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de!»nnining a s««ond «apaeit» associated with a cellahtr

throughput of a «eliular connect!on to the network dec:ce

d ftenn! natmg the send mg of tbe second amount of the pa"ket «iata

to 00 th- second cttpacity ir. response to a «onditiott assn«iated

with the 'rbpi throughput being dererrn!ned to htv;c b» en

sai!shied

monitoring the sending of tbe third amount of tbe packet »iata tr!

d«tern!inc a latcnc; a»so« iat»d with thc s nding ot'thc tl! ird

anaturtt of dt: pa«ket data
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detcmlining a throughput, resulting in throughput data,

associated with a transmission of packet data

in response to thc determining the throughput data and the

determining the YVi-Fi capacity data, deternlining a ceHular

capacity associated with the transmission!Tf the packet data.

resulting in cellular capacity data

transmitting first packet data of the packet data, via a %i-Fi

connectio!1 To fui'llll thc A!i-h! c&lpacl!y

in response to a condition associated with the transmitting of the

secmld packet data heing determnled to have heeu. s" list!ed.

re!TOIT!atin~'ile tlarlsin!lt!nu ot the scen!id packet. data
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'trttnsnnit! lg second p!!cl'et chit!I, of the packe't el!it!1, vfa!! Celhlhlr

connection to fulfill fhe cegulat capacity

in response to - condition associated w!th the transmitting ot'the

secor.d packet da!a btnng determined to hai =. been satist!ed.

terminating the.!ransmit!ing of lhe second packcl!hda

r e uwherein the determining the cellular capacity, comprises adding

add!tional capacity based mi the throughput data and the '6'i-Fi

capaci!v cata
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determining a target transmission value based on a packet time

value and a packel. size value, resulling in target data associated

ivlth '1 packet transnllssion

transmitting first packet data, via the XVi-Fi connection„ to satish
the XVi-Fi capacity

transmitnng second packet data, via the ce! lit!sr connection, io

satisfy the cellular capacity

in respwlse to thc terminating die transmitting of the second

pack' danu transirdtting third packet data via die tVi-Fi

connection
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FACILITATION OF MULTIPATH
SCHEDULING

'I'I I('I IN i CA I. 111 1 11.D

line disclosure relates gcncrally to lhcllitaung mobile
dcvicc network cflicienclcs. Morc spccltically, this disclo-
sure relates to enerating efliciencies by leveraging interplay
betlveen wireless hdelity (Wi-iii) and cellular networks.

BACKGROUND

Multipath transmission control pmtocol (MPI CP) con-
nections can allov for usage of multiple paths to maximize
resource usage and increase redundancy. The redundancy
offered by MPTCP can enable inverse multiplexing of
resources, and thus utcrotsc trmlsnussion conlrol protocol
(TCP) throughput close Io the sum of all avmlablc hnk-level
channels instead of using a suigle channel as required by
plain I ( P. MPI ('P is backwards compatible lvith plain I'('P. 10

MPTCP is particularly useful in the context of wireless
networks using both Wi-Fl and a mobile nenvork is a
typical use case In addition to the sins in throughput fmm
invcrsc multiplcxulg, tusks may be added or dropped as 0

user moves ul or oul ol'overage wilhoul disruplmg thc
end-to-end 'I'('P connection 'I'he problem of link-handnver
can be solved by abstraction in the tnsnspon layer, without
any special mechanisms at the networl or link level. Hmt-
dover functionahty can then be implemented at the end-
points without requiring special functionality in the subnet- 10

works in accordance with thc Inlcrncl's cnd-lo-cnd
pnnclple. MPTCP can also bring pcrfomlance benctits ln
datacenter emiromttents In contrast to I'.thernet channel
bonding using g02 gad link aggregation, MP'I'('P can bal-
ance a single I'('P connection across multiple interfaces. Is

The above-descnbed background relating to a MPTCP is
merely intended to provide a contextual overview of some
currmll issues. and ls not attended lo bc cxhauslivc. Other
coulcxnlal iufornlatlon 111BY bcconlc 11111hcr iippilrclll ilpou
review of the following detailed descriptinn 40

BRIEF DESCRIPTION OF THE DRAWINGS

Non-lumlulg and non-cxllausuvc cmbodnnenls of thc
subject disclosure are described with reference to the fol-
lolving figure~. wherein like reference numerals refer tn like
parts tluoughout the various views unless othetwise speci-
fied.

FIG. I illustrutes an example wireless network compns-
ing a mobile device, a Wi-Fl dcvlcc, and a cellular ncnvork, 0

whcrcul lhc mobile device ls conunuiucaung with thc Wi-Fi
device and the cellular network simultaneously accnrding to
one or more entbodintents

FIG, 2 illustrates an example wireless network compns-
ing 0 mobile device, a Wi-Fi device, and a cellular network, ss
whermn lhe mobile device has lemlinalixi communication
with Ihc cellular network and ls only conunumcaung with
the Wi-Fi device accordulg to one or morc embodunents.

11Ci 3 illustrates an exaniple lvireless network compos-
ing a mobile device, a Wi-lii device, and a cellular network, 00

wherein the mobile device has reinstated conununication
with the cellular network and is conununicating with the
Wi-Fi dcvwe and the cellular network accordin lo onc or
morc cmbodunmlts.

FIG. 4 illustrates an cxiunple throughput vs. luna graph ss
comprisin Mpl'CP. Wi-lii, and cellular network plots
accordiim to one or ntore enlbodiments

FICi 5 illustrates an cxiunple dcadlulc-nwarc code accord-
ing to one or more embodiments.

FICi 6 illustrates an cxamplc schemntm system block
diagram fiir oenensting nenvork efliciencies by leveraging an
MPTCP schedular according to onc or morc embodiments.

lit(i 7 illustrates an example schematic system bkick
diag un for generating network efficiencies by levera in an
MPI'CP scheduler and nlonitonng a Wi-lii throughput
according to one or more embodiments.

FICi 8 illustrates an cxamplc schemntm system block
diag un for generating network efficiencies by levera in an
MPTCP schedular, whermn thc MPTCP schedular cml tcr-
nunate a cellular connection in response to a condition being
salislicd.

lil(i 9 illustrates an example schematic system block
din@am for eneratin network etficiencies by leveraging an
MP1'CP scheduler, wherein the Mp I'('P scheduler can ter-
minate a cellular connection in response to 0 condition bein
satwtied and add additional capacity to Ihe network.

FICi 10 illustrates an example schematic system block
duigram for gcncralulg ncxwork eflicmncics by leveragulg an
MPI'CP scheduler. lvherein the MPT('P scheduler can ter-
minate 0 cellular connccuon in response to n condition bculg
satwtied and send addiuonal data ln response to another
condition being satisfied

lil(i Il illustrates mi exanlple block diagram of an
example mobiie handset operable to engage m a system
architecture that facilitates secure lvireless conununication
according to one or nlore embodiments described herein.

FICi 12 illustrates an cxmnple block diagram of an
example computer operable to cnga e ul a system archltcc-
hire that facilitates secure v ireless communication accord-
ing to one or mnre embodiments described herein

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to provide a thomugh understandmg of various
embodiments. One skilled in the relevant art v ill recognize,
however. that the tectuliques described herein can be pmsc-
tlccd without one or morc ol'lm specilic details, or with
olhcr methods, components. malcnals, elc. In other
instances. well-ktlown slruclurcs, matcnals, or operations
are nnt shown or described in detail to avoid obscuring,
Ceitaitl 'ISPCCta

Reference tluouglmut this specification to "one embodi-
ment," or "an embodiment," means that a particular feature,
structure, or characteristic descnbed ul connection with the
embodiment is included ul 01 least onc embodiment. Thus,
the appcaranccs of Ihc plu ase **us onc cmbodnnenl.'* "in one
aspect," or "in mi embodiment." in various places through-
out this specification are not necessarily all referring to the
same embodiment. Furthermore, the particular features,
stnlctures. or characteristics may be combined ln any suit-
able nuuuler in one or more embodiments

As utilized hcrcul, Ianna "component," '*system," "intcr-
facc,*'nd thc hkc arc intended to refer to a computer-related
entity, hardhvare, softsvare (e .. in execution), and/or firm-
v are. Iior example. a component can be a processor, a
process running on a processor, an object, an executable, 0

program. a storage device, and/or a computer. By way of
illuslralion, an applicauon running on a server and thc server
can bc 0 component. Onc or morc components can resale
wilful ii pniccss, Bail il coinpoili:lit cilu bc localizes! Cn oui:
cmnputer and/or distributed between two or more comput-
ers
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Further. Ihcse components can execute Ibom venous
machine-readable media having various data stmctures
stored thereon. 'I'he components can conununicate via local
and&or remote processes such as in accordance &vith a signal
having one or more data packets (e.g.. data from one
component interactin v ith another component in a local
system. distnbutcd sysimn, and/or across a network, O.g., the
Inlcrncl. a local arcs network. a wide dree nelwork, elc. wilh
other systems v&a the signal).

