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(57) Abrege/Abstract:
The present relates to a method and a proxy for transporting I[P messages over a Default Tolerant Network. The method and proxy

recelve a message composed of multiple IP packets payload, and create partial messages by bundling sub-groups of subsegquent
IP packets payload with a unique identifier and a corresponding sequence number. The partial messages are transported over the
DTN. The partial messages are received at another proxy after transport over the DTN, are unbundled and ordered based on the

seguence number; and delivered.
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ABSTRACT OF THE DISCLOSURE

The present relates to a method and a proxy for transporting 1P
messages over a Default Tolerant Network. The method and proxy receive a
message composed of muitiple IP packets payload, and create partial
messages by bundling sub-groups of subsequent IP packets payload with a
unique identifier and a corresponding sequence number. The partial
messages are transported over the DTN. The partial messages are received
at another proxy after transport over the DTN, are unbundied and ordered
based on the sequence number; and delivered.
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METHOD AND PROXY FOR TRANSPORTING IP PAYLOADS OVER A
DELAY-TOLERANT NETWORK (DTN)

FIELD

10001] The present relates to Delay/Disruption Tolerant Networks

(DTNs), and more particularly to a method and a proxy for improving delivery
of payload over DTNs.

BACKGROUND

[0002] Delay/Disruption Tolerant Networks (DTN) rely on a store-and-
forward protocol for transferring bundles of data. DTN protocols are designed
for allowing communications in environments causing long delays, such as in
space, for highly asymmetric communications, such as communicating with a
robot on another planet, and as well for networks suffering from unstable
connections.

{0003} The architecture and protocol of DTN are standardized, and
information about those standards can be found in the Internet Engineering
Task Force Official Documents.

[0004] An exemplary representation of a DTN network is provided in
Figure 1. More particularly, Figure 1 schematically represents the transport of
Hypertext Transport Protocol (HTTP) messages over a DTN network. The
DTN network transports HTTP messages between a first HTTP client (left-
hand side) and a HTTP server (right-hand side). When HTTP messages

reach the DTN network from an Internet Protocol (IP) network, a proxy is used
to modify the received HTTP messages to aliow proper transport over the
DTN network by adding a Bundle Protocol (BP) header as defined in the

standard Internet Engineering Task Force Request for Comments (IETF RFC)
5050. The modified HTTP messages are then transported over the DTN
network, hopping from node-to-node, until they reach the exit proxy, which
removes the BP header from the received HTTP messages, and forwards the
HTTP messages to the HTTP server over a regular IP network.

2714723.1
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[0005] This method of transporting HTTP messages over a DTN
network also allows carrying of other application-layer protocols such as
Simple Mail Transfer Protocol (SMTP), Extensible Messaging and Presence
Protocol (XMPP), and others. Furthermore, this approach provides several
benefits, such as minimizing developer training, reusing existing development
tools, reuse of existing frameworks, while being completely transparent to

USETS.

(0006] However, current DTN architecture and standards do not
provide a suitable means of transport of HT TP traffic requiring larger payload,
streaming, and other such applications. There is thus a need to improve the
current DTN architecture and protocol so as to better support a greater
variety of HT TP traffic.

{0007] Current DTN networks suffer from important limitations in their
capacity to transport |P application protocols. Examples of such limitations
are discussed with reference to Figure 2, which represents a prior art signal
flow diagram between a DTN node, a proxy, and an HTTP server. Typically,
the DTN node forwards an HT TP request in the form of a bundle to the proxy.
The HTTP request comprises payload, which indicates the information
requested. The proxy receives the HT TP request, removes a Bundle Protocol

header used to carry the HTTP request over the DTN network, and forwards
the HTTP request to the HTTP server. The HTTP server receives the HT TP

request, and proceeds with providing the requested information. The
requested information consists of a single HTTP response message which
may be transported in one of, more commonly and as shown on Figure 2,
multiple IP packets. The IP packets transporting the HTTP response are sent
to the proxy, which, in prior art networks, bundles all received IP packet
payloads into a single HTTP response sent to the DTN node and transported

over the DTN network.

8998612.1
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SUMMARY

[0008] The present provides a method for transporting |P payload over
a Delay-Tolerant network (DTN). The method proceeds by receiving
messages at a proxy, inserting within each message an identifier and a
corresponding sequence number, transporting over the DTN the messages
comprising the identifier and corresponding sequence number, receiving the
messages comprising the identifier and corresponding sequence number
transported over the DTN at an other proxy, and ordering the messages at
the other proxy before delivering the messages.

[0009] For doing so, the present provides a proxy for transporting
Hypertext Transport Protocol (HTTP) messages over a Delay-Tolerant
network (DTN. The proxy comprises an input, a sequencing module and an
output. The input receives messages to be transported on the DTN. The
sequencing module inserts within received messages an identifier and a
sequence number corresponding to an order of receipt of each message.
The output transports the received messages with identifier and sequence
number on the DTN.

