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ABSTRACT

<1 /-$=&/1" >/??/@&+1 '(>$1">/,&-$1,$-A'*" >"0/@"- '6,(; >/??"*"(1 ,4"*'1/(;
-#-1"6-: <? B" '+-, B'(1 1, -A'*" ,1A"* *"-,&*@"-2 +/C" 1A" -1'1" ,? ' B"9
9*,B-"*$,*$'($">/1,*2$/1 9"@,6"-$("D1 1,$/64,--/9+":

3/6/+'* 4*,9+"6- '*" -,+0"> /(-/>" E+'( F GHIJ '(> <(?"*(, GIJ 9# &-/(;
1A" FE 4*,1,@,+ GFJ: KA" (,*6'+ '44*,'@A2 1A,&;A2 /- 1, B*/1" '( '44+/@'L
1/,( ,* ' >"0/@" >*/0"* 4*,0/>/(; ' ?/+"-#-1"6 /(1"*?'@": M&* 4*,9+"6 /-
-,6"BA'1 >/??"*"(1: N" '+*"'>#$A'0" ('1/0" '44+/@'1/,(-$+/C" N,*>$,*$O/*"L
?,D: P,B @'( B" &-" 1A"-" '44+/@'1/,(-2 ('1/0" 1, -"0"*'+ ,4"*'1/(; -#-L
1"6-2 '(> '1 1A" -'6" 1/6" A'0" 1A" "'-" ,? @,66&(/@'1/,(- 4*,0/>"> 9#
FEQ:

<( 1A/- 4'4"* B" 4*,4,-" ' -/64+" B'# 1, >, /1R N*'4 1A" '44+/@'1/,(- '(>
>*/0"*- B/1A ' @,(1*,++/(; ?/+"-#-1"6 *&((/(; ,( <(?"*(,2 A,-1"> ,( 1A"
*"+"0'(1 6'@A/("-: KA"(2 "D4,*1 '(> -A'*" 1A" ?/+"-#-1"6-2 "D4,*1/(;
1A"6 "0"( 1, 1A" +,@'+ A,-1 -#-1"6 1A*,&;A -,6" 4*,1,@,+ /1 &(>"*L
-1'(>-: N/1A,&1 6&@A @,(?/;&*'1/,(2 1A" &-"* @'( 4*/(1 '(> *"'> >,@&L
6"(1- -/64+# 9# &-/(; >*'; '(> >*,4 '1 '(# ,? 1A" /(0,+0"> 6'@A/("-:
N" 4*,4,-" 1A" ('6" upperware ?,* 1A/- '44*,'@A2 BA/@A 1*/"- 1,
'9-1*'@1 '44+/@'1/,(-$/(-1"'>$,? 1A" &(>"*+#/(;$-#-1"6:

1. Introduction

KA" />"' ,? M@1,4&- GSJ /- 1, @"(1*'+/T" 1A" -1'1" ,? 1A" '44+/@'1/,(- /( ' @,64&1"* 1A'1
B" @'++ 1A" E): KA"( 1A" &-"* @'( *&( 1A" 1"*6/('+ -,?1B'*" BA/@A "D4,*1- +,@'+
*"-,&*@"- '- ?/+"-#-1"6- 1, '44+/@'1/,(- *&((/(; ,( 1A" E): U,@'+ *"-,&*@"- 6'# 9"
'44+/@'1/,(- '(> >"0/@"- *&((/(; '1 1A" 1"*6/('+: <( ,*>"* 1, /(1";*'1" 1A"-" '44+/@'L
1/,(- B/1A 1A" *"-1 ,? 1A" -#-1"6 B" A'> 1, B*'4 1A"6 B/1A ?/+"-#-1"6-2 ';;*";'1/(;
-,6" '11*/9&1"- 1, 1A"6 -, 1A"# @,&+> 9" -"+"@1"> '&1,6'1/@'++#: N" A'0" ?,&(> 1A'1
1A/- '44*,'@A /- 0"*# -/64+" #"1 4,B"*?&+ '(> +"1- &-"*- -A'*" *"-,&*@"- "'-/+# B/1A,&1
6&@A @,(?/;&*'1/,(: N" @'++ /1 upperware: V# 4*,@"">/(; ?&*1A"* '(> "D4,*1/(; 1A"
*"-&+1/(; ('6" -4'@" 9'@C 1, 1A" &(>"*+#/(; A,-1 M32 B" *"'@A ' 4,*1'9+" B'# 1, /(1"L
;*'1" 1A" A"1"*,;"(",&- 1"*6/('+2 /( ' 1*'(-4'*"(1 B'#: V# @'*"?&++# 1A/(C/(; 1A" ?/+"-#-L
1"6 /(1"*?'@"-2 -, 1A'1 1A"# @'( 9" &-"> 9# @,4#/(; ?/+"-2 B" @'( @,(0"*1 1A/- '44*,'@A
/(1, ' ;"("*'+ -,+&1/,( "0"( ?,* (,( 4*,;*'66"* &-"*-2 BA/@A @'( >, 6,-1 1A/(;- 9#
>*';W'(>W>*,4:
________________
KA/- B,*C -&44,*1"> /( 4'*1 9# 34'(/-A K<XWYZZ[W\[S]SW)ZYWZY '(> )^_ 3W
]Z]`K<)`ZYa]:
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!" #$%" $&&'(")*+#" upperware &,(-.(&'" /0 1,(+(-2 ’device),(%",3! 45, #(2# '"%"' $&&'(.$6
+(5-3 $-) 3",%(."3 $%$('$/'" 5- %$,(573 303+"83 1" 73"9 :#(3 (-.'7)"3 &,(-+(-2; )5.76
8"-+ %("1",3; %5(." 30-+#"3(3; 73", $.+(%(+0 85-(+5,(-2; $-) $ 1"/ /,513", 3",%(." <3+(''
7-)",1$0=9 >- +#(3 $,+(.'" 1" )"3.,(/" 37.# !)"%(." ),(%",3!; +#"(, (-+",4$." $-) 1#$+ .$-
/" 2$(-") /0 73(-2 7&&",1$,"? 3"$8'"33 .5887-(.$+(5- $-) "$30 54 73" $.,533 #"+",56
2"-"573 &'$+45,839 !" 4""' +#$+ 7&&",1$," .$- /" 73"47' (- 2"-",$' +5 (-+"2,$+" )(44",6
"-+ &'$+45,83;*+$@(-2*+#" &'$." 54 +0&(.$' 5/A".+B5,("-+")*8())'"1$," <CCD=*$&&,5$.#9

