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FForeword 
 
 
 

This book contains the proceedings for the Sixth International Workshop on 
Plan 9, IWP9. It was held on the 20th and 21st of October of 2011 at ETSIT, Rey 
Juan Carlos University.  We, the organizing committee are proud of hosting this 
workshop again. Back in 2005 when we hosted the first one, we did not imagine 
it would continue for so long, getting to be the meeting point for the Plan 9 and 
Inferno communities.   
 
The workshop includes a tutorial by Sape Mullender on the important topic of 
performance evaluation. There is also a panel discussing news from new 
systems and ports, new sprouts coming out of Plan 9 an Inferno: nix, osprey 
and new ports of inferno. A lot of work has been going recently into these new 
systems and furthering the reach of the Plan 9 approach.   
 
This workshop was organized by the Systems Lab, a group in the Systems and 
Communications Group (GSYC, URJC), and Erik Quanstrom. It would have not 
been possible without the financial and logistical support1 from Rey Juan Carlos 
University and the Comunidad Autónoma de Madrid,  which we would like to 
thank as well.   
 
We would like to thank Sape Mullender, Brantley Coile, Charles Forsyth, and Jeff 
Napper for being in the Program Committee.  We also thank the original writers 
of Plan 9 and Inferno for their insight and the great job they did designing and 
programming this wonderful system and the community of people around the 
world who keep contributing to it.   
 
Proceeding updates and an online version of this book are available at the 
website http://iwp9.org.   
 
 
 
 
The Organizing Committee: 
 
Francisco J. Ballesteros  
Gorka Guardiola  
Sergio de Mingo  
Erik Quanstrom 
Enrique Soriano  
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From natural hazards to outer space and to Plan 9
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ABSTRACT

!" #"$%&'()#%" *+*),' $%& *-.%/(&/+ 0%&1 %" "()2&(/ .(3(&4* -(//* $%& ).,
4,*#5" %$ ( -%'62),& *+*),' $%& )&("*'#**#%" %$ #"$%&'()#%" %7,& 7,&+ /%"5
6,&#%4*8 ("4 $%& )&(-,(9#/#)+: !" (9*)&(-) ("(/+*#* *.%0* ).() ).,*, &,;2#&,<
',")* (&, 42(/ )% )., $2"4(',")(/ ;2,*)#%" %$ (**#*)#"5 )., -%5"#)#7, (-)#7<
#)+ %$ ( 2*,& 2*#"5 ,=),&"(/ ','%&#,*8 0.#-. &,(-.,* ( 7,&+ 5,",&(/ *-%6,:
>., *%/2)#%"* *.%2/4 9, #'6/,',"),4 () )., %6,&()#"5 *+*),' /,7,/8 '(#"/+
)., $#/, *+*),'8 ("4 ?/("@A!* $#/, *+*),'* ("4 %).,& 6&%6,&)#,* '(1, #) ).,
*%2"4,*) 9(*, $%&B%2&B0%&1: C, 6&,*,") %2&B&%(4D'(6B$%&B4,7,/%6',"):

1. Introduction: the case of a computer system for scholarship on natural hazards

C, 0,&, &,;2,*),4 )% 4,*#5" (" #"$%&'()#%" *+*),' *266%&)#"5 *-.%/(&/+ 0%&1 %" "()2&(/
.(3(&4*: E) ;2#-1/+ (66,(&,4 ).() (// 7#*#9/,8 '(#"*)&,(' *+*),'* *%&,/+ /(-1,4 *%', -%&,
6&%6,&)#,*8 ).2* #"-2&(9/+ 4#*;2(/#$+#"5 ).,'8 "%)(9/+ #" ).,#& &,/()#%" )% )#',: C, ).,&,<
$%&, -%"*#4,&,4 ( '%&, $2"4(',")(/ 6&%9/,'F 92#/4#"5 )., ",-,**(&+ $%2"4()#%"* %$ ( *+*<
),' )% 0%&1 %" "()2&(/ .(3(&4*: G(&/+ %"8 #) 9,-(', %97#%2* ).() '("+ &,;2#&,',")* $%&
)., *+*),' 0,&, "%) *6,-#$#- )% ).() $#,/4: G7," *%8 ""()2&(/ .(3(&4*! 6&%7#4,* ( 5%%4 -%"<
-&,), ,=('6/, )% 52#4, )., 4,*#5": H%& ,=('6/,8 #) "()2&(//+ #"7%/7,* -,")2&+D/%"5 42&(<
)#%"*8 0.#-. .(* *#5"#$#-(") #'6/#-()#%"* $%& )., 4,*#5": H2&).,&'%&,8 9+ ).,#& "()2&,8 ).,
"()2&(/ ,7,")* ).() 0#// $%&' )., 4()( &,-%&4* (&, 2"6&,4#-)(9/,8 ("4 ).,#& "()2&, %$)," 6&,<
-/24,* '(1#"5 6&,-#*, %9*,&7()#%"* () )., )#',: I&2-#(/ 4()( (&&#7,* 2"$%&'()),4 $&%'
,"4("5,&,4 6,&*%"*: J(),&8 .#*)%&#("* 0#// 4,/7, #")% (&-.#7,*8 *#$)#"5 -,")2&#,*D%/4 $#/,*8
*,,1#"5 )% &,-%"*)&2-) ,7,")*: >.() #* ,=(-)/+ )., 6&%-,** 0, 0(") )% (**#*): >., -%"),=)
%$ )., &,-%"*)&2-)#%" %& #"7,*)#5()#%" '()),&* )%%: H%& ,=('6/,8 #$ )., 0%&1 #* -%")&(-)2(/
#) '#5.) 9, 9&%25.) 9,$%&, ( K245, $%& (&9#)&()#%"8 0.#-. 0%2/4 6&%-,,4 9+ &,)&(-#"5 #)*
*%2&-,*L *#'#/(&/+8 ( *-#,")#*) %& *-.%/(& '#5.) ",,4 )% &,)&(-, (&52',")* '(4, ,(&/#,& 9+
%).,&*8 ("4 -.,-1 &,*2/)*: M" 9,.(/$ %$ )., ,(&/#,& (2).%& %$ ("+ -%"-/2*#%"8 %", *.%2/4 9,
(9/,8 6&%7(9/+8 )% &,7,&) )% )., ,=(-) *)(), %$ #"$%&'()#%" ., .(4 &,-%&4,4 () ( 5#7," 4(),8
("4 6,&$%&' (5(#" )., *(', 6&%-,**#"5 *),6*: >.2*8 4()( -%//,-),4 )%4(+ '#5.) *)#// 9,
&,;2#&,4 #" ( &,'%), $2)2&,: H%& 0%&1#"5 %" "()2&(/ .(3(&4* 0, *,, ( ",,4 )% 4,*#5" ("
#"$%&'()#%" *+*),' $%& )., ",=) NOO +,(&*P >.() /,(4* 2* )% )., ;2,*)#%"F 0.() #* #"7(&#(")
%7,&B*2-.B)#', *-(/,*Q

