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PACKET TRANSM SSI ON TI M NG FOR CONTROLLI NG BANDW DTH Fi el d of the

| nvent i onwoOeeo3/0ese@nt i on rel ates to a nethod and syst em fram/iBravsng9vhe
transm ssion of data packets froma sender device to one or nore receiving
devi ces, for achieving bandwi dth control. Background of the Invention In
perform ng data transm ssion using various nedia such as I one
fine, satellite communication, etc., it is conventional f%‘?g%ﬁze'(%%w be
sent fromone device to other devices. The data is first fragnmented, or
segnented, into packets and then the packets transmtted, or broadcast.
The term "packet” is wused to indicate a sequence of bytes and represents
the smallest unit of transm ssion and reception. Hereafter, a "device" is
defined as a hardwar eMEHAOD AND SYSTEMIORMATA PAOKETt capabl e of

recei ving and/ oy RINNETRIBSION TINANG PORKCONTROLLING BANBWIDTH devi ces
i ncl ude conput ers, GPRS NODI T e phones and networ K~ equl pment. PATENT

APPLI CATI ON January 29, 2002 1 WD 2003/ 065661 PCT/|B2003/ 000993 The term

"content", a sed herein, indicates data that is segnented
?:r?eld of t?*.e%nvent?on g

The invention relates to a method and system for timing the
transmission of data packets from a sender device to one or more receiving

devices, for achieving bandwidth control.

Background of the Invention

In performing data transmission using various media such as cable,
telephone line, satellite communication, etc., it is conventional for the data to be
sent from one device to other devices. The dafca is first fragmented, or segmented,
into packets and then the packets transmitted, or broadcast. The term “packet” is
used to indicate a sequence of bytes and represents the smallest unit of
transmission and reception. Hereafter, a “device” is defined as a hardware element
with a software component capable of receiving and/or transmitting data packets.
Examples of such devices include computers, GPRS mobile phones and network

equipment.
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into a sequence of packets. The data contained within the content could be
afile, or part of afile, part of a data stream or any collection of
data. Thewomnewseecan be of pure data, or audi o and vi G€a/TH2NXOEVXaANSE, Or
of any conbi nation. The <content is sent in sequentially transmtted
packets froma sender device to one or nore receiving devices. The sending

and r ecel Vi AgeRYhoaR kUl <3l dedcflerdf liBfoR Y fizPRar is WaBRRrRM POSE at

the sender device is to fragnent the content to be sent info packets, and

t th ' devi t nbl e t . ket ' int h
oI 8P UTHRA Dopkstaw H IR BRI SR n RBOE oo U SF EAKE can be

transmtted over the nedia in a given tine frame, for exanple, 10 Mps (10
mior Imaohobrtfie ppart of ecdatd) streswe o iaglyl gollechips dfsdathe EFlpeedntdnttden
transm ssion, that is, the speed at which data is sent fromthe sending

dewi greplire ddie, braad A JRidCesta SWedmE] 8NsMahY idinbigatioki Mheyst em has a
certain bandw dth capability that is defined by various factors, such as

t e._of  pedi gal 0 g% i, SS ' or
t CSRtsRSs ontH af B holrebr et RAPKSR SO ER S oRHY! BERED oY Ol
medi um has  a | arger bandw dth capability than a tel ephone line. Various
t YIS recejying §e¥iCeSare used to transnit the data packets formng the
content. Some protocols may be considered to be "unreliable", herein
meani ng any Tiheasevdiss and rpeeitvoaptevicas tppiowilyesn lsestwafef prolgralekj very of
packets, PATENT APPLI CATI ON January 29, 2002 2

whose purpose at the sender device is to fragment the content to be sent into

packets, and at the receiver device to reassemble the packets received into the

original content.

Bandwidth is defined as the amount of data that can be transmitted

over the media in a given time frame, for example, 10 Mbps (10 million bits per

second). Essentially, this is the speed of the transmission, that is, the speed at

which data is sent from the sending device to the receiving devices. Each

transmitting-receiving system has a certain bandwidth capability that is defined by

various factors, such as the type of media used for the transmission and equipment

used for transmission and reception of the data. For example, a broadband cable

medium has a larger bandwidth capability than a telephone line.

Various types of protocols are used to transmit the data packets
forming the content. Some protocols may be considered to be “unreliable”, herein

meaning any transmission protocol that provides best-effort delivery of packets,
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WD 2003/ 065661 PCT/ | B2003/000993 and in particular, does not perform
automatic re-transm ssion of |lost or corrupted packets. Exanples of

"unrel i abWwe20mw@s@col s currently in conmon use include POAIIBA®BE/0@9LE

mul ti cast User Datagram Protocol (UDP), ATM Adaption Layer (AAL) Types 3/4
and 5 in non-assured transm ssion node, AppleTal k DDP datagrans, and

unj t 0 r B di fferent
rEER oAbl BOGTRG: ¥R, SuRRRARE Lo-HahER Mo ol fdot JRbAlofl o )
exanple, if a particul ar sP/s"t em has a 10 Mops bandw dt h, tracga;s]rri ssion
cREES t FXampdesat kunrelighla’vRyogpeele carently b GARMEAH TR indYdfhsmi tt ed at

the sane tine in separate streans, for exanple, each streamof 5 Mps
barduagitdnd hulticastdiiserddataer amalProapedli (EEIR) o AT M poddptars Lajert (MAldvai | abl e
bandwi dth of a given nedia are sold or licensed to different customers for

lrJZfzy 3lend 3 ﬁ'g@ssgﬁgﬁraﬁ%i&?&ﬂ Ribie, %ﬂléﬁa|kfmbpwggﬁa$n@rm o be

Ived In a regu inely fashion, for exanple, for audio and video
transm ssi pps in whi it.is_ inportant that the jitter (i.e., the amount
of“q)%?ﬁtaﬁricgHr‘?"’ﬁpctaﬁ'b‘\&rké“tzot@ﬂapggcﬁzﬁam?'r ansit time) is kept as |ow as
possi ble. Increasing reliability at the receiving device inplies use of a
hi gh preci si@fteopdeatafrooi diffierepaiitied ttie e ttanemidadiaidhgesanee timespeci al | y
for broadband applications. In general, the bandw dth usage of a broadcast
appldraRki iiné $ndith € Fot @xaptsie) didpaitizungtsyeedml eada andMigeed, | eased

bandw dt h capacity, and processing speed of the receiving device. The
ba@adn\'&vglldteh %lle!n%%%gggnfc%rpa%ilﬂyy% bgélgesc@ o%sc.\/\ﬂp dif?ereﬁf‘-ggh@_erﬁg%aln%” ON
transmitted at the same time in separate streams, for example, each stream of 5
Mbps bandwidth. In various commercial applications, portions of the available
bandwidth of a given media are sold or licensed to different customers for use at
the same time.

Some applications require that packets are to be received in a regular
and timely fashion, for example, for audio and video transmissions in which it is
important that the jitter (i.e., the amount of variation in the end-to-end packet
transit time) is kept as low as possible. Increasing reliability at the receiving device
implies use of a high precision control of the bandwidth at the sending device,
especially for broadband applications.

In general, the bandwidth usage of a broadcast application is selected
according to network load and speed, leased bandwidth capacity, and processing
speed of the receiving device. The bandwidth allocated for a given transmission is
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January 29, 2002 3 WD 2003/ 065661 PCT/1B2003/ 000993 hereafter referred to
as the "target bandwi dth". During the transm ssion, the actual bandw dth
used can wearyoymbatli ve to the sel ected target bandw dt hPCARaBRdogodweadcast

t akes place, the bandw dth varies and can be neasured at any tinme. "The

i nst ant aneous” bandwi dth is the bandw dth neasured in the shortest

WEabl ErdrtdPto EQ%SX' le® bahbivhi ﬁf’baﬂg}% the Y ﬂznbef a%ﬂﬁ’ellarl y
chagheer rptertelh o iss

once per econ i nst ant aneo W dt conput ed
bé di vidi ng t he quantlt%/ of datat érerred|nth$Hbt|rrefrarre(|nth|s
RAWIHBAFRRY) Cay VeRateldtive t¢ tbe s¢ Cte fr96t 538E€¥4thof the content has an

"average (or nean) bandwidth". This is the total anmount of data
t ransmi t t ed Aduthierigroadeastntsikes silace, dhei leed vidgth keries madssrrsbé on dur ati on.
The terns "nmean bandw dt h" and "average bandw dth" are used

| HREGRANGEAR] XirhE! eiThe iRbRFRahEELLODARIWIdE i$ HROBBhHEGH Meaagket s, there

is a pause, or wait tine, betvveen t he start of transm ssion of successive

AR o T8 B R ESER RSP L AR, Dl RO 1 oot

bet ween packets whil e mai nt aining a f| xed acket size results in |less data
t Fegdant checkad phgast gingenpan mondndhwwavngusmr@awéh hés sent without a
preci se bandwi dth control, various problens can arise. Basically, there
agémiplites bei dil Riiggthes qaaﬁﬁiyosf thed traasfeadsia thadulhe fr{rg (hhehiaver age

bandwi dth is too high relative to the target bandw dth
case 1 second) by that time interval.

The broadcast of the content has an “average (or mean) bandwidth”.
This is the total amount of data transmitted during a transmission divided by the
transmission duration. The terms “mean bandwidth” and “average bandwidth” are
used interchangeably herein.

Since the content is transmitted in packets, there is a pause, or wait
time, between the start of transmission of successive packets. The wait time
between packets is related to the bandwidth used during transmission of a content.

For example, increasing the wait time between packets while maintaining a fixed
packet size results in less data transmitted during a given time, and vice versa.