E5+" +#$+ 7-'(@" (- 8())'"1$," 303+"83; 1" 1,$& +#" -$8"3&$." $-) 8$@" (+ $%$('$/'"
+5 +#" 7-)",'0(-2 303+"8 <$+ "$.# +",8(-$'= (- $ +,$-3&$,"-+ 1$09 F5, +#" #53+ +#" -$8"
3&$." (3 A73+ $-5+#", 4('" %5'78"9 G51"%",; (+ &,5%()"3 $'' 35,+ 54 3",%(."3 45, +#" 73",9
H"(-2 -$+(%"'0 $%$('$/'"; -$+(%" $&&'(.$+(5-3 $," $/'" +5 73" 37.# -$8" 3&$." $3 +#" 73",
3""3*4(+9

2. Organization

IJ&",("-." 1(+# K'$- L; >-4",-5 $-) K'$- H MNO +$72#+ 73 +#$+ "J&5,+(-2 )"%(."3 $-)
$&&'(.$+(5-3 $3 30-+#"+(. 4('"303+"83 8$@"3 (+ "$30 +5 (-+"2,$+" +#"8 (-+5 $ )(3+,(/7+")
5&",$+(-2 303+"89 P&&'(.$+(5-3 '(@" acme(1) MQO $-) rio(1) /"-"4(+ 2,"$+'0 4,58
&,52,$8$/('(+0*/0*"J&53(-2*$ 30-+#"+(.*4('"303+"89

H7+ 57, &,5/'"8 $-) $&&,5$.# (3 -5+ R7(+" +#" 3$8"; "%"- (4 1" 3+('' 1$-+ +5 "J&53"
354+1$," ,"357,."3 4,58 +#" 7-)",'0(-2 5&",$+(-2 303+"8 $-) (-+"2,$+" +#"8 (-+5 $
-$8" 3&$."9 >-4",-5 )5"3 +#(3 +5 358" "J+"-+ 1(+# (+3 )"%(."3 1#('" ,7--(-2 #53+")9 :#"
8$(- )(44","-." (3 +#$+ >-4",-5 &'$."3 (+3"'4 side by side +5 +#" #53+ 5&",$+(-2 303+"8;
+#$+ (3; (+ &,5%()"3 (+3 51- )(3+(-.+ %(,+7$' &'$+45,89 >-3+"$); 1" +,0 +5 &'$." 57,3"'%"3
$/5%" $'' +#" 354+1$," ,7--(-2 -$+(%"'0; 8"$-(-2 +#$+ 1" +,0 +5 +$@" $)%$-+$2" 54 +#"
7-)",'0(-2 5&",$+(-2 303+"8 $3 87.# $3 &533(/'"; (-.'7)(-2 $'35 358" 54 +#" $&&'(.$6
+(5-39

!#$+ 1" $," +,0(-2 +5 $..58&'(3# (3 3(8('$, (- $&&,5$.# +5 1#$+ >-4",-5 )5"3 1(+# +#"
7-)",'0(-2 4('"303+"8 54 +#" #53+ $-) +5 1#$+ L%J )5"3 1(+# +#" :SKT>K 3+$.@9 !" $,"
+,0(-2 +5 1,$& 354+1$," ,"357,."3 1(+# $ 4('"303+"8 /7+ 73(-2 $'' +#" 8".#$-(383 &,56
%()")*/0*+#" #53+ +5*"$3" &,52,$8$/('(+0*$-)*+5*(-+",$.+ 1(+#*+#" 73",*1#"-*-"."33$,09

!#"- +,0(-2 +5 1,$& 7-)",'0(-2 $&&'(.$+(5-3; 1" #$%" +5 /" .$,"47' +5 )(3+(-27(3#
/"+1""- +15 +0&"3 54 (-+",4$."3 <8"$-(-2 +#" 3"8$-+(.3 1" $33(2- +5 +#" 4('"303+"8=?
passive $-) active?

U9K$33(%" (-+",4$."3 1,$& )"%(."3 +#$+ $," 3(8('$, +5 '51 '"%"' )"%(."39 :#"0 )5 -5+
,"R7(," (-+",$.+(5- 1(+# +#" 73", %($ +#" 7-)",'0(-2 303+"89 >- $ 3"-3" +#"0 $," )$+$
3(-@3 $-) 357,."39 IJ$8&'"3 54 +#(3 $," +#" C.+5&73 %5(." 30-+#"3(3 $-) &,(-+",
)"%(."39 :#" 4$.+ +#$+ +#"0 )5 -5+ ,"R7(," (-+",$.+(5- 1(+# +#" 73", (3 %",0 (8&5,+$-+;
/".$73" (+ &'$."3 ,"3+,(.+(5-3 5- +#" 1$0 +#"0 3#57') /"#$%"9 F5, "J$8&'"; (4 +#" 73",
(8&5,+3 $ &,(-+", 4,58 $ -"$,/0 .58&7+", $-) 3"-)3 358"+#(-2 +5 &,(-+; 3#" )5"3 -5+
1$-+ +#" ,"85+" #53+ CV +5 $3@ #", 1#$+ &$&", 3(W" +5 73" (- +#" ,"85+" .58&7+",9
>-3+"$); (+ (3 85," .5-%"-("-+ (4 +#" 4('" 303+"8 (-+",4$."3 &,5%()"3 $- $2,"")B7&5-
3+$-)$,)*.5-4(27,$+(5-*$-)*358" 8"$-3*+5*.#$-2" (+9