>., ""*-#,"-,* %$ )&(-,*!! # .#*)%&+8 (&-.(,%/%5+8 6(/,%")%/%5+8 5,%/%5+8 -%*'%/%5+ R%"
""','%&#,* %$ )., 0%&/4 (9%2) #)*,/$!!S8 )., "%0 $(*.#%"(9/, $%&,"*#- ',4#-#", # (// *.(&,
)., ,**,")#(/ *)&2-)2&, %$ ( 6%/#-, #"7,*)#5()#%": >.#* .#")* ).()8 0.," ).#"1#"5 %" *-(/,* %$
-,")2&#,*8 ("+ 4,*#5" 0#// 9, )%)(//+ 2"*6,-#$#- )% ("+ 6(&)#-2/(& (66/#-()#%" 4%'(#": >&(-,<
(9#/#)+ #* )., 1,+ ,/,',") )% &,6&%42-#9#/#)+ #" *-#,"-,: J,) 2* ,*)(9/#*. ).() )0% ;2,*)#%"*
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(&, 42(/ #" )., '().,'()#-(/ *,"*, R).,+ (&, )0% *#4,* %$ )., *(', -%#"SF T: >., 7,&+
/%"5D),&' )&("*'#**#%" %$ 1"%0/,45, ,*)(9/#*.,4 %" 4#5#)(/ ','%&#,*: U: >., (9*%/2),/+
'#"#'(/ $2"-)#%"(/#)#,* ( -%'62),& *.%2/4 $2"4(',")(//+ 6&%7#4, $%& *2*)(#"#"58 (**#*)#"5
( 2*,&B#"B.#*B-%5"#)#7, (-)#7#)+:

!// )., 2*2(/ (**2'6)#%"* $%& 4,*#5"#"5 (" #"$%&'()#%" *+*),' (&, *0,6) (*#4, 9+ 42&(<
)#%": V6(-, -%%&4#"(),* (&, )(1," (* (" #"7(&#(") #"4,= #" 5,%5&(6.#-(/ #"$%&'()#%" *+*<
),'*8 92) *6(-, *.&#"1* %& ,=6("4* 42&#"5 *,#*'#- ,7,")*: I%")#",")* 4&#$): I%"-,6)*
,7%/7,: J("52(5,* -.("5,: W% (66/#-()#%" ""%")%/%5+!! -%2/4 9, ,=6,-),4 )% /(*)8 %"/+ 7,&+
(9*)&(-) -%"-,6)*: M", -(""%) ,"7#*(5, ( 4()( '%4,/ R#" )., 2*2(/ *,"*,S $%& ( 7,&+ /%"5D
),&' &,6%*#)%&+: X,"-, ( 7,&+ /%"5D),&' 4()(9(*, *.%2/4 9, -%'6/,),/+ (5"%*)#- )% ).,
1#"4B%$ 4()( #) 0#// *)%&,8B("4B.(7, "%B4()( '%4,/ () (//:

2. Into outer space: An abstract analysis, for the essentials of the structure of an
external memory system

M2& '%4,/ %$ )., *+*),' -(" 9, ,=6&,**,4 7#*2(//+ 9+ H#52&, T: >., ! 6(&) 4,6#-)* %2&
,=6("4#"5 2"#7,&*, 2"$%/4,4 #" *6(-,D)#',8 #" ( 0(+ *)("4(&4 #" 6.+*#-* *#"-, Y#"1%0*1#:
>., 0%&/4 () ( 5#7," 6%#") #" )#', " #* ( */#-, %$ *6(-,D)#',8 &,6&,*,"),4 (* ( Z,"" 4#(<
5&('F )., *,) %$ 6,&-,6)#9/, ,7,")* () ": [+ -%"*)&2-)#%"8 ,7,")* (&, $#=,4 6%#")*F 2"-.("5<
#"58B#"7(&#(") ,")#)#,*: >., (&&%0 %$ )#', " #*B#&&,7,&*#9/,:

Figure 1. The whole article can be considered an extended legend to this diagram for the abstract
setting of our design. The idea of including α in the form of a Minkowskian diagram was inspired
by Schueler’s remarkable paper[17].

>0% "%)(9/, 1#"4* %$ ,7,")* (&, *.%0"F ).%*, /,(7#"5 /%"5D/(*)#"5 )&(-1* R( $%**#/8 ( $%%)<
6&#")S (66,(& /#1, )29,*8 ("4 ).%*, 0.#-. 4%"!) R/#1, ( 6,&$2', *6&(+S: M9*,&7#"5 ( */#-, %$
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( )29, #'6/#,* (" ,7,") #" &,)&%*6,-)8 #$ %"/+ %", .(* )., (9#/#)+ )% #"),&6&,) )&(-1*8 ("4
)&(-,*: M).,&0#*, 6(*) ,7,")*B(&, /%*):

E$ 0, (&, )% -(6)2&, $(-)* (9%2) ,7,")* R#" #S8 0, ",,4 )% )(1, ).,#& #'(5, 2"4,& ( 5#7,"
&,/()#%"8 #" )., *,"*, %$ *,) ).,%&+: !" #'(5, #" )., $%&' %$ ( *,&#,* %$ *+'9%/* #* )., -%"<
7,"#,") 0(+ )% 62) ).#"5* #" 0&#)#"58 #")% (" ,=),&"(/ ','%&+: >.#* &,/()#%" $&%' ,7,")* )%
-(),5%&#,* ("4 ,7,")2(//+ *+'9%/* )(1,* 7(&#,4 $%&'*8 *%', (&, ),&',4 6,&-,6)#%"8 '%4<
,//#"58B',(*2&,',")8B%&B,7,"B4()(9(*, $%&'B$#//#"5: \,-%&4#"5*B%$ ).,*, (**#5"',")* -%',
#"B*,;2,"-, (/%"5B( )#', /#",:

>., ! ("4 # 6(&)* 4#*6/(+ (" #"7#)#"5 *+'',)&+: V#"-, ,7,")* (&, $#=,4 ).#"5*8 *% *.%2/4
9, ).,#& #'(5,*F 0&#))," %"-,D$%&D(//8 ",7,& (/),&,4 (5(#": E'(5,*8 #$ ).,+ (&, )% 6/(+ ).,#&
&]/,8 '2*) 9, 0&#))," %" /(*)#"58 #''2)(9/, ,=),&"(/ ','%&#,*#)29,*: G=),&"(/ ','%&#,*
(-) (* ',**(5,*L ).,+ %$$,& )% 6(&)#,* %$ ( -%")&(-) )., -&%**D-.,-1#"5 (9#/#)#,* ).() (&,
,**,")#(/ )%B).,#&B2*,8B/#1, )., 6.+*#-(/ )%1,"*B%$ W,%/#).#-B(--%2")#"5B*+*),'*B^T_`:

>., 0.%/, 62&6%*, %$ )., 4#(5&('!* # #* )% 9&,(1 *+'',)&+ 0#). ! %" )#',L 2"/#1, "8 ) #*
&,7,&*#9/,F #) -(" 9, )&(7,//,4 26 ("4 4%0": >., #'6%**#9/, '%)#%" 9(-1 ("4 $%&). %" " #*
&,6/(-,4B9+B( '%)#%"B#"B*6(-,8B9,)0,,"B6&,*,&7#"5B)29,*B%$ ','%&+B#"4,=,4B9+B):

>%5,).,& 0#). t8 ( 2*,& Ea uid8 ("4 ( 2"#;2, &,6%*#)%&+ "(', host8 $%&' )., )&#6/,) Ea %$ (
&,-%&4: >.,*, (&, )., %"/+ ',)(4()( ,/,',")* 52(&("),,4 )% (66,(& $%& ,7,&+ &,-%&4:
RM97#%2*/+8B).,+B(&, *)&#-)/+B#"),&"(/ )%B)., &,-%&4#"5B*+*),':S

W%), ).() )., '(-.#", &,6&,*,")()#%" $%& ) 4%,* "%) .(7, )% *)(&) () )., R.+6%).,)#-(/S %&#<
5#" %$ " $%& )., 2"#7,&*,F (" (&)#$#-#(/ ,6%-. #* ,"%25.8 *2-. (* TAbO #" c"#= )#',8 %& ).,
'%&, &,-,") 4(), %$ ,*)(9/#*.',") %$ )., &,6%*#)%&+: >., *)(),4 4(),* %$ ,7,")* (&, )% 9,
0&#))," #" )., &,-%&4* ).,'*,/7,*8 2*#"5 $%& " ( -(/,"4(& &,6&,*,")()#%"8 )% 0.#-. '(-.#",
)#', '2*) "()2&(//+ 9, -%"",-),4 R0#). ).() -%"",-)#%" 4,6%*#),4 6,&#%4#-(//+ #" &,-%&4*S:
?%#")#"5 )% -%*'#-8 5,%/%5#-(/8 6(/,%")%/%5#-(/ &,'%), ,7,")* %" " #* 4%", 9+ ""#"42-)#7,
&,$,&&(/!!8 ).&%25. ( ).,%&,)#-(/ -%"*)&2-): H%& ,=('6/,8 -%"*#4,& )., -.(#" %$ .+6%).,*,*
("4 6&%-,**,* #"7%/7,4 #" -(&9%"DTd 4()#"5 (" (&)#$(-) (* Td8OOOeNOO +,(&* 9,$%&, 6&,<
*,")8B0.#-.B#"B,$$,-) 92#/4* ( 7#&)2(/ )#', (&&%0: V#'#/(&/+8 4,*-&#6)#%" %$ 0.,&, ,7,")* )(1,
6/(-, #* "%) 6&#'(&+8 92) *,-%"4(&+L #) #* %$ -%2&*, %$ #'6%&)("-,8 92) -(""%) 9, ,"$%&-,4
#"B)., &,-%&4*:

Y(-.#", )#', ) #* )., %"/+ %&5("#*#"5 4#',"*#%" %$ )., &,6%*#)%&+: E) #* ( *#'6/, %&4,&8
,=6&,**#"5 )., #")&#"*#- "*,;2,")#(/#)+! %$ ("+ *29K,-)#7, ,=6,&#,"-,: V,;2,")#(/#)+ #* ).,
%"/+ *)&2-)2&, #".,&,") )% )., *+*),' 9+ 4,*#5": E) #* )., %"/+ #"4#*6,"*(9/, ("4 2"(7%#4<
(9/, *)&2-)2&, ).() *.%2/4 6%**,** (" ,=),&"(/ ','%&+ *+*),'8 (* &,$/,-),4 9+ )., 4#(<
5&('LB("4B"%B%).,&B*)&2-)2&, *.%2/4B9, 62) #"B0#).%2) .(&':

!" ,/,',")(&+ -%5"#)#7, %6,&()#%" -%"*#*)* #" 6#-1#"5 )0% (&9#)&(&+ ','%&#,*8 ,=6,&#,"-,4
() ("+ )#',*8 ("4 &,/()#"5 ).,' #" *%', '("",&: >.,&,9+ $%& #"*)("-, (" #"*#5"#$#-(")
,7,") #" -.#/4.%%4 *244,"/+ '(1,* *,"*, #" )., /#5.) %$ ( &,-,") &,(4#"5: \,/()#"5 )0%
,7,")* #* 4%", #" ! 9+ &,$,&&#"5 )% ).,#& &,-%&4*: E" (" ! &,-%&48 &,$,&&#"5 )% ( 6(*) &,-%&4
#* )% %6," ( view %" #)F ( 5,",&(/#*()#%" %$ 0.() ( 4#&,-)%&+ 6&%7#4,* %" 2*2(/ $#/, *+*),'*:
! 7#,0 -(" 5().,& (&9#)&(&+ &,-%&4*8 -%'',") ).,' $&,,/+8 *266%&) (-)#%" %" R6(&)* %$S #)*
-%"*)#)2,") $#/,* ).&%25. *-&#6)*8 ("4 #"-/24, 7#*2(/#*()#%" ("4 2*,& #"),&(-)#%" $(-#/#)#,*: !
7#,0 -%2/4 (/*% 9, 2*,4 $%& #"*)("-, )% 6&%7#4, ("%).,& 2*,& 0#). 7#*#9#/#)+ ("4 &#5.)* %$
(--,**#"5 ( 5#7," *,) %$ $#/,*8 %& )% 4#*6/(+ *,7,&(/ 6(&)* %$ $#/,* (* ( *#"5/, 9%4+: C, *,,
.,&, )., 4,'("4B$%&B( -%'62),&B/("52(5, )%B,=6&,**B*2-.B7#,0*:

a#(5&('* # ("4 ! &,6&,*,") 0,// )., 6&%5&,** %$8 *(+8 (" .#*)%&#("!* )&(K,-)%&+ ).&%25. ("
(&-.#7(/ -%&62*8 '(1#"5 &,-%&4*8 &,-%"*#4,&#"5 ).,'8 7#,0#"5 ).,' (&&("5,4 #" ("+ %&4,&
., /#1,*: Y%&, 9&%(4/+8 #) &,6&,*,")* (" #"7,*)#5()#%" #" ("+ ""*-#,"-, %$ )&(-,*!!8 ("4 ,7,"
'%&, 5,",&(//+8 )., (-;2#*#)#%" %$ 1"%0/,45, (/%"5 ( /#$,/#",8 #" ( /#",(& *2--,**#%" %$
,"-%2"),&* %$ 6,%6/,8 *#)2()#%"*8 9%%1*8 ,)-:8 (// '(&1#"5 ,7,")* #" )#',: !) (" (9*)&(-)
/,7,/ (// ).,*, 6&%-,**,* (&, $%&'(//+ #4,")#-(/F # ("4 ! -(6)2&, 9%). *%', ,**,")#(/* %$
-%5"#)#7, (-)#7#)+ ("4 %$ (" ,=),&"(/ ','%&+ *+*),' $%& ,=6("4#"58 (25',")#"5 -%5"#)#%":
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! *.#6!* /%5 9%%1 #* ( 6,&$,-) -.(&(-),&#*()#%" %$ ( /#$,/#",8 #) &,$/,-)* #" #)* *,;2,")#(/
&,-%&4* )., *.#6!* "(7#5(),4 )&(K,-)%&+ (&%2"4 )., *,(8 ("4 #)* -%"K2"-)#%" 0#). *#5"#$#-(")
,7,")* () ,(-. )#', ("4 6/(-,: >., -%&&,*6%"4#"5 9(*#- #"$%&'()#%" *+*),' (&-.#),-)2&, #*
).() %$ ( -%'62),&#*,4B/%5B9%%1:

M2& 4,*#5" '#"#'(//+ #'6/#,* )0% -%'6%",")*8 ( /#",(&8 *,;2,")#(/ $#/, *+*),'8 *)&#-)/+
"0&#), %"-,!8 ("4 ( /("52(5, )% ,=6&,** $&,, -%'',")*8 &,$,&,"-,* )% &,-%&4*8 ("4 #"7%1,
(&9#)&(&+B*-&#6)*B%"B&,-%&4*:

3. Long−haul message passing into the future: the need for a corpus

!"+ 0&#)#"5 #* ( ',**(5, *,") #")% )., $2)2&, R#$ %"/+ )% %",*,/$S: ! ',**(5, '(1,* *,"*,
9,-(2*, %$ ( -%"7,")#%"8 ( -%")&(-) 9,)0,," 6(&)#,*: E$ '+ -%//(9%&()%& 7%#-,* ""dU!! %7,&
(" ,=6,&#',")(/ ,;2#6',")8 ).() -(" 9, ( 6,&$,-)/+ ;2(/#$#,4 6#,-, %$ 4()( 9,)0,," 2*: M"
)., %).,& .("4 (" #*%/(),4 $#/, -%")(#"#"5 ""dU!! '(1,* *,"*, )% "% %",: !5&,,#"5 %" (
5#7," 6&%)%-%/ (//%0* ( ',**(5, )% (-.#,7, #)* #"),"4,4 62&6%*,8 -(&&+#"5 ',("#"58 ("4 #*
-(//,4 #"),&%6,&(9#/#)+: !66/#-()#%"* (5&,,#"5 %" ( $#/, $%&'() (-.#,7, *%D-(//,4 ),-."#-(/
#"),&%6,&(9#/#)+: I%"$%&'#"5 )% *.(&,4 %")%/%5#,* (//%0* *%D-(//,4 *,'(")#- #"),&%6,&(9#/<
#)+: [+ -%")&(*)8 ',**(5,* 9,)0,," .2'("* .(7, "% *)()#- *,'(")#-*L ).,+ '2*) 9, *29<
'#)),4 )% #"),&6&,)()#%"8 K2*) (* ("+ )&(-1 &,;2#&,* )., *1#// )% #"),&6&,) #) )% &,7,(/ ( 6(*)
,7,"): E"),&6&,)()#%" ",,4* )% 1"%0 )., *2&&%2"4#"5 -%"),=) %$ )., ',**(5,8 ( /(&5,& -%"<
),=) 0#).B-2/)2&(/ 4#*)("-,:

H%& 4()(8 ).() -%"),=) #* )., corpusF ( *29*)(")#(/ 9%4+ %$ #"$%&'()#%" 0#). #"),&"(/ -/%*2&,
("4 (44#)#%"(/ -%"",-)#%"* )% %2& 6&,*,") 0%&/48 ,"%25. ).() 0, -(" #"),&6&,) ( 5#7,"
#),': >., $2&).,& #")% )., $2)2&, ( ',**(5, #* *,")8 )., '%&, #) ",,4* ( 0.%/, -%&62* %$
4%-2',")* (* ( -%"),=) )% -%"7,+ *,"*,8 9,-(2*, #"),&6&,)#"5 )., ',**(5, #'6/#,* &,-%"<
*)&2-)#%" %$ )., 0.%/, *,"4,&D&,-,#7,&D)&("*(-)#%"D'%)#7()#%" *,))#"5: ?&%)%-%/* ("4 -%"<
7,")#%"*8 ("4 -2/)2&(/ 7(/2,* ,7%/7,: V-&#6)* 5,) $%&5%)),"8 ("4 %"/+ 0.," ( *29*)(")#(/
-%&62* %$ -%"",-)#%"*8 0#). ,"%25. -/%*2&, #* (7(#/(9/, -(" ).,+ 9, 4,-#6.,&,48 (* 0#).
G5+6)#("* .#,&%5/+6.* %& )., Y(+( *-&#6): E) $%//%0* ).() ( -%&62* #* )., 9,*) 9(*#* %$ )&2*):
E"),&"(/ -/%*2&, ,(*,*B$%&5,&+B4,),-)#%": >&(-,(9#/#)+B#*B( $(#&B9(*#*B$%&B&,62)()#%":

>., aME *+*),' 4%-2',")()#%" ^f` (**,&)* ).() '("(5#"5 4()( #'6/#,* '("(5#"5 &,/()#%"<
*.#6* 9,)0,," ,")#)#,*F ! .(* )., &,/()#%"*.#6 [ )% I: H%& #"*)("-,8 ""!/9,&) I('2* #* ).,
0&#),& %$ J( I.2),!!8 (" ,=6&,**#%" ).() 4#&,-)/+ '(6* #")%8 *(+8 \aH: ?&%7,"("-, *.%2/4
"%) 9, %'#)),4F 0.% *(#4 ).()8 ("4 0.,": \,/()#%"*.#6* 9,)0,," ,")#)#,* #* %$)," -(//,4
',)(4()(:

! -%&62* #* "",=)&,', ',)(4()(!!: I/,(&/+ ("+ &,-%&4 #" %2& &,6%*#)%&+ #* ',)(4()( )% ("+
%).,& %", #) &,$,&,"-,*8 ("4 -%"7,&*,/+: G7," '%&, *%8 ("+ *,) %$ -%"),'6%&(&+ &,-%&4*
(&, #'6/#-#)/+ 92) *)&%"5/+ -%"",-),4 K2*) 9+ 9,#"5 -/%*, #" )#',F ( H&,24#(" */#68 %& ,7," ("
,'6)+ &,-%&48 -(" -%"7,+ ',("#"5 K2*) $&%' #)* 6%*#)#%" ($),& (" %).,&0#*, 2"&,/(),4
&,-%&4:

4. Contrasting with current architectures: enforced order

!// -2&&,") *+*),'* $%&-, 4()( #")% ( ?&%-&2*),(" 9,4 %$ (&9#)&(&+ %&4,&*8 2/)#'(),/+ 4#*)%&)<
#"5B#) )%B)., 6%#") %$ 4,$,()#"5B#)*B2*,8B("4B,7,"B%9*)&2-)#"5B#)*B,"),&#"5B)., 4()( *+*),':