If data is sent without a precise bandwidth control, various problems
can arise. Basically, there are three different scenarios that can cause trouble:

(1) the average bandwidth is too high relative to the target bandwidth
value;
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val ue; PATENT APPLI CATION January 29, 2002 4 WD 2003/ 065661

PCT/ 1 B2003/ 000993 (2) the average bandwidth is too lowrelative to the
target bawowoeldsseeral ue; (3) the average bandwi dth is edqocaliB2s/oneed cl ose,
to the target bandw dth, but the instantaneous bandw dth val ues neasured
during the transm ssion are different fromthe target bandwi dth. This type
of transm ssi0 her e ferre s he gggneous, i,. €., contains
peaks. The B oBhemyersir By By idRaSabs reb Rl S ERGRE Benbiiethove. can
adversely affect different conponents and structures of the systemt hat
réelbieve the data, such as routing and switching devices and the
destination receiver devices. This is described below (1) Sending data

packets too (Basthe Broradeasiidvaided id Bguslpba vaty alosspesdhahamptt he target
bandw dth usually results in substantial packet |osses. Loss of packets

! BAHERR Bk LSRN Mo N RN SRR BB 8ind " 9N 2

ransm ssi on cause congestion 1f rou ces are not able to
buffer , the |ncom ng data stream The s obI em can affect, encapsul ators
i frapamission agegiffersng fgo({péhp.t?égq}pqqr}ﬂw'd%rgr IS HYRe ef SEnsaysgPndsicket s can
be lost. At the receiving device side, packet reassenbly can be difficult
i hetdadtdnaethmeed tors reiptdgeakebas, beognoamaxipscpxeeksi ng the received data is not
desi gned for an incom ng

The problems caused by the different scenarios described above can
adversely affect different components and structures of the system that receive the
data, such as routing and switching devices and the destination receiver devices.

This is described below.

{1 Sending data packets too fast. Broadcasting of the data at a

speed above the target bandwidth usually results in substantial packet losses. Loss
of packets reduces the integrity of the data transmission. Also, too high a
transmission speed can cause congestion if routing devices are not able to buffer
the incoming data stream. The same problem can affect encapsulators if data is
sent to a satellite uplink. Here, entire series of packets can be lost. At the
receiving device side, packet reassembly can be difficult if the hardware or
application program processing the received data is not designed for an incoming
data stream speed higher than the bandwidth mean (average) value. Moreover, a

local area network (LAN) to which the receiving devices are connected can
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data stream speed hi gher than the bandw dth nean (average) val ue. Moreover,
a local area network (LAN) to which the receiving devices are connected
can PATENVOAPR6SATI ON January 29, 2002 5 WO 2003/ 0656 @CTABIN05/BROMS/ 000993
experience congestion if no traffic buffering nechanismis provided between
the data transmtter and the receiving devices. (2) Sending data packets

too slow. If the packets agfre transmtte at a spee wer than the

S eRBae CARGESBAS FETC Ry T REesnanam SpaleRates DERYarY the
experienced. However, a resource waste is caused, especially if the

c alaria dtarsmiber wenthtehecdiving teaicsni tter and recei vi ng devices i s purchased
on a bandw dth usage basis instead of on a transmtted data anount basis.

Al'so, audio (2and gdrifRg SatLBELRGsAeRl d1bW . CANtHRS Afidets bedl tidhshitReriecei vi ng

data rate is too Tow. That 1S, the received sound and video will be
interm t rbled, or. [ Wi i rted Pea in dwi dt h
uS%;gaegb%lagﬂc)%rgﬁ\a[%@éa%e%@%@g'ﬁrtgﬁﬁ([%ansy\éﬁ '%Oslof?%é%gﬁcf{(ﬂﬁaﬁ?c?%&cl ose to the
target bandw dth does not always guarantee  that the data streamw | be

f ribOulst bgreipesiggcetotiawaygs) @ resperee wastels saured @sReci@iddbthfeaks at any
instant during transm ssion. Also, if the packets are not honogeneously
dicdinhiebtib e betuwdengtHehdatariaamstsrand feceiving dedidds)is panshasdd bhie  bet ween
t he successive packets, packet clustering occurs that causes an increase

prba%%\yiaﬁgss{;e 1HagisPREAM A Mot SeaRlmftst Yath bR bastd) AIRL RS he

I NSt ant aneou

and video streaming quality can be affected if the receiving data rate is too low.
That is, the received sound and video will be intermittent, garbled, or otherwise
distorted

(3} Peaks in bandwidth usage. Even when the average output

transmission bandwidth is close to the target bandwidth does not always guarantee
that the data stream will be free of problems. For example, there can be bandwidth
usage peaks at any instant during transmission. Also, if the packets are not
homogeneously distributed during the transmission, i.e., a fairly constant time
between the succéssive packets, packet clustering occurs that causes an increase
or decrease of the bandwidth used at a given instant, this being the instantaneous
bandwidth. As a result, the same problems described above for transmissions with
mean bandwidth higher or lower than the target bandwidth can arise, although the

adverse affects are experienced to a lesser degree.
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bandw dth. As a result, the sane probl ens descri bed above for transm ssions
with nean bandw dth higher or |lower than the target bandw dth can ari se,
al t hough wbheoogsense affects are experienced to a | ess@CTAB2N0&@0099ATENT
APPLI CATI ON January 29, 2002 6 WD 2003/ 065661 PCT/ | B2003/ 000993
Accordingly, it would be desirable to be able to better control the

bandwi dt h us t 1 SSL: f C type of -
content. Pr@(gc?ordﬁ% Wé'%a:rg% @gé'ﬁwbég\;grb%o%tgggf)g%ﬁrﬁ%g%ﬁg IaTyéed above
typically enforce a maX| mum bandwi dt h. That i s, the transm ssion protocol

| Sanguridl Usage dor e fABREISSIRR AT HIRKRISEAN PEINE apyridReRicoeakceeded, but
do not intervene when the bandw dth usage is |ower than the maxi num Clher
exfridri atgeraptaitd epbrectivererfousepiiobléng disalsted aboreaypicalifainfosse @' pr ot ocol
is used to solve congestion problens caused by senders w thout inbuilt

”rﬁ% ihGurh PR it 11 écgé h@(’) n@é%ﬁ%ﬁ% {dtbbBl”é SLFthTﬁ@'éQ tBaftg L anghen

space 1s excee ut1ons S type discard
pac ets usin rithm, such as ea bucket " OH
FEHTER Do O eE HRsIBRRE 5 G Pacdar buih doghotervppene et thel 1) . ot her
solutlons permt a certain anpunt of burstiness in the output stream usi ng
arbanalvgidth tisage ug howier then theok@ximuokeOthal gostingso({Utintentauiest p. 381) .
Brief Description of the Invention In accordance with the invention, it has
b%tﬂigﬁ@r@:‘fﬁé eercbi®d. TRet ishansghwtdedl isarebeohedive BBHE SO PrdblemsA desi red

target bandwi dth value if the
caused by senders without inbuilt traffic control. Still other existing solutions
discard packets when buffer space is exceeded. Some of the solutions of this type
ctiscard packets using an algorithm, such as the “leaky bucket” algorithm
(Tanenbaum, Computer Networks, 3 Edition, p. 380, Prentice Hall). Other

solutions permit a certain amount of burstiness in the output stream using an

algorithm such as the “token bucket” algorithm (Tanenbaum, p. 381).

Brief Description of the invention

In accordance with the invention, it has been discovered that the
bandwidth can be held more closely to a desired target bandwidth value if the
pause (wait time) between the successive packets is properly selected and the
packets are transmitted using the selected wait time during the transmission of the

content. A novel method and system are provided that determines and maintains
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pause (wait tine) between the successive packets is properly selected and
the packets are transmtted using the selected wait tinme during the
t ransm sswornoafocsése content. A novel nethod and system &Ca/1proshaeess t hat
determ nes and mai ntains PATENT APPLI CATI ON January 29, 2002 7 WD
2003/ 065661 PCT/1B2003/ 000993 the wait ti rre bet ween packets in response to
gﬁact ed |nput pararreters of desired tar bandwi dt h_and ,sj f the

t RED SR PR PARKP S B ERR TSR 1S IRGE NBHT BRLATAPLTe & ASNER ¢ ¢ he
data in a manner to control the bandw dth for the transm ssion of content
byargehbaodwiididy andeizeafstie packsdst tine, between the packets of the data
stream As part of the nethod and system a novel algorithm has been

devel oped amfeirfietHRl 8AE@RY S RAtthe IR iR bperade b thshsphitehé fAhtef the
packets of a content to be transmtted to a desired target bandw dth (BT)

bﬁ'neg ?p r?ri%r\%sfl ﬁrtglo{il{ert%llt Wit I?Sr bran@hni frﬁgﬁ of cto'n[?&t Qﬂ%ﬁﬁtr@ﬁlﬁg y ibﬁt ween

Kats-' The Chventi on can enen
software and/or hardware. In a preferred enbodi ment of t he |nvent| on, the
ptRE PaueHh @Jf WeHetimsahaivaen tb%rw@rslsﬁts of At gaeay- 1he ARECbING he hi ghest
resolution clock or other timng device available at the sendi ng device.
Thiethpd @vidodessteie dastel cigmrétnsathias bechadewaoped ane is oupklinmentedrtbes. I n a
preferred enbodi nent of the invention, the wait tinme between packets is

Calistdsatediaedsiol (B bt ¥edpRacdistorsd g6naid thasPehnbndvl dbhy

desired target bandwidth (Br) by selecting and controlling the wait, or pause, time
pause (tw), between the transmission of the packets. The invention can be
implemented in software and/or hardware.