As another example, a component can be an apparanis
with specific functionality provided by mechanical parts
operated by electric or electronic circuitry; the electnc or
electronic circuitry can be operated by a software applica-
uon or a limmarc appl&cation executed by o&m or morc
processors, the oue or more processors can be uilcrnal or
external to the apparatus and can execute at least a part of the
software or firn&ware application. As yet another exaniple, a
component can be an apparatus that provides specitic func-
tionality throug&helectronic components &vithout mechanical
parts: the electronic components can include one or more
processors Ihcrcin lo cxccute soflw are dnd/or limiwarc &liat

confi:r(s), al least in part, Ihe fi&nctionalily of the cluctronic
components. In an aspect. a component can emulate an
electronic component via a viruml machine„e g., v ithi&1 a
cloud compl&ti&lg syutcin

The words "exemplary** and/or "demonstrative" are used
herein to mean servin as an example. instance. or illustm-
uon. For Ihc avo&dnncc ofdoubt, thc subiccl mailer disclosed
hcrmn &s noi lun&tcd by such cxamplcs. In add&uon, any
aspect or design described herein as "exemplary" and/or
*'demonstrative" is not necessarily to be construed as pre-
ferred or advantageous over other aspects or designs, nor &s

it meant to preclude equivalent exemplary stnictures and
teclmiques known to those of ordinary skill in the art.
Furlhcmiorc, to tlm cxtcnl that Ihe tcnns "mcludcs," '*has,"
'*con&du&a," and other s&m&lar words are used in c&ther the
dele&lcd descupuon or thc clmms, such lcnns arc u&loaded lo
be inclusive in a nianner similar to the tenn "compris&ng,"
as an open tnansit&on word without precluding any addi-
Iiolml ol'tllcr cicillc&tts.

As used herein„ the tern& "infer*'r "inference" refers
gcncrally lo the process of rcasonuig about, or uiii:rring
Sti&ICS Of, lhC SV'SIC&&1, Cllvi&0&lit&C&&L &ISC&; Blxl/Ol 1111C&1! f&0111

scl of obscrvauons as captured v&d cvcnts BnrVor data.
( aptured data and events can include user data. device data,
environment data, data from sensors. sensor data. applica-
tion data. impl&cit data. exphcit data. etc. Inference can be
employed to identify a specific context or action. or can
generals a probab&lity d&stubuiion over staies of uitercst
based on a cons&dere)&on of dale and evmits, for cxmnplc

Infi:rance can also rcfcr io tccluuqucs cmploycd for
composing higher-level events Irom a set of events and/or
data Such infereiice results in the coiistn&ction ot new
events or actions from a set of observed events and/or stored
event data„whether the events are correlated in close tem-
pol'rll ploxilliiiy, d»d Wl&CII&C& Il&C CVC&1&S Bllil ilBL1 00&1&C f&0111

01&c ol scvcral cvci&l Bill dais solirccs. M&1101&s class&lieu!toll
schcll&iu B»d/or svstci&1 ~ (c.g., suppiirl vcctol lluich&1&cs,

neural net&vorks. expert systems, 13ayesian belief nenvorks,
fuxx) logic. and data fusion engines) can be employed in
connection with performing mitomatic and/or inferred action
in connection with the d&sclosed subject matter.

In addition, Ihc ihsclosed subiecl matlcr can be uuplc-
mcnlcxl as a me&bod, appamtus, or arliclc ol manufacture
using standard progranmung and&or mi mccnn Iimluuqucs
to pmduce software. firn&ware, hardware, or any combma-
tion thereof to control a computer to implement the d&s-

closed subject matter. The Icmi **art&clc of mauulacturc" as
used herein is intended to encon&pass a conipnter program
accessible fron& any computer-readable device. computer-
readable carrier. or computer-readable media I'or example,
computer-readable media can include„but are not limited to,
a magnetic storage device. e, hard d&sk: floppy dislu
magnet&c stop(s), an opucal disk (c.g., compact d&sk (CD),
a d&g&tal vulco d&sc (DSZD). a Blu-rdy D&sc™ (BD)): a smart
card; a flash memory device (e g., card. stick, key drive);

10 and/or a virtual device that emulates a stowage device and/or
any of the above co&uputcr-readable nied&a

As an o& ervie&v, various embodunents presented herein to
facilitate MPTCP scheduling for mobile devices and net-
work dcv&ces.

For simphcily ofcxpldndlion, Ihc methods (or algorithms)
are depicted and described as a series of acts It is to be
understood and appreciated that the various embodiments
are not limited by the acts iflustnated and/or by the order of
acts. For example, acts can occur in various orders and/or

10 concurrently. and with other acts not presented or described
herc&n. Furthcrmurc. Bot all illustrated acts may bc rcqu&rtxi
to &mplmncnt the methods. In addinon, thc methods could
alternatively be represented as a series of interrehated states
via a state diaguam or events. Addit&onally. the methods
described hereafter are capable of being stored on an article
of manufacture (e... a niachine-readable storage medium)
to famlitate transporting and transferrin such methodolo-
g&cs lo computers. Thc tenn artmlc of manufacture, as usod
i&etc&I&, B i&lie&&dcd 10 cilcollipdss B coll&puler progl'till& dcccs-

10 sible fmm any computer-readable device, carrier. or media,
including a non-transitory machine-readable storage
medium

It is noted that althou h various aspects and embodiments
are discussed herein with respect to Universal Mobile Tele-

&i conumuucatioiw System (UMTS) und/or Long Term Evo-
lul&on (LTE). Ihc disclosed aspects are uol hmiltx) io a
UMTS implcmcntauon dnd/or an LTE nuplemcntauon. For
exaniple, aspects or features of the disclosed embodiments
can be exploited in substantially any w&reless conmiunica-

do tion teclmology. Such wireless conmuinication technologies
can include UMTS, Code Division Multiple Access
(CDMA). Wi-Fi. Worlde idc Interoperab&1&iy I'or Microwave
Access (W&MAX), Gcncral Packet Rad&o Scrv&ce (GPRS).
Enlianccd GPRS. Tlurd Gcncrat&ou Partncrsh&p Protect
(3(iPP), I,l I I, Third Cieneration Partnership Pnfliect 2

(3(iPP2) Ultra Mobile 13madband (UMI3). Iiigh Speed
Packet Access (HSPA). Evolved Hi h Speed Packet Access
(HSPA+), High-Speed Downlink Pacl et Access (HSDPA),
H&gh-Spiicd Upluik Packcl Access (HSUPA), Zigbcc, or

0 another IEEE 802.XX tccluiology. Add&tionally, subslan-
t&ally all aspects disclosed herein can bc explo&tcd in legacy
tclcci111&illililicatiou technologies

Described herein are systems. methods. articles of manu-
facture. and other embodiments or implementations that can

11 facilitate MPTCP scheduling. Facilitatin MPTCP schedul-
iug can bc implcmentcd m connect&ou w&th any type of
dcv&cc with a conncci&on lo thc commun&cal&ons network
such am a mobile handsel, a compuicr, a haudhcld dev&cc. or
the like.

ic MPI'(.'P can allow applications to transparently use nnd-
tiple paths without changing the existin socket progmm-
m&n interface. MPTCP has also been implemented in the
Luiux kcrncl. Another feature Ol'PTCP is thai ils pad&

selection (i.c., schcduluig) can bc computed &0 real-lime.
si This helps MPTCP aclucve bcucr performance than other

alternatives such as detemiinin data transfer schedules
before data transfer MET('P can also reach at least I oigabit
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pcr second (Gbps) of tluoughpul on oflllhc-shelf smart-
phones over commodity Wi-I&i and cellular nenvol'ks.

In spite of its popularity. MPI( P can still face complex
trade-off challenges. wh&ch are nor &veil balanced. related to
multiple dimensions of perfonnance. energy, monetary cost
etc. There exist a set of common usage scenarios where as
lung as data trunsfi:r can Iinish bcl'orc a certam deadline, a
user cxpcncncc w&ll not bc Impacted. For example, duruig
video streamin, a sn&ooth playback can be reafized if v&deo
chunks are fetched before their playback deadlines I'r
turn-by-turn navigation, a map tile only needs to be fetched
before the veh&cle is eo raphically close to rhe t&le*a

location. Music apps using mitomated reconmiendarion
(c.g.. Pandora Mus&c), players do nol nccd thc next song
until lhe playback of lhe current song &s close 10 ils cnd.
l&urthermore. when users draft ernails with large attach-
ment~. Ihe users &vill be satisfied if the attachments can be
fully uploaded before they finish writing the emails. sup-
posing the email software can predict a completion time
using some mach&ne learning tecluiiques.

For thc albrmncntionixl applicalions above, alllx&ugh
blu&diy using ofllthc-shell'PTCP can boost user expeu-
ence, doina so often incurs unnecessary high-energy con-
SIUllpfion and monetary cost due to the indiscriminate usage
of celhfiar paths Note that the ener ) consumption of 1,1'll

is known to be 7x to 9x higher than that of Wi-Fi. and
customers are billed by their cellular data usage. Thus. a
morc clficienl MPTCP can cnhrmcc B user expericncc by
m&numzuig the usage ol'perl&euler path(s) such as cellular.
'I'o address this problem, the present disclosure proposes
deadline-aware scheduling that can compliment existing
MPI'('P schedulers 1 he pmposed deadline-aware schoiuler
can select paths to minimize the cellular usn e while sat&s-

fying user-specified data transihr deadlines.
Thc br&sic fli&&cion ol B schcdUlcr ts lo sphl l&Bfllc anlong

multiple paths. An MPTCP schedular should consular lwo
malor cons&ra&nls. head-of-linc blocl m and rcmcivc-wui-
doiv limitations When n&nning over links with ditferent
characterisr&cs, to ensure in-order delivery of 'I'GP. packets
on the fast subflows have to wait for those on the slow
subflows in the receiver*s out-of-order buffer, wifich causes
head-of-lu&e blocku&g and bursuncss ui application data.
Due lo similar reasons, to I'ully ut&hzc each subtlow's
capacity. a race&ver uccx)s to mauitain a large bufli:r for
out-of-order data delivery. ('urrently, there are two sched-
ulers in rhe MPI'('P I.inux kernel implementation a round-
robin scheduler and a defmilt scheduler that prefers the path
with the lowest RTT.