N9P.+(%" (-+",4$."3 1,$& $&&'(.$+(5-3 1#(.# )5 ,"R7(," (-+",$.+(5- 1(+# +#" 73",9 :#"0
$," -5,8$''0 .5-)7(+3 54 )$+$ 5,; $+ '"$3+; .5-+,5' +#" )$+$ 4'519 IJ$8&'"3 54 +#(3 @(-)
54 (-+",4$." $," ")(+5,3*$-)*1"/*/,513",39*P-*")(+5,*+$@"3*358" 4('";*.#$-2"3*(+ $-)*&7+3
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!" #$%&'(&)& &*#& +# ,!-"+"&, ./ "(& !0"&)+-"!$0 '!"( "(& 1#&)2 3(!# !0"&)+-"!$0 (+44&0#
!05"(& 10,&)*+/!065($#" #/#"&%5$7 "(& -$%41"&)54)$8!,!065"(& #&)8!-&2

9)"($6$0+* "$ "(!# -*+##!7!-+"!$0: .1" +*#$ !%4$)"+0": !# "(+" 7$) #$%& $7 "(&#& ,&8!-&# !"
%+/ .& ,&#!)+.*& "$ ;&&4 "(&!) #"+"& +-)$## -$%41"&)# +0,<$) #&##!$0#: '(!-( +77&-"#
"(& !%4*&%&0"+"!$0# $7 "(& #&)8&)# "$ .& 4)$8!,&, =&262: &,!"$)# '$1*, -$4/ "(& 7!*&#: "$
)&%+!05+1"$0$%$1#>2

Figure 1: Upperware organization.

3(& 7!*&#/#"&%#5'& #(+)& !0 "(!# 7+#(!$0 0&&, #$%& +"")!.1"&# "$ *&" "(& 1#&) #&*&-" "(&%
+44)$4)!+"&*/ ./ "(&!) *$-+"!$0: $4&)+"!06 #/#"&%: &"-2 ?/ -$08&0"!$0: '& +,, + 7!*&
0+%&, ndb "$ "(& )$$" $7 &+-( 7!*&#/#"&%2 3(!# 7!*& -$0"+!0# + *!#" $7 +"")!.1"&<8+*1&
4+!)# ,&#-)!.!06 "(& #/#"&% &@4$)"&,2 A1-( !07$)%+"!$0 !# +*#$ ;&4" +" + -&0")+* )&6!#")/:
7$) "(& 1#&) "$ *$$;2 B0 "(!# '+/: "(& 7!*&#/#"&% -+))!&# '!"(!0 !"#&*7 !"# $'0 ,&#-)!4"!$0:
#($1*,5"(& 1#&)50&&,5"$5;0$'2

3. Spooling

90& "(!06 '& (+8& 7$10, '(!*& ")/!06 "$ ,&8!#& '+/# "$ &@4$#& +0, !0"&)+-" '!"( "(&
#/0"(&"!- 7!*&#/#"&%#: !# "(+" spooling !#5+ 4$'&)71* #")+"&6/2 ?/ spooling '& ,$50$" )&7&)
C1#" "$5"(& -*+##!-+* #4$$*!065!0"&)7+-&:5.&-+1#& 7$)51#5"(& ,!)&-"$)/5,$!06 "(& #4$$*!06 !#
#/0"(&"!- +0, #$%& %+6!- %+/ $--1) !0 !"2 D&8&)"(&*&##: "(& %+!0 !,&+ )&%+!0# "(&
#+%&E F!*&# +)& -$4!&, "$ + ,!)&-"$)/ +0, "(!06# (+44&0 "$ "(&% '(&0 "(&!) "1)0 -$%&#2
3(& )&#1*"!06 %&-(+0!#% !# #!%!*+) "$ G44*& ,)$4*&"# HIJ: +#57+)5+#5"(& 1#&)5!#5-$0-&)0&,2
K$4/!065+ 7!*& "$5+ ,!)&-"$)/5")!66&)#5+05+-"!$02

A4$$*!06 +*#$ 4)$8!,&# + '+/ "$ !0"&)+-" '!"( "(& 7!*&#/#"&% "()$16( "(& ($#" 9A2 A4$$*L
!06 ,!)&-"$)!&# +)& &@4$)"&, .+-; "$ "(& ($#" #/#"&% 1#!06: 7$) &@+%4*&: M&.NGO2 G
#!%4*& ,)+6 +0, ,)$4 %+/ .& 1#&, "$ 4)!0" + 7!*& $) "$ &,!" !": (!,!06 "$ "(& &0, 1#&) "(&
,&"+!*#5$7 "(& ($#"&,5#/#"&%54)$8!,!065"(& %&-(+0!#%2
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!"#$%"#& #'(()$*+ ',(-$%"# . /.0 1( #1,2312," 14" #(51/.,"6 7 /4()" 5$)"#0#1"8 %("# *(1
*""% 1( 9" $8')"8"*1"% 5(, ".34 %$55","*1 #",-$3" :%"-$3" (, .'')$3.1$(*;< =2#1 #(8"
52*31$(*#>$8')"8"*1$*+>14" .31$(*>'",5(,8"%>1(>14" 5$)"#>$*#$%" 14" #'(()",6

?* 14" 32,,"*1 $8')"8"*1.1$(* 14"," $# . '(,1.9)" 8(%2)" $8')"8"*1$*+ 14" #'(()$*+
5$)"#0#1"86 @(, ".34 %$55","*1 spooler& .* .,34$1"312," %"'"*%.*1 $8')"8"*1.1$(* (5 .
#'(()",>8(%2)" ',(-$%"#>.*>$*1",5.3" 1(>14" .312.) #",-$3"6 A4$# $*1",5.3" 4.# 14,"" ('",B
.1$(*#& start stop .*% status6 C4"* . 5$)" 4.# 9""* 3('$"% :%"1"31"% 90 14" clunk
(* . 5$% ('"* 5(, /,$1$*+; start $# 3.))"%6 ?* #(8" 3$,328#1.*3"#& ,".%$*+ . 5$)" .)#(
1,$++",# . 3.)) 1( start6 A4$# 8.D"# 14" ('",.1$(* 1( 9" '",5(,8"% .21(8.1$3.))0 /4"*
. 5$)" $# 3('$"% 1( 14" %$,"31(,06 A4" stop ('",.1$(* +"1# 3.))"% /4"* . 5$)" $# ,"8(-"%
5,(8 14" %$,"31(,06 ?1 ',(-$%"# . 8".* 5(, 14" 2#", 1( .9(,1 (, 3.*3") . #'(()$*+ (* ',(B
+,"##6