In a preferred embodiment of the invention, the precision of the
bandwidth control is maximized by the use of the highest resolution clock or other
timing device available at the sending device. This provides the best compensation
for wait time rounding errors.

In a preferred embodiment of the invention, the wait time between
packets is calculated based on a fixed packet size and target bandwidth.

The invention does not require or use feedback from the receiver
devices. Therefore, it can be used for unicast, multicast and broadcast
transmissions and with simplex, half-duplex and full-duplex media.

As compared to the existing transmission problem solutions discussed
above, the invention causes data flow to tend towards target bandwidth,
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The invention does not require or use feedback fromthe receiver devices.
Therefore, it can be used for unicast, nulticast and broadcast

t ransm ssworesozsdeoni t h si npl ex, hal f-dupl ex and ful | - dupicCedBm®alH@IIIAS
conpared to the existing transm ssion problem sol utions di scussed above,
the i nvention causes dat a flow to tend towards target bandw dth, PATENT

| CATI 9 2002 03/ /1.B2003/ 000993
e aae g g cremgivelfn SpEeh 68 ReRias AbCedBRIENER ne
|nvent|on rovi des trafflc control at the source so t hat the outgoing
t PegMides trafiigpentioy at ghe spuwet s thaidhecdgoinaniipfiic inemogitlyyt bandwi dt h.
Further, the invention prevents excess packets by introducing pauses

bdiswiautep anketehdsbtaw iidsahehargstetgieivwidin i [Furtierped imaekieh i s to be
transm tted and never discards packets. Also, the present invention

@té%ﬁ'té" éx&&08§%@ggﬁﬂqw&am¢§ggﬁs&%€w éz;@nrg bJBketsP Hro%tlélrg& %ﬁeh o Bri ef

scriptron of W ngs advant ages present

nventi on por e arent upon, reference fol | ow ng
& |L65t'm% %??f@?@dt%P%\Xfmémﬂieﬁ M BRVer écar Si %a‘?q(eé%h éHe®i ¢ di agr am
of a systemlrrpl enentation of the invention; Fig. 2 is a flow chart of the
ptlecpsssent invention maintains a constant bandwidth usage with minimal

burstiness.

Brief Description of the Drawings

Other objects and advantages of the present invention will become

more apparent upon reference to the following specification and annexed drawings

in which:

Fig. 1 is a schematic diagram of a system implementation of the
invention;

Fig. 2 is a flow chart of the process;

Fig. 3 is a flow chart showing the generation of various timing
functions;

Fig. 4 is a diagram showing percentage error relative to a specified
target bandwidth for an exemplary transmission bandwidth of up to 10 Mbps;

Fig. 5 is a diagram showing the percentage error relative to a specified
target bandwidth for an exemplary transmission bandwidth of above 100 Mbps;
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Fig. 3is a flowchart showi ng the generation of various timng functions;
Fig. 4 is a diagram show ng percentage error relative to a specified

t arget bawowoawdsséear an exenpl ary transm ssion bandw dt RCafiB2p3/@990 Mops;
Fig. 5is a diagramshow ng the percentage error relative to a specified
target bandw dth for an exenplary transm ssion bandw dth of above 100 Mps;
PATENT APPL| CATI ON January 29, 2002 9 WD 2003/ 065661 PCT/1B2003/000993

Fig. 6 is affl-R)iamisgamghewindEhe Bricsidags epor raletiveie 3 specitigdcifi ed
target bandwi dth for an exenplary transm ssion bandw dth of up to 1 CGops;
Fitgrge? biasdwidirafpraan skemipleyy tearismissionnizandil atth arfalp ps 1b@bpeen packets;
Fig. 8 is a flowchart show ng an alternate function for produci ng wai't
time of a fiEpedy yabhufaHelneREWIAE vakighs tiphe PERHLASHIBE bEIRERRS! Ve packets;
and Fig. 9 is a nodification of the function of Fig. 8 introducing an error
co sation nmechanism Detailed Description of the Invention In the
trpgﬁg‘%isssi on of data packets, bandw dth is usually defined as the anpunt
of data transmtted in a given tinme frane. Bandwi dth control refers to the
capabi | ity Fig.cdig adlow mbapasitemtitchan jalternateHeinctios fof produning y¥aibn for a
given anount of data. A significant value to eval uate bandw dth control
quiahd b¥ al Bxdd@alue between the start of sending of successive packets; and

Fig. 9 is a modification of the function of Fig. 8 introducing an error

compensation mechanism.

Detailed Description of the Invention

In the transmission of data packets, bandwidth is usually defined as
the amount of data transmitted in a given time frame. Bandwidth control refers to
the capability to control the bandwidth, i.e., the rate of transmission for a given

. amount of data. A significant value to evaluate bandwidth control quality is the
mean (or average) bandwidth Bw, that is, the arithmetic mean value about which
the actual transmission rate centers during the entire transmission. The target
bandwidth Br is defined as the needed (selected) bandwidth for a given content
transmission. In some cases, Br is an amount of bandwidth that is sold or leased to
a content producer by a broadcast facility.

If Br is known, the mean bandwidth Bu can be defined by the

following equation:

PATENT APPLICATION
January 29, 2002
10



mean (or average) bandwi dth BM that is, the arithnmetic nean val ue about
which the actual transm ssion rate centers during the entire transm ssion.
The t ar gewo 2oengdécdt h BT i s defined as the needed (sel eecadB2tdoanawdsdt h f or
a given content transm ssion. In sone cases, BT is an anount of bandw dth
that is sold or leased to a content producer by a broadcast facility. If

BT is known,pth e, d BM can be defined by th : I

equati on: PA(C%tIrEN? Ar%ggl}? %%‘]Ewc\;_\ll- E)\?anuary 29, 2002 10 WO 2085?%%@%@?1 TP

PCT/{ 1 B2003/ 000993 (BT - 8) < BM< (BT + E) (Equation 1 -1) where BT = the
t a¥98% bandwi dth BM = nean bandwidth E = error or deviation of BMfrom BT
The main goal of bandwi dth control is to mnimze the error E between BM
and BT. To Bomsthiztarget beodwidibt her perspective, E is the percentage error
of the mean of the bandwidth actually transmtted relative to the desired
target bandwgthnfdan baxgwassed in percentage terns as: E _ 100%
(Equation 1-2) BT It is also inportant to consider the amount of data

transmtted ¢ & Brror or deviation of Bu from Br
The main goal of bandwidth control is to minimize the error ¢ between Bmw and Br.
To consider it from another perspective, E is the percentage error of the mean of

the bandwidth actually transmitted relative to the desired target bandwidth Br,

expressed in percentage terms as:

E=-2.100% (Equation 1-2)

Br

It is also important to consider the amount of data transmitted in a
fixed time window smaller than the time needed for the transmission of a complete
content, that is, the instantaneous bandwidth, and to compare this value during the
entire content transmission with the target bandwidth. This is necessary because if
the instantaneous bandwidth values are largely different from the target bandwidth,
the data transfer rate is oscillating, that is, the transmission is heterogeneous. This
can happen even if the mean bandwidth Bwm is equal or very near to the target
bandwidth Br.

This heterogeneity in the bandwidth usage can be very difficult to

manage at the receiving end, for routers and other routing devices, especially where
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fixed tinme window smaller than the tine needed for the transm ssion of a
conplete content, that is, the instantaneous bandw dth, and to conpare

t hi s val wodned/megesthe entire content transm ssion w thPCRGBLm@B/QG@0I3

bandwi dt h. This is necessary because if the instantaneous bandw dt h val ues
are largely different fromthe target bandwi dth, the data transfer rate is
osthieldllatierigtary diabandwidiheBt rsafitedd a8d @anhot betedcegdneoes)., ibhtie cagen happen
even if the nean bandwi dth BMis equal or very near to the target

cafihttisbibn Jfudid 6 SEAARRC LIS Dandw dth usage can be very

ditffrcult to nanage e recerving end, for routers and other routing

devi ces, espegiall her e | PATENT APPLI CAT] January .29, 2002 11 WO
2003/ 065661 “PCIPN f‘@é\l\gﬁ@@é%‘é" ‘E?ﬂeéﬁlt skt RLY ta@&ﬁdﬁﬁ”&&’ ﬁ'f NEef i xed and

cannot be exceeded, e.g., in the case of transmission of data by satellite
t regiwieepgherigstantanensst handwidithdwehshredhin bdimadareeiddhl and s targetl i f t he
difference between the instantaneous bandw dth (neasured in a tinme frane

AtBandafigtH Be téadHed zeRANIwitHhE tBlrignghe frand@isdiok Fhkimg t during the
transm ssion. That is: (BT - E) < Bit,t+Atj < (Br + 6) (Equation 1-3) wth

s and At tending.t ero, d tstart< t <tend, and whe r{ a
transmi ssi ozggt_a?)t gtlsﬁtr‘ri”aif“ <?ng3' :%}transm' ssion end ti me{,’E%uta%'%ﬁ 1-3)

with ¢ and At tending to zero, and
Tt < t <tend, and where
tstart : transmission start time;
tend : transmission end time;
At : measurement tim'e frame, which must be less than the transmission duration;
Biet+ay : instantaneous bandwidth B measured in the interval included between
tand t + At.
The above is only a theoretical situation, not reproducible in the real world.
Nevertheless, the bandwidth control described here is designed to approach as near
as possible to this ideal solution, using the maximum precision supported by the
sending device.