[0010] In accordance with another aspect, the present relates to a
proxy for delivering Hypertext Transport Protocol (HTTP) messages
transported over a Delay-Tolerant network (DTN). The proxy comprises an
Input, a sequencing module, and an output. The input receives messages
transported over the DTN. The sequencing moduie removes from received
messages an identifier representative of a corresponding request, orders the
recelved messages in accordance with a sequence number in each message,
and removes the sequence number. The output delivers the received
messages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the following description, the following drawings are used to
describe and exemplify the present method and proxy:

[0012] Figure 1 is an exemplary representation of a DTN network;

8998612.1
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[0013] Figure 2 is a prior art signhal flow diagram for an HT TP request
and its corresponding HT TP response;

[0014] Figure 3 is a signal flow diagram in accordance with the present
method and proxy for transporting HT TP response messages over the DTN
netwaork:

[0015] Figure 4 is a schematic representation of HT TP responses

structure as known in the prior art on the left-hand side, and corresponding to
the present method and proxy shown on the right-hand side;

[0016] Figure 5 i1s an exemplary signal flow of an HTITP request
message transported from an HTTP client and onto a DTN network;

[0017] Figure 6 is an exemplary signal flow of an HTTP request
message transported onto the DTN network, received at a proxy and
forwarded to an HT TP server;

[0018] Figure 7 is an exemplary signal flow of HTTP responses
received from the HTTP server at the proxy, and modified by the proxy In
accordance with the present method, so as to allow proper transport over the
DTN network in the form of a series of HT TP responses; and

[0019] Figure 8 is an exemplary signal flow of HT TP responses In
accordance with the present method, transported over the DTN network,
received at a proxy, modified by the proxy before being sent to the HTTP

client.

DETAILED DESCRIPTION

[0020] Earlier approaches, such as the one described In relation to
Figure 2 for bundling the IP packet payloads corresponding to the HTTP
response received by the HTTP server at the proxy, have many drawbacks.
One such drawback is that the proxy must buffer all IP packet payloads
corresponding to the HT TP response before sending it on the DTN network.
Buffering all IP packet payloads corresponding to the HT TP response causes
high latency, and requires a lot of storage at the proxy. Another drawback is
that intermediate DTN nodes within the DTN

39986121
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network may not be capable of receiving and forwarding large Bundle

Protocol (BP) messages. Yet another drawback is that some type of
information carried in HTTP responses is infinite, such as for example the
information corresponding to a web cam. Also, this method of communicating
over DTN networks does not allow HTTP streaming of any media, where the
destination cannot receive and see the data as it served from the origin, but
has to wait that the source had sent all data before the destination will start
receiving the first part of the data.

[0021] To overcome these drawbacks, the present method and proxy
provide means for transporting messages, such as HTTP messages in
muiltiple bundles instead of a single bundle over a DTN network. Reference is
now made to Figure 3, which is a high-level signal flow diagram in accordance
with the present method and proxy. Although Figures 3-8 depict messages
and nodes corresponding to HyperText Transfer Protocol (HTTP), the present
method and proxy are not limited to such a protocol, and could equally apply

to any protocol that operates in a response-request manner, such as HTTP,
SMTP, XMPP or else.

[0022] The present method and proxy thus receive an HTTP message
composed of multiple IP packets payload, and instead of waiting for all IP
packets payload to be received and bundled into one single HTTP message,
the present method and proxy add sequence numbers to the IP packets
payload so as to transport the IP packets payload bundied separately or
bundled in sub-groups on a DTN network. Throughout the present
specification, the expression HT TP message is used and is meant to equally
refer to HTTP request and HTTP response.

10023] Reference is now made to Figure 4, which is a schematic
representation of an HTTP message structure as known in the prior art on the

left-hand side, and corresponding to the present method and proxy shown on
the right-hand side. The present message comprises an identifier and a
corresponding sequence number. The identifier is the identifier provided to an
HTTP request by a proxy acting as an entry point to a DTN network. Adding

2714723.1
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an identifier fo HTTP messages to be transported over a DTN network, may
be performed in a manner known in the art.

10024} Reference is now made o Figures 5-8, which are exemplary
signal flows for an HTTP request and HTTP responses between a client and a
server, transported at some point over a DTN network, in accordance with the
present method and proxy. The method starts when an HTTP client 10
generates an HTTP request. The HTTP request is received at a first proxy
12, which bundles the HTTP request, creates a bundle header comprising: a
source address (the first proxy’s Endpoint ldentifier (EID)), a destination
address (a second proxy’s EID), and a unique identifier for the HTTP request.
The firs proxy 12 sends the bundled HTTP request to a DTN node 14 in the
DTN network. The bundled HTTP request is received by the DTN node 14,
which routes the bundled HTTP request to another DTN node, and eventually
to a second proxy 16 (also called the destination proxy). The second proxy
16 receives the bundled HTTP request at an input and parses the bundle
header of the bundied HTTP request, removes the unique identifier and stores
the unique identifier in memory for further use. For example, the second
proxy 16 may store the unique identifier along with the source and destination
address of the bundle header, such as for example the first proxy’s EID and
the second proxy’s EID, and/or any other information of interest. The second

proxy 16 further unbundies the HTTP request message and sends the HTTP
request through an output to the corresponding HTTP server 20.