E#$*+>14$#>#$8')" #34"8"&>/" 4.-" . '(,1.9)" $*1",5.3" /4$34 3.* 9" 2#"% ,$+41 5,(8 14"
5$)" 9,(/#",# ',(-$%"% 90 8(#1 :.))F; 4(#1 ('",.1$*+ #0#1"8# .# /")) .# . #$8')" /.0 1(
$8')"8"*1 *"/ #",-",# .*% . #1,.$+415(,/.,% 2#", $*1",5.3"& /")) D*(/* 90 .*0 2#", *(
8.11",>14" #0#1"8>"8')(0"%6

A/(>"G.8')" (5 #'(()$*+>#",-",#&>%$#32##"%>*"G1&>.," 14" view .*% print %"-$3"#6

3.1. View

View $# .* $8')"8"*1.1$(* (5 14" #'(()", $*1",5.3"& $6"6& ',(-$%"# . #'(()$*+ %"-$3" 5(,
-$"/$*+ 5$)"# .*% %(328"*1#6 ?1 ,")$"# (* 14" +"*",$3 open 3(88.*% (5 14" 4(#1 HI 1(
('"* 14" ,")"-.*1 5$)" /4"* $1# start 52*31$(* $# 3.))"%6 @(, "G.8')"& 14" %"-$3" 2#"#
gnome−open $*>J$*2G& open $*>K.3HI&>.*%>14" ')289",>(*>L).*>M6

A4" %"-$3" $# $*1"*%"% 5(, ,".%$*+ %(328"*1#& )$D" LN@ (, #$8$)., 5(,8.1#& $* . '.##$-"
/.0& .)14(2+4 $1 $# . )$11)" 8(," +"*",.) 14.* 14.16 @(, "G.8')"& 3('0$*+ .* KLO 5$)"
/(2)% ,"',(%23" $1 (* 14" %"5.2)1 ').0", .*%& $* . #$8$)., /.0& 3.* 9" 2#"% 1( %$#').0
$8.+"#& ').0 -$%"( 5$)"#& ('"* %(328"*1# .*% /"9 '.+"#& "136 !21 *(1" 14.1 "%$1$(* (5
14" 9,(/#"%>5$)"#>$#>*(1 #2''(,1"%>90>14" %"-$3"6

3.2. Print

Print $# 14" $*1",5.3" 1( 14" ',$*1", #0#1"8 (5 14" 4(#1 HI6 ?1 $# .)#( . #'(()", 8(%2)"6 7
5$)"% 3('$"% (*1( $1 $# ',$*1"% )$D" $* .* ()% 5.#4$(* ',$*1$*+ #'(()", #0#1"86 71 14"
8(8"*1 $1 2#"# 14" :PELI; )', 3(88.*%# $* K.3 HI .*% J$*2G& .*% )' $* L).* M6 ?1
',$*1# =2#1 1( 14" %"5.2)1 ',$*1", /$14 14" %"5.2)1 ('1$(*#& /$14(21 .*0 '(##$9$)$10 (5 3(*B
5$+2,.1$(*6 A4"," 4.#>.)#(>9""*>.*>.%Q4(3>',$*1",>8(%2)" 5(,>C$*%(/#6

R-"* 14(2+4 14$# 8(%2)" $# S2$1" *.T-"& $1 4.# ',(-"% 1( 9" 4$+4)0 2#"52)6 E#$*+ $1& $1
9"3(8"# 1,$-$.) 1( %( 14$*+# )$D" ',$*1 1( 14" 3)(#"#1 ',$*1", :#")"31"% .21(8.1$3.))0 -$.
14" *%9;>5,(8>%$55","*1 )(3.1$(*#>.*%>%$55","*1 ('",.1$*+>#0#1"8#6

4. Voice

A4$# $# . #$8')" %"-$3"& *(1 9.#"% (* 14" #'(()",6 Voice "G'(,1# 8(#1)0 . 5$)" :.'.,1
5,(8 14" ndb; /4$34 3.* 9" /,$11"* 1(6 7*0 1"G1 /,$11"* $*1( $1 $# #0*14"#$U"% .# -($3"6
A4$# $# 2#"% 8(#1)0 5(, 8"##.+"# (5 14" #0#1"8& 921 $1 3.* .)#( 9" 2#"% 5(, 8"##.+"#
.8(*+>2#",#&>)$D" (*>L).*>!6

E#"% /$14 3.," :(5 *(1 .**(0$*+ 14" 2#", 90 5,"S2"*1 8"##.+"#;& $1 $# . 2#"52) 3(8')"B
8"*1 5(, (14", $*1",5.3"# 1( 14" #0#1"86 @(, "G.8')"& )(*+ 1",8"% 3(88.*%#& 8".*$*+
14(#" 14.1 %( *(1 3(8')"1" .51", #"-",.) #"3(*%#& +"*",.1" . 3(8')"1" -($3" 8"##.+" 1(
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!"#$$%!" &'" %$"!(&'#& &'" )*++#,-('#$(./,/$'"-0

1, 2#) 34 5" %$" # -6,#+/)#776 8","!#&"- 9::7"4)!/:& $)!/:&0 ;*! </,%= 5" %$" esspeak0
3, >7#, ? 5" !"76 *, &'" >7#, @ -"A/)" .*! A*/)" $6,&'"$/$B 5'/)' /$ #)&%#776 !"7#6/,8 &'"
5*!C &*(#,6(,"#!DE6(</,%=(+#)'/," "F%/::"-(5/&'(;"$&/A#70