Another parameter that can be considered is the transmission
burstiness, defined as:

B peak

Burstiness = (Equation 1-4)

Bu
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At : measurenent tine frame, which nust be |ess than the transm ssion
duration; Bit,t+4tl : instantaneous bandwi dth B neasured in the interval
i ncl uded wetweasséeland t + At. The above is only a theoremitBzdos/seooemt i on,
not reproducible in the real world. Nevertheless, the bandw dth control
described here is designed to approach as near as possible to this ideal
solberiedBy isuthengeainebaredaividin gfr e trassmisssarp pontead, byndtBrex isendhiyhedevi ce.
Anot her paraneter that can be considered is the transm ssion burstiness,

ded+ tpe TI ON
Januﬂgr S/b bggmgqﬁﬁal{]gg@%’?0%%?%5%5%&#&5%8%@%%@Qé-g%esrbrg%éli\(/ﬁa\s t he nean

baﬂgv%n .dth of a transm ssion content, and Bpeal < is the highest of the
abs8l'Ut'e i nstant aneous bandwi dth val ues measured dur i ng a transm ssion.
That is: Bpeak = max(Blt,t+nti) (Equation 1-5) ldeally, the burstiness
shoul d t end Brek snénaXiiat+405, the bandwi dth bei ng E@eRtiarhddild be cent er ed
at BT. Note also that under the sane conditions of burstiness, the

t r ansmilgedlign thetorirogessy siowdubad he andl. f Ehents, the mdmdtmb@m@ans@n i's
provided in this value about the recurrence of Bpeak. In fact, the

PUWHIES SekBlrl s1S NP also that under the same conditions of burstiness,
the transmission heterogeneity could be different, since no information is provided
in this value about the recurrence of Bpeak. In fact, the burstiness value says how
large the peak is relative to the mean transmission bandwidth Bm, but not how
many times the peak is repeated during a transmission. That is, a transmission can
experience 1 or 1000 peaks, but the value Bpeak is the same in most or all cases.
Also, no information is provided about the heterogeneity of the transmission, that
is, about the peak frequency.

Application programs making use of unreliable network protocols such
as the User Datagram Protocol (UDP) for transmissions typically are not able to
specify a target bandwidth Br for a given transmission. As a consequence of the
absence of direct control, data is sent at the maximum bandwidth allowed by the
network interface. When the program communicates the instruqtion of sending a
content to the network card, that content is sent at the maximum speed

(bandwidth) allowed by the network card. For example, if the network card can
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| arge the peak is relative to the nean transm ssion bandwi dth BM but not
how many tines the peak is repeated during a transm ssion. That is, a
t ransm ssworeogssesexperi ence 1 or 1000 peaks, but the vacwaBBpazasds t he
same in nost or all cases. Also, no information is provided about the
het erogeneity of the transmi ssion, that is, about the peak frequency.

thér\ﬁ%ﬁbﬁﬁPﬁéﬁ%ﬁ?gﬁd@ iyl bl BupIR: 5%.6@?‘@%%?5%? abl e

speci f&l a target bandw dt h BT for agiven transn ssion.
ccﬁ%‘é@&é@c bpe améhe apEwREls Breralis ee epebiration levedcant®l.sent at the maxi mum
bandwi dth all owed by the network interface. When the program conmuni cat es

t he i nstructn ascofdaserdiviidy the icoahgot, 4 ovaityecomedresiduat aintk istihgiosednt ent i s
sent at the maxi num speed (bandw dth) allowed by the network card. For

eXHIRn dubck E@v@%'fa WREYs 61l %ﬂsrrPéTcﬁ%\ffn ORGP Mo VMRS, 2002 13 WO
2003/ 065661 PCT/ 1 B2003/ 000993 handl e 10 Mops bandw dth, the content is

fragnent ed into ets, and hes n s.on,the net
HEPOEE S SusiePRIEF ShiRdte) af@&ﬁtbﬁaﬁw'?ﬁ BEcdrBameL e nd HEnG  on, a
wait, or paresidual tine is |rrposed bet ween successive packets of the

t rthednvensiomaghieves dandwiddneeniroldan inireriusing higeaise. i osder aé t he

sel ected target bandw dth BT. The nethod and system of the invention
achieemesadeatrding thidsieo bbhdlvitth Bats asweangstgussiaus aheitargatder that the

average transm ssion bandwi dth BMis as near as possible to the target
bandwidth Br. Also, all of the “instantaneous” bandwidth values measured during
the transmission of the content are made to occur as closely as possible to the
target bandwidth Br. For this reason, a high precision is needed in timing the time
between packets, and the timing preferably should be as precise as possible. The
needed precision needed for the wait time depends on the target transmission
bandwidth Br. As described below, the higher the value of the target bandwidth
Br, the greater the control of the precision of the pause between packets should be
in order to maintain the deviation E from the target bandwidth to acceptable values
for practical use.

Consider the following example of dividing the data of a content to be
transmitted into packets of e.g. 8192 Bytes, and needing to transmit a fixed
amount of data at a target bandwidth Br = 10 Mbps. This computes as the wait
time, or pause, between every transmitted packet being 6.5536 milliseconds (8192
Bytes = 8192*%8 = 65536 bits. 10 Mbps = 10000000 (ten millions) bits per
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bandwi dth BT. Also, all of the "instantaneous" bandw dth val ues neasured
during the transm ssion of the content are made to occur as closely as
possi bl e WO 2068206566ar get bandwi dth BT. For this reason, &CRiIBopo@o9xsi on i s
needed in timng the tine between packets, and the timng preferably
shoul d be as precise as possible. The needed precision needed for the wait

ti BBcsiRRendading 65836a5,090000TTITLESSI RAit m%%%geﬁgyacﬁé tdescri bed bel ow,

t he hi gher t he 'val ue of the target bandw dth greater the control

of At ISIOI’I f_t se .bet we shoul in order to
el ey n 53880d§t| OQ%E%%JB}W'??\%OQ%? E‘?&beaﬂm'ﬂ?ﬂ th t?‘ﬁcwﬁt abl e val ues

for practical use. Consider the follow ng exanple of dividing the data of a
cofteastring systers fan dafermiginanthe yatkiéms hetweey. p&i®s Bypee, and needing to
transmt a fixed anmount of data at a target bandw dth BT = 10 Mops. This

comillisesorals &.46 arahé millisgeondrci®ekd)shen bmsvmm walgs habransdtddrriddpacket
bei ng 6. 5536 mlliseconds (8192 Bytes 8192*8 = 65536 bits. 10 Mips =

%8%% 656 1(‘2%8? %%é%%gﬁgwlecon % %‘:Url?g%%t}% %W%B(yﬂfﬁg%rﬁooz &;I :AD

or BB b A TBRISRENE b hrE TG te fupoim mBIsssonds iy uwgdph'@srééa?%‘c‘ifw)%” e
bet ween packets is one mllisecond, e.g., a one mllisecond clock, then

t hegoty aie-6:dBlte dndd 2856 e aV@mmaeuandwmhmsagp frmmmhmaomhq:mBed= 6. 5536
mllisecond value so that the wait tinme wll

10Mbps. This example illustrates the need for a precise computation of the wait
time intervals between packets during broadcasting. To ensure that the average
bandwidth Bw is equal to the target bandwidth Br, theoretically the wait time must
not be rounded. In practice, in some cases, this value must be rounded, due to
software and hardware limitations. As described below, it is preferred that thé
highest precision supported by the sender device be used, and therefore that the
achieved bandwidth control is optimized for the software and hardware
configuration employed.

As described above, in order to provide high precision control, an
important aspect to be considered is the time granularity (precision) for the
measurement of the wait time between the successive transmitted packets. As an
example, Fig. 4 shows the absolute percentage error E (logarithmic scale) on the
specified (target) bandwidth Bt for a given transmission at bandwidth up to 10

Mbps, with a packet size of 8 KB. The upper curve shows the error with rounding
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be 6 or 7 mlliseconds. The-rounding to 6 or 7 mlliseconds will produce
respective errors of -6.38%or 9.23%in average bandw dth usage fromthe
speci f i edwBDoe3/063@Vbps. This exanple illustrates the ne®dTiB200XOEOEX| Se
conputation of the wait tine intervals between packets during
broadcasting. To ensure that the average bandwidth BMis equal to the

t aPHéhe m&m the miliseeend aar|thedpwengrive PReWsLdE erfen usedr ounded. | n
practice, in some cases, this value nust be rounded, due to software and
harawatieg lof mhé¢ avaionisne As theswicrdetohd| dwcantbe seqr efigr wedntthat t he hi ghest
preci sion supported by the sender device be used, and therefore that the

ac ho @iy RARSIAE HlcfRREBAY (Qﬁgr%??drée'sgi%ﬂ) £96 efof iSfidswar e and hardwar e

configuration enployed. As described above, 1n order to provide high

i Si trol [ { ant t, t i.d dis the ti
r anul ar ity (B CcPaPBR) PG eranPleddcpREhES gPreHaRRTY e bet veen t he

successive transmtted packets. As an exanple, Fig. 4 shows the absolute
peflegatityec scaly ap thegaesifiptitarass daepvgdth Be fos peivén &gnsmissien ptbandwi dt h
BT for a given transm ssion at bandwidth up to 10 Mps, with a packet size

of abhafdwidtreuppperoc bps,sivihsa phekar igs onig KB oThe iupger BARENThARELI CATI ON
January 29, 2002 15 WO 2003/ 065661 PCT/|B2003/ 000993 of the wait time to

LS S IR (8 SN ey A2 o e

P one DaRdig ot thedivait Breto 1 hicrosesond, It San B2%een that the
percentage error E in actual bandwidth usage never exceeds 0.1%. By rounding
the wait time to the millisecond the resulting error is significantly greater; the actual
bandwidth usage would be 45-50% higher than the target bandwidth at a Br of 50
Mbps and 35% lower at Br = 100 Mbps.