[0025] The HTTP server 20 in turn provides the requested information
in the payload of an HTTP response, as shown on Figure 7. The input of the
second proxy 16 receives the HTTP response from the HTTP server as
multiple IP packets, and a sequencing module of the second proxy proceeds
in one of the following manners: 1) prepares a partial HT TP response
contained in each IP packet for being transported over the DTN network in
separate bundles, or 2) prepares a partial HTTP response contained in IP
packets received during a certain time period for being transported over the
DTN network in a bundle, or 3) prepares a partial HTTP response contained

27147231
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in packets received and reaching a minimum number of bytes of payload for
being transported over the DTN network in a bundle. For example, the
second proxy 16 may wait for HTTP headers to be completely received,
usually corresponding to 1 or 2 IP packets. The sequencing module of the
second proxy 16 extracts the HTTP response length from the header: either a
number of bytes, infinite, or until the end of connection. The operation of

bundling partial HTTP responses is performed in any manner known in the
art.

[0026) Preparing the received partial HTTP responses at the
sequencing module of the second proxy 16 for transport over the DTN
network includes bundling the partial HTTP responses, adding the unique
identifier of the corresponding HTTP request, and adding a sequence number.

The output of the second proxy then releases the bundled partial HTTP
responses over the DTN network.

[0027] After transport over the DTN network, the first proxy 12 receives
at an input thereof the bundies containing partial HT TP responses transported
over the DTN network. The first proxy 12 debundles the received bLmdles
containing partial HTTP responses. For doing s0, a sequencing module of the
proxy 12 removes from the received bundles containing partial HTTP
responses the unique identifier. The sequencing module further orders the
received bundles of partial HTTP responses in accordance with the sequence
number in each bundie. An output of the first proxy delivers the unbundled

and ordered received partial responses to the HTTP client through an P
network.

[0028] As transport over the DTN network may be performed using
different DTN nodes for subsequent bundles of partial HTTP responses, the
sequence number provides a convenient way for the first proxy 12 to reorder
the bundied partial HTTP responses based on the sequence number, prior to
delivering the unbundled partial HTTP responses to the HTTP client 10.

10029] The present method and proxy, by providing muitiple bundles
per HTTP response, thus reduce latency, eliminate the need to store full

2714723.1
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HTTP responses in the proxy, eliminate the need to bundle multiple HTTP
responses together, and provide the capability to support endless streaming
over DTN networks,

[0030] The present method and proxy have been described by way of
5 preferred embodiments. It should be clear to those skilled in the art that the
described preferred embodiments are for exemplary purposes only, and
should not be interpreted to limit the scope of the present method and proxy.
The method and proxy as described in the description of preferred
embodiments can be modified without departing from the scope of the

10 appended claims, which clearly delimit the protection sought.
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CLAIMS

1. A method for transporting Internet Protocol (IP) packets over a Delay-
Tolerant network (DTN), the method comprising:

receiving at a proxy a request from a client;

assigning a unique identifier to the request at the Proxy:;

creating a bundle header, the bundle header including a source address
designating the proxy and a destination address designating a peer proxy;

inserting the unique identifier in the bundle header;

transporting the request with the bundle header from the proxy, over the
DTN, to the peer proxy;

receiving the request with the bundle header including the unique identifier
at the peer proxy;

storing the unique identifier at the peer proxy;

forwarding the request from the peer proxy to a server;

receiving at the peer proxy, from the server, a response to the request
composed of multiple IP packets;

creating at the peer proxy partial responses by bundling sub-groups of
subsequent I[P packets of the multiple |P packets with corresponding sequence
numbers and with the unique identifier, wherein the sub-groups of subsequent P
packets are formed by (i) assembling a number of the subsequent IP packets
received at the peer proxy within a predetermined time period or by (ii)
assembling a number of the subsequent IP packets received at the peer proxy
until a predetermined minimum payload Is reached,;

transporting the partial responses from the peer proxy, over the DTN, to the
Proxy,

receiving the partial responses at the proxy;

unbundling and ordering at the proxy the received partial responses based
on their respective sequence numbers; and

delivering from the proxy the unbundled and ordered partial responses to

the client.

89985612.1
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2. The method of claim 1, wherein:

the response is an HT TP response.

3. The method of claim 1, wherein the proxy further removes the unique
identifier and the sequence number from each partial response before delivering

the partial response to the client having initiated the request.