I2&&,") $#/, *+*),'* #"*#*) 0, (&&("5, $#/,* #" ( .#,&(&-.+: >.2* 0, )&+ )% ,=6&,** *,'("<
)#-* #" ( .#,&(&-.+: X%0 /%"5 -(" ( .#,&(&-.+8 .%0,7,& -(&,$2//+ 4,7#*,48 (--,6) ",0 *29<
K,-)* 0#).%2) 9&,(1#"5Q !/*%8 '2-. )%% %$),"8 ( $#/, *.%2/4 /,5#)#'(),/+ 9, #" )0% 4#$$,&,")
6/(-,*: J(&5, /#9&(&#,* -%"$&%") )., *(', 4#/,''( ^Tg`8 0.," )0% +,) 2"&,/(),4 4#*-#<
6/#",*8 &,'%), #" -/(**#$#-()#%" ("4 6.+*#-(/ (&&("5,',") 5#7, 9#&). )% ( -%'6/,),/+ ",0
%",: >., ",5()#7, -%"*,;2,"-,* %$ #'6%*#"5 (&9#)&(&+ %&4,& %" 4()( 0.,&, #) 4%,* "%)
9,/%"5 6%#*%"%2*/+ 6,&7(4, ,7,&+ )(*1: ! $#/, *+*),' .#,&(&-.+ (/*% -(""%) 5&%0 #"4,$#<
"#),/+ 0#).%2) &,;2#&#"5 $%&,#5" ',-.("#*'*8 *2-. (* /%5#-(/ 7%/2',*: [+ -%")&(*)8 %2& /#"<
,(&B*,;2,"-, %$ &,-%&4*B"()2&(//+B*6/#)*B26B#"B(&)#-/,*B("4B,=),"4*B,(*#/+ 9+ (44#"5 ','%&+
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4,7#-,*: H%&B)., *(', &,(*%"*8B#) /,"4*B#)*,/$ 0,// )%B6(&(//,/#*':

\,/()#%"(/ 4()(9(*,* *#'#/(&/+ $%&-, 4()( #")% )., &,/()#%"* %$ ( 5#7," 4()( '%4,/: a#(5&('
# *.%0*B.%0 ( 7,&+B/%"5D),&'B4()(9(*, -("B9, (5"%*)#-B)%B)., 1#"4B%$ 4()( #) 0#// *)%&,8B9+
&,42-#"5B)%B( *#"5/, )(9/, 0#).B1,+ uid, host, t: X,"-, "%B4()(9(*, *+*),' #* ",,4,48 K2*) (
$#/, *+*),': RE$ +%2 4% 0(") ( 4()(9(*,8 .%0,7,&8 ).,&, #* "% 4#$$#-2/)+ #" 6,&#%4#-(//+ *)%&<
#"5 #)* -2&&,") *)(), ("4 /%5 #"*#4, ( &,-%&4:S ! 4()(9(*, '%4,/ *%',0.() *266%*,* #)
,=.(2*)*B)., 6%**#9#/#)#,*B%$ 0.() 0#// .(7, )%B9, &,-%&4,4B#"B)., $2)2&,:

H%&-#"5 #"(66&%6&#(), %&4,&8 -2&&,") *+*),'* '(1, #) 4#$$#-2/) )% (--%''%4(), &,(//+ ",0
-%"-,6)*: C.() 6&%)%-%/*8 0.() -%"7,")#%"* 0#// 9, 4,'("4,4 #" )., $2)2&,8 0, -(""%)
$%&,*,, ("4B'2*) "%) 6&,K245,:

>., -%'62),& *+*),' %2)/#",4 #" )., 4#(5&(' # ( -%'62),& 9,#"5 (@','%&+ 0#). ("
,"5#", )% 6&%-,** 4()( # &,)(#"* %"/+ )., '#"#'2' ",-,**(&+ )% *266%&) -%5"#)#7, (-)#7#)+8
("4B(//%0 )&("*'#**#%"B%$ 1"%0/,45, #")%B)., 4#*)(") $2)2&,:

5. Storing files as the privileged digital abstraction

C.() 4#5#)(/ (9*)&(-)#%" *.%2/4 0, '(1, (--,**#9/, )% )., 2*,&Q H#/,* (&, (/'%*) 2"#7,&<
*(//+ (7(#/(9/,8 0,// 2"4,&*)%%48 ("4 2"#$%&'/+ 2*(9/,F ).,+ .%/4 ,7,&+).#"5: C, $,,/ 0,
(/*% -(""%) (7%#4 $#/, .#,&(&-.#,*8 9,-(2*, '%*) *+*),'* 6&,*,") ).,'*,/7,* #" ).() $%&'
("4 -(" %"/+ 9, 2*,4 #" ).() 0(+: !--,6)#"5 .#,&(&-.#,* 4%,* not ',(" $%&-#"5 ,7,&+).#"5
#")%B.#,&(&-.#,*FB#) #*B%"/+B( $(-#/#)+B%$$,&,4B/%-(//+B#"B( &,-%&4:

>., #"),"4,4 /#",(&8 *,;2,")#(/ $#/, *+*),' 2*,* Z,")# ^TO` (* 9/%-1 *)%&(5, /(+,&: c"#-%4,
#* )., ,"-%4#"5 %$ -.%#-,8 0#). #)* 2"#7,&*(/ *-%6, ("4 *)&#-) *)(9#/#)+ 6&#"-#6/,8 -%"*#*),")
0#).B%2&B-%"-,&":

6. Correcting errors without hard update, and the generality of references

\,;2#&#"5 )&(-,(9#/#)+ .(* ( 4&(*)#- -%"*,;2,"-,F *#"-, 264()#"5 -%")&(4#-)* )&(-,(9#/#)+8 #"
%2& *+*),' +%2 -(" ",#).,& ,&(*, "%& -.("5, ("+ 4()(8 %"-, &,-%&4,4: H#52&,@T #//2*)&(),*
).() )&(-,(9#/#)+ #* (" #"),5&(/ 6(&) %$ -%5"#)#%"8 #"*,6(&(9/, $&%' #)8 ("4 ).() #" ).#* 4,*#5"
( -%&&,-)#%" #* #'6%**#9/,8 9,-(2*, )., 6(*) -(""%) 9, -.("5,4: V#'#/(&/+8 ( .(&4 264(),
%6,&()#%"8 9+ &,0&#)#"5 4()( #" 6/(-,8 0%2/4 -%")&(4#-) )., ,**,")#(/ $2"-)#%" %$ ( ','%&+
*+*),': E"*),(48 %", '(+ *6,-#$+ ( 7#,0 0#). (&9#)&(&+ )&("*$%&'()#%"* )% (66/+ )% ("+ 6&,<
7#%2* &,-%&4: h#7," ).#* ',-.("#*'8 '%*) %6,&()#%"* 9,-%', *2&6&#*#"5/+ *#'6/,8 9,-(2*,
,7,&+).#"5 0&#))," #* #''2)(9/,L ).2*8 #$ *%',).#"5 0%&1* )%4(+8 #) 0#// 0%&1 $%&,7,&: RV26<
6%*, ).() ",-,**(&+ .(&40(&, (&-.#),-)2&,* -(" 9, ,'2/(),4 %& 7#&)2(/#*,4:S >.,&, #* "%
6%),")#(/ $%& "#"-%"*#*),") 264(),*! 0.,"B264()#"5D#"D6/(-, #*B(7%#4,4FB/(+,&*B("4B/(+,&*B%$
-%'',")* '(+ %7,&/(+ %", ("%).,&8 ,7," -%")&(4#-)#"5 ,(-. %).,&8 92) 0#).%2) #"-%"*#*<
),"-+:

G7," '%&, #'6%&)(")8 )#', ) #* &,7,&*#9/,8 9+ 92#/4#"5 *2#)(9/, 7#,0*: ?/(" A #* ( /#7#"5
4,'%"*)&()#%" %$ )., *%2"4",** %$ *266&,**#"5 264(),8 () ( -,&)(#" /,7,/8 #" #)* '(#" $#/,
*+*),'8 (//%0#"5 )., yesterday -%''("4 )% /%%1 #")% )., *+*),'!* 6(*): E" .#* ""a,925<
5#"5 9(-10(&4* #" )#',!!8 [#/ J,0#* ^g` (/*% *.%0* )., 6%0,& %$ &,7,&*#9/, )F 9+ &,-%&4#"5
,7,&+ *)(), -.("5, #" )., &2" %$ ( 6&%5&('8 +%2 -(" "(7#5(), )., 2"$%/4#"5 %$ ,7,&+ 9#) %$
#"$%&'()#%" ).() '#5.) 9, 2*,$2/ RK2*) (* (// ,7,")* #" ! -%7,& (// )., 6%**#9/, *%2&-,* %$
#"$%&'()#%"8B$%&B,7,&S:

7. Letting the user unobtrusively express his own order and trace it at desired detail

! *#"5/, &,$,&,"-, ',-.("#*'8 () )., /,7,/ %$ &,-%&4*8 (--%2")* $%& -#)()#%"8 ;2%)()#%"8
(""%)()#%"8B-%'',")8B%&B,=)&(-)#"5B4()( )%B$,,4B#")%B( 6&%-,**:

!// )., ,=6&,**,4 %&4,&8 (// )., *)&2-)2&, #* $%&',4 0#).#" &,-%&4* R,*6,-#(//+ (* 7#,0*S8
,=-,6) $%& )., 2"(7%#4(9/, ),'6%&(/ *,;2,")#(/#)+: E) #* )., %"/+ 6/(-, $%& 7(&#()#%"8 ("4 #)
5#7,* -%'6/,), $&,,4%'F (&9#)&(&+ *)&2-)2&,* -(" 9, ,=6&,**,4: I2&&,") *+*),'* ),"4 )%
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'#= 6/(-,* 0.,&, %&4,& #* ,=6&,**,48 ("4 '(#")(#" ( -%"$2*#%" 9,)0,," *)()#"5 ""E" '+
6&,*,") %6#"#%"8 ).#* 6#,-, %$ #"$%&'()#%" #* #"-%&&,-)8 9,-(2*, *2-. ("4 *2-.!!8 ("4 ).,
2&5, )% &,0&#), )., 6(*): >.#* (66&%(-. #* &().,& 4#$$,&,") $&%' '2-. 0%&1 %" $#/, *+*),'*
0#). *,'(")#- -%"-,&" ^N`8 ).%25. "%) ",-,**(&#/+ #"-%'6()#9/, 0#). #): \,$,&,"-, ("4
(""%)()#%"8 "%) 264()#"5 #" 6/(-,8 #* )., 5,",&(/ -(*,8 ("4 (66&%6&#(), )% )&(-,(9#/#)+: >.,
,**,")#(/ ).#"5 #* )% /,) )., 2*,& *6,-#$+ .#* %0" %&4,&8 &().,& ).(" #'6%*, (" (&9#)(&+ %",8
("4B)%B,"*2&, )&(-,(9#/#)+B#"B( "%"B%9)&2*#7, 0(+:

E" -%5"#)#%"8 *,/,-),4 ,7,")* (&, &,-%&4,48 ("4 *)&2-)2&,4 #")% %",!* %0" %&4,&: V%',
,7,")* (&, /,$) 4%&'(")8 *%', (&, -%")#"2%2*/+ &,(-)#7(),4 ("4 &,2*,48 92) $,0 #$ ("+ (&,
)%)(//+ $%&5%)),": I%5"#)#7, 6*+-.%/%5+ ("4 6,&-,6)#%" ).,%&#,* -%"*#*),")/+ *,, )., 0%&/4
(* ( -.(%* # #" )., *,"*, ).() #)* *)&2-)2&, #* $%&,#5" # ).() ,(-. *29K,-) #* -.(//,"5,4 )%
%&5("#*,8 )% &,"4,& -%"*#*),") $%& .#'*,/$: R>., -.(%* 0(* &,6&,*,"),4 #" H#52&, T 9+ ("
('%&6.%2* *,) #" !:S C.," &,6&,*,"),4 #" (" ,=),&"(/ ','%&+8 ).() %&5("#*()#%" #* (/*%
6,&*%"(/:

>., 7,&+B"()2&, %$ ( 6,&*%"(/ 0%&1 #* )% #'6%*, %",!* %0" %&4,& %" ).#"5*: h,",&()#%"* %$
.#*)%&#("* -(" $%//%0 %", ("%).,& 0%&1#"5 %" )., *(', -%&62* 0#).%2) &,6,()#"5 ).,'<
*,/7,*L #" ).#* )+6, %$ *-.%/(&*.#6 )., ,**,")#(/ -%")&#92)#%" %$ ,(-. #* %$$,&#"5 .#* %0"
'%4,/ )% #"),&6&,) 4()(8 &().,& ).(" *#'6/+ (66/+#"5 ( 9%&&%0,4 '%4,/: H%& ,=('6/,8
'("+ *-.%/(&* &,%&5("#*, ).,#& 9%%1*.,/7,* $%& ).,#& -2&&,") 6&%K,-)8 ("4 0%&1,&* %$),"
1,,6B( *,/,-)#%"B%$ 9%%1*B%&B6(6,&*B() .("48B%"B( 4,*1:

>., 4,-#*#%" %$ 0.() )% &,)(#" #* ( &,-2&&#"5 %",8 ("4 (// )%% ,(*+ )% %7,&/%%1: H%& ,=('<
6/,8 +%2 &,-,#7, ( V#9+//#", ,'(#/ 0#). ( c\J "",=6/(#"#"5 #) (//!!: >., ,'(#/ 0(* (&-.#7,48
92) +,(&* /(),& #) "% /%"5,& '(1,* *,"*, *#"-, +%2& *,"4,& $%&5%) )% *(7, )., 0%&/4 *#'2/<
)(",%2*/+8 ("4 )., c\J 7("#*.,4: E$ ( &,$,&,"-, #* &,(//+ 2*,$2/8 #)* "(', (/%", -(" 4%
"%).#"5FB*%',).#"5B'2*) 9, &,)(#",4B%$ #)*B-%"),"):