Fig. 6 shows the percentage error E on the specified bandwidth Br for

a given exemplary transmission (up to 1 Gbps), when rounding the wait time
between the packets of the transmission to the microsecond, where the. packet size
= 8 KB. The percentage error obtained when rounding to the millisecond is not
shown on this graph. By rounding the wait time to the microsecond, the
percentage error on the target bandwidth Br up to 1 Gbps remains under 0.8% in
the worst case. This means that the difference between mean bandwidth Bm and

target bandwidth Br would be under 8 Mbps. This might be considered to be

acceptable for transmission speeds up to 1 Gbps. But using the 1 microsecond
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Fig. 5 shows, as an exanple, the absolute percentage error E (logarithmc
scale) on the specified target bandwi dth BT for a given transmssion at a
bandw dt hwopoeanei®d Mops, with a packet size of 8 KB. TReTUpp®B/o@ysd/e shows
the error with rounding of the wait tine to the mllisecond and the | ower
section shows rounding of the wait tine to the mcrosecond. It can be seen
t 1 i ] eds 0.1 %
oy PaCIATP, W AT TR Botfr! dhRiatiopb RIS Mrflrd (U7 TGl BB R=
significantl reater; the_actual bandw dth usage woul d be 45-50% hi gher
tﬁg[ﬁnt%%”'f'ﬁ?%ﬁglcb‘%{ﬁﬂm%ﬁﬂ Qgpﬁ' BT of 50 Mops and 35% | ower at BT = 100
Mps. Fig. 6 shows the percentage error E on the specified bandw dth BT for
a gi ven exenfbleapackert sirariRsplovs @opgmportanGrpks) durihe drarsomdsing. tthe wait tine
between the packets of the transm ssion to the mcrosecond, where the

p talS tHElargeStHeBradiid 188, Gt AE81IL theppbémiagederyhiest truinyeg to the

mllisecond is not shown on this graph. By rounding the wait tinme to the

RSN e e8GR PR B R B0 PETSUAARD g0 L

bet ween nean bandw dth BM and target bandw dth BT woul d be_ under 8 Mops.
Trhe AFpgRtonpd @ HSTARaCeAd: o Bis is sEdpt s fact shat fdhemackes §izepgeds up to 1
Gops. But using the 1 mcrosecond PATENT APPLI CATI ON January 29, 2002 16
Wh2easéd 6heaiurRbdr bBpaokeB0R IBgivgn amrsanissipnwoaritény idecceasas lankli, gher and
unacceptable errors for target bandw dths
consequently, the number of wait time occurrences between the packets of a given
transmission decreases, causing the rounding error sum to decrease.
In the invention, the bandwidth in a transmission is controlled by
selecting and placing wait time intervals tw of a predetermined value between
packets. It is preferred that the wait time interval tw be computed with the highest
precision possible on the sender device by using the highest resolution timing
device available. As demonstrated above, at least microsecond granularity is
preferable to guarantee an acceptable bandwidth control for transmission épeeds in
the Mbps range.
The algorithm applied to achieve the bandwidth control is as follows:
given the target bandwidth Br and the packet size P, the wait time

interval tw between every packet is:

ty =L (Egquation 2-1)
Br
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even significantly lower than 1 Gops. The packet size (P) plays an
inportant role during transmssion. In general, the |arger the packet

si ze, thewermnbd@sesihe percentage error of the target bacauBzolIBIIY el ative
to the mean bandwi dth BM when there is rounding to at |east the precision

f ' d. .Thi the f hat i h K
nereased, - (enTRth: BrpEE Rt p pIlerk A inaian eI, decr cases

and, consequently, the nunber of wait tinme occurrences between the packets
ofCaMpiiasihat pamEaisskieciianeBissiaes Thedargeidanswvidshiiiiosg ke pel bsum t o
decrease. In the invention, the bandwidth in a transmssion is controlled

bythesgdreet iviigo m'cpltacéemi avaiatnshhiﬁﬁohrthejugai & user dfitedfaeeededrer m ned val ue
bet ween packets. is preferred that the wait tine interval tw be

ﬁé%ﬁﬁ@ VM drfd Mﬁté‘w@%ﬁh a BbRENB ﬂﬁ&?‘:?ﬂs 0% B SANAs] Pgﬁﬁbby using

ghest resolution timng device ava As “denonst ove, at
Ieast secqgnd,granyl ari ef er bI e to uarantee a ept abl e
ool Bl B3R P - Tse raneteh Fom Plepisdacs frangrltigpis sramgd. YIRS ai gor ¢ hm
applied to achi eve the bandw dth control |s as follows: given the t ar get
bawsri diatBy, thedtarget pantteidthi BeisRgivemasvaa inpult p@raingtenval t N, bet ween
every packet is: tw - B (Equation 2-1) PATENT APPLI CATI ON January 29, 2002
17 WO 2003/ 06566 th&phckBRORE/PRaRdeter, typically the packet size is set

when a program is installed to broadcast the transmissions, and then packet size is
kept the same for all transmissions. The packet size can be, for example, contained
in a configuration file. It also can be input as a separate parame‘\cer. In a typical
use, the content to be sent and the target transmission bandwidth Br are selected.
Then the broadcast application reads the needed packet size P from the
configuration settings, which was previously set by the broadcast application or
was input. At this point, the broadcast application “fragments” the file to be
transmitted into smaller packets. Typically, the header of these packets will specify
the address of the receiver and information about the packet content. The
broadcast application already knows the packet size, since it was read from the
configurations or from the input before fragmenting the content to be transmitted

into packets.
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In operation, both BT and P are provided as input paranmeters to the
conputer that controls the transm ssion. The target bandw dth BT can be set
by the pepsoss/osh@iwants to send a transni ssion throughPaTaBzn3/Hemwex f ace.
For exanple, if one wants to send a content to a third person, a program
can be made available where the "speed" at which the file is to be

transmitt ed!n ysenthe w9y bapdwidibdd setpgled; for usgewithryBroasaadhi dth BT is
given as an input parameter. As to the packet size P paraneter, typically
t bpplheatiat peogrem is lariely \blaead anprhegiransrissiomstraldie do the Wsarhdodsthdrhe
transm ssions, and then packet size is kept the sanme for all

t rfé(?:%?% SSUcSs ?ﬂ%‘@n’ﬂﬁﬁﬁ‘%{f ARV i@n IQRed R p RERAREEFocOEd ai ned  in a
conti ile. It a

guration SO can be | nput as a separate paraneter. In a
typical us I he content .to be_sent a]g% the target transm ssi bandw dt h
BT are sel ect¥{9 th?h%ﬂ”?'??é”b‘?'?)%li'&%f’a% Fiacg’tolpoﬂg‘?r@ﬁ'ag 'Fﬁgpﬁ%@ag&rpacket
size P fromthe configuration settings, which was previously set by the
bevadcpatketippansraissiom as fol@asi nput. At this point, the broadcast

application "fragnments” the file to be transmtted into smaller packets.

Typi cal ly, the dmraweiheohctuabsithgagketis (asldtagpefcpdokettthanadideioss; of the
receiver and information about the packet content. The broadcast

application r \ he packet size, since it was read fromthe
configurati (S%)!s S(;%rﬂgftrhg}?ﬁg&i nput before fragnmenting the content to be

transmtted _into packets. PATENT APPLI C%ATI ON Januarrx. 29, 2002 18 WO
2003/ 065661 (Pcphtayg aRiygoeme value t2 (after packet transmission);

(4) compute the time used to send the packet tused, Where

tused = T2 — 11 (Equation 2-2)

(5) compute a value t (residual time)

t = tw - Tused (Equation 2-3)

(6) Wait for t;

(7) go to step 1.

Referring to Fig. 7, this shows the various times. As seen, tw is the
time between the start (t1) of two successive packets, while t is the time between
the end (t2) of one packet and the start (1) of the next packet. The residual time
value t must be respectively based on the selected packet size P and target
bandwidth Br.

The operation to send a packet of data is time consuming. That is,
time tuses Will be used to physically take a packet and send it on the network. To
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In use, the target bandw dth BT selected for use with a broadcast
application programis |largely based on the transm ssion nedia to be used
and ot herwofae¥@ss1 such as the anmount of bandw dt h | ea®ed/iBrooposoeyssed f or
use. During the transm ssion of the packets a | oop operation is repeated
for every packet transm ssion as follows: (1) obtain the actual tinme value

ti (as start of, packet transmission);: .(2) send the.pac - (3), obtain the
aéhgdfe t "’ﬁet%%ﬁ &eS%fE"C(%ftfé‘Pe?QEEgé? V%?'BH&'H% E”Sf%ﬁ?;ac (‘g\ﬁe(}éghﬁ@%ﬁj%e time
used to send the packet tuned, where tused = t2 - tl (Equation 2-2) (5)

c clepineeneedmsatauwait ¢ resifdalatimei frefiter the send peokeidop&Egliani Isreom@pted. 6) Wai t
for t; (7) go to step 1. Referring to Fig. 7, this shows the various tines.

ASTEE&Rmp et Svhiiaimé it bRicenaindkaes shdires (tha) ifbrinatioausttieiss suet packet s,
while t is the tine between the end (t2) of one packet and the start (ti)

of t Si It : : tively based
oﬁtgﬂé r*%%’é%%ﬁ%ﬁd%ﬁabcﬁ?ﬁt"vﬁg?@e T ey BresiRloh fihe B b B aRReE Y
send a packet of data is tine consum ng. ;‘That is, time tuned will be used
© GoEMFehcinl (ATt ARGV ESDURETSSr PEGKEFS| BN Tl Fendch Racke): PATENT
APPLI CATI ON January 29, 2002

Fig. 1 is a diagram that explains the transmission of the data packets.