4. A system for transporting Internet Protocol (IP) packets over a Delay-
Tolerant network (DTN), the system comprising:
a proxy including:

an input adapted to receive a request from a client;

a sequencing module adapted to assign a unique identifier to the
request, create a bundle header and insert a source address
designating the proxy and a destination address designating a peer
proxy the unique identifier in the bundle header;

an output adapted for forward the request with the bundle header
from the proxy, over the DTN; and

the system further comprising the peer proxy, including:

an input adapted to receive the request with the bundle header
including the unique identifier forwarded by the proxy over the DTN;

a memory device adapted to store the unique identifier; and

an output adapted to forward the request to a server;

wherein the input of the peer proxy is further adapted to receive, from the
server, a response to the request composed of muitiple |P packets;

wherein the peer proxy further comprises a sequencing module adapted to
create partial responses by bundling sub-groups of subsequent IP packets of the
multiple IP packets with corresponding sequence numbers and with the unique
identifier, the sub-groups of subsequent IP packets being formed by (i)
assembling a number of the subsequent IP packets received at the peer proxy

within a predetermined time period or by (ii) assembling a number of the

8998612.1
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subsequent |IP packets received at the peer proxy until a predetermined minimum
payload is reached,;

wherein the output of the peer proxy is further adapted to forward the
partial responses over the DTN to the proxy;

wherein the input of the proxy is further adapted to receive the partial
responses:;

wherein the sequencing module of the proxy is further adapted to unbundle
and order the received partial responses based on their respective sequence
numbers; and

wherein the output of the proxy is further adapted to deliver the unbundled

and ordered partial responses to the client.

5. The system of claim 4, wherein:

the partial responses are HyperText Transfer Protocol (HTTP) messages.

6. The system of claim 4, wherein the received response comprises HT TP

streaming.

8998612.1
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7. A proxy for delivering and forwarding Internet Protocol (IP) packets over a
Delay-Tolerant network (DTN), the proxy comprising:

a first input adapted to receive a request from a client;

a first sequencing module adapted to assign a unique identifier to the
request, create a bundle header and insert a source address designating the
proxy and a destination address designating a peer proxy the unigue identifier in
the bundle header;

a first output adapted for forward the request with the bundle header over
the DTN to the peer proxy;

a second input adapted to receive a similar request including a similar
bundie header and a simiar unigue identifier forwarded by the peer proxy over the
DTN;

a memory device adapted to store the similar unique identifier received in
the similar request; and

a second output adapted to forward the similar request to a server;

wherein;

the second input is further adapted to receive, from the server, aresponse
to the similar request composed of multiple 1P packets;

the proxy further comprises a second sequencing module adapted to
create partial responses by bundling sub-groups of subsequent [P packets of the

multiple IP packets with corresponding sequence numbers and with the similar

unique identifier received In the similar request, the sub-groups of subseqguent |P
packets being formed by (i) assembling a number of the subsequent |IP packets
received at the proxy within a predetermined time period or by (ii) assembling a
number of the subsequent IP packets received at the proxy until a predetermined
minimum payload is reached;

the second output Is further adapted to forward the partial responses over
the DTN to the peer proxy;

the first input Is further adapted to receive similar partial responses from
the peer proxy;

the first sequencing module is further adapted to unbundle and order the

89Y8612.1
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received similar partial responses based on respective sequence numbers;
the first output is further adapted to deliver the unbundled and ordered

similar partial responses to the client.

8. The proxy of claim 7, wherein:

the partial responses are HyperText Transfer Protocol (HTTP) messages;

and
the request is an HT TP request.

SYYE612.1



1/

CA 02756549 2016-11-15

.
.. ' -J‘l-
. .r.'a.
- Mhemmm s . . -
o - et .. ves L _— DN T
0 “e Ol AL RS
' ane SRS
o v/ J-. ./u.
- l-.--“l. LAl -.'- - . -- - . -
-.-.-l. -.-.--. -
~ 0 -
-.I-.- - --
+~ " - Y .
. -
v
:

I o e 8 BataT AT ARkLATATI AL Srt i Ne L e e
. "
. - . -
. N om . - .-
. - . n
: . . : : :
: . 3 - .
. o LR .

4 .
: -

5 '
. "

: } .. : *
. . .
. .r .
- .
. . -
- .r .
- .
- . s .
- . .
. . °
. : ' :
= - s .
- - s .
e e d Y T I I IY P IS r e et R R LAA NN YREERS YAV Y oAbt e d o P I P I P  PEYEEET I AT AAR AR RO aa= =

s V. AN
AN 5 -
. : . . ”. i . wmr .
...(.t-r/ l%. .”J'J l.fl o e : Lpptete : .rru o uua/.u , B o .
N e e — o . 2 e e,
Rty o ot -e® s X . . EL e on
. = e " ' Neta - . .r.”.. ' . L .. el .
./....gw ..w".. . v - L . W% 0% o o ./r.ﬂ , 3 vu.nmw' e - .m' .um“.

RRER i . e AL ’ . . 3 . ..“..f KRN TN .%o.n BT BT S . ., . cem . .
- |

g
.%n .