Compared w &th the cxwung MPTCP schcdulcrs. a dead-
hnc-dwiin: schixlidcr erin sdusf)'d&10Us n:qi&ucnu:nls f&onl

users. For example, B deadline-aware schixiulcr can aclueve
a maximum aggregated bandwidth of underlying links fi&r

the best v&deo-ivatching experience. A deadline-av are
scheduler can finish the data tmsnsfer of the file downloading
appficathuis as early as possible, limit per-byte ener y
consUnipuon when lhc battery is low, or cap thc ccflular data
usage bascxl on a I'ullillmcnt quoui. Il should be no&cd that
fi&lf&linen& ol lllc qUU&B cBU conlp&lsc Idnlphlg iip lhc II'Bns-

mittina until it reaches the quota and/or transmitting at the
qtlota

Mobile users can also have various preihrences regarding
how to use their networks w&th distinct clmracteristics For
instance, a user may prefer lo usc thc free Wi-F& networks
over SG/4G networks I'or onhne mus&c stre uning from
Pandora whmi at home. However, when thc user Is traveling
and &vents to strean& videos from You'I'ube. the user may
prefer ro use cellular ne&works for semnless vie&ving expe-

uence, uutead of us&ng u&lcrmiucnt Wi-F& connect&ons.
'I'herefore, preferences can be driven by tradeofFs amongst
tllroitghpirt, latcnc)s Cine&ST coostuliptioll. Uloflct,'lry cost
etc . v hich may all atTect the scheduling decis&on on hoiv to
spht traflic over different network paths.

A deadline-av:are MPT('P scheduler for video stremnin
appl&cdtiorw can throttle the bandw&dlh ol'ellular 1&nks and
make lhc aggrcgalcd lluuughput h&glmr lhan thc target value
(i e, the no&ninal video encoding bitrate) l&or example,

&0 assuniing the target thmughput is 1 Mbps and the Wi-I'i
throughput is )V Mbps, tratfic shaping can be applied to the
cellular link and its tluouvghput can be limited to T—W Mbps.
Although this solution can save cellular data usage, this
solution is nol cellular nclworl fnmufly bimdusc it kcc7&s lhc

I rddio hltclfacc dct&vc ilUnng lhc enure dd&B udnsicn A
deadline-aware MPI'CP scheduler can drive both the cellu-
lar and VVi-Iii subflows ro their fill capacity at the beginning,
and turn otT the cellular subflov when the remaining data
cmi be transmitted over Wi-Fi alone. It can also monitor the

10 progress of data tmsnsfer and turns cellular subflou back on
if necessary (i.c.. when thc W&-F& path undcrpcrfomis below
estimation to lhc pout& llmi thc deadline would bc m&sscd if
only Wi-I'i continued to be utilized)

In a Dynamic Adaptive Srremning over I IT'I'P (l)ASI I)
system, a video can be split into mult&pie chunks of the smne
playtime and each video chunk can be encoded with mul-
tiple discrete bitrate levels. A manifest file that declares each
clliulk s pi&&du&etc&s cdn bc fctchcil dl lhc bcguuung of
playing a vulco so that each ind&v&dual chunk can bc

io downloaded at the player's discretion A video player can
switch benveen different bitrate streanls at a chu&ik boundary
becm&se the chunks are time-aligned DASI I has become the
dominant video streaming solution, due to the use of HTTP
that enables the bypass of middleboxes including firewalls,

&I the support of commod&ty content delivery network (CDN)
scrvcrs, Bnd lhc usc oi'tateless web scrvcrs.

For a DASH video, il is I'cas&blc to gcl thc dcadluie
information for each video clnunk from a player. I lowever,
cin&nk size is not a maniLstory tiel d of the nianifest file. 'I'In& s,

do the amount of data to be transferred may be unknov n beii&re

downloading a chunk. In practice„chunk size can be found
in a '*Content-Lm&gth" Iield of thc HTTP GET rcsponsc
hcadcr, which can allow chunk sizes to bc obtauicd for thc
dcadlinc-awareschedulcr. Since thc clan&k duration is usu-
ally shorter than a cellular tail time. d&sabling the cellular
path w&ll not trigger state changes of cellular radro.

To extend the Linux socket interface and enhance the
MPTCP Linux kernel implementation to perform the dead-
luic-aware schcdul&ng can compose two ~ &cps F&rsl. a

0 sclsockopt opl&on cmi bc oflhrcd lo convey lhc schedulu&g
dim&aron from a user space lo lhc L&nux kcrncl. Second, a
cmnponent in the existing MPT('P scheduler of selecting the
available subfloiv can be modified for packet transfer ln the
funct&on. et subfk»v I'roni selectors. the cellular subflow

&1 can be ignored &shen the scheduier dec&des to not use the
cellular link. 11us miplcmcnlal&on can work with both thc
default MPTCP schcdulcr dnd tlw round-rob&n schedular.

An altemat&vc approach can bc to util&zc an cxistu&g
MPI'GPAPIs such as mptcp add sock and mptcp del sock

io to add/remove the sub-socket over the cellular interface
However. doing so has t&vo dm&ibacl s When re-establish-
in the subflov, over the celluLar path„ the MPT('P needs to
pcrfi&nn thc &luce-v,ay handshake agmn, wh&ch &ntmduccs
addil&onal latency and wasu:s cellular resources. Also, aller

ss rc-cstabl&slung lhc cellular subtlow, &ts TCP congeal&on
cmitrol has to go thmu h the slow start phase. which can
linut the utilization of the cellular link I'or the DASI I video,
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Ihe scheduling drmis&ou can be made by the client. which
runs the player and has the knowledge of clnnnk sizes and
deadlines. I lowever, the scheduling can be enforced bv the
server that is responsible to split the video traflic over the
)VI-Fi and cellular subflows. To address this issue, a system
to convey the schedulin decision from the client ro the
server cmi be unplmncnted by adding a flag ur tlm MPTCP
option using a rcscrvcd b&b

It should also be noted that an artificial intelligence (AI)
component cail facilitate antoinating one or more features in lit

accordance with the disclosed aspects A memory and a
processor as ivell as other components can include funcrion-
ality with regard to the figures. The disclosed aspecrs in
corlrrtx'noir w'rflr di Bill&I&i:-dwirri: sclii'iluli:I cBII err&ploy'rrrr-
ous AI-based schemes for carrying out various aspects
thereof. 1&or example, a pmcess for detecting one or nmre
tri ger events. modifying a schedule of the one or nmre
tri ger events, and changing one or more actiong and so
forth. can be facilitated w ith an example automatic classi tier
system and process. In another example, a process for zo

penalizing onc subtlow wlulc prclbrrm another subflow can
be facil&tatcxI with the example automat&c rlassilier system
and process

An example class&fier can be a function that maps an input
attribute vector, x (xl. x2. x3, x4, xn). to a contidence that
the input belongs to a class, that is, f(x)sconfidence(c)ass).
Such classificat&on can employ a probabilistic and/or stat&s-
ucal-bus&xi atmlys&s (c.g., factoring in&o Ihc &malysis utrlrt&es
dnd costs) to prognosc or infer mi dct&on llxrt can bc
automatically performed In the case of communication io
systenis. for example, attributes can be a cellular subflov
and a Vi'i-lri subflo&v and the classes can be a scheduling
change value. In another exmnple, the attributes can be a
frequency band, a technolo y, and the presence of an object
and thc classes can bc au output power rcducfion value. Is

A support vector maclune (SVM) &s mr cx unple uf a
class&lier the& can be mnployed. Thc SVM can operate by
finding a hypersurface in the space ofpossible inputs. which
the hypersurtace attetiipts to split the triggering criteria front
the non-triggering events Intuitively. this makes the classi- do

fication correct for test&ng data that is near. but not idenrical
&o traimng data. Other d&rrmted and und&rcc&cd model clas-
silicalton approaches &ncludu&g, Ibr example, n&dve Baycs.
Baycs&dn networks, dcc&s&on trrvs, neural networks, fiizzv
logic models, and probabilistic classification models provid-
ing different patterns of independence can be employed.
Classification as used herem also may be inclusive of
statistical regression that is utilized to develop models of
prlt&&1&11

11&e ilisclosrxl aspects can employ class&tiers llml are o

cxplmttly trained (c.g., v&a gcncric traimng dale) as well as
implicitly trained (e 0, via observing mobile device usage as
it relates lo tri gering events, observing netv ork frequency/
tecluu&logy. receiv&ng extrinsic infomrntion, and so on). For
example, SVMs can be configured vin a learning or training s.
phase w&tlun a class&lier constructor anil fi:alurc selection
module. Tluts, the class&lier(s) can bc used to au&omatmally
leam and perform a number ol''unclions, urcluiluig but nol
liniited to a subflow schedule, modifying a transmit power,
modifying one or niore reported mobility measurentents, io
and so forth. The criteria can include. but is not limited to,
predetined values. frequency attenuation tables. bandw&dth,
scrvtcc prox &dcr prefi:rcuccs imd/or policies, &md so on.

In onc embo&hmcnt. descnbed herein &s a mclhod cum-
pnsuig de&ennuuug a first capacity associa&cd with a Wi-F& ss
throughput of a Wi-l&i connection to a network device of a
netrvork, and determining a second capacity associated v ith

a cellular throughput of a cellular cotu&ccl&on to thc +cwork
device I'hereafter, a tirst amount of packet data can be
transniitted tn fili the first capacity of the Wi-l&i throughput
and a second aniount of packet data can be transm&tted to fill
the second capacity of the cellular throughput. The trans-
m&tting of the second amount of the packet data to fill the
second capacrty can be terminated in rcsponsc to a condil&on
assoc&atcd w&th thc Wt-Fi lluuughput bc&ng dctenn&ncd &o

have been satisfied, mid up lo a third an&ount of the packet
data can be transmitted in response to the terminating„
wherein the third amount is a remaining amount of the
pacl et data after the first amount and the second amount are
sent.

