network with each
node including means for         said flow control message has a first
sequence establishing at least one session upon which   55  of bits
specifying the message type and a messages can be exchanged between a send-
second sequence of bits confirming a window ing node and a receiving node,
a method for        size. dynamically adjusting the window size of mes- 12
21                EP 0 249 035 B1                   22 12. The method set
forth in claim 11 further includ-  gesetzt, wenn der empfangende Knoten dem



ing the step of sending the flow control mes-     sendenden Knoten das
Beenden der Obertra- sage with the window size being set to that of    gung
mit der aktuellen FenstergrdBe und da- a response flow control message.
nach das Verwenden der nachsten Fenstergrb- 5      Be genehmigt; und ein
zweites Feld (Typ), das t   13. An apparatus for controlling the exchange
of       eine Gruppe codierter Bits tragt, die aus einer messages in a
computing network, said net-        Vielzahl von Gruppen ausgewAhit wurden,
um work including a plurality of nodes coupled by    den Typ der zu
Ubertragenden Nachricht zu a communications network with at least two of
kennzeichnen. said nodes coupled by at least one session   10 over which
the messages are exchanged, said    2. Das Verfahren nach Anspruch 1 umfaBt
weiter- apparatus characterized in that it includes:      hin die Schritte
des Empfangens der FluB- means (66, 68, 70, 72) at a receiving node for
steuerungsnachricht an dem sendenden Kno- generating a first flow control
message; said     ten; message having a first field (NWS) in which a   is
das  Auswerten  des  Vermerks  (Fenster- sequence of bits representative of
a value to     RUcksetz-Anzeiger) und, wenn der Vermerk auf be used as a
next window size is being placed;    den ersten Zustand gesetzt ist, das
Vorberei- an indicium (reset window indicator) being set    ten einer
zweiten FluBsteuerungsnachricht mit to a first state when said receiving
node wants   einer zweiten Gruppe codierter Bits (neue a sending node to
immediately discontinue   20    NWS), die in dem zweiten Feld eingerichtet
ist; sending data with a current window size and to    in dem ersten Feld
let eine zweite Folge von substitute the next window size for the current
Bits eingerichtet, die ein Muster aufweist, das window size in subsequent
transmissions or        mit dem in der ersten FluBsteuerungsnachricht said
indicium being set to a second state only    empfangenen identisch ist; und
if the receiving node authorizes the sending   25  (lbertragen der zweiten
Flufsteuerungsnach- node to complete transmission with the current    richt
an den empfangenden Knoten. window size and thereafter use the next win-
dow size; and                                  3. Das in den AnsprUchen 1
oder 2 bekanntge- means (66, 68, 70, 72) for transmitting said      machte
Verfahren, wobei der erste Zustand flow control message to the sending
node.  so     eine logische "1" und der zweite Zustand eine logische "O"
ist. PatentansprUche 4. Verfahren nach den Anspr~chen 1, 2 oder 3, 1. Ein
Verfahren zur Steuerung des Nachrichten-       wobei ein logischer Code
"00" einen ersten austausches in einem Rechennetz, das Netz  35     Typ der
FluBsteuerungsnachricht darstellt und umfaBt eine Vielzahl von Knoten, die
durch ein    eine charakteristische "01" einen zweiten Typ
Kommunikationsnetz gekoppelt sind, wobei          der
FluBsteuerungsnachricht darstellt mindestens zwei der Knoten durch