00 lo o enmeyseRO L . - R R R e o Rt . . . . =
T TR RS LR B W ESE R R EE R B O P AN T RS AR BRNNG RS N A8 DL T . 2 PRSI R X RO I DOOL RO DR

........... AR AN

-
ERRRRRR

SRS MY AT AR
RORRRAE AR

DRI R

s

X

« ramds .

0]
o

)

0

SN —
2

s

. .
N .
- ~
N . -
. o
& : 3 =
2 . A .
- ' i - )
s.). .. D .’ : 4
3 i D) "
b . Vg - .
a 2 .
bt . N .
m.. . .Cc\.
h-hl- -'--- !'-' -
a e ‘- -
) RO - ~" -
= T T .
= 7 3
- .'I‘ -ul
. .-I -
a |
1 '
- o . R R i R A
i : t I | :
- -8l --.ll. ‘esesses - n- l.
N i -
T Fy i
., : :
N =
, : I £ -
] B ' P I 1 e s s e em A e R e e :
H ' ' ' . -
. M - -
: : ' : i
v ) g > ' 1 - .
b . . .-
: 3 k ' . :
- " 0 “ s. o ”u
. . g : i :
. . ' :
. B . M . bt B o T R . 2 ! R ‘....'..-:l..
. = .
- H
- M
= N -
3 M :
. .
H
TR R TR T D e B L M
. o -
: £ 3 4 " :
9 s . 3 AT R T T TP PR
. . : ..,\.\
: : ,
= i v
- ' :
= H
PRt Tatatatata st BT Tttt Nt a e e, MRS S A MR ® | W WALt et s %" O . ) .
= . i uh
z L eeeeean- o a B8N A8 e d Baddme wam P— B : b
B8 < H - N=m s = (N v “
" - ' r - . g
o : s . - .. . Mv
W : i 3
e - : . = ‘e, o W
W - . . - o, . Mm
o : . - b L s
IR } A A AR R N OO e M e 5 RO ..-......-...ﬁ-.i.a&.-rl-.-\.“..%\...-. : - e, ek ,ﬂ.h
' . e el aw - e oot eeeess -
e 3 : o ' : e
NN ? -~ : - :
3 : ; : . : &
I." 1) -~ . . N-
IS X < . :
} .. . :
h] .
¢

R

o
5
v
]
b
H
H
'
’
s
4
'
.‘
-
'l
.t
v
5

S - UO .

R e

T i
o VR

A e e o e i i v SR A X
DORIRS N A..)/A." LN FEOB S Sy S S D el D S A e DR [AnTan

(LHVY HOIdd) | 38N9I4



CA 02756549 2016-11-15

2/8

. S
o~ P T ENY AN e eI A v aannnnans

: o
o
. S
D - o

A ——— —br 8 . 8 % =\ = ¢ = Py uruun.
“r
‘.

dl a|diniA

J19AISS 41 I H AX01d

-
-
-
-
=
'
-
=
2
.*
“
~
~
-
-

SRR R

AR RN ple oA g At e o s ity e ey S )

g

LA L LR ] v..--onnonuna-a-...u..c.aaa{---as-su-..-.‘-l...q\‘q---"v.nu.aa.alcl BY R IAM T PN I PN I e ey

----------------------------------------------------------------------------------------------------------------------

....................................................................................................................................................................

R N S L S S B e e e e

1sanbal 411 H

a[pung suo uiisenbal 41 | H

Spou N1q

(L¥Y HOIMd) Z 34N9I4



CA 02756549 2016-11-15

3/8

R R AR R TR R

\3\\1\}(..3..‘!(;;;;;{}:J.)Iﬁ.fg..;%l))?tr...r(..)...)rr..))..(:.?r....q.....Cprc.c...r():l):....::....1....z{.ii..gg.}:.}Jzlegi

..........................................................................................................................

--------------------------------------------------------------------------------------------------------------------------

. . I R i o . N L LT LR R R L N Veomogamssvsvsesnany . varraa . “srriisvavaa . MM prerrrrrraNeRNRIdssaaa sresYEYTYYYLEVLSES wldecccprvrraryy= LR UL} SeBdinmigmaanr . L T TR
\,
- .. T RN °s et . ’, . "wi.. g % % o -t o o, mentT T T
. e W T T TS . - et TSNS . e e A AL R LLL L LA RN L LA L R - T T S e e .. PR AT T 2 ® . %e%%e%" % s s"e s "0 o .. I ®e"s e " ¢"s"e"s 0o o e . AT BRI e b F
'
- '
i 3 . b 3y
N R L R R A S S . -
o - - R S
0 N . A AT RO L AR AL AL AL A AL A S A T AL AR AR S M AR, rn s g 8BS NSRS BASAS A Ay R L L L L C T LT TN P WA A A WA AL LA R b b A L L BB e S YA A A e WS AL A S AL LA L Y8R R RS 4 A B A Y P2, SR P R, R A Sabdas -
o Ml N AN AN . AT Ve . SOV ALY, S ' e ALY ~ X