According to another embodunent, a system cdu faciluatc
dclcrnuning a tluoughpul. rcsuhiug &n tluoughpul ddld.
assnciated v;ith a transmission of packet data and determin-
ing a Wi-l&i capacity, resultin in Wi-l&i capacity data,
assnciated v;ith the transmission of the packet data via a
Wi-F& connection. In response to the determinmg of the
throughput data and the detemiirun of the Wi-Fr capacity
dale. Ilm system can dclenmnc a cellular cdpac&ly assoctalcxI
will& tire t&'rrrrsrrirssrorr of lire pai:kcl dani vrd a ccllulal
cminectinn, resulting in cellular capac&ty data 11&e system
can also transmit first packet data via the W&-1&i connection,
of the packet data to fulfill the Wi-I'& capacity and transmit
second packet data via the cellular connect&on. of the packet
data. to fulfill the cellular capacity. Consequently. in
rcsponsc to a cond&uon assoc&atcd with the trarmm&tting of
thc second packet data bmng detennu&cd &o have bccn
satisfied, they system can terminate the transniitting of the
second packet data.

According tn yet another embodiment, described herein is
a mnclune-readable storage niedium that can perform the
operations comprising detemiirung a target tmsnsmission
value based on a packci ume i slue and a pncket s&zc value,
resultrng &n target data assoc&atcd w&th a packet trmisnus-
s&on Thc machrnc-readable storage nuxl&um cdu also per-
form operations coniprising determining a cellular capacity
of a cellular connection based on a Wi-I'i capacity and the
target data. v:herein the )VI-Fi capacity is associated with a
Wi-F& connection. and wherein the target cellular capacity
can bc less than an ac&ual cellular capac&ty. Thcrcaficr. first
packet dale can be transnnucd. v&a the W&-F& connect&on, to
satmfy the Wr-Fi capaci&y. and second packet data can bc
transniitted. via the cellular connection. to satrsfy the cellu-
lar capacity. In response to a condition associated with the
packet time value being determined to have been satisfied,
the tr msmitting of the second packet data can be temrinated,
and &n rcsponsc k& u:nmnaung thc trausm&tlurg of Ihc srmond
packet dale, lhird packci dale can bc trm&emitted via Ihe
W&-Fr connection.

I'hese and other embodiments or iniplementat&ons are
described in more detail below with reference to the drarv-
ings

Referring noiv to FICi. 1, illustrated is an example wire-
lcss network compnstng a mobile dcv&cc, n W&-Fi device.
and a cellular ac&work, wherein thc mobile dev&cc &s com-
mutucaling with thc Wt-Fi ilcvtce and thc cellular +cwork
sintultaneously according to one or more embodiments At
time 'I'I, the mobile device 100 can conimunrcate with the
Wi-F& device 102 and the cellular netv ork device 104
simultaneousiy. For instance, if a user of the mobile device
100 has uutraled a rcqucst lo stream a v&drm, thc uuual
request can be scut i&a a Wi-Ft cotu&ccl&on rc)atixi to Ihe
W&-Fr dcvicc 102 and d cellular connect&ou rclatcd &o Ihe
cellular netv;ork device 104 The deadline-aware MPT('P
scheduler can dri& e both the cellular and Wi-l&i connections,
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of thc Wi-Fi device 102 and thc cellular network device 104,
respectively, to their full capacity

Referring now to I'l(i 2, illustrated is an example wire-
less network comprising a mobile device, a Wi-Iii device,
and a cellular netv orl. wherein the mobile device has
terminated conmuuucatlon with the cellular network and ls
only conunumcaung with theWI-Fi device accorduig lo one
or morc mobodunents. Al ltmc T2. when it is d el cmuncd Ilia I

the reniaining data can be transmitted via the Wi-lii con-
nection. the systeni can turn off the cellular suMov Alter- IB

natively. once the mobile device 2()0 has driven the Wi-I'I
device 202 subflow and cellular network device 204 subtlow
to their fidl capacities. the mobile device 200 can terminate
CO111111OIIICtllliill Wifli lllc CCIIOIBr iiclwork dCYICC 204 lo
avoid additional data charges. Tcrmuiatmg the conumuucd-
tion benveen the mobile device 2()0 and the cellular nenvork
device 204 can also be predicated upon an indication that the
Vyi-lii device 202 suMow can remain eflicient enough to
stream the video content without causing any noticeable
degradation in service to the user. It should be noted that the zo

same paradigln can bc applied to leveraging the cellular
subflow as lhc prunary subflow and the Wi-Fi subflow as the
secondary subflow dependuig upon user preferences and/or
specihc scenarios affecting cost or quality of service

Referrin now to I'l(i 3, illustrated is an example wire-
less network comprising a mobile device. a Wi-FI device,
and a cellular network. wherein the mobile device has
reinstated conununicduon with lhe cellular network and is
conununicaluig with thc Wi-Fi ikvice mid the cellular
netivork accordiilg to nile or more einbodiinents. At tinle 13, sc
the mobile device 30U can reinitiate coinnninication with the
cellular nenvork device 304 in response to a condition
associated with the Wi-Fi device 302. The condition asso-
ciated ivith the Wi-Fi device 302 can comprise an indication
that the Wi-Fi device 302 aixl/or ils associated subflow has ss
cncounterixl a degradation in cfliciciicy/ipiahty, has under-
pcl'fbriiicd, iliid/or will Iiiiss d ilciidliiic associB(cil willi lllc
data transfer lior instance, the systein can continually nioni-
tor the pro ress of the data transfer of the Wi-Iii device 302.
('onsequently. if there ls an indication that the )VI-Fi device do

302 suMow is underperforming, and/or a dam transfer
deadline could potenually bc missed if only Wi-Fi device
302 subflow werc to be used, then thc system can reinstate
conununicalion over thc cellular network device 304 sub-
floiv, resulting in simultaneous coinmunication with the
Vyi-lii device 3U2 suMow and the cellular network device
304 subfkiiv. It should be noted that underperfomtance of a
subflow can be based on a preset value, an estimated value,
or mi AI based dctcnnincd value of thc deadluic. Il should
also be noted that thc cellular network dcvwe 304 conunu- c

iucaiion cmi also bc tcrnunatcd again in response lo an
indication that the Wi-lii device 302 suMow can efliciently
transmit aiiy remainiilg data

Referring now to FICI. 4. illustrated is an example
tluoughput vs. time graph comprising MPTCP. Wi-Fi. and ss
cellular network plots accorduig to onc or more embodi-
ments. Pcr FIG. 4, if a user wants to view a vtdtxI. (hc video
can support multiple encoihng rates tluuugh aiLiplive bitratc
streamin, v herein the highest encoding rate is close to 4
megabytes per second (Mbps) Iiowever, the bandv idth of ic
the Wi-FI nenvork may be a bit lower than 4 Mbps at 3 8

Mbps. Therefore. FICi. 4 is predicated on a 0.2 Mbps gap,
winch needs to bc lillcd usuig mi LTE network Thc LTE
network cdn have 3 0 Mbps ol'luoughpul, v,luch is more
than enough nccd to lill thc 0.2 Mbps gap. FIG. 4 plots the ss
throughputs of Wi-Iii and I:11 1 links and the overall through-
put when playing the video over MP'I'( P in a steady state.

In FICi. 4, lo download video chunks, thc capacity of LTE
link can be almost filly utilized Since there can be a cost
associated with usin the I;I'll network, ideally the user
v ould only want to use around 0 2 Mbps of the I;111 link to
fill the gap. However, the actual LTE data usage can be much
hi her than expected. The reason is that the default MPTCP
schedular, wluch prclers ihe path with a smaller round-lrip-
timc (RTT), lcvcragcs only the latency uiformation to sched-
ule data packets and does not take into account that the 11'I'.

network may be more expensive than the Wi-I'I network
1'herefore the deadline-aware scheduler can throttle the I:11'.
network communication to fifl the 0.2 Mbps gap.

Since video chunks are delay tolerant. after finishing
downloading a chunk, lhc networks can bc Idle poor to
fetching lhc next chunk. The idle tune olfi:rs lhe opponunily
to tweak the MPI'CP scheduling to reduce cellular data
usage. lier example. the bandkvidth of an I;I li link can be
throttled to be 0 3 Mbps, just slightly higher than what is
needed. Consequently, the user can v, atch the video with the
hi hest encoding mate and save cellular data usage on the
LTE service.

Rcfi:rring now lo FIG. 5. Illustrated is an cxmnplc dead-
line-aware code accordina to one or more embodinients. 1'he
code can leverage the existing, MPI('P schedulers to dis-
tnbute packets over nniltiple paths and add the intelligence
ofhoiv to control the cefluiar suMows. The code can have
two input parameter~, the file size S and the size ofdownload
time wutdow D (from when download starts until thc
dcadlinc). Thc while loup is responsible Ibr scnduig dard
from the file using MPI'('P (line 11) R,nm in line 15 can be
the current estimation of the VI'I-lii throughput. It could be
a niovmg average of the throughput within a most recent
time windoiv. After sending out each pacl et. the code can
verify if the Wi-Fi alone is sufficient to tmnsmlt the remain-
ing data. If thc Wi-F»s suflicienl. then the cellular subflow
can bc disabled when possible (lnu:s 16-18). To compcncme
fiir esaimalion inaccuracy ol'i-Fi tluoughput. (hc target
finish time can be ahead of a real deadline by setting o in
lines 16 and II) to be less than 1. 'lite smaller the value of
ix is. the less likely the actual deadline wlfl be missed.
However. a smaller o can also lead to more data over
cellular links. Since the Wi-Fi tluoughpul ctm change over
time, after thc code disables lhc cellular link, il also needs to
check if(bc cellular subflow should bc coabled agaui, in case
the Wi-Fi throughput dmps (lines 10-21) Paranieters jIBI
and yal can be used to avoid unnecessary oscilLstion
between disablin and enabling the cellular link.