5. Idle

1, *!-"! &* -* &'/,8$ #%&*+#&/)#776B *%! $6$&"+ ,""-$ &* C,*5 /. &'" %$"! /$ /-7"B +"#,G
/,8 /. '" /$ %$/,8 &'" &"!+/,#7 *! ,*&0 3. )*%!$"B 5" #7$* ,""- &* C,*5 which &"!+/,#7
'#$ E"", %$"- 7#$&B &* 7*)#&" &'" %$"!0 H'/$ /$ -*," E6 "+:7*6/,8 $*+" '"%!/$&/)$ *,
-#&# )*77")&"- .!*+ $"A"!#7 /,&"!#)&/A" #::7/)#&/*,$ #,- .!*+ &'" $6$&"+ 1I3 $&#&/$&/)$0
H'" Idle -"A/)" /$ !"$:*,$/E7" .*! )*77")&/,8 $%)' -#&# #,- %:-#&/,8 #8!""-D%:*, ./7"$
-"$)!/E/,8 &'" #)&/A/&6 *. &'" %$"! *, #77 '"! &"!+/,#7$0 H'" !"$& *. &'" $6$&"+ !"7/"$ *,76
*, &'" :*!&#E7" ./7"$ J#,- "A",&$K #,- -*"$ ,*& ,""- &* E" )*,)"!,"- #E*%& :7#&.*!+D
$:")/./)(-"&#/7$0

6. Web

L" #!" )%!!",&76 -"A"7*:/,8 # -"A/)" .*! &'" 5"E E!*5$"!B browserfs. H'" ./!$& :!*&*G
&6:" *.."!$ &'!"" $6,&'"&/) ./7"$ &* :%77 -#&# .!*+ &'" 5"E E!*5$"! J openB historyB
#,- bookmarksK #,- # ctl ./7" &* :%$' -#&# #,- :"!.*!+ E#$/) *:"!#&/*,$ *, &'"
E!*5$"!0 977 :%77 ./7"$(#!" !"#-D*,76(#,-("=)7%$/A"D*:",0

H'" &'!"" :%77 ./7"$ :!*A/-" &'"/! -#&# /, # )#,*,/)#7 .*!+#&0 M/.."!",& E!*5$"!$ %$" -/.G
."!",& .*!+#&$ &* $&*!" -#&# J+#/,76 N2<KB E%& &'/$ /$ '/--", E6 &'" :!*A/-"- /,&"!.#)"0
@!*5$"!.$ *.."!$ &'" /,.*!+#&/*, %$/,8 :7#/, &"=& ./7"$B /, *!-"! &* +#C" /& "#$6 .*!
'%+#,$(&*(!"#-(/& #,- .*!(:!*8!#+$(&*(&!#,$.*!+(/&0

L'", # :%77 ./7" /$ *:","-B &'" -"A/)" !"&!/"A"$ &'" )*!!"$:*,-/,8 -#&# .!*+ &'" '*$&!$
E!*5$"!(E6("=")%&/,8()"!&#/,(,#&/A" :!*8!#+$(*,(&'" '*$&0

H'" open ./7" *.."!$ &'" 7/$& *. OP<$ &'#& #!" )%!!",&76 *:","- /, E!*5$"!!$ 5/,-*5$ #,-
&#E$B(*," :"!(7/,"0(1& )*!!"$:*,-$(&*(&'" :#8"$(E"/,8(A/"5"-(:!"$",&760

History :!*A/-"$ &'" 7#$& QRR ",&!/"$ /, &'" E!*5$"!!$ '/$&*!6 !")*!-0 S#)' 7/," /$ .*!+"-
E6 &'" -#&" *. &'" ",&!6 J$")*,-$ $/,)" ":*)'KB &'" OP< .*! &'" ",&!6B #,- &'" &/&7" *. &'"
TH2<(:#8"B($":#!#&"-(E6(E7#,C$0(H'/$(.*!+#& /$("#$/76(&*C",/U#E7"B(E")#%$" &'" -#&" #,-
&'" OP<()#,,*& /,)7%-" E7#,C$0

H'" bookmarks ./7" :!*A/-"$ &'" 7/$& *. E**C+#!C"- :#8"$B #$ )*,&#/,"- /, # :#!&/)%7#!
.*7-"! /, &'" E!*5$"! /,&"!.#)"0 H'" %$"! /$ /, )'#!8" *. )!"#&/,8 #,6 ,"5 E**C+#!C$ /,
&'/$ .*7-"! &* +#C" &'"+ #A#/7#E7" .!*+ #77 '/$ *)&*:%$ &"!+/,#7$0 H'/$ 5#6B &'" %$"! /$
#E7" &* $"7")& 5'/)' E**C+#!C$ #!" $'#!"- #+*,8 &"!+/,#7$ #,- 5'/)' *,"$ #!" ,*&0 9$
/& )*%7- E" "=:")&"-B &'" .*!+#& *. &'" bookmarks ./7" /$ $/+:76 *," E**C+#!C :"! 7/,"B
.*!+"-(E6(&'" OP<(#,-(/&$(-"$)!/:&/*,0