mindestens eine Sitzung gekoppelt sind, Ober welche die   5. Verfahren nach
den Ansprlchen 2, 3 oder 4, Nachrichten ausgetauscht werden, das Verfah-
4o  wobei die zweite Gruppe codierter Bits eine ren ist dadurch
gekennzeichnst, daB es die        logische "10" umfa~t, die enen dritten
Typ der folgenden Schritte umfaBt:
FluBsteuerungsnachricht darstelit. an dem smpfangenden Knoten das Erzeugen
und Obertragen einer ersten FluBsteuerungs-    6. Das in Anspruch 1
bekanntgemachte Verfahren nachricht an den sendenden Knoten; wobel die  45
einschlieBlich der Schritte des Empfangens der Nachricht ein erstes Feld
aufweist, in dem eine   FluBsteuerungsnachricht an dem  sendenden Folge von
Bits angeordnet ist, die einen Wert     Knoten; darstellt, der als eine
nichste Fenstergr6oe zu   Auswerten der Nachricht und Erzeugen und
verwenden ist, und einen Vermerk mit zwei         Obertragen einer zweiten
FluBsteuerungsnach- ZustAnden  (Fenster-RUcksetz-Anzeiger), der  so   richt
nur dann, wenn der Vermerk mit zwei auf einen ersten Zustand gesetzt wird,
wenn       Zustinden auf den ersten Zustand gesetzt ist, der empfangende
Knoten von dem sendenden          wobei die zweite FluBsteuerungsnachricht
eine Knoten w~nscht, das Senden von Daten mit          Folge von Bits
umfaBt, welche die GroBe des einer aktuellen FenstergroBe unverz0glich zu
neuen Fensters bestAtigt und anzeigt, daB kel- unterbrechen und in
nachfolgenden Obertra-  as    no weiteren Daten von vorhergehenden Fen-
gungen die aktuelle Fenstergroee durch die        stern unterwegs sind.
nachste FenstergroBe zu ersetzen, oder der Vermerk wird nur auf eonen
zweiten Zustand 13    23                EP 0 249 035 B1
24 7. In elnem Computemetz, das esne Viizahl von        erinformation
kennzeichnen und ein Fenster- 



Knoten aufweist, die durch ein Kommunika-         RUcksetz-Anzeigerfeld zum
Tragen eines Ver- tionsnetz miteinander verbunden sind, wobei       merks,
wenn es auf einen ersten Zustand go- jeder Knoten Mittel zum Erstellen
mindestens      setzt ist, um den sendenden Knoten zu infor- einer Sitzung
umfalt, auf der Nachrichten zwi-   5  mieren, sine aktuelle Fenstergr6fle
durch die K~t  schen einem sendenden Knoten und einem             nichste
Fenstergrofe auszutauschen, die in empfangenden Knoten ausgetauscht wsrden
dam ersten Feld getragen wird, oder, wenn der kdnnen, ein Verfahren zum
dynamischen An-         Vermerk auf einen zweiten Zustand gesetzt ist,
passen der Fenstergrdfle von Nachrichten, da-     den sendenden Knoten
darOber zu informieren, durch gekennzeichnet, daB es die folgenden   1O
daB die Obertragung mit der aktuellen Fenster- Schritte umfa~t:
grofle zu beenden ist, bevor zu der nachsten an dem  sendenden Knoten
Erzeugen und             Fenstergrdfle, die in dem dritten Feld angeord-
Obertragen einer FluBsteuerungsnachricht an       net ist, gewechselt wird.
den empfangenden Knoten, der ein erstes Fold aufweist, das zum Tragen von
Informationen   t5  11. Verfahren gemrnlf Anspruch 7, dadurch ge- bestimmt
ist;                                     kennzeichnet, daB: Restfelder (RH)
mit einem erstem Vermerk          die FluBsteuerungsnachricht eine erste
Folge (PI), der auf einen ersten Zustand gesetzt wird,  von Bits autweist,
die den Nachrichtentyp wenn die Anforderungsoinheit (RU) die erste in
kennzeichnet, und eine zweite Folge von Bits, einem neuen Fenster ist und
ein neues Men-  2o    die eine Fenstergrofe bestlitigt.