Performance of the proposed deadline-aware scheduler
can depend on the eslunalion ol'Wi-Fi throughput There are
scvcral methods that can unprove thc robustness of lhe
proposed dcddliltc-iiwdrc sclicduliilg cixlc arid coiiipt'usiac
for the inaccuracy of thmughput estiniation A conservation
margin can be added to the estimated capacity. Iior example,
using only P % (P«100) of the actual measured tliroughput
as Ra-,z, Monitoring the tluoughput of cellular path R„»„„,„
can enable lhe cellular subflow without any conditions near
thc cnd of thc dcadlinc. al

I

v here T„„, is the time needed fora cellular link and its I'CP
subflow to reach full capacity. Although these methods can
avoid the missing of deadlines, they can increase cellular
dale usage and rcquirc dddiliomil work lo select thc proper
pardillclers.

Rcfi:rring now lo FIG. 6, illustratixl is an cxamplc sche-
matic system block diagram for generatmg network etfi-
ciencies by leveraging an Mfff('P scheduler according to
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onc or morc mnboduncnts. At clcmcn( 600. a first capacity
associated ivith a Wi-I 'i throughput of a Wi-I ii connection to
a network device of a nenvork can be determined by a
systent comprising a processor. At element 602, a second
capacity associated with a cellular throughput of a celluLar
connection to the ne(work device can be detemiined by the
system. A first amount ol packet dale lo Iill Ihe (irst capacily
ol Ihc Wi-Fi llnoughput cdn bc Iransnuttcd by Ihc systmn al
element 604. ('onsequently, a second ainount of the packet
data to fill the second capacity of the cellular throughput can la
be transmitted by the system at element 606. 'I he deadhne-
aware MPTCP scheduler can drive both the cellular and
Wi-Fi subflows to their fill capacity. At element 608, the
sv'slciti cilii 0:iltiiiidlc (lie sciidiiig ol llic sccoixl aiitoliiil of
the packet data lo (ill the second capdci(y ui response to a
condition associated with the Wi-I'i throughput being deter-
mined to have been satisfied I or instance the deadhne-
aivcme scheduler can turn o}f the cellular subflow when the
remaining data can be tran~mitted over Wi-Fi alone. In
response to the terminating. the system can transmit up to a m
tliird ditiouitt oi lite packet ilala al clciticiil 610. w lier ciii (lie
tlnrd amount is a rmnauiing amount of lhc packet dale after
the first amount and the second amount are sent The
deadline-av are scheduler can also monitor the pmgress of
data transfer and turn cellular subflow back on if the Wi-I'i
path underperfonna.

Referring nov, to FILI. 7. illustmted is an example sche-
mauc syslmn block diagram for cncraluig nelwork efli-
cicncies by leveraging nn MPTCP schedulcr and moiuloring
a Wi-I'i throughput according to one or more embodintents. Io
At element 700, a first capacity associated with a Wi-I'i
throughput of a Wi-Iii connection to a network device of a
network can be detemtlned by a system comprising a
processor. At element 702, a second capacity associated with
a cellular tluoughpul of a cellular coiuiec(ion to flie network ii
device can be detcnnined by the system. A Iirst mnount of
packet data to Iill thc lira( capacity of the Wi-Fi lluoughput
cmi be transmitted by the system at element 704 Conse-
quently. a second amount of the packet data to fill the second
capacity of the cellular throughput can be transmitted by the do

system at element 706. The deadline-aivare MPTCP sched-
ular can dnvc both the cellular and Wi-Fi subflows to their
full capacity. Al clmncnt 708, the system can tcrmuiatc thc
smiding of lhc second amount of Ihe packcl daut to till thc
second capacity m response to a condition associated v ith
the Vi'i-lii throu hput being determined to have been satis-
fied. For instance the deadline-aware scheduler can turnofl'he

cellular subflow when the remaining data can be tmns-
nnltcd over Wi-Fi alone. Iu rcsponsc lo thc tcrmuialmg, the
system can trammil up lo a tlurd mnounl oi'lhc packel data O

at element 710, whcrcui thc third amount is a remmning
amount of the packet data after the first anxiunt and the
second amount are sent The deadline-aware scheduler can
also monitor the progress of data transfer and turn cellular
subflow back on if the WI-FI path underperforms. Conse- ss
qucnlly. al element 712, Ihe transnuuuig up lo lhc llurd
amount of Ihc packet dale can bc mouttorix} lo dclerminc a
latency associatixl with Ihe lransmitluig up lo lhe llurd
amount of the packet data

Referriim now to I'l(i 8, illustrated is an example ache- io
matic system block diagram for generating network e}fi-

ciencies by leveraging an MPTCP scheduler. wherein the
MPTCP schedular can lcrminalc a cellular coiutcmlion in
response lo a condition bcuig ndusfied. Al elemmit 800. a
fltioughpul can bc detcnnuied, rcsulluig ui tluoughpul data, Si
associated v ith a transniission ofpacket data; and at elentent
802. a Vii-1st capacity can be determined. resulting in Wi-I'i

capncity data, associated with llu: Imnsuusston of Ihc packel
data via a Wi-Fi connection. In response to the determining,
of the throughput data and the detenninmg of the Wi-Isi

capacity data, a cellular capacity associated with the trans-
mission of the packet data via a cellular connection can be
detennuted at element 804, resulting in cellular capacity
dale Al clement 806, lira( pimkel data, of Ihc packet data,
can bc trdnsnuttcd vm the Wi-Fi connection, to fullill Ihe
Wi-1st capacity At element 808, second packet data, of the
packet data, can be tmnsmitted via the cellular connection to
fulfill the cellular capacity 'I'hus, the deadline-aware
MPTCP schedular can drive both the cellular and Wi-Fi
subflows to their full capacity. In response to a condition
associated with lhc transmilung of thc second packet data
being dcternuncd lo have hemi satisiicd, thc lmnsnuuutg of
the second packet data can be terntmated at elenient 8}0
('onsequently, the deadline-aivare MPI'('P schedular can
turn of}'he cellular subflow when the reniaining data can be
trmtsmitted over Wi-Fi alone.

Referring nov, to FICI. 9, illustrated is an example sche-
mauc system block diagriun for gcncrauug network elfi-
cicncics by lcvcraging an MPTCP schedulcr, whereui Ihe
MPTCP scheduler can terminate a cellular connection in
response to a condition being satisfied and add additional
capacity to the network. At element 900, a throughput can be
determined, resulting in I}boughpot data. associated with a
transmission of packet (Ltta; and at element 902, a Wi-Fi
capncity can be delcnnined. resulting in Wi-Fi capacity dmd,
associated with thc umisnussion of lhc pncket dale via a
Wi-Iii connection In response to the detenninuig of the
throughput data and the detenninmg of the Wi-I'i capacity
data, a cellular capacity associated with the transmission of
the packet data via a cellular connection can be determined
at element 904. resulting in cellular capacity data. At ele-
ment 906, Iirst packet dald, of the packet data. cmi be
transmitted via lhe Wi-Fi connection, to fuliill thc Wi-Fi
capacity At clement 908. sixond packet dale, ol'he packet
data, can be transniitted via the cellular connection to fulfill
the cello}ar capacity '}luis. the deadline-aware MPT('P
scheduler can drive both the cellular and Wi-Fi subflows to
their full capacity. In response to a condition associated with
thc lransmitluig of Ihc second packet data bmug dclernunod
to have bimn satislicd. thc uansnuuing of thc second packet
dale can bc lcrnundtcd al element 910. Couscqucntly, thc
deadline-aware MPT('P scheduler can turn o}f the cellular
subflow when the remaining data can be transmitted over
Wi-Fl alone. At element 912, the determinin the cellular
capacity can comprise adding additional capacity based on
the fluoughpul data mid thc Wi-Fi capacity data.