X -0 o e, e o gl el em® W eie ey Mt R R OSSO OOUOOOOOOEL L SRR R RN SRR NN IOCHMREEN
: 3
W\(iggié.?f?r(r.%gfg%s%;in%%’.:.l::;sr?(\)-.-)...(ﬂ....(..-l-.(.-.r's}r..gg%\s(r
: 3
N . *»
: H Y ' S N R T A e N e e W " N LT PPN -
L ’

a O e R N NN E A R . e N N N N T N e e R I T ATL Y - P - o Y N R SRR A N W T AN

. P ‘.\s;;{(})54J§.$.)..i§$.%J.\(r;.ﬁgaf‘ég)-\)....t....)\...:\\g%..tt..\glJi..5\.-)...)’
.
.

L N A Nt T a ka3 S L S LA, i R e e e T e NN N N NN Y Y e et e

VIAINB NS BB EARS NS O B DA Ak AN NN 000,

c.c.-E(zg).-45(«.//...’5?;;?{5.(.t{.éJsffl...r‘)y&u(z{}..-.l)(\\((l..u.‘...(...\;g/..}rz')..-.):J‘J..I..l-.?)t....\(.5.(.\...}....(.....}-.)?...‘(31 J.:..”

A -y SAR \\\\(.(.\.J.)uf\uh-.avh)-rc}.?).).‘.r\).‘.r))\).)..‘\-u.c.!ff-(.l(!(.(.s.‘.(.fi.(.r).‘.r)\t{t.{..’{\....’!(-.{']).)))).‘!...J...)}(!..I}(!..)\.(:).;-,\.I-li)\).)lﬁ........... . FONELCECNN AT E B AR AN PP PP Rl " AP AN T A S S A S BB B B A N LA S Al DO S o s Nl Bl N P F I I N

—LW“"""‘ A

m:*

s

................................................................................................................................................................................................................................................................

e A Al A B R A LML Lt AR e o 17 SNl e 3 VA S I A 8 a0 o 15045 8 P, § b, A = 8 13 8 0,5 W A b o B+ e = i st M AL A A A ey A, L R
o e e = - 4 R N T A R AR A A T R L AR AL A A A L LA, SRR A A N7, % N SRR S A e e

- 1sanbal 41 1H §

W
I8AI8S 41 I H AXO.1d

¢ 34Nl

- 9Jpung auo urisanbal 4] 1 H

spou N1Q



CA 02756549 2016-11-15

4/8

(abessaw 41 1H Jenred) |

peojAed

.........................

(05050 44]
lapeay 49

sabesssowl JUssald

==l

(sabessawl
d11H alow 10 auo)

peojAed

(05050 44!
lapesy dd

T R R L LR TR I TI LI LV RET XX oon sl e AN S T,

HY Jolid



CA 02756549 2016-11-15

5/8

< mwamm

SINONM

RIS ER R E g
cladA-usunD
q M &_ m :m ﬁ:.x.:b?_m.c@xm .a:m _.mﬁ .

D_

s, Axoid a1owwal) uoneunsad
(113 s.Ax0ud) 20 Scm
izpeaH 2NNy

o
"
P SN W N SR e et b bk s —— ey S NPT BN B BN VIS BAS Sl s whdh v e e e g W BN N BN B TN D e e e e gy e W S W W S TR B Bh e A b s ks sy gy e g e PUEE A A A AR e ol e eeh s e s s VT SUY G B W B BN B BN AN S AN ekh o R s e sk bk s gy b — g -

e P R e e ey e e T T e e e e e R e e e A T T T e e e e e et e e g T RN O e v VN

(] 1Senbal m:g_ri Jlelalat) H ﬁm E.I { E:m:b im:_,:ﬁym

cadA L -1usiuoD
m HY 199

71 3POU N1Q ¢l AXold

G 3HMN9I3

Ol

g o S S Bh S vk ek R e e e g G WP WP B SN AN SR S e S e S ey G S B TR e s v - e - e g g Wy TP S S ke W e e e e e g W A PP A S A A e A s e — o s Y YRS WP WP B B S S A S ke b s o SRS S e e e Y P WY W A A B WP A AL ERA v b - ——— — -

JUso gll1H



6/8

CA 02756549 2016-11-15

A

LI I |

Coapbusausuo
radA g uswon
I'T/d11H coywooadwuexaydiy 139 w

tabaa

RN

‘ueneunsap o 1senbal puag
UQIRUNS3P 10BNXT
'Sispesy 1senbal 41 1 H asied

el

L

'
B T MR TR L ek e e, e ® $e%e%e%en® 4O @0 . . -cm
.....................................
At . et T et e A R §ogm uge ob

