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Figure 1: An iPhone App, DTap for measuring WiFi
availability.
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2. MEASUREMENT STUDY

2.1 Experimental Setup
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Figure 2: Number of valid experimental days for each
user.
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2.2 Key Observations
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Figure 3: Temporal coverages per user, time and hourly
mobility
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Figure 4: Locations of WiFi APs detected by the partic-
ipants in a 3km by 3km area with the most dense WiFi
deployment inside Seoul (more visible in color).
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Figure 5: The CCDF of connection duration. The aver-
age connection duration is 122 minutes. The distribution
ts well with a Weibull distribution with k = 0.31 for all
day and k = 0.52 for daytime. α parameter is also given
in the bracket.

Figure 6: The CCDF of inter-connection times. The
average is 41 minutes. The distribution ts well with
a Weibull distribution with k = 0.39 for all day and
k = 0.51 for daytime. α parameter is also given in the
bracket.
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Figure 7: End-to-end data rates per user, day and hourly
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Figure 8: A simulation model of a user. The data in the
user queue is serviced only when a mobile phone is con-
nected to a WiFi network. When the delay deadline of
the le in the queue expires, the le is removed from the
queue and uploaded through 3G networks.
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3.2 Trafc Model



Table 2: Input data to the experiment for Figure 9. We
use the projection from [2] on the amount of mobile
data trafc, their constituent types and proportion mo-
bile data trafc in year 2014. We assign articial dead-
lines to different types of data from short to long dead-
lines. The mean inter-arrival times are estimated from
the estimated monthly volumes. DL : Deadline.
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Figure 9: Ofoading efciency of delayed transfers with
various deadlines when all the transfers are opted for de-
layed transfers.
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Figure 10: Ofoading efciency gains over on-the-spot
ofoading achieved by delayed transfers as the delayed
transfer ratio varies.

!0 ,).'($*&). *"' #2%&3* 01 010&.#)8 #) ('7#'-#)8 *"'
1,*,(' *(&13 .'2&).$I ;' ,$' *"' %(0O'3*#0) .&*& ('7'&$'.
1(02 ZGaZC RBT 0) *"' &20,)* 01 206#7' *(&13 .'2&).$
6/ /'&( B@?U= G* #$ %('.#3*'. *"&* &) &-'(&8' ,$'( 30)$,2'$
&60,* S5J %'( 20)*" &). *"' 30)*(#6,*#0) 01 -&(#0,$ .&*&

*/%'$ *0 *"#$ *(&13 #$ $,22&(#H'. #) !&67' B= 9' &$$#8)
*"('' .#11'(')* */%'$ 01 010&.#)8 .'&.7#)'$ *0 '&3" .&*& */%'
1(02 $"0(* *0 70)8 .'&.7#)'$= !"' $"0(* .'&.7#)' #$ 4@ 2#)>
,*'$ ;"#7' 70)8 .'&.7#)' #$ D "0,($= [0*' *"&* &$ ;' $"&77 $''
7&*'( #) a'3*#0) 4=UI 20$* *(&)$1'($ )#$" ;'77 6'10(' *"'#(
.'&.7#)'$= 9' &$$,2' *"&* *"' #)*'(>&((#-&7 *#2' .#$*(#6,*#0)
#$ 'N%0)')*#&7 &). *"' .#$*(#6,*#0)$ 01 *"' &((#-&7 *(&13 -07>
,2'$ 01 -#.'0I *'N* &). .&*& &('9'#6,77 &). *"&* 01 *"' &,.#0
Ln0GAM .&*& #$ 'N%0)')*#&7= !"' 2'&)$ 01 &77 *"' .#$*(#6,*#0)$
&(' .'.,3'. 1(02 *"' '$*#2&*'. 20)*"7/ *(&13 01 '&3" */%'=
Y,.#0 &). ABA L'=8=I .&*& $"&(#)8 #) *"' %(0N#2#*/M .&*& &('
&$$,2'. *0 6' )0* .'7&/>*07'(&)* $0 H'(0 .'7&/ .'&.7#)'$ &('
&$$#8)'. *0 *"'2=
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Figure 11: Comparison of average completion times of
ofoading methods for various types of applications nor-
malized to the time taken using only cellular networks.
Parameters in the bracket show the size of les and ap-
plied deadlines (more visible in color).
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3.5 Energy Saving
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Figure 12: Normalized energy consumption of delayed
transfers of 10MB and 100MB les with one hour dead-
line. File sizes and intervals are assumed to be exponen-
tially distributed.
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Figure 13: The amount of energy saving gain over no
ofoading for 1 hour delayed transfers. File sizes and
intervals are assumed to be exponentially distributed.