Rcfi:rring now lo FI(h 10, illustrated is mi cxtmiple
schematic system block diagriun for generating network
e}ficiencies by leveraging an MPI'('P scheduler. wherein the
MPTCP scheduler can terminate a cellular connection in
response to a condition being satisfied and send additional
data ln response to another conihtion being satisfied. At
clement 1000, a target u ansnus sion value cau be dc( ernunod
bmed on a packet umc value and a packet size value.
rcsulling in large( data associated with a packet Iransnus-
sion At element 1002. a cellular capacity of a cellular
connection can be determined based on a Wi-I'i capacity and
the target data. wherein the Wi-Fi capacity is associated with
a Wi-Fi connection, and wherein the target cellular capacity
can bc less than an actual cellular capacity. First packet dais
can bc transmitted isa thc Wi-Fi connection to adtisfy Ihe
Wi-Fi cdpticilv al clciticiit 1004. and second packet dale cmi
be transmitted via the cellular connection to satisfy the
cellular capacity at element 1006. 'linis, the deadline-aware
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MPTCP schcdulcr can dnvc both thc cellular imd Wi-Fi
subflows to their full capacity In response to a condition
associated with the packet time value being determined to
have been satisfied, the transmitting of the second packet
data can be terminate at element 1008. Consequently. the
deadfine-aware MPTCP scheduler can turn off the celluLar
subflow when thc remainulg data can be transmittnl Over
Wi-Fi alone. At clement 1010. in rcsponsc to thc tcmuimtulg
the transmitting of the second packet data, third packet data
cml be transmitted via the Wi-I'i connection. I i 1

Referrin now to ill(i I I, illustrated is a schematic block
diagram of an exempLary end-user device such as B mobile
device 1100 capable of connectin to a nenvork in accor-
d;mce w ith some embodiments dcscnbcd hercul. Although B

mobile handset 1100 is illustrated harem, lt will bc under-
stood that other devices can be a mobile device, and that the
mobile handset I IUU is nlerely illustrated to provide context
for the embodiments of the various embodiments descnbed
herein. The following discussion is intended to provide a
brief, general description of an example of a suitable envi- lo
ronment 1100 ln which the various embodiments cml be
lnlplcnlclltcil. While thc dcscllptlon lllcludiw 11 gcucral coil-
text of computer-executable mstructions embodied on a
nlachine-readable stomge medium, those skilled in the art
will recognize that the mnovation also can be implenlented
in combination v ith other program modules and/or Bs a
conlbination of hardware and soibvare.

Generally, applications (c.g., progrmn modules) can
include routuu:s. programs, components, dais slructurcs,
etc . that perform particular tasks or iinplement particular ic
abstract data types Moreover. those skilled in the art will
appreciate that the methods described herein can be prac-
ticed with other system configurations, including sin le-
processor or multiprocessor system~. minicomputers. rnain-
framc computers. as well as personal computers, lxind-hold li
computing dcviccs, microprocessor-based or progriunmable
consumer clectrorucs, mid the like, each of whwh can be
operatively coupled to one or more associated devices

A conlputmg device can typically include a variety of
machine-readable media Machine-readable media can be do

any available media that can be accessed by the computer
dnd ulcludcs both volatile and non-volatile media, remov-
able dnd non-removable media. By way of cxmnplc mid not
lllnltdtlon. Colllpu tel'-I'Cdddbh: lllixha Call CiinlprlSC Colnpiln:I
stomge nledia and comnlunication media. Computer storage
media can include volatile and/or non-volatile media,
removable and/or non-removable media implemented in any
method or teclmolo y for storage of information. such as
computer-readable ulstructions, data structures, progrmn
modules or other data. Computer storage mixlia can mclude, o

but is not limited to, RAM, ROM, EEPROM, flash memory
or other menlory technology, ('I) ROM, digital video disk
(I)'IID) or other optical disk storage, magnetic cassettes,
magnetic tape, magruetic disk storage or other ma netic
storage device~, or any other medium which can be used to s.
store the desired ull'onnanon Bnd wluch can be wccssed by
the computer.

Communicdnon media typically mnbodies computcr-
readable instructions, data structures, program modules or
other data in a nlodulated data signal such as a carrier wave ic
or other transport mechanism, and includes any infomlation
delivery nledia. The term "modulated data signal" means a
signal tluit hds one or morc of its charactcnstms sct or
Ch;lllgCd ln Such B lnallllCI Bs to CIICodc. Illfonniitlon ln thC

signal. By way of cxtunplc, and not limilation, conumuu- si
cation nledia includes wired media such Bs a wired network
or direct-wired connection. and wireless media such as

acoustic, RF. Infrared and other wireless media Combma-
tions of the any of the abm e should also be included within
the scope of conlputer-readable media

'I'he handset Ill)0 includes a pmcessor 1102 for control-
ling and processin all onboard operations and functions. A
memory 1104 interfaces to the processor 1102 for storage of
data and one or morc applications 1106 (e.g . a video player
softwiirc, user lecdback component software. ctc.). Other
applications cml include voice reco nition of predetermined
voice cominands that facilitate initiation of the user feed-
back signals The applications 1106 can be stored in the
memory 1104 and/or in B fimnvare 1108, and executed by
the processor 1102 front either or both the memory 1104
or/mid the Iimlw are 1108. Thc Iirmware 1108 can also store
startup code for execution ul utitiafiztng thc handset 1100. A
communications component 1110 interfaces to the processor
1102 to facilitate lviredhvireless comnlunication with exter-
nal systems, e.g . cellular nenvorks, 1/OIP networks and so
on. Here, the communications component 1110 can also
include a suitable cellular transceiver 1111 (e, a C)SM
transccivcr) Bnd/or an unlicensed transceiver 1110 (c.g.,
WI-FI, WiMax) Ibr corresponding SI@tal commuiucatlons.
The handset 1100 can be a device such as a cellular
telephone, a Pl)A lvith mobile comnlunications capabilities,
and messaging-centric devices. The comnlunications com-
ponent 1110 also facilitates conmulnications reception from
terrestrial radio netv'orks (e.g.. broadcast). digital satellite
radio networks. and Intcmct-bushel radio services

networks.

Thc lmndset 1100 includes a display 1112 Ibr displayulg
text, mlages. video. telephony functions (e g, a ('ller Il)
function), setup fiinctions. and for user input I'or example,
the display 1112 can also be referred to as a "screen" that can
acconunodate the presentation of multimedia content (e
music metadata. messages, wallpaper. raphics, etc.). The
display 1112 can also ihsplay videos and can I'acllltatc thc
generation. editing mid sharulg of video quotes. A senal I/O
interface 1114 is provided ul commuiucatlon with thc pro-
cessor 1102 to facilitate wired and/or lvireless serial com-
nnlnications (e g., HSI), and'or II:ii): )204) thmugh a hard-
wire connection. and other serial input devices (e.g.. a
keyboard. keypad, and mouse). This supports updating and
troubleshooting thc handset 1100. Rir example. Audio capa-
bilities Brc provided with an audio I/O component 1116.
which can include a spcdkcr Ibr thc output of audio signals
related to, for exanlple, indication that the user pressed the
pmper key or key combination to initiate the user feedback
signal The audio I/O component 1116 also facilitates the
input of audio signals through a microphone to record data
and/or tclcTihony voice data, and Ibr inpuning voice signals
lor tclcphollc collvcrsdhons.

Thc handset 1100 can ulcludc a slot interface 1118 for
accommodating a SIC (Sulbscriber Identity Component) in
the foml factor of a card Subscriber Identity Module (SIM)
or universal SIM 1120, Bnd interfacin the SIM card 1120
with the processor 1102. However. it is to be appreciated that
thc SIM card 1120 can bc manufacturixl into the handset
1100, Bnd updated by downloadulg data and software.

Thc lmndset 1100 can process IP data traflic tluough thc
communication component 111U to acconlmodate IP traflic
from an IP nenvork such as, for example, the Internet, a
corporate intranet, a home network. a person area network,
etc . tlu ough an ISP or broadband cable pmvlder. Thus. VfioiP

traflic cml bc util@cd by the handset 800 mid IP-bascx)
multuncdia content cdn be rcccn nl ul cithcr an cncodcx) or
dimodcd liirmat.

A video processing component 1122 (e.g . a camera) can
be provided for decoding encoded multimedia content The
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I idco processing component 1122 can aid m lbcilitaung thc
generation. editing and sharing of video quotes. 1 he handset
1100 also includes a power source 1124 in the form of
batteries and/or all A('ow:er subsystem„which power
source 1124 can interface to an external power system or
charging equipment (not shov n) by a power I/O component
1126.

lite handset 1100 cau also include a video component
113U for pmcessing video content received and. for record-
ing and transmitting video content I'or example, the video IU

component 1130 can facilitate the generation, editing and
sharing of video quotes. A location tracking component 1132
facilitates eo raphically locating the handset 1100 As
dcscnbixl hereinabove. (lus can occur when tlm user uutiates
Ihe Iccdbimk sigoal automaucally or manuallv. A user input
component 1134 facilitates the user initiating the quality
feedback stgital I'he user input component 1134 can also
facilitate the generation, editing and sharing ofvideo quotes.
The user input component 1134 can include such conven-
tional input device teclmologies such as a keypad. keyboard, Io
mouse. stylus pcn, and/or touch screen, for exmnple.

Relbrnng agaui to thc applications 1106, a hysteresis
component 1136 facihtates the analysis and processing of
hysteresis data. winch is utilized to determine when to
associate ivith the access point. A software trigger compo-
nent 1138 can be provided that facilitates triggerin of the
hysteresis component 1138 v hen the Wi-Fi transceiver 1113
dctcwts the beacon ol'he access point. A SIP climit 1140
miablcs thc handset 1100 to support SIP protocols and
register the subscriber with the SIP registrar server. 'the ic
applications IIU6 can also include a client 1142 tliat pro-
vides at least the capability of discovery, play and store of
multimedia content. for example, music.

The handset 1100. as indicated above reL)ted to the
commumcauons ol'lus disclosure, can comprise mi uidoor Ii
network radio transceiver 1113 (e.g.. Wi-Fi transceiver).
This lime(ion supports thc uidoor radio link, such as IEEE
802 I I, for the dual-mode (iSM Imndset 1100 The handset
IIUU can accommodate at least satellite radio services
tluough a handset that can combine wireless voice and so
digital radio chipsets into a single handheld device.