H'" ctl ./7" /$ %$"- &* :%$' -#&# #,- &* :"!.*!+ )*,&!*7 *:"!#&/*,$ *, &'" &"!+/,#7!$
E!*5$"!0 4* .#!B /& /+:7"+",&$ *,76 &5* )*++#,-$V open #,- close. H'" open )*++#,-
"=")%&"$ &'" E!*5$"! /. /& /$ ,*& 6"& "=")%&/,8B +#C"$ # ,"5 5/,-*5B #,- *:",$ &'"
8/A",(OP<$(/,(&#E$0 ;*!("=#+:7"V

echo open http://google.com http://lsub.org > /term/browser/ctl

H'" close )*++#,-(.*!)"$(&'" E!*5$"!(&*()7*$" /&$(5/,-*5$(#,-(F%/&0

H*8"&'"! 5/&' browserfs 5" :!*A/-" $"A"!#7 $)!/:&$ &* )#:&%!" #,- !")!"#&" &'" $&#&" *.
&'" E!*5$"!0
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!"# $%&'() bookmarks.sh &#*+$ )"# ,--./*&.$ 0&-/ )"# 1$#&!$ )#&/'2*3$ 4'5#5
/pc/terms/*/browser/bookmarks 6 *2+ /#&7#$ )"#/ -2 * $'273# 0'3#8 )"*) '$ *1)-/*)'9
%*33: -(#2#+ ,: )"# ,&-;$#& -0 )"# )#&/'2*3 '2 ;"'%" ') '$ #<#%1)#+5 !"# $*/# '$ +-2#
,: history.sh 0-&="'$)-&:=#2)&'#$8=-00#&'27=* >!?@=0'3# ;')"=#2)&'#$=-&+#&#+=,:=+*)#5

A3)"-17" )"'$ $'/(3# *((&-*%" ;-&.$ 0-& (&-B'+'27 )"# ;#, ,&-;$'27 $)*)# )- )"# 1$#&8
') '$ 2-) #2-17" )- %&#*)# * 0133 '331$'-2 -0 1$'27 )"# $*/# ,&-;$#& *) *33 )"# )#&/'2*3$5
C#B#&*3 #<)&* %-2)&-3 -(#&*)'-2$ )- 1(+*)# )"# ,&-;$#&!$ '+#* -0 ,--./*&.$ *2+ "'$)-&:
;-13+=,# 2##+#+=42-) )-=)*3. *,-1) %--.'#$65

D2=*2:=%*$#8=)"# %1&&#2) B#&$'-2=*$=+#$%&',#+=(&-B'+#$=* (-&)*,3# '/(3#/#2)*)'-25

7. Mobile devices

E-& $-/# +#B'%#$ ') /*: ,# +#$'&*,3# 0-& )"#'& $)*)# )- 0-33-; )"# 1$#&5 E-& #<*/(3#8 ;#
/'7") ;*2) )-=.##(=)"# $#) -0 ;#,=(*7#$=,#'27=B'#;#+=)"# $*/#8=2-=/*))#&=)"# )#&/'2*35
E-& -)"#& +#B'%#$ -& )#&/'2*3$ ;# /*: 2-) ;*2) )"'$ )- "*((#25 F23: )"# 1$#& .2-;$ )"#
*((&-('*)# )"'27=)-=+-5

G# )&: )- (&-B'+# )"'$ 0*%'3'): '2 * $'/(3# ;*:8 3#*B'27 ') 1( )- )"# 1$#& )"# %"-'%# -0
;"#2 *2+ 0-& ;"'%" $#&B'%#$ ') '$ )- ,# #/(3-:#+5 !"# -B#&*33 $%"#/# '$ +#$%&',#+ 2#<)8
,1) ;# ') '$ )- ,# 2-)#+ )"*) )"'$ 0*%'3'): '$ $)'33 '2 )"# #*&3: $)*7#$ *2+ '$ 2-) :#) *B*'39
*,3#5

G# ;'33 )&: )- .##( )"'$ +#$%&'()'-2 %-2%&#)# )- )"# #<*/(3# -0 )"# ,&-;$#&8 )"-17" )"#
'+#*$ *&# #*$'3: 7#2#&*3'H*,3#5 G# *&# %1&&#2)3: ;-&.'27 -2 )"'$ '/(3#/#2)*)'-2 -0 )"#
,&-;$#&5 I#0-&# )"# 1$#& )1&2$ -00 * )#&/'2*38 * $"#33 $%&'()8 dump.sh, '$ #<#%1)#+5 !"'$
$%&'() $)-&#$ )"# +*)* -0 )"# )#&/'2*3!$ ,&-;$#& '2 &#*3 0'3#$8 '2 * ;#33J.2-;2 +'&#%)-&:
-0 )"# KL5 G"#2 )"# 1$#&$ )1&2 -2 * )#&/'2*38 *2-)"#& $%&'()8 restore.sh, '$ #<#%1)#+5
!"'$ $%&'() &#*+$ )"# 0'3#$ '2 )"# ;#33J.2-;2 +'&#%)-&: *2+ &#%&#*)#$ )"# $)*)# '2 )"#
)#&/'2*3!$ ;#, ,&-;$#&5 A2-)"#& $%&'()8 followme.sh, %*2 *1)-/*)'%*33: +1/( *2+
&#$)-&# +*)* ;"#2 )"# 1$#& 3-%*)'-2 %"*27#$ 4'5#5 "# /-B#$ 0&-/ -2# -00'%# )- *2-)"#&65
G# ;'33 #<(#&'/#2) ;')" browserfs '2 -&+#& )- %&#*)# %-//-2 (-3'%'#$ 0-& -)"#& *((3'%*9
)'-2=;&*((#&$5

8. Implementation

!"# '/(3#/#2)*)'-2 -0 )"# /*%"'2# +#(#2+*2) /-+13#$ '$ * /'<)1&# -0 $"#33 $%&'()$8
*((3#$%&'()$8=L *2+=;"*)#B#&=)"# "-$) $:$)#/=/'7") (&-B'+# )-=+-=)"# M-,=*) "*2+5

C-/# -0 )"# -(#&*)'-2$ )"*) "*B# )- ,# +-2# '2 )"# 12+#&3:'27 $:$)#/ *&# )&'B'*3 )-
'/(3#/#2)8 ;"'3# -)"#& *&# *22-:'275 D) *33 +#(#2+$ -2 )"# '2)#&0*%# -00#&#+ ,: )"#
*((3'%*)'-2=%-2$'+#&#+=*2+=)"# $#) -0 )--3$=*B*'3*,3#5