gendosierungsfenster bendtigt wird und mit ei- nem zweiten Vermerk (RLWI),
der nur auf ei-    12. Das in Anspruch 11 bekanntgemachte Verfah- nen
ersten Zustand gesetzt wird, wenn der         ron umfaft weiterhin den
Schritt des Sendens sendende  Knoten ein  Fenster verwenden           der
FluBsteuerungsnachricht mit der Fenster- k6nnte, das gr6fler als das
aktuelle ist.  25     grofle, die auf diejenige einer Antwort-FluB3-
steuerungsnachricht gesetzt wird. 8. Das in Anspruch 7 bekanntgemachte
Verfahren umfallt weiterhin die Schritte:                13 Ein Gerat zum
Steuem des Austausches von an dem empfangenden Knoten
Nachrichtoen in einem Rechennetz, wobei das Empfangen der
Fluflsteuerungsnachricht;   30      Netz eine Visizahl von Knoten umfaft,
die Bestimmen der GroBe des Informationsfen-          durch ein
Kommunikationsnetz gekoppelt sind, stors, das der empfangende Knoten
annehmen        wobei mindestens zwei der Knoten durch min- kann; und
destens eine Sitzung gekoppelt sind, Ober wel- Erzsugen und Obertragen
elner Antwort-FluB-       che die Nachrichten ausgetauscht worden, das
steuerungsnachricht an den sendenden Knoten   3s  Gerat ist dadurch
gekennzeichnet, daB es fol- einschlieBlich eines Feldes, in dem eine Folge
gendes umfalt: von Bits angeordnet ist, die eine nachste Fen-    an einem
empfangenden Knoten Mittel (66, 68, stergro8e kennzsichnet.
70, 72) zum Erzeugen einer ersten FluBsteue- rungsnachricht; wobei die
Nachricht ein erstes 9. Das Verfahren nach Anspruch 8 umfaft welter-  40
Fold (NWS) aufweist, in dem eine Folge von hin die Schritte des Empfangens
der Antwort-      Bits angeordnet ist, die einen Wort darstellt,
FluBsteuerungsnachricht an dem  sendenden         der als eine n~chste
Fenstergr6oe zu verwon- Knoten und danach des Anpassens der Fen-
den ist; einen Vermerk (Fenster-ROcksetz-An- stergrbfle fOr nachfolgende
Obertragungen, um     zeiger), der auf einen ersten Zustand gesetzt dies in
der Antwort-FluBsteuerungsnachricht  45   wird, wenn der empfangende Knoten
von ei- widerzuspiegoin.                                  nern sendenden
Knoten wUnscht, das Senden von Daten mit einer aktuellen Fenstergrnfe 10.
Das Verfahren der Ansprfche 7, 8 oder 9,          unverzOglich zu
unterbrechen und in nachfol- wobei:
genden Obertragungen die aktuelle Fenster- ein drittes Feld vorgesehen ist,
eine Folge von   50  grdBe durch die nachste Fenstergrofe zu er- Bits zu
tragen, die eine nachste Fenstergrofle    setzen, oder der Vermerk wird nur
auf einen darstellen, die dem sendenden Knoten an den       zweiten Zustand
gesetzt, wenn der empfan- empfangenden Knoten zu Obertragen gestattet
gende Knoten dom sendenden Knoten geneh- ist;
migt, die Obertragung mit der aktuellen Fen- Restfelder, die mit dem
dritten Fold verknOpft  55  stergr6fle zu beenden und danach die n~chste
sind und ein Typfeld (Typ) aufweisen, das vor-    Fenstergrolie zu
verwenden; und gesehen ist, eine Folge aus eoner Vieizahl von    Mittel
(66, 68, '70, 72) zum Obertragen der Bitfolgen zu tragen, die den Typ der
FluBsteu-    Fluflsteuerungsnachricht an den sendenden 14    25
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4. Procedd selon la revendication 1, 2, ou 3, dans 



loquel un code "00" logique represente un Revendlcatlons
premier type de message de contr8le de flux et un "01" est representatif
d'un second type 1. Procedd pour contr8ler l'echange de messa-   5    de
message de contr81e de flux. JY    ges dans un reseau de calcul, ledit
reseau comprenant une pluralite de noeuds couples    5. Procedd selon la
revendication 2, 3, ou 4, dans par un reseau de communication avec au
loquel l second jou de bits codes comprend moins deux desdits noeuds
coupl6s par au          un "10" logique qui est representatif d'un troi-