Rcfcrring now to FIG. 12. Illustrated is a block diagrmn
of a computer 1200 operable to execute B system architm-
turc tluit facihtates establishing a iransacuon bctwcmi an
entity and a third party qhe computer 1200 can pmvide
netivorking and conimunicatioo capabilities between a
wired or wireless conuminication nenvork and a server
and/or conuuunication device In order to provide additiorml
context Ibr venous aspects thcrcof, FIG. 12 and thc follow-
ing discussion arc intmidcd to provide a brief, gmieral c

descnption of a suitable computing environment m which
the various aspects of the innovation can be implemeilted to
facilitate the establishment of a transaction between an
entity and a third party. Wlule the description above is in the
geneml context of computer-executable instnictions that can 11

run on one or more computers, those skilled ui thc art will
rivognizc (liat thc innovauon also csn be miplcmented in
comburation with other progrmn modules and/or as a com-
bination of hardware and software.

(ienerally, program modules include routines. progranis, ic
components. data stnictures. etc.. that perform particuLar
tasks or implement particular abstract data types. Moreover,
those skilled iu Ihc art will appreciate that the uiventive
methods can bc pracuced with other computer system con-
llgUIII(loiiw IilclUdlllg sillglc-proccssol or lllilltiploccssor Si

compmer systems, niinicomputers, mainfmme computers,
as weil as personal computers, hand-held computing
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devices, nucroproccssor-based or progranmiable consumer
electronics. and the like. each of which can be operatively
coupled to one or niore associated devices.

'I'he illustrated aspects of the innovation can also be
pmcticed in distributed computing envirotunents where cer-
tain tasks are performed by remote pmcessin devices that
are linked tluough a commuiucanons Bc/work In a distrib-
u(CH Colllpiltillg CnvlloiiinCIIL prograiII Iilodi11CS CBII bC
located in both local and remote memory stomge devices

('omputing devices typically include a variety of media,
which can include computer-readable storage media or
conununications media, which two terms are used herein
diH'erently from one another as follows

Computer-readable storage media can bc auy available
storage media that can bc accessed by thc computer and
includes both volatile and nonvolatile media. removable and
non-removable media By ivay of example. and not limita-
tion, computer-readable siomge media can be implemented
in connection with any method or tecluiology for storage of
information such as computer-readable instnictions. pro-
gram modules, structurcxl daut, or unstructured data. Com-
puter-rcadablc storage media can include, but arc not limiied
to, RAM, ROM, I HIPIK)M. Hash meniory or other memory
teclmology, (.'I)-IK)M. digital versatile disk (I&t/I&) or other
optical disk storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic stomge device~, or
other tangibie and/or non-transitory media which can be
used to store dcsircd uifonnation. Computer-readable stor-
age media can be accessed by one or more local or remote
computing devices, e g, via access requests, queries or other
data retrieval protocols, tiir a vanety of operations ivith
respect to the information stored by the niedium

Comnnuiications media can embody computer-readable
instructions. data structures. Pro~Barn modules or other
structured or unstructured data ui a data signal such as a
modulated data signal, c.g., a carrier wave or other tmnsport
mechaiusm. and uicludes any uiformation delivery or trans-
port media I'he term "niodulated data signal" or signals
refers to a signal tliat has one or more of its characteristics
sct or challgcd ill sUcli a tuamlcr as to clicodc Illforlllatioil iit
one or more signals. By way of example„and not limitation,
CollllllillllCiltloll IIICHUI IIIChuh: w ICCH IIUXIIB, SUCh as B w ll IX!

network or direct-v,ircd connection. and wireless meshy
such as acoustic, RF. infrared and other wirclcss media.

With reference to I'I(i 12, implenienting various aspects
described herein with reaards to the end-user device can
include a computer 1200. the computer 1200 including a
processing unit 1204, a system memory 1206 and a system
bus 1208. Thc system bus 1208 couples system components
iucluduig, but not lumted to, the system mmnory 1206 to the
processing unit 1204. The processing unit 1204 can be any
of various coinmercially available processors l&ual micni-
pmcessors and other multi processor architectures can also
be employed as the processing urut 1204.

The system bus 1208 can be any of several types of bus
structure that can further uitcrconncct to a memory bus (with
or without a memory conuollcr). a penpheral bus, and a
local bus using any of a vancty ol'onunercially available
bus architectures 'lite system memory 1206 includes read-
only memory (ROM) 1227 and random access memory
(RAM) 1212. A basic input/output system (BIOS) is stored
in a non-volatile memory 1227 such as ROM, EPROM,
EEPROM. w luch BIOS contains the basic rou uncs that help
to transfer infomiation betwcwn elements withui Ihc com-
puter 1200, such as dunng start-up. The RAM 1212 can also
include a high-speed RAM such as static RAM for caching
data
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11&c computer 1200 further includes an mlcmal hard d&sk

drive (III)D) (214 (e g. I&II&li, SA'IA), which internal hard
disk drive 12(4 can also be configured for external use in a
suitable chassis (not shown), a magnetic floppy disk drive
(FDD) 1216. (e g.. to read from or write to a removable
diskette 1218) and an optical disk drive 1220. (e, reading
a CD-ROM d&sk 1222 or, to read Ibom or write to other high
copse&ty optical mcd&a such as the DVD). The hard d&sk
drive (214, magnetic d&sk drive 1216 and optical disk drive
(2Z0 can be connected to the system bus (208 by a hard d&sk &o

drive in&erface 1224, a magnetic disk drive interface 1226
and an optical drive interface 1228. respectively. The inter-
face 1224 for external drive implementations includes at
least one or both of Un&versal Senal Bus (I)SB) m&d IEEE
f 204 u&lerfime teclmolog&cs. Other external dnvc co&u&ection
technoio ies are within contemplation of the subject mno-
vation

'lhe drives and their associated computer-readable media
provide nonvolatile storage of data. data strucnires, com-
puter-executable instn&ctions. and so forth. For the computer zo

1200 thc drw cs and me&ha accommoda(e thc store e of any
dale in a su&uiblc d&g&tal lormal. Although lhc descnpt&on of
compmer-readable n&edia above refers to a Ill)D. a remov-
able magnetic d&skette, and a removable optical media such
as a ('D or D& 'l3. it should be appreciated by those skilled
in the art that other types of media which are readable by a
con&puler 1200. such as z)p drives, magnetic casse(tea, flash
memory cards, curtndges, and thc like, can also bc used &n

Ihe cxmnplary opcrauug m&v&ronmcnl. imd further. Iha! any
such media can contain con&puter-executable instnictions for sc

performing the methods of the disclosed innovation
A number ofprogran& modules can be stored in the drives

and RAM 1212. including an operati&ig system 1230. one or
more applicat&on pro rams 1232. other progmm modules
1234 and program data 1236. All or port&ons ol'lhe opc&dl&ng &s

system. Spphcat&ons, modules, and/or data cm& also be
cached u& thc RAM 1212. It is lo bc apprcmialcd that the
innova&ion can be in&plen&ented ivith various commercially
avai)able operat&ng systen&s or co&nbinations of operating
sc'slcnis, co

A user can enter conunands and information into the
computer 1200 through onc or more w&rcxVw&rclcss input
dcviccs, e.g., a keyboard 1238 and a poinlmg dev&ce, such
as ii n&o&isc 1240. Olhix h&put dcv&ccs (nol shown) n&av

include a microphone. an II& remote control. a joystick. a
gmne pad. a stylus pen. touch screen, or the like 'lliese and
other input devices are oflen connected to the processing
unit 1204 through an input device interface 1242 that &s

coupled lo tlu: syslmn bus 1208. bui can bc co&u&ected by
other inlcri'aces, such as a parallel port. an IEEE 2394 senal o

port, a game port, a USB port, an IR mterfacc, etc.
A monitor 1244 or other type of display device is also

connected to the system bus 1208 through an interface, such
as a video adapter 1246. In addition to the monitor 1244. a
con&puler 1200 typically includes other peripheral output s.
dcviccs (nol shown), such as speakers, pru&lars, etc.

11&c computer 1200 can operate in a networkcd environ-
ment usu&g log&cul corumct&ons by wired and/or w&rclcss
communications to one or more re&note computers, such as
a remote con&puter(s) (248 11&e remote computer(s) 1248 ic
can be a workstation„a server computer, a router. a persorml
computer. portable computer. microprocessor-based enter-
tii&nn&cnl deva:c, a peer dcv&cc ol ilflux conunon ac&work
node, and typically &ncludes many or all of lhc elements
descnbcd relative to thc computer. although, fiir purposes of sc

brevity. only a n&emory/storage device 1250 is illustrated.
'I'he lo ical connections depicted include ivired/wireless

conn&mt&vity to a local arcs network (LAN) 1252 mnVor
larger networks. e.g, a &vide area network (WAN) 1254
Such I,AN and WAN networking env&mnments are com-
monplace in o lees and companies. and facihtate enterprise-
v ide computer networks, such as intranets„all ofwhich may
connect to a global conmumications network, e.g.. the
Internet

Wlmn used in a LAN ac&working m&v&roumcnt. thc com-
puter IZ00 is connected &o &he local network 1252 through
a wired and/or wireless communication network interface or
adapter 1256 'I'he adapter 1256 may facilitate wired or
wireless conununication to the LAN 1252. which may also
include a v,ireless access point disposed thereon for com-
a&iuucanng u &lh lhc v'uch'ss adapter 1256.

When used &n a WAN ac&working cnviro&uncnl, the com-
puter (200 can include a modem 1258. or is connected to a
communications server on the WAN 1254. or has other
means fi&r establishing conimunications over the WAN
1254, such as by way of the Internet. The modem 1258,
v hich can be internal or external and a wired or wireless
dcvicc. &s connccu:d lo ihe system bus 1208 through Ihc
input dcv&ce intcrlhcc 1242. In a uetworkcd m&v&ronmcnl,

pmgram &nodules depicted relative to the computer, or
portim&s thereof, can be s&ored in the ren&ote memory/
storage device 1250 I& will be appreciated that the neuvork
connect&ons shown are exemplary and other means of estab-
lishing a conununications link beuveen the computers can be
used.