(13 s.Axoud s1otwal) UOIRUNS ST

}
|
I
)
1
1
I
)
b
¢
1
I
i
'
'
'
;
I
1
1
]
1
|
I
)
3
I
I
I
)
|
|
)
)
t
I
|
i
|
I
I
1
t
1
1
1
i
'
'
‘
b
I
1
I
i
'
'
)
t
|
I
i
i
i
1
)
r
|
I
I
]
|
) ]
i
I
|
I
i
'
1
)
r
I
I
1
i
'
’
t
]
i
1
1
1
'
I
|
i
(
1
I
)
}
1
1
!
|
1
)
1
[
1
i
'
1
)
)
J
I
t
i
-2

A

(313 sAxoud) soinog |
. d=peaH 9ppung m

" - tane

0C
IBAIBS 41 | H 91 AXOld

I
i
’
f
'
I
1
)
.
I
1
i
f
i
A
'
.
)
E
I
I
1
'
1
|
1
!
I
1
1
'
'
’
’
t
1
|
!
|
|
)
r
I
1
)
1
)
i
4
t
I
I
I
A
'
’
f
)
|
)
)
'
)
1
I
I
1
I
)
'
|
3
t
I
I
I
1
!
'
t
t
I
I
I
i
i
1
!
I
|
1
1
i
1
)
'
)
I
I
I
.
.
'
;
3
I
1
1
i
'
I
1

- T'T/411H oojuod-spdwexayday |39

9 34Nol4



CA 02756549 2016-11-15

7/8

(- mumxoma do1 m_QE W U Emmv

m ?o; tw ﬁ:n:

fFfr227% kK

arer

* T X A X X X A X 2 E

(s12y sa0bh asuodsal 41 1H j0 Apog)

SIHOO T
LBUST-U2IU0 D
adA L ueIoD

xngmgaﬁzmmw

......

........

- ey e e e e N P P WY W Y AT e e e e IR e A S o MY Y R R R N Y e Y Ii

_ m_t_,zﬁ 1sanbal woy (1

L

{APOQ JO UORBNUITUOD)

e o e R T e e R e R N T e ey e AT R LW ST W T e B e e R,

T sguunu anu m:__.,,.

---------------------------------------------------------------------------------------------------------------------------

S| pung wmmzwi LG

LRI

‘apung1ssnbal o m@x‘m@ww

(@13 sAxoud) 224
1appeaH s|pung

........

........................................................................................

.
.
)- b Ak AR A b s o ke b
v
.

P Y

(2101 sach asuodsal 41 | H o Apoq)

s

=000
Uifus7-ausiien

o adA L IUSIUoD
HAO QDT H &MI

m:a nu asuanbag

e »

Leipung ?mm: 10 224N0S) [UOITRLNRSS(]
(13 Q@-ﬁa LB0IN0S
sk ajpung

YYYYYYYYY

! 'Y,Y'v"'""""'

0c

N W — W ————— — [{— —"—" d—y G own i g m S e A A AL m—nn O By o e A A wwr wnw wwm WS W wwm Www ww—nwwn o w——n o wwn " —wm —m—w G L wn—"—— v —m e om——n. s i v . A drew el S ww Ww WS w—— W S WSr WEr G S S SN S S W S W WA W W S — W — A — . A A —— W AN . W WA S W - -
L
"

1PAIBSS 41 1H 91 AXolid

L 3ENDI-

mmxxxxxxxlzmj

Q::j-
©
S
O
-

N_LC



CA 02756549 2016-11-15

P L. s L i L T

ettt e I e e e T AN RN O T W T T T T e A S e e e e i e e T e R T T T TR N T e e T R T R A S e

................................................................................................................................................................................................................

(‘s1930rd &QP a|dninw ul Emmv

R A M R L AR L S L A AT 1% BT R I AN TN Y T R R A, e e e e e e e e e e e e e et e e R TR T T T T T T T T e T e L L S e e R e W e

(ApOg 10 pua)

00D e
1busT-1u8iLion
adA ] -1uBiuon

AHAO 00L H ﬁiwwl

+ &4 E + ¢ 1L

@ ¥ I & * % 0 & B * ¢ L

{(a1ay saoh ssuodsal 41 1LH Jo Apoq)

A

i 3 ..uaé,_,.mé mocmxdm
el m_ua_ﬁ ?m:_um Eo I} Q_

Ew:mj Em
cadA H-me

AO 00C T 1/ 4l

\q..o?"