E-& #<*/(3#8 A((3#$%&'() -2 ?*% FC N (&-B'+#$ * &#*$-2*,3# '2)#&0*%# )- %-2)&-3 /-$)
*((3'%*)'-2$5 E-& '2$)*2%#8 )"# C*0*&' AKD (&-B'+#$ -(#&*)'-2$ )- +#*3 ;')" )*,$8 OP@$8
*2+ #<#%1)# Q*B* C%&'() -B#& * +-%1/#2)8 $- $-/# -(#&*)'-2$ *&# #*$: )- '/(3#/#2)5
F2 )"# -)"#& "*2+8 C*0*&' +-#$ 2-) %-2)#/(3*)# ,--./*&. *2+ "'$)-&: /*2'(13*)'-2 ,:
)"'&+=(*&)'#$8=$-=;# "*B# )-=+#*3 ;')"=?*%=FC=(&-(#&):=3'$) 4N?@6=0'3#$=,:="*2+5

G# )&: )- .##( )"# 21/,#& -0 0#*)1&#$ )- * /'2'/1/ $- )"*) )"# '/(3#/#2)*)'-2 '$ #*$:
)- ;&')# 0-& *33 )"# -(#&*)'27 $:$)#/$ '2B-3B#+ *$ "-$)$ 0-& )"# F%)-(1$5 D2 )"# %*$#$ '2
;"'%" ;# %*2 *B-'+ /-$) -0 )"# '2)#&*%)'-2 ;')" )"# 2*)'B# *((3'%*)'-2$ ,: &#3:'27 -2
0'3#$='2$)#*+8=;# +-=$-5

!"'$ ;*:8 ') '$ #*$'#& )- .##( 1( ;')" )"# '+'-$:2%&*$'#$ -0 )"# +'00#&#2) $:$)#/$8 B#&9
$'-2$ *2+ *((3'%*)'-2$ '2B-3B#+5 G# *3$- )&: )- 1$# )"# +#0*13) -& /-$) (-(13*&
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!""#$%!&$'() '* &+, )-)&,. $* &+,/, $) .'/, &+!( '(,0 1'/ ,2!."#,3 $( 4$(52 6, !/, )&$%78
$(9:6+,(,;,/:"'))$<#, &':!""#$%!&$'():6+$%+:%'., <-:=,*!5#& 6$&+:><5(&5:!(=:?('.,0

@' 9$;, ! &!)&, '* +'6 )$."#, $& $) &' 6/$&, 5"",/6!/, *'/ !""#$%!&$'() $( A!% BC 6, 6$##
9$;, &+, C4BD *'/ &+, /,#,;!(& "!/&) $( &+, B%&'"5)0 A')& '* &+, %'=, $) 4$.<'3 6$&+
)'., )%/$"&):!(=:!""#,)%/$"&):9,(,/!&,=:!& /5(:&$., *'/:&+, A!%BC:=,",(=!(& "!/&0

@!<#,) E !(= F )+'6 &+, #$(,) '* %'=, (,,=,= &' $."#,.,(& &+, 6/!"",/) &+,.),#;,)3
$(%#5=$(9 &+, )"''#,/ G"'/&!<#, !(= A!% BC .'=5#,)3 /,)",%&$;,#-H0 @!<#, I )+'6) &+,
#$(,) '* %'=, (,,=,= &' $."#,.,(& &+, A!% BC )%/$"&) '* &+, %5//,(& ;,/)$'( '*
browserfs. @!<#, J )+'6) &+, #$(,) (,,=,=:&':$."#,.,(& &+, $(*/!)&/5%&5/, &':<, !<#, &'
/,,2"'/& &+, *$#,),/;,/):&':&+, #'%!# +')& !(=:&':),#,%& &+, !""/'"$!&, &/,, !5&'.!9$%!##-0

______________________
lines module______________________
FKK browserfs.b______________________
FLL spool.b______________________
EEM view.b______________________


















Table 1: Lines of code, portable modules.

______________________
lines module______________________
NJ idle.b______________________

EON mbrowser.b______________________
KF print.b______________________


















Table 2: Lines of code, Mac OS modules.

_____________________________________
lines program_____________________________________
FPN browserfs.scpt (applescript)_____________________________________












Table 3: Lines of code, host commands.

___________________
lines program___________________
EPPF webdav___________________
ELL watcher___________________
LOE mux___________________


















Table 4: Lines of code, infrastructure to reexport the fileservers to the local host.

9. Related work

A$==#,6!/, %'..'(#- )$&) <,&6,,( &+, !""#$%!&$'( !(= &+, '",/!&$(9 )-)&,. !(= &/$,)
&' !<)&/!%& &+, '",/!&$(9 )-)&,.0 Q, !/, &/-$(9 &' =' &+, '""')$&,3 !(= !<)&/!%& &+,
!""#$%!&$'(:&':.!7, $& !;!$#!<#, &':&+, )-)&,.:G$0,03:&':'&+,/:)-)&,.)H0

Q, !/, <- (' .,!() &+, *$/)& '(,) &' 6/!" #'%!# =,;$%,) '* &+, +')& BC !(= &' ,2"'/&
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!"#$ %&'() * +,-#. +#/#+ 0123 456&789:7*(;7</=78>:7-.*57!"# +,?*+ @A1B21 &!*?CD76,.7#=*$E
5+# -'!" * 6'+#&F&!#$3 2(6#.(,D drawtermD *(; $*(F /'.!%*+ $*?"'(#& +'C# GHI*.# 8JK:
8JL: *.# *M+# !, #=5,.! !"# +,?*+ 6'+#&F&!#$ *(; &,$# ;#/'?#& MF %&'() !"# ",&! ,&3 @"'&
'& * ?,$$,( !#?"('N%# %&#; '( 5*.*/'.!%*+'O*!',(3 @"# $*'( ;'66#.#(?# '& !"*! -# *.#
!.F'()7!,7-.*57"')"7+#/#+ ;#/'?#&7*(;7*55+'?*!',(&3