Thc computer &s operable to conunu&ucate with any
v ireless devices or entities operatively disposed in wireless
communication, e g, a printer, scanner, desktop and/or
portable co&nputer, portable data assistant. communications
satellite. any piece of equipment or location associated with
a v irelessly detectable tag (e.g.. a kiosl. news stand. rect-
room), and tclcphone. Tins u&cludcs al least Wi-F& and
Bluclooth™ w&rcless lechnolog&es. Thus, lhc communica-
t&on can bc a prcdclinnl structure as w&th a convent&onal
network or simply an ad hoc communication between at
least uvo devices.

W&-Fi. or Wireless Fidelity. allov s connect&on to the
internet from a couch at home. a bed in a hotel room, or a
confcrm&ce room al work, without wires. W&-Fi w a wirclcss
technology s&miler lo that used in a cell phone that c&mblcs
such dcviccs. c.g., computers. &o send and rcccive data
indoors and out; anycvhere wi&hin the range of a base station
Wi-Iii netv;orks use radio technoio ies called II&I II I 802 I I

(a. b, g. etc.) to provide secure. reliable, fact wireless
connect&vity. A Wi-Fi network can be used to connect
computers to eaCh other. Io liu: Internet, aud to w&rcxI

networks (wluch usc IEEE 802.3 or Ethcmct). W&-Fi ac&-

works opcratc u& Ihc unhcenscd 24 und 5 GHS rad&o bands,
for exaniple, or with products that contain both bands (dual
band), so the nenvorks can provide real-world performance
similar to the basic IOBaseT wired Ethernet networks used
in many offices.

Thc above description of &lluslralcd mnbod&ments of thc
subject d&sclosure, mcludu&g what &s dcscnbcd u& thc
Abstract, &s nol u&u:nded lo be exhausuvc or to linul thc
disclosed embodiments to the precise forn&s d&sclosed
While specific embodiments and examples are described
herein for iliustrative purposes. various modifications are
possible that are considered with&n the scope of such
embodiments and cxamplcs, as those sk&lied &n the rcicvanl
a&t csin rccogn&zc.

In this regard, wlulc thc subject muucr has bccn descnbed
herein in connection with various en&bodin&ents and corre-
spondmg I'I(is, where applicable, it is to be understood that
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other stnnlar mnbodiments can bc used or modtticattotw and
additions can be niade to the described embodiments for
performing the same, similar. alternative, or substitute func-
tion of the disclosed subject matter ivithout deviating there-
front. Therefore, the disclosed subject matter should not be
limited to any single embodiment described herein. but
rather should bc construed ut breadth mid scope ut accor-
dance wuh Ihc appcndcd claims below.

What is clainied Is

I A method, comprising I I I

detenuining. by a system comprising a processor. a hrst
capacity associated v ith a Wi-Fi ttmiu hput of a Wi-Ft
connection to a Jtelwork device of a network:

dctennining, by the system. a second capacity associated
with d cclhllai Ihloughpin Of B CCIIUlal COUUCCIJOU Io I

the nenvork device;
transmitting. by the system, a first amount of packet data

to hll the first capacity of the YVi-Fi throughput:
transntittin . by the system. a second amount of the

packet data to fill the second capacity of the celluLar Ic
tluoughput,

Icmtindting, by thc system, thc transmiuutg of the second
amount of the packet data to fill the second capacity in
response to a condition associated v,ith the Wi-1st

throughput being determined to have been satisfied,
and

in response to the terminating. transmitting. by the sys-
tem. up Io a Ihtrd mnount of thc packet data. whcrctn
thc Ilurd amount Js a rcmainutg amount ot Ihe packet
data after the hrst atuount aod the seciond amount are Io
SCIJI.

2 1 he method of claim l. further cotnprising,
ntonitoring, by the system. the transmitting up ro the third

antount of the packet data to detemtine a latency
associated with Ihc transnutltng up to Ihe liard iuuount 31

ol thc packet data.
3. Thc method of clmm 2, whcrcut thc condtnon is a lirst

condition, and further comprising
in response to a second condition associated with the

latency being determined to have been satisfie. initi- dc

sting„by the system. transmitting up ro the rhird
amount 01'hc packet data via thc cellular corutcction.

4. Thc method of claim 3, whcrcin thc latency compnses
dn indication of a time delay associated w ith Ihe Iransrail! ing
up to the third aniount of data.

5 the method of claim I, wherein the determining the
first capacity is in response to detemtinin an estimated
throughput value associated with a throughput of the %VI-Ft

connccnon to Ilm network device.
6. The method of claim 5, whcrcut thc dctcmunmg the o

second captmtty is in response to dcternuning Ihe cstnnatcd
throughput value, and wherein the estitnated throughput
value comprises file size data associated ivith a tile to be
received by the network device.

7. The method of claun 5, wherein the estimated tluough- 11

put i slue compnscs time data associated v,uh a size of a
download to be received by thc network device.

8. The method ot'laim 1, whercnl Ihc condulon coni-
prises receiving an indication that the second capacity of the
cellular thmughput is fitll sc

9. 5 system. comprisin:
a processor: and
a memory that stores cxiautablc instructtotw Ilxtt, when

executed by Ihc processor, I'acthtatc pert'onnancc of
operations, compnstng: Ss

deternuning a throughput. resulting in throughput data,
associated with a transmission of packet data;

detcrnuning a Wi-Fi capacuy, resulting In Wt-Ft capac-
ity data, associated with the tmnsmtssion of the
pttckct data VUI d Wt-Ft connccnon,

in response to the detemtintng the throughput and the
dctemntung Ihc Wi-Fi capacity, dctcmuning a cel-
lular capacity associated ivith the transnussioo of the
packet data via a celluLar connection. resulting in
celluLsr capacity data:

tr msmitting tirst packet data. of the packet data, via the
Wt-Fi connccuon to Ibllill thc Wt-Ft capacity,

transmitting second packet data. of the packet data, via
the cellular cotutcction to fultill thc cellular capacity.
and

ul Icsponsc 10 a condtnon Bssocuucd with Ihc ndns-
mitting of the second packet data being determined
to have been satistied. terminating the transmitting of
the second packet data

10. The system of claim 9. wherein the determining the
cclltlku citpacttv'onlpltscs ilddhlg dikhnonal cdpttcuv basixl
on the throu hput data and the Wi-Ft capacity data.

11. Thc system ol'claim 10. w tu:rein thc operations further
coniprlsc't

rcspollsc to Ihc tell'lltnattog Ihc tt'dnsmtttnlg ttlc second
packet data, tmsnsmitting third packet data, of the
packet data. via the AVI-Fi connection.

12. The system of claint 11. wherein the third packet data
is rcmmiung packet data, of Ihc packet data, mid w hcrcin thc
transmitting the third packet data compnscs Iransmiuutg thc
tlurd packet data after the first packet data and the second
packet data have been transmitted

13 'I'he system ofclaint 12. Ivherein the opemsttons further
conlplIsc;

monitoring the Wi-Fi connection for a latency associated
with thc Iransmittutg of Ihc third packet data.

14. Thc system ot'clam 13, wlmreui thc condition Is a tirst
condition, and whercut Ihc operations further compnsc.

in response to a second condition associated with the
latency being determined to have been satisfied,
offioading a portion of the tlurd packet data to be
trmsmitted via the cellular connection.

15. A ntul-ntulaktry Juilchull:-tlaldtiblc nuxhUUI, conlpi15-
iug executable instrucuons tluit. when cxecutcd by a pro-
cessor, facihlalc pcrformancc of opcrauons, comprising:

determining a target transmission value based on a packet
time value and a packet size value. resulting in target
data associated with a packet transmission,

detemtining a target cellular capacity of a cellular con-
nection basixl on d Wi-Fi capacity aud the target data,
wherein the Wt-Fi captmtty Is associated with a

tluoughput of d Wi-Ft cotutectton, and whcrcut Ihe
target cellular capacity can be less than an actual
cellular capacity;

transmitting first packet data, via the Wi-Fi connection, to
satisfy the Wi-Fi capacity:

Iransmittutg second peeler data, vta theccllular conncc-
non, 10 satlsly'hc ccllUldr capdcuv:

In rcsporwc to a conduton assocuited with the packet iimc
value being detenuined to have been satisfied termi-
nating the tmsnsmitting of the second packet data and

in response to the temtinating the transmittin the second
packet data, transmitting third packet data via the Wi-Fi
connccntul.

16. The non-Irdnsuory machine-readable Jucxttum of
claim 15, wherein Ihe condition compnses an Indication Ihat
the transmitting of the third packet data via the Wi-I'i
cmtnection does not exceed the target tmsnsmission value.
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1'7. Thc non-transttory maclune-readable mcslium of
claim 16. wherein the operattons further comprise:

transmitting the thtrd packet data via the Wi-1'i cotuttc-
tl Ofl

18. The non-tmnsitory machine-readable medium of
claim 17. wherein the tlurd packet data is remaining packet
dale after Ihc lirsl packet data and thc second packet data are
transmiued.

19. The non-transitory machine-readable medium of
claint 18, wherein the operations further comprise: lc

analyzing the transntitting the third packet data for a
latency via the Wi-Fl network.

20. The non-transitory machine-readable medium of
clmm 19. whcrctn the operauons further comprise:

ut response lo dctermuung Ihe latency. lrtmsnntling thc
third packet data vta the cellular connection.
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