moins une session par l'interm6diaire de la-  1o  sibme type de message de
contr8le de flux. quelle les messages sont dchangds, ladite m6- thode dtant
caracterisoe en co qu'olle corn-  6. Procede selon la revendication 1,
comprenant prend les etapes consistant &:                    en outre les
4tapes consistant & recevoir l1 au noeud de reception, g6n~rer et
transmettre     message de contr8le de flux audit noeud au noeud d'4mission
un premier message de   i6    d'emission; contr8le de flux ; ledit message
comportant un    examiner le message et generer et transmettre premier
champ dans lequel est place une se-       un second message de contr8le de
flux seule- quence de bits representative d'une valour        ment si
I'indice a deux etats est positionne destin6e a etre utilisee comme
prochaine di-      dans le premier 6tat, de sorte quo le second mension de
fen~tre et un indice a deux etats  20  message de contr8le de flux comprend
une (remise & zero d'indicateur de fonetre) etant    s9quence de bits
confirmant la taille de la positionne dans un premier etat lorsque ledit
seconde fengtre et indiquant qu'il n'arrive plus noeud de reception desire
quo ledit nooud         de donnees additionnelles de la fengtre prece-
d'emission arr~te immediatement d'envoyer         dente. des donn6es avec
une taille de fengtre couran-  2a te et de substituer la prochaine taille
de fen~tre  7. Dans un reseau de calcul comprenant une & la place de la
taille de fenftre courante dans  pluralitd de noouds interconnectes par un
rt- des transmissions ulterieures, ou ledit indice    seau de
communication, chaque noeud corn- etant positionne dans un second etat
seule-       prenant des moyens pour etablir au moins une ment si le noeud
de reception autorise le  so     session par l'intermediaire de laquelle
des noeud d'emission & terminer la transmission       messages peuvent 8tre
echanges entre un avec la taille de fen~tre courante et d'utillser  noeud
d'emission et un noeud de r~ception, un ensuite la prochaine taille de
fentre ; et un     procedd pour ajuster de fagon dynamique la second champ
(type) portant un champ de bits     taille de la fen~tre de messages,
caract6rise codes selectionnes a partir d'une pluralite do   s5  en ce
qu'il comprend les 4tapes consistant a: joux pour identifier le type de
message qui est   au niveau du nooud d'6mission, g6nerer at transmis.
transmettre au nooud de reception un messa- ge de contr81e de flux
comportant un premier 2. Procede selon la revendication 1, comprenant
champ congu pour transporter de l'information en outre les dtapes de
reception, au niveau du   40 noeud d'dmission, du message de contr8le de
des champs restants (RH) avec un premier flux;
indice (PI) positionn6 & un premier etat si l'examen de l'indice (remise I
zero de l'indica-  I'unite de requ~te (RU) est la premiere dans tour de
fenitre) et si ledit indice est positionne  une nouvelle fengtre et qu'une
nouvelle fenetre dans ledit premier etat, la preparation d'un   45  de
regulation est necessaire, et avec un se- second message de contr8le de
flux avoc un        cond indice (RLWI) positionne & un premier second jou
de bits codds (nouveau NWS) dis-       etat uniquement si ledit noeud
d'dmission poses dans le second champ;                       pourrait
utiliser une fen~tre plus grande quo la une secondo sequence de bits
disposee dans       fenetre courante. le premier champ et poss6dant une
configura-  50 tion identique a cello regue dans le premier  &  Procede
selon la revendication 7, comprenant message de contr8le de flux; ot
en outre les etapes consistant a: la transmission dudit second message de
au niveau du noeud de reception, contr81e de flux au noeud de reception.