$,2%*#0) &). .'7&/ #) $2&(*%"0)' &%%7#3&*#0)$ &$ $2&(*>
%"0)'$ "&-' 2,7*#%7' (&.#0 #)*'(1&3'$ ;#*" .#11'(')* *(&)$>
2#$$#0) (&*'$ &). &-&#7&6#7#*/ R?EI ?DT= 9"#7' 45 )'*;0(<$
&(' 20(' ;#.'7/ &-&#7&67' *"&) 9#:#I *"'#( .&*& (&*'$ &('
2,3" 7'$$ *"&) 9#:#= !"'('10('I 6/ .'7&/#)8 *(&)$2#$$#0)
,)*#7 9#:# #$ &-&#7&67'I *"'(' &(' 0%%0(*,)#*#'$ *0 ('.,3' *"'
*(&)$2#$$#0) *#2' &$ ;' "&-' $'') #* #) a'3*#0) 4=U= !"' ('>
.,3'. *(&)$2#$$#0) *#2'$ &(' .#('3*7/ *(&)$7&*'. #)*0 6&**'(/
%0;'( $&-#)8 10( $2&(*%"0)'$ 6'3&,$' ')'(8/ 30)$,2%*#0)
01 9#:# %'( $'30). #$ &720$* *"' $&2' &$ 45 )'*;0(<$ R?KT=
!"' *(&)$2#$$#0) *#2' 01 & *(&)$1'( #$ .#11'(')* 1(02 #*$ 302>
%7'*#0) *#2' &$ *(&)$2#$$#0) *#2'$ &330,)* 10( 0)7/ *"' *#2'
*"&* (&.#0 #)*'(1&3'$ &(' ,$'. *0 302%7'*' *"' *(&)$1'(= !",$I
*"' *(&)$2#$$#0) *#2' #$ *"' *#2' &1*'( $,6*(&3*#)8 *"' ;&#*>
#)8 *#2' 1(02 *"' 302%7'*#0) *#2' #) :#8,(' ??= 9' &$$,2'
*"&* %0;'( 30)$,2%*#0) .,(#)8 *"' ;&#*#)8 *#2' #$ )'87#8#67'
,$#)8 $2&(* 9#:# %'(3'%*#0) *'3")0708/ REI ?@I B@T
:#8,('$ ?B &). ?4 'N&2#)' %0;'( 30)$,2'. 10( .'7&/'.

*(&)$1'($ 01 ?@ QJ &). ?@@ QJ 7'$ ;#*" -&(#0,$ .'7&/
.'&.7#)'$ ;"#3" #$ .#('3*7/ *(&)$7&*'. 1(02 *"'#( *(&)$2#$>
$#0) *#2'$= !"' -&7,'$ &(' )0(2&7#H'. *0 *"' ')'(8/ 30)>
$,2%*#0) 01 )0 010&.#)8= C)>*"'>$%0* 010&.#)8 &7('&./
&3"#'-'$ EEF ')'(8/ $&-#)8 0-'( )0 010&.#)8 6'3&,$' 01
('.,3'. *(&)$2#$$#0) *#2' *"(0,8" ,$' 01 9#:#= d0;'-'(I
#) 0(.'( 10( .'7&/'. *(&)$1'($ *0 &3"#'-' $,6$*&)*#&7 ')'(8/
$&-#)8 8&#) 0-'( 0)>*"'>$%0* 010&.#)8I *"' .'&.7#)'$ 2,$*



6' $,6$*&)*#&77/ 70)8= 9#*" ?@@ $'30). .'&.7#)'$I *"' $&-#)8
8&#) 0-'( 0)>*"'>$%0* #$ 'N*('2'7/ 7#2#*'.= C)' "0,( .'&.>
7#)'$ &3"#'-' &60,* B@F 8&#)=

3.6 Impact of Trafc Types
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Figure 15: Ofoading efciency varying k parameter of
Weibull distribution. Mean le size is 100MB and the
trafc generation interval is 1 hour. When k = 1, Weibull
distribution is exponential. As k decreases, it is more
likely that a huge le arrives at the system.

Figure 16: Ofoading efciency of candidate applica-
tions (text, photo, video-clip messaging and multimedia
backup). Inter-arrival time, type of le size distribution
(Det: deterministic, Exp: exponential), mean le size are
denoted in the bracket.
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3.7 Impact of WiFi Deployment
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Figure 14: Ofoading efciency for different trafc intensity, le size distributions, and delay deadlines. IAT (Inter-
Arrival Time) follows exponential or Weibull whose mean in the bracket determines trafc burstness. FS (File Size)
follows deterministic, exponential or Weibull distribution whose mean is specied in the le size axis in the gures.
(More visible in color)
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Figure 17: Ofoading efciency for various amount of
WiFi deployment and different deployment strategies.
Irrespective of trafc type, activity-based deployment
which might primarily lead to install WiFi APs to users’
houses shows clearly higher ofoading efciency than
random.
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