At the sending station there is a computer 10 that has a broadcast application
program installed. The broadcast application program operates on a content 12
that is to be transmitted in data packets. The parameters of the transmission
target bandwidth Br and packet size P are input to the computer 10. As explained
above, the value P of the packet size might already be known in the computer. It
can be set if required. The computer computes the wait time tw from the algorithm
of Equation 2-1 and operates to control the transmission 16 of packets 18 (black
bars), shown as having a controlled wait time t« between the successive packets.
The packets 18 are received at a computer 20 that has a receiving
application program installed. This program reassembles the received packets into
a file that corresponds to the content file 12 that was sent. This is conventional.
Fig. 2 is a flow chart of the overall process. Here, in S1 and S2 the
target bandwidth Br and packet size P are input to the computer. In S3, the
computer computes tw in accordance with the algorithm of equation 2-1. The
computed value tw is used as a control parameter in S4 that is input to the
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19 WO 2003/ 065661 PCT/1B2003/ 000993 ensure that there is sufficient tine
for the wait time twto be achieved, the sender device needs to wait a
resi dual wormoxoeadsier t he send packet operation is conplpetrad2003/¢ve9xonput ed
wait tinme tw between packets ensures that information will be sent at the
needed target bandwi dth. That is, the residual tinet is the difference
bdtroedeast\@pplaatiobereesss ShccBss ity dajuacik etpp)iedrid thesfild totloe semdas packet).
Fig. 1 is a diagramthat explains the transm ssion of the data packets. At

t hep$EeadBBG oSt hroRdEAST Srdcesd PP MueSrodlcadtairobass 8PkReHGRFtha PPl i cation
programinstall ed. The broadcast application program operates on a content

Pakhf bier oF e BA Rl Gt nh S e % BRI 1o 1 ne

conputer 10._ As _expl ained above, the value P of the packet size m ght

al ready be Hi@wd shevinhthe erpiation of the eamppersiatparforngiggi thedstemnef conput er

conputes the wait tine twfromthe algorithm of Equation 2-1 and operates

t ahe airhingl lobpeot sletasnites residdd tirhe pasketferrd® to kibasle. Aass)Q1,hewn as havi ng
a controlled wait tine tWbetween the successive packets. The packets 18

afrfng €F at YIed sdrt df GRIARMAISE oAl l@acl@@isadétgprﬁin\édn&wd ARRlekGALd PG pr 0gr am

installed. This programreasse es the received packets into a file that

b S oFsarindi on enBadoeraliopAbidscodp & | ¢ I FRF dberne

target bandw dth BT and packet size P are input to the conputer. In S3, the
cemgutime teafphiedsansmispioncebtitranaekeadi is Weteraniaed and isnstore@fuatdOén 2-1. The
conputed value twis used as a control paraneter in S4 that is input to the
In S108, the time quantity tused in transmitting the packet is computed (S106 value
minus S102 value) and is made available in S110.
In S111, the computed value of tw (see S4) is used in S112 with tused
(from S110) to compute the residual time t (see Equation 2-3). The computed
value of the residual time t is available in S114 as a time to be satisfied in S116
before transmission of the next packet is started at S101 and S102. The loop of
Fig. 3 is repeated for each packet sent.
Using the algorithm of Equation 2-1 it is preferred that the facilities
used to get the current time values t1 and t2 of Equation 2-2 and to wait for the
residual time t of Equation 2-3 have at least microsecond granularity (precision or
resolution). Making the granularity more precise decreases the error E of the actual
mean bandwidth Bwm relative to the target bandwidth Br The most direct method to

obtain the t1 and t2 values would be to get the actual time from the operating

PATENT APPLICATION
January 29, 2002
21



PATENT APPLI CATI ON January 29, 2002 20 WO 2003/ 065661 PCT/1B2003/ 000993
broadcast application process S5. The tw value is applied to the file to be
sent as WOR0e3/@56656 t o t he broadcast process S5. The brecadBzws/o@wexress S5
know ng the packet size fromS2 and the wait time twfromS3 transmts the
S7 packets. Fig. 3 shows the operation of the conmputer in performng the
st eps of he timng | oop to pbtain the resi .y referred to
abGiem, guc 1‘1‘?1%r°f‘hgg iR ‘f’lf’cgt %\geg?rartfnsova%ﬁ faalnré [{'gtsrfaé[ﬁ[ﬁgf a packet is
determ ned and stored in S102. |In S103, the packet to be nt i s nmade
avpérasibgesysnemi kasse timemoSiiaroserosd Psecising- lenidher abgencs o ihe

transm ssion of the packet is determned and is stored in S 106. |In S108,
t hRsiltdy 8 HgRMrédiviohus@dw dretdaamsei touldgd heehadkebunterdsmpgerertal S106 val ue
m nus S102 value) and is nmade available in S110. In S 1 1 1, the conputed
val ue of ) i 1 ( iIstdids t 0 conpute
tﬁeerH} 8§?%Er¥\f’ﬁfqe’§%‘$ﬁ')”€s§e@§ﬁ5‘% ?Sﬁﬂ‘ge%?&ﬁr@e{,ﬁ@rrﬂﬁt e%éﬁ\glaﬁue of the residual
timet is available in S1 14 as a ti t o be. sati.sfied i bef ore
{inehita 3G BTOTTien REXOTRORECT et B daoLEeatan drer LTS s Gop. of
Fig. 3 is repeated for each packet sent. Using the al gorithm of Equation
2tilndst The poehesrnedughate trhendged bitthesconpe@r Cengal PIoResSING BAE ti me
values ti and t2 of Equation 2-2 and to wait for the residual tine t of
EQtalj GRd edd BB eddpdraal sysedras egonllygtas coaniérymipst e tsrdwave
resolution). Making the granularity nore preci se decreases the error E of

t rc]:Sn r%hgglin a CPU-sharing operating system if other tasks, in addition to time

computation, are carried out. |f the increasing frequency of the counter, i.e., how
many times in a second the count is increased, is known, it is possible to compute
a time interval such as tused by obtaining the counter value at two different times
and dividing this difference by the counter frequency. As seen, it is desirable to
use a high precision counter. Any reliable counter can be used, however, the
highest resolution counter available on the device should be used in order to
maximize the precision with which bandwidth is controlled.

Another key issue is how to suspend the program that sends the
packets for a given residual time interval t. As shown above, after a packet is
transmitted, the program must wait for the residual time t = tw — tused to have
elapsed before sending another packet. If the broadcasting device does not have
the necessary hardware and/or software facilities to accomplish the task of
determining the residual time with the desired granularity, but provides at least a
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mean bandwi dth BMrel ative to the target bandw dth BT The nost direct
nethod to obtain the ti and t2 values would be to get the actual tine from
t he oper awDrego3/FAGENT APPLI CATI ON January 29, 2002 21 WeC208308/6&6%1
PCT/ 1 B2003/ 000993 system such as fromits timng clock. However, this

woul d inply that the operating systemhas a tiner of m crosecond precision.

Mmefifo 85 RABH Ble Eirént tiffd Wil thePd&didy grpelatit9n théd BeR&e counter coul d

I

be used. A counter Is a general termused In progranming to refer to an
incrementing variable. Sone systens include a high-resolution perfornmance
co%ﬁﬁr«gﬁ'crt“ﬁsaga'ﬁi@v‘ﬁf hi gh-resol ution el apsed tines. The counter val ues
are nmanaged by the conputer central processing unit (CPU) and read by the
oper ati ng sy@nemppusagdl liy shomen tobigt & hget theerasidualdirae tderauppliedd in a
CPU-sharing operating systemif other tasks, in addition to tine

COdPstept 201 anidetheaddtefflindd vallk dfhg.d ReareatitAg thriaaveoay apd thhe counter,
e., how many tines in a second the count is increased, is known, it is

i
POSS. : i j \é? ugh,. L unt mgp}t Mel! e counter
Depretf dficP BT Hidhuach bt FRONRRE BoR R R LERET BErERhBL I BT U or
frequency. As seen, it is desirable to wuse a high precision counter. Any
ref¥-abl e counter can be used, however, the highest resolution counter
avai l abl e on the device should be used in order to naximnm ze the precision
wi t h whi ch bamswi=dtthwi-gseont rol | ed. Anot her key i ssué&dquaticowdtld suspend t he
programthat sends the packets for a given residual tine interval t. As
shawanaheM&i.c afd §6ftdaPapk&dedss is implemented which, periodically, in a loop,
compares in S209 the values of the difference between tespsed and the residual
time t to wait before the next packet is sent. When the value of telapsed is equal or
greater than the desired residual time t, the looping process ends and lets the
program continue, sending a new packet. This approach provides high precision if
the time measurements have high precision and the appropriate values, described
below, are compared at frequent intervals.
The method of Fig. 8 can be described in an algorithm as follows:

S201 Get the desired residual time t (i.e., the how long the sending of
packets must be suspended);

S203 Get the start time ts.ar (When the wait process is called);

Continue performing the following loop as often as possible:
S205 Get the current time trow;

S207 Compu’te thow — Tstart = telapsed.