V% $(& 0, .(7, )&,(),4 )., (&-.#),-)2&, 4#*6/(+,4 #" )., 4#(5&(' (* ,")#&,/+ 4,7%),4 )% (
6,&*%"(/ &,6%*#)%&+: [2) *#"-, )., *)&2-)2&, 0#). #)* )&#6/,) Ea #* (9*%/2),/+ '#"#'(/8 #) #*
"%) *2&6&#*#"5 ).() #) ,=),"4* *'%%)./+ )% ( -%//,-)#7, 2*,: >.,&, #* "% %6,&()#%"(/ 5(6
9,)0,," 6,&*%"(/ ("4 -%//,-)#7, 0%&1 #" ).#* (&-.#),-)2&,: >., &,*2/) %$ -%"),'6%&(&+ %&
4,/(+,4 (""%)()#%"* #* ( $(#&/+ ).%&%25. &,-%&4 %$ )., -%5"#)#7, #"),&(-)#%" %$ 2*,&*: c*,&*
-(" 2*, )., *(', &,6%*#)%&+ #"4,6,"4,")/+ 0#).%2) .(&'8 #$ ).,+ 0#*.: >.,&, #* #" 6&#"-#<
6/, "% %9*)(-/, )% ( 7,&+ /(&5, "2'9,& %$ 2*,&*: G=6%&)#"5 )., )&(-, %$ ( &,-%&4 #* ,(*+8 9+
-(6)2&#"5 (// )., -(*-(4, %$ 4,6,"4,"-#,* R0.#-. -(" 9, 7,&+ /(&5, #$ ( 7#,0 *(+*8 $%&
#"*)("-,8B).() #) 4#*-(&4,4B7,&+B'("+B&,-%&4*B$%&B&,(*%"*B#) ,=),"*#7,/+B,=6%*,*B(* K2*)#$#-(<
)#%"*S: \,-%&4* $&%' 4#$$,&,") &,6%*#)%&#,* -(" ,(*#/+ 9, '#=,4 ("4 4#*,")("5/,4: >.,
write once, *,;2,")#(/ *)&2-)2&, '(1,* #) ,(*#,& )% 4% 4#*)&#92),4 &,6/#-()#%": [(-1/#"1* (&,
,(*+ )% $#"4 0#). (" #"4,=8 '2-. (* )., 0,9 #* #"4,=,4 $%& *,(&-. ,"5#",*: >., #"4,= -("
5&%0 #"-&,',")(//+8B("4B9, &,-%&4,4BK2*) (*B("+B%).,&B4()(:

X(7#"5 (// )., *)&2-)2&, ,=6&,**,4 #" &,-%&4* .(* (" #'6%&)(") -%"*,;2,"-, %" )., 2*, %$
"(',*: W(',* 5#7," () )., 9#&). %$ (" %9K,-) (&, #'6%&)(")8 $%& $#/,* (* 0,// (* $%& 7(&#(9/,
"(',* #" 6&%5&('*: [2) ",0 "(',* (&, -(//,4 $%& 0.," 5%#"5 #")% $%&,#5" /("52(5,* R%&
*)(+#"5 #" )., *(', 6/(-,8 0(#)#"5 /%"5 ,"%25.S: \,$,&,"-,* ("4 7#,0* (//%0 "('#"58
(**#5"#"5 "(',* (66&%6&#(), )% )., -2&&,") 2*, $%& ( $#/,8 ( *,) %$ $#/,* %& 6%&)#%" %$ ( $#/,8
%& ( *,) %$ 6%&)#%"*$ ("+ 4,*-&#9(9/, *)&2-)2&,: Z#,0* %6," )., 6%**#9#/#)+ %$ ( 2"#$+#"5
"(',*6(-, ).() -%2/4 *)("4 $%& -,")2&#,*8 ,7%/7#"5 92) (/0(+* 2/)#'(),/+ &,$,&&#"5 )% ).,
*(', %&#5#"(/ -%//,-)#%" %$ 4()(: i2*) (* 0, .(7, *,," ).() ',)(4()( R&,/()#"5 )0% &,-%&4*S
#* 9+ "()2&, (/0(+* (" ($),&).%25.)8 (66&%6&#(), "(',*8 0.#-. (&, K2*) ( 6(&)#-2/(& )+6, %$
',)(4()(8 (&, %$)," $%2"4 9,/(),4/+: ! ",0 0(+ )% view ).#"5* #* %$)," ( ",0 0(+ )% "(',
).,': I,&)(#" "(',* -%', )% 9, (--,6),4 (* /(9,/*8 0.#-. &,*)&(#"* 9%). )., 6&%/#$,&()#%"
%$ "(',* ("4 )., -%'6/,=#)+ %$ ).,#& &,/()#%"*.#6*: ! *+").,)#- 7#,0 -(" (/*% -2) 9(-1
-%'6/,=#)+:
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8. More on personal vs. central repositories

>.,&, #* '%&, )% K2*)#$+ 6,&*%"(/ &,6%*#)%&#,*: ""E"$%&'()#%" ,'6#&,*!!8 0.,&, 4()( *)%&,*
(&, '%&, ("4 '%&, -%"-,")&(),48 -(""%) 9, 9/#"4/+ &,/#,4 %" (* ,=),&"(/ ','%&#,*8 .%0<
,7,& *,/$D-%"$#4,") ).,#& *,-2&#)+8 %& .%0,7,& %6," ).,#& *+*),'*: !"+ ),-."#-(/ %&5("#*(<
)#%" -(" 9&,(1: W()2&(/ .(3(&4* /2&1: G'6#&,* 9+ 4,$#"#)#%" (&, *29K,-) )% &(4#-(/ 4,-#<
*#%"*: E) #* &,6%&),4 ).() j#" V.# X2("58 )., $#&*) ,'6,&%& %$ I.#"(8 .(4 (// ,=#*)#"5 9%%1*
"%) -%'6/+#"5 0#). j#" .#*)%&#("* 92&",4 R0#). ,=-,6)#%"* $%& ( $,0 *6,-#(/ $#,/4*S8 ("4
/(),& 92&#,4 (/#7, *-.%/(&* 0.% ,#).,& *)#// %0",4 ).%*, 9%%1* %& *)#// .(4 ).,' #" '#"4 ("4
-%2/4 *6&,(4 ).,#& #4,(*: >., /#9&(&+ () !/,=("4&#( 0(* 4,*)&%+,4: E"$%&'()#%" ,'6#&,*
)%4(+ (&, "%) #" ( 4#$$,&,") 6%*#)#%": E" '#4 !6&#/ UOTT8 h%%5/, (""%2"-,4 ).() %" UA
!6&#/8 UOTT8 $#/,* .%*),4 %" h%%5/, Z#4,% 0%2/4 "% /%"5,& 6/(+8 ("4 -%'6/,),/+ *.2) 4%0"
)., *,&7#-, %" Tf Y(+ ^T`8 ).2* 4#*6&%7#"5 ).%*, 0.% 6&%'%),4 7#4,% *.(&#"5 (* ("
(&-.#7(/ *%/2)#%": c*,&*8 #$ *)#// (/#7,8 .(4 ).() *.%&) )#', )% .,(& (9%2) )., *.2)4%0"8 ("4
;2#-1/+B4%0"/%(4B).,#&B$#/,*B(5(#"8B9,-(2*, "%B(&-.#7,*B0,&, )%B9, 1,6):