recovoir le message de contr8le de flux; 55      determiner la taille de la
fenOtre d'information 3. Procedd selon la revendication 1 ou 2, dans
quo ledit noeud de reception est capable d'ac- lequel le premier 6tat est
un "1" logique et le   cepter ; et second etat est un "0" logique.
generer et transmottre audit noeud d'emission 15    27                EP 0
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un message de contr8le de flux de reponse         des moyens (66, 68, 70,
72) au niveau d'un comportant un champ dans lequel est placde        noeud
de reception pour gendrer un premier une sequence de bits indiquant qu'une
pro-        message de contr8le de flux ; ldit message chaine dimension de
fenOtre est placee.           comportant un premier champ (NWS) dans 5
loquel ost placee une sequence de bits repre- Ye. Procedd selon la
revendication 8, comprenant       sentative d'une valour devant Otre
utiliseo com- on outre les etapes consistant a recovoir au      me etant
une prochaine dimension de fenrtre; niveau du noeud d'emission, le message
de         un indics (indicateur de remiso A z~ro de reponss de contr8le de
flux et ensuite & ajus-   fengtre) 4tant positionnd dans un premier etat
ter la taille de la fenftre pour des transmis-  10  lorsque ledit nosud de
reception desire qu'un sions subsdquentes pour refleter celle conte-
noeud d'emission arr~te imm~diatement d'en- nue dans le message de contr8le
de flux.          voyer des donneos avoc une dimension de fenitre courante
et de substituer la prochaine 10. Procede selon les revendications 7, 8, ou
9,     dimension do fen~tre & la place de la dimen- dans lequel:
t6       sion de fenitre courante dans des transmis- un troisieme champ
(RU) est d~signd pour         sions subsequentes, ou ledit indice etant
posi- porter une sequence de bits representative        tionnd a un second
Etat seulement si le noeud d'une dimension de prochaine fen~tro que ledit
de rEception autorise le noeud d'Emission A noeud do transmission est
autorise & transmet-   terminer la transmission avoc la dimension de tre
audit noeud de reception;             20     fenftre courante et ensuite
d'utiliser la prochal- des champs restants juxtaposes audit troisib-     no
dimension de fenOtre ; et me champ et pourvus d'un champ de type
des moyens (66, 68, 70, 72) pour transmettre (type) d~signd pour porter une
sequence parmi     ledit message de contr8le de flux au noeud une pluralite
de sequences de bits qui identi-    d'emission. fient le type d'information
de contr8le de flux  28 et un champ indicateur de remise & zero de fenrtre
pour porter un indice lorsque position- nE a un premier etat, informant
ledit noeud d'emission d'echanger une dimension de fon8- tre courante avec
la dimension de fenetre pro-  3o chaine portde dans le premier champ ou
lodit indice lorsque positionnd a un deuxibme etat informant ledit noeud
d'emission de terminer la transmission avec la dimension de fen~tre cou-
rante avant de passer & la dimension de fen8-  36 tre prochaine placee dans
le troisibme champ. 11. Procede selon la revendication 7, caracterise
enceque: ledit message de contr8le de flux possbde une  40 premibre
s~quence do bits decrivant le type de message et une seconde sequence de
bits confirmant une taille de fen~tre. 12. Procedd selon la revendication
11, comprenant  45 en outre l'etape de transmission du message de contr81e
de flux avec Ia dimension de fen8- tre ajustee & cello d'un message de
reponse de contr8le de flux. s0 1. Dispositif pour commander l'echange de
mes- sages dans un rdseau de calcul, ledit reseau comportant une pluralit6
de noeuds couples par un reseau de communications avec au moins deux
desdits noeuds coupl~s par au  58 moins une session par l'intermediaire de
la- quelle ls messages sont echanges, ledit dis- positif Etant caracterise
en ce qu'il comporte: 16    