PATENT APPLICATION
January 29, 2002
23



transmtted, the programnust wait for the residual tinet =tw- tuned to
have el apsed before sending anot her packet. If the broadcasting device
does not weweos/ish@inecessary hardware and/ or software f&¢CiTlBioaeomes
acconplish the task of determning the residual tinme with the desired
granularity, but provides at |east a PATENT APPLI CATI ON January 29, 2002

22 WO 2003/ %ﬁ@r@%mﬁ’@%'&%99&/@\Q99093eqdm&m%t2@9‘1n%r{ BRIt GHE 6 ahtiMe Wi T h

t he deS|red granu arity, then other "approaches can be used. e approach,
8 Here the residual tinmet is supplied at step S201 and
tﬁet t&‘gt%rrprglr?@ %\J‘”ﬂ'}g ‘art (start of the tw function) and tnow

(present t| %1 are provr ded at S203 and S205. A tine tel apsed is conputed
in S207 asWoendbsdrocesments thelenn it masasithat sy Astfm)mfcer%er(w a
sof tware pr ocess) is inmplenmented which, periodically, in a | oop, corrpar es
I RqB2D6b tie residued girné tt h@tl@ﬁrf/\fiee,erhreelobetkmpe dretwapseg. dndoinecases, dual
time t to wait before the next packet is sent. Wien the value of telapsed

i 9t @Wﬁhpﬁén tHéﬁf%FaE s (than {06 deglentd ﬂh%ﬁ'tﬂ@@ksrﬁh%?trhwe t,N@ak @ORKEY process

ends an program contr nue, sending a new packet. Thi's approach
t tinme measurenents have high precision and

d h f
Pﬁggéﬁwaﬁqgatlgﬁggr: Iontklt?e'%eér Ll?é&'m%ér ow, are conpared at frequent

intervals. The nethod of Fig. 8 can be described in an algorithm as
fol | ows: An improvement of the process of Fig. 8 is shown in Fig. 9, in which

the same steps used in the Fig. 8 process are shown with the same reference
numerals. In the process of Fig. 9, the small difference § which can occur
between teapsea and the residual time t is considered in each call of the process.
First, the value of & is set to zero in $200. Step S211 is added to the Fig. 8
process in which 8 is computed. That is:

0 = telapsed — T (Equation 3-2)
The value § is stored in S213 for the next process call and subtracted in S210 from
the next residual time t (passed as input to the process at the next call of starting
the next tw cycle).

The process of Fig. 9 dynamically compensates the rounding error by
modifying the residual time t with the error 8. In this way, the time spent between
sending one packet and the next tends toward tw on the average, notwithstanding
errors caused by rounding. The errors introduced in one cycle are compensated for

in the subsequent cycles. With this correction, if the wait time tw between packets
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S201 Get the desired residual tinet (i.e., the howlong the sending of
packets nust be suspended); S203 Get the start tine tstart (when the wait
process iwocaddmwajer Continue perform ng the foll ow ng [PeopB2®3/060vEN as
possi ble: S205 Get the current tinme tnow, S207 Conpute tnow - tstart =
tel apsed. PATENT APPLI CATI ON January 29, 2002 23 WO 2003/ 065661

PCTEbARAA AP Iand S, LEIAPRRY 1hSp8rSBLELS bAR o nEabndint FRA9). { hen

and ‘t’he program continue run € process exits
the loop, it nmeans tha{Ma (tnow - tstart) is greater or gual to the
re§f"8§él“r?|th%‘stm'5@9ﬁef3 4ges FMBanQﬁi'Vk'Qéﬁgebﬁo COAMSNPaTe AOLBIRY IRUses, it
can happen that telapsed (tnow - tstart ) is greater than the residual tine
t, arteas. iBurimdehisprevoessf aabdt ednipemgetion Hhe indtant@sicdisabaridwiglth.  An
i mprovenent of the process of Fig. 8 is shown in Fig. 9, in which the sane

st QREgESRMh xcddietd Girgd PARERERhASE shown with the sane reference
nunerals. In the process of Fig. 9, the snal | difference 8 which can occur

bet ween tel a eg and St he rre5| dug % i s cons géed in each,call of the
process. Firot® PIReesTa T 63k c8rieg '8'8tp”t"% SFRGUCES DB RSN SC | 5 added

to the Fig. 8 process in which 8 is corrputed That is: 8 = teI apsed - t
( Eqﬁ%ltta,n@@p@l.@ bandwidth used in order to increase the precision of the mean

bandwidth Bm used. The period for which the instantaneous bandwidth used
exceeds the target bandwidth Br depends on the rounding errors described above.
The use of a high resolution clock or counter will limit this period. For this reason,
this correction should be implemented only if it is possible and acceptable to exceed
the target bandwidth for brief periods. This completes the bandwidth control
process.

Considering the burstiness situation, it should be understood that if the
timing rounding errors are not compensated, then the lowest possible limit to the
burstiness is limited using the timing facilities provided by the sending device, but
the average bandwidth may be lower than the target bandwidth Br. If the timing
rounding errors are compensated, then the average bandwidth is as close as is
possible to the target bandwidth using the timing facilities provided by the sending
device, but the burstiness is greater than if error correction was not used.

Reliable protocols such as Transmission Control Protocol (TCP) send

additional packets for acknowledgement of receipt, and retransmission of lost or
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The value 8 is stored in S21 3 for the next process call and subtracted in
S21 0 from the next residual time t (passed as input to the process at the
next cal Iwof20e¥@msdsing the next tw cycle). The process @®CTHB2003/800993

dynam cal ly conpensates the rounding error by nodifying the residual tine
t wwth the error S. In this way, the tine spent between sending one packet
acurapiedndath daekdts.t Phvarsbnler oievideecanrertaypicalptdsitemsitnenidiengumeer or s caused
by rounding. The errors introduced in one cycle are conpensated for in the

S&b§58%$r§dd¢r}’&45¢§acw§'@shséﬂﬁ nedd B5hhANconttoltthe WeHdwidtARisew, brdrmeen
packets PATENT APPLI CATI ON January 29, 2002 24 WO 2003/ 065661

PCT/ | B2003/,000993.. ( conput ed..from T i | n:Lhe process of
SRR Y ec'BMS‘P%%'ﬁ 8 isf'%"f'?%%t %%?eﬁﬂg‘)rﬁ}%%%}r%{é\&gg\é@gec%gﬂ{g@s dynam cal | y'
in order to conpensate for previous errors. During this period of error
comstinklgtnasket hasehprafpcoieous bandwi dth usage can exceed the target
bandwi dt h BT. This process of error correction process reduces the

preci si on ofThé¢ handividthacdamebostbad dwddtyistersed ihe iovdetiohaannice ease t he
preci sion of the mean bandw dth BM used. The period for which the

| AR ANEOYRNBABE IRy HE BHe. AXGEREE nbBEsIAR) d6H HiRAGEMUEH 1 Roepends on

roundi ng errors descri bed above. The use of a high resolution clock or
counter wll

e st BPY- 17hq pRDERRBEL T gl e BB DI 0 BBt he target
bandw dth for brief periods. This conpletes the bandw dth control

packets hereafter designated as P, and the target bandwidth. The content size only

affects the transmission duration, and not the average bandwidth, if the process

and/or device used to wait for the paresidual time between the packets is precise

enough.

The method and system of the invention can be used in conjunction
with existing traffic shaping solutions.. Consider a network with many sender
devices, many receiver devices and a traffic shaper between senders and receivers.

If one or more of the sender devices produce bursty traffic, the traffic shaper will
intervene to contain the resulting congestion by discarding packets. The
introduction of the invention at one or more of the sender devices will reduce the
burstiness of the output streams and so reduce the likelihood of congestion and
packet loss.

Specific features of the invention are shown in one or more of the

drawings for convenience only, as each feature may be combined with other
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process. Considering the burstiness situation, it should be understood that
if the timng rounding errors are not conpensated, then the | owest

possi bl e Wormes/ass6sthe burstiness is |limted using the PCHIBZPOB/A@OPI ti es
provi ded by the sending device, but the average bandw dth may be | ower
than the target bandwi dth BT. If the timng rounding errors are

conpensat ed, then the average bandw,dih i: I ossible to the
tﬁﬁﬁéfeso'gn%ﬁ/ﬁodg?f“{f‘s%ﬁ’ TN 9'85-%@?ﬂ#'ﬁ’%@‘ﬁ%@?@%@%b"ﬂ Rg sendi ng
device, but the burstiness is greater than if error correcti on was not
ussmhgnRedd bplteoge skidedlin thaent agd praHyanded &¢ b&awﬂltﬁce ot dhe (ToP) send
addi tional packets for acknow edgenent of receipt, and retransm ssion of

| g8bp@bf tREERNhsAPPLI CATI ON January 29, 2002 25 WD 2003/ 065661

PCT/1B2003/ 000993 corrupted data packets. The sender devi ce cannot
typically determ ne the nunber or size of additional packets sent, and so
cannot control the bandwi dth used. For this reason the invention is of
significant benefit principally when used with wunreliable packet based
protocols. The bandw dth control method and system of the invention can be
applied to contents of whatever size. It is not necessary for "the sender
to know content size a priori. The only know edge required up front is the
size of the packets hereafter designated as P, and the target bandw dth.
The content size only affects the transm ssion duration, and not the
average bandw dth, if the process
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and/ or device used to wait for the paresidual tinme between the packets is
preci se enough. The nmethod and system of the invention can be used in
conj unct i wo 20ed/a6ke6exi sting traffic shaping sol utions.. @cmgaBzws/O@IvEt wor k
wi th many sender devices, many receiver devices and a traffic shaper
bet ween senders and receivers. |If one or nore of the sender devices
Wﬁj@ eabyrsty traffic, the traffic shaper will intervene to contain the
esul ting congestion by di scardi ng packets. The introduction of the
|nvent| on at one or nore of the sender devices will reduce the burstiness
of the output streans and so reduce the |likelihood of congestion and
packet | oss. Specific features of the invention are shown in one or nore of
the draw ngb forA coethed ehusingrithg, waik tirae [t dest weenntagndraissombofied wit h
ot her PATENT APPLI CATI ON January 29, 2002 26 WD 2003/ 065661

PGUJcBEON/AREAQ30f kraivwi Baclet LS (F)HNE BoMtdrit thhse tiaY8Rtittel oAl ternative
enbodi nents will be recognized by those skilled in the art and are

TR 5 gB ST P IRT 180 bk 1RPsBlssPOBEeTd e SIESTSE AT AT

selecting a target bandwidth (Br) sought to be achieved during the
transmission;

computing a wait tiﬁﬁe (tw) between successive packets of the
transmission using the algorithm

P .
fw == By ; and

controlling the transmission of the packets using the wait time.