P'+#&F&!#$ +'C# ?+'#(!& +'C# ftpfs(4) ,. sshfs(4) !.F !, -.*5 &#./#.& %&'() 6'+#&F&E
!#$& *& ?+'#(!&3 @"# ';#* '& &'$'+*. !, -"*! -# *.# !.F'() !, *?"'#/#D M%! !"#F *.# .#$,!#
&#./#.&3 Q#.# !"# *55+'?*!',( -,%+; M# !"# ?+'#(! *(; '! '& M%'+! '(!, !"# 6'+#&F&!#$3 I#
*.# -.*55'() +,?*+ *55+'?*!',(& '(&!#*;D *+&, -'!" * 6'+#&F&!#$D '( ,.;#. !, #=5,.! !"#$3
2(7* &#(&#D7'! '&7!"# .#/#.&# &!.*!#)F3

R,$# #*.+F .%;'$#(!*.F *!!#$5!& "*/# M##( $*;# M#6,.# !, #=5,.! *55+'?*!',(& +'C# *
M.,-&#. %&'() 5+%$M#. *(; &&" &## 8S:3 0& 6*. *& -# C(,- (, ,(# "*& !.'#; -.*55'()
!"#$7-'!"7* 6%++ 6+#;)#;76'+#&F&!#$D7-"'?"7'&7$%?"7$,.# .'?"7'(7'!& '(!#.6*?# *(; 5,&&'M'+E
'!'#&3

T#)*.;'() -#M M.,-&'()D !"#.# *.# %!'+'!'#& !, $*(*)# *(; &"*.# M,,C$*.C&D &%?" *&
U#+3'?',3%& 8JV:3 @"#.# *.# *+&, 5.,).*$& !, $#.)# *(; !.*(&+*!# M,,C$*.C 6'+#& 6.,$
;'66#.#(! M.,-&#.& 8JJ:3 4,(# ,6 !"#&# &F&!#$& 5.,/';# $#?"*('&$& !, *%!,$*!'?*++F
.#?.#*!# !"# &!*!# ,6 !"# M.,-&#. '( ;'66#.#(! $*?"'(#& -"'?" '& 6'(*++F ,%. ),*+3 0+&,D
!"#F *.# $#*(! W%&! 6,. * &'()+# 5*.!'?%+*. &#./'?# X-#M M.,-&'()Y *(; (,! 6,. *++ ,!"#.
!,,+&7(##;#;7MF7* ?,$5%!#.7%&#.3

10. Conclusions

Z%. #=5#.'#(?# -'!" !"# Z?!,5%& "*& $*;# %& .#*+'O# ",- #*&F ?*( '! M# !, %&# *55+'?*E
!',(& ,(?# !"#F *.# -.*55#; %5 *(; '(!#).*!#; M*?C '(!, !"# &F&!#$ '(!#.6*?#3 R,$#E
!"'()7*&7&'$5+# *&7!"# 5.'(! ;#/'?# -"'?"7*??,%(!&76,.7+#&&7!"*( >VV +'(#& ,6 ?,;# '(?+%;E
'() !"# &5,,+#. 6'+#&F&!#$ #(*M+#& !"# %&#. !, 5.'(! 6.,$ ['(%= !, H*? ZR *(; /'?#/#.&*
X&,$#!"'() !"*!D 5#."*5& &%.5.'&'()+FD -# ?,%+; (,! ;, ;%# !, '(?,$5*!'M'+'!'#& M#!-##(
;'66#.#(! (*!'/# &F&!#$& '(/,+/#;Y3 2! '& *$*O'() !"*! &'$'+*. '&&%#& *.# &!'++ 5.,M+#$& '(
5.*?!'?# ;%# !, ;'66#.#(! ?,(6')%.*!',(&D &#?%.'!FD *(; /#.&',( '&&%#&3 I'!" %55#.-*.#
!"'& ?*( M# *??,$5+'&"#; &$,,!"+F C##5'() !"# %&#. ,M+'/',%& !, !"# $*)'? )+%# "';'()
M#"'(;7!"# &?#(#37@"# &*$# ),#&76,.7$,&! ,!"#.7;#/'?#&7*(;7&#./'?#&3

11. Future work.

H,.# *55+'?*!',(& *.# !, M# -.*55#; !, "*/# * ?,$5+#!# &#!3 @"# -#M M.,-&#. 5.,!,E
!F5# "*& M##( -.'!!#( 6,. R*6*.'D M%! !"#.# '& (,! F#! &%55,.!#; 6,. !"# ,!"#. $*'(\
&!.#*$ ,5#.*!'() &F&!#$&3 0( #;'!,. *(; * $%&'? 5+*F#. 6'+#&F&!#$ (##; !, M# -.'!!#(
*&7-#++3

0&7,6 !,;*FD7!"# &5,,+#.7;,#&7(,! +'&!#(7!,7$#&&*)#&76.,$7!"# *55+'?*!',(7!,7;#!#?! -"#(
!"# %&#. '& ;,(# -'!" * 6'+# X#3)3D -"#( * /'#- -'(;,- "*& M##( ?+,&#;Y3 R,$# '(6.*&E
!.%?!%.# '& *+.#*;F */*'+*M+# 6,. !"'&D M%! '! '& (,! M#'() %&#;3 @"# 5.,M+#$ '& !"*! !"'&
-,%+; &%55,&# * $,.# '(!'$*!# .#+*!',(&"'5 -'!" !"# (*!'/# *55+'?*!',(D $*C'() '!
"*.;#.7!,7-.'!#B5,.! !"# $*?"'(# ;#5#(;#(! 5*.! ,6 !"# &#./'?#3

R%55,.! 6,. I'(;,-& '& *+&, (##;#;D M%! (,(# ,6 !"# Z?!,5%& ;#/#+,5#.& %&# I'(;,-&
;*'+F *(;D *+!",%)"7M*&'?7&#./'?#&7*.# */*'+*M+# !"*(C&7!,7!"# 5,.!*M'+'!F7,6 2(6#.(,D7$%?"
.#$*'(&7!,7M# ;,(#3
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