~(apung 1senbal Jo 82ING 1S) er:;ﬁma

(13 sAxodd) :82IN0%
,,Eﬁ@m | ajpung

8/8

-_— S SN BN BN BN NS NS BN BN WP VA WP AP W NP Sy g e s s dhe sk s sl v s ded ol SN ML AL ANEN BN BEEN NN ANNE BEN B G BN W BN P WP WP W W e e e e ek e el - S S WS W W WP PP e s gy s ek b ke ek Sl heh SEN AN BN N NN P WP NN WP Y WS e s ek e——

Y

Y

Y

Yy

YYYY

— — i — b w— b A A AN AR Ry e wy W g sy —— — b ——— — v bl e i AR

VYVYVYV‘"

Q:jm
Q
[
O
-
N
=
>
O

N_LC] 1d Ob 1usi|d 41 1H

8 44914



DTN node
TN nod OXV HTTP server

L
-
—
iy,
B
(D
I
C
(D
)
e
.
O
-
(D
O
m
-
=
(D

I
_.I
-
U
(D
ke
C
(M
2

AL A Al b e pmmm s D v ey

=
na
—
—
T
D
(H
-
O
)
)
(D

SN Y AT ALL WAL L gy T S s SR e e s & .

e B sre sertraNTANAA AT 1t oY)

E N N L L LT RN
SR ANALA LY P L L L W Y OO OV A AL L L

R e Y A WAL AR A N VY 3B L LA A A 4 A e b b ket ol g = 28

B L L R e e R T P -, s WOV P1C1 0 M o 2 e 2 P A e =

S W1 LTS AR APPSO O 18 GO AR LA A YRS oS ""———v“v"wﬂill\\\m\’\N'm-w\;v."*wflmﬂwi‘iﬂ‘lh\\\*m“\\\\mﬁn——— e iri.mL s AW A
Ll el Rdtan bttt ba L L ) oV S PSS -

---h---------------'-'-----'I---r'nnlllH“M“l"---n'-n.u'-..------.-f..,.. SEATNNNNNNR NN NN IS - LRI I .
cneguee S

S D T O,

’
>
4k 8k PSS s cepegs
W SEAARALANS A -
e WAL MEITEIALLLLLLLLLL AN ST ATEL 1 LLLLLLLLLURARAARAA 4 L L0 S0 Vit MMl kel & e e+ e o =, 0 VA, SV AR 224 SR80 8 % 4 L LU, U8 40 53 S S A e 3
0 R R N P L SIS A NI AR VT MRV AN AL s e PORIIAD DI b 0™ el B O N B e e oy TN A A SR S A B L UL LS LY A pmm, : -
. TATIEEARMLLGLLAL LY IR AAS S Y H
BAL AAAD & BNAINNG & D Nl g N N 5 W N N NYEYVIRAS L . A : ; :
AW WAL VAN SNSYERRELINECLE VN CENVEEN VAL £ NN 0 A ARBB BRI BB ARAR NI N i A SIS AN e AL AR N -
N P WAL A TALIAARSAASSARAN VAN - ABAANA b k blkd bk i o 3 77 3 8 0 S PV AN AAAA A v N
v TNV ALANLALLN AL A -
A . ECECOONS S Y P PR RIS A 55 . o ANANMAAATLL L aa .. N
B A R 22 AT SIIIINALL e H LYV RN TP S UL LSt ) W AL AN L e L eaaaan v A ., .ot . s s
- SO M. PrPPIIINNNNNNNN . . PR AN S PEX, e atle  eime LLLANNAAN o ¢ .
LA A, s
A P O N AL U o S NN, . — . §
SV L L LARAAL, L, smr Arer o b A PANEL AL PN NN A DS O R [Ty SARSPAP: w CARAPARASARE i
AN ARSI (Ve MY AR, A (EEEEPE PN
M ¢ VNIV AL ey s
.
R R A T a R R M AT CRE E e AT CONCCL I SN e . ol ¢
AT ATV AN R FOMY  Cem il N S Ll S e 7 L R T Ly P ar) S b e AR VR A NA LS L A f g p B e [POrTrN ~ e - ‘
.o AN TR Y Y OYY e . LN " Y
AN PV AN A (L g . ot R
- : .
LR T L I T T A >
EEETTTRTTPIRTR T 3
SESEARFRRANANN Rrdlelaeneny Ilessmmomemennnns sone so'n R R R L LT TR TR O .. o R sse ges smmLLqeee o .. T R R s . e
R L Tl I L

Wrrrrmoey

.. B R

A AL S AR A AR YA LA B m b o § A AL LA AL T o

e teoanpaN

. B P TR o1 ST ST

]

L TR LR PR R TR RO LT T IO S L T T I

delitistsstsssmnnnnnannnnnncessesss g N VEREN I IRt NNaNttelonn

s~

Saahababhbbab bt b e Ll AL L RN I AN TR o AN e

A LA L iimmmimmmin s A £ Al Ay A VAR 3 L S 1554 19 2 WA WP A P A VAR LA g LA WAL A=t

AUV A S N e T L AW L AV O ORI ML A ;L‘.llls'.w-vv)fffmnsw---\ns,(.-..mmm.wmwmwwm‘\y“-\--.w A L VYL A S WA A,
WAALAY .. WAL 4B TVE WA LSS A VY OO AT

. R R

B LT AT LN

PEC B LI R R

X
R R L AP AP AN .-h\-:
4

o
-
-
-
-
-
-
-
-
-
-

N Ll lnnnnnnald

MANP PP LIS P PV IS LI P



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - abstract drawing