2. The method as claimed in claim 1 wherein the computed wait

time tw that is used is rounded to a time unit.

3. The method as claimed in claim 2 wherein the rounding to the

time unit is accomplished by a counter.
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VWE CLAIM 1. A nethod of using the wait tinme (tw) between transm ssion of
successi ve packets of known packet size (P) of a content to be transmtted
to achi ewe 200¥@sget bandwi dth (BT) during the transm sPCFIBYOAPINSI ng t he
steps of: selecting a target bandw dth (BT) sought to be achieved during
the transm ssion; conputing a wait time (tw) between successive packets of
the transm,ssio i It AV : s ald he

transm ssi orAf'of ?Hgﬁbgg?(&e@gs?ﬁﬁg&dt'ﬁeml% '? ﬁr%e?rh%rﬁwéélhgrgbhg’ge%s cl ai mred
in claiml wherein the conputed wait tine tv, that is used is rounded to a
ti%% unit. 3. The method as claimed in claim2 wherein the roundi ng to the
time unit is acconplished by a counter. PATENT APPLI CATION January 29,
2002 28 WO 2etghibbgothePsbirt BAGDS/ d0D&93nisgionThtameidket; as clained in claim
1 further conprising the step of: determning the start tinme ti of

transm ssi ogefrnAnPRCHR! end 4RAE DN trBAsIRIGN S th8DdckeBfarld ansm ssi on of
the packet, and determning the tine used tused in transmtting the packet

as tz2 - tl. determining the time used tusd in transmitting the packet as t2 - t1.

5. The method as claimed in claim 4 further comprising the steps
of:

(a) determining the time used (tused) in the transmission of a packet;

(b) determining a residual time (t} as tused - tw;

(c) waiting the time t between the end of transmission of one

packet to the start of transmission of the next packet.

6. The method as claimed in claim 5 further comprising the step of

repeating steps (a), (b) and (c) for each packet transmitted.
7. A method as in claim 5 wherein the residual time t is controlled

determining a value of start time tsart, of sending a packet a current
time thow;

performing a loop operation of:
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5. The method as clained in claim4 further conprising the steps of: (a)
determning the tinme used (tuned) in the transm ssion of a packet; (b)

det er m niwg 2a0¥@séedual tine (t) as tuned - tw (c) wait iPeg/IB2®3DI00ES t

bet ween the end of transm ssion of one packet to the start of transm ssion
of the next packet. 6. The nethod as clained in claim5 further conprising

the step of, ,repeating ste , (b), and . (c) for each packet transmtted.
7. A net hod®s i?lc"Png'ig'r%gSa &fﬁ%‘% g%aﬁedtﬁe""rwesit al:l%aJ time t is controlled by:

determining a value of start tinme tstart, of sending a packet a current
time tnOw, {Prf ofPNRGriagl lemp: 6pdharediauditimemandiransplittngritoneshuary 29,
2002 29 WO 2003/ 065661 PCT/1B2003/ 000993 (a) conputing a tine tel apsed =
t pagket WhtArkhe viah)e obnpaed BY. t el apsed to the residual tinme t and
transmtting the next packet when the value of telapsed > t. 8. The
method as clained in claim7 further conprising the steps of conputing an
error value 5 = telapsed - t and subtracting the value 5 froma later

suppl i ed vaéye OII'h;[a'method as claimed in claim 7 further comprising the steps
of computing an error value 5 = telapsed — t and subtracting the value & from a later

supplied value of t.

9. A method as in claim 5 wherein the computed wait time tw that

is used is rounded to a time unit.

10. A method as in claim 9 wherein the rounding to the time unit is

accomplished by a counter.

11. The method of claim 1, including the additional step of selecting

the known packet size (P) of the packets to be transmitted.

12. The method of claim 1 wherein the known packet size (P) is

provided by an application.
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9. Anethod as in claim5 wherein the conputed wait tine twthat 1is used
is rounded to a tinme unit. 10. A nmethod as in claim9 wherein the rounding
to the tiwe2008/656638 acconplished by a counter. 11. The pPegtiaz®3/o6092d ai m 1,
including the additional step of selecting the known packet size (P) of

the packets to be transmtted. 12. The nethod of claim1 wherein the known

packet size () iBppdtadyd dsdudig @ RN kiedd (ON beBAEBNTrAERESORI N January
29, 2002 30 WO 200? / 065661 PCT/1B2003/ 000993 13. Apparatus for using the

bebdockhSle Prbke Gob et e il he Skl 6 ARV SRS Satly el o0t 1O

conprising: a conputer including a programto control transm ssion of a
cocﬂurmthentrpla@nassormpomresmg ‘means to input and receive paraneters of the
size (P) of the packets to be transmtted and of the desired target
bandwi dt h ( Blgompueeekseiudingeans to calculate a wait time (tw) between
successive packets of the transm ssion using the algorithmtw= BT and

control means,t o SHEESE8hUB| YrahE AT of BEcARekess pubkdtstdieangi t tine

means to input and receive parameters of the size (P) of the packets to
be transmitted and of the desired target bandwidth (B7);

processing means to calculate a wait time (tw) between successive

packets of the transmission using the algorithm

=L
tw= Br and

control means to successively transmit the packets with the wait time

tw between the packets.

14. Apparatus as in claim 13 wherein said computer further

comprises:

means for determining the start time (t1) of transmission of a packet;

means for determining the end time (t2) of transmission of the packet,
and

means for determining the time used (tused) in transmitting the packet
as tz- t1.

PATENT APPLICATION
January 29, 2002
31



t Wbetween the packets. 14. Apparatus as in claim 13 wherein said conputer
further conprises: neans for determning the start tinme (ti) of

t ransm ssworeoafocscspacket ; means for determ ning the en@CTIBEOHRPIDT
transm ssion of the packet, and neans for determining the tine used
(tused) in transmtting the packet as t2 - tl. PATENT APPLI CATI ON January
29, 2002 31 WD 2003/ 065661 PCT/1B2003/000993 15. Apparatus as in claim 14
wherein said conputer further conprises: first neans for determning the

time used (tPﬁ.ed)AhEg{enGstarse}H%iﬁﬁQr\/vﬂgré’?n ngFKSﬁ,;pu§éCﬂf?ﬂ1éFeans for

determ ning a resi timet as tw - tused; and wherein said control
means qperates to wait the residual time t between the startof
t r SH8R'€%T'on of one packet to the start of transmission of the next packet.
16. Apparatus as in claim15 wherein said first and second determn ning
means oper atférst roeaies Eomdelermingng &k¢ dina¢ useddtuedf ibrthedeangyaiskian of a
transmtted and said control neans operates to wait the residual tine t
bepaysien; t he

second means for determining a residual time t as tw - tused; and

wherein said control means operates to wait the residual time t

between the start.of transmission of one packet to the start of transmission of the

next packet.

16. Apparatus as in claim 15 wherein said first and second
determining means operates to determine the residual time t for each packet
transmitted and said control means operates to wait the residual time t between the

start of transmission of one packet to the start of transmission of the next packet.

17. Apparatus as in claim 16 further comprising means for controlling
the residual time t by

determining a value of start time tseat, and a current time tnow

performing a loop operation of:

(a) Computing a time telapsed = Tnow — Tstart, and
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start of transm ssion of one packet to the start of transm ssion of the
next packet. 17. Apparatus as in claim 16 further conprising neans for

cont rol | iw@ 2003®566esi dual tinme t by determ ning a val ue Pefl/IB2@s/HoM0ITE
tstert, and a current tinme tnow performng a |oop operation of: (a)
conputing a tine telapsed = tnow - tstart, and PATENT APPLI CATI ON January
29, 2002 32 (WD 200BZhPEE6G TaRETr0l BROGEIIDC0IB3e t(dnd Tongaititing thel mpged to the
residual tine t and transmtting the next packet when the val ue of

t gl ReEdvFen the q,gme,ﬁ@ip@gp@etdgst as in claim17 further conprising neans for
conputing an error value 6 = tel apsed - t and subtracting the value 6 from
a later supplied value of t. 19. Apparatus as in claim1l3 wherein said
control nmeans further conprises a counter that operates on a periodic
basis to neasure the wait tinme tw. 20. Apparatus as in claim 13 wherein
sai d conput et8opefrpewitgaipd e slaimoll 7 festher conyuinig eneans fwit time tw based
on ot her neasured tines. PATENT APPLI CATI ON January 29, 2002 33

computing an error value § = telspsed — t and subtracting the value § from a later

supplied value of t.

19. Apparatus as in claim 13 wherein said control means further

comprises a counter that operates on a periodic basis to measure the wait time tw.

20. Apparatus as in claim 13 wherein said computer operates said

control means to compute the wait time tw based on other measured times.
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