E" )., *(', 7,#"8 '("+ #"#)#()#7,* %$ 4()( 6&,*,&7()#%" (&, $%-2*,4 %" /(&5, 4()( *,)* ^b`:
!'%"5 '("+ &,(*%"*8 /(&5, 6&%K,-)* '(1, #) ,(*#,&B)%B())&(-) $2"4*8B("4B)%B#'6%*, %"B).,#&
2*,&* -%"*)&(#"#"5 ),-."#-(/ -.%#-,* )% ,(*, (4'#"#*)&()#%": [2) )., 6&%9/,' #* (-)2(//+ )%
-(6)2&, 6,%6/,!* 0%&1 )., 0(+ ).,+ 0%&1F ).() #*8 .%0 ).,+ #"),&(-) 0#). 4()(: !"+ %",
*,,1#"5 )%4(+ $%& ( /%"5D),&' 4#5#)(/ 6&,*,&7()#%" *%/2)#%" %" ( 6,&*%"(/ 9(*#* #* /,$) 0#).<
%2) ( *%/2)#%"8 ,7," 0#).%2) ',")#%"#"5 )., #"(9#/#)+ &,(//+ )% (44&,** )., -%"-,&" $%&
6&,*,&7()#%" #" ,7,&+4(+ (-)#7#)+: [2) 6&,*,&7()#%"8 (&-.#7#"58 -(""%) 9, (" ($),&).%25.)8
(// )., '%&, *% #" )., 4#5#)(/ 0%&/4: >., .#*)%&+ %$ *-#,"-, ),(-.,* 2* ).() )., '%*) *2&<
6&#*#"5 9&,(1).&%25.* -%', $&%' )., '%*) 2",=6,-),4 -%"4#)#%"*8 ("4 ).,+ (&, 9+ "()2&,
#'6%**#9/, )% 6&,4#-): E$ 0, 0(") )%B-(6)2&, ).,'8B0, ",,4B( *%/2)#%"B)%B.("4: Y,("0.#/,8
( .25, ('%2") %$ 1"%0/,45, #* -%")#"2%2*/+ 9,#"5 92#/) 9+ .%*)* %$ #"4#7#42(/ &,*,(&-.,&*
(&%2"4 '("+ *'(//8 7(/2(9/, 4()( *,)*: >.," *%', 4(+ *-#,")#*)* &,)#&,8 ("4 )., )&(-,* %$
).,#& 1"%0/,45, &,)#&, 0#). ).,': !"4 #) #* "%) 2"-%''%" ).() ( $,0 '%"). ($),& *29'#)<
)#"5B( 6(6,&8B)&(-,*B%$ .%0 )%B&,6&%42-, )., &,*2/)*B(&, /%*) ^U`:

E" )., *-#,")#$#- $#,/48 0, 0#)",** #" 6&(-)#*, ).() )., '%&, -%'62),&* 9,-%', #")#'(), ()
,7,&+ *)(5, %$ ( *-#,")#*)!* 0%&18 )., /,** ( 5#7," 6#,-, %$ 0%&1 9,-%',* &,6&%42-#9/,8
0.,&,(* 0, '#5.) ,=6,-) )., ,=(-) -%")&(&+: >., -&,,6#"5 %$ #"*)(") ',**(5#"5 #")% *-#<
,")#$#- 0%&18 ("4 )., %--(*#%"(/ 7("#*.#"5 %$ 4()( %" )., C,98 -.(//,"5, '%&, ("4 '%&,
%",!* (9#/#)+ )% -(6)2&, ).,' ,$$#-#,")/+8 ("4 )% &,)(#" (66&%6&#(), #'(5,* %$ ).,' )% '(1,
).,'B2*(9/, (*B&,/#(9/, &,$,&,"-,*:

[+ &,(4#"5 ( "%7,/8 %", -(" ,=6,&#,"-, *%',%", ,/*,!* */#-, %$ /#$,8 0#).%2) .(7#"5 )% (-)2<
(//+ /#7, #): [+ 9%&&%0#"5 *%',%", ,/*,!* /#9&(&+8 %", -(" 0()-. ).&%25. .#* -2/)2&(/ 0#"<
4%0: [+ 9%&&%0#"5 *%',%", ,/*,!* &,6%*#)%&+8 %", -(" 5% ,7," $2&).,&8 0#). )., -.%#-, %$
K2'6#"5 )% -%"-/2*#%"*8 ("4 9(-1)&(-1#"5 $&,,/+ )% )., *%2&-,*8 ",(&/+ 0(/1#"5 9+ ).,
*)&,(' %$ ).%25.)* %$ ( $%&,&2"",&: >., 6&%K,-),4 *+*),'8 *,&7#"5 (* ( 5,",&(/ 4#5#)(/ /(9<
%&()%&+ "%),9%%18 0%2/4 5#7, ).() #"-&,4#9/, (9#/#)+ )% $%//%0 #" *%',%",!* $%%)*),6*: E$ 0,
0(") )% ""-/#'9 %" )., *.%2/4,&* %$ 5#(")*!!8 0, '2*) 9, (9/, $#&*) )% $%//%0 #" ).,#& $%%)<
*),6* R#" ).,#& )&(-1*S: C, (&52, ).() 0, -,&)(#"/+ ",,4 *%/#48 6&%7(9/, personal 4#5#)(/
','%&+B*+*),'*B).() (&, ,(*+B)%B'("(5,:

9. Implementing a linear (sequential), write once file system

>.#* *,-)#%" #* ,7," '%&, ( -(// $%& -%'',")* ).(" )., &,*) %$ ).#* 6(6,&: E) *.%2/4 "%0 9,
%97#%2*B).() ("B(4(6)()#%"B%$ H%**#/ ^TT`B&,(-.,*B)., *6,-#$#-()#%"B0, (#'B():

>.,&, 0#// 9,8 *#4, 9+ *#4,8 ( 2*,&!* 0%&1*6(-, R.%', 4#&,-)%&+S )%5,).,& 0#). )., *,) %$
$#/,* ",-,**(&+ )% 9%%) )., %6,&()#"5 *+*),' #")% ( 6(&)#-2/(&8 $2"-)#%"(/ *)(),8 ("4 ( *6,<
-#$#-B4,6%*#) (&,( #" 0.#-. )% 62) $#/,* %& 4#&,-)%&#,* ).() 0#// 9,-%', ( &,6%*#)%&+ &,-%&4 9+
( *%&) %$ on−trigger 6&%'6),4 *"(6*.%) 6&%-,** ).() 92#/4* ( *6,-#$#- Z(- $#/, 0#). ).,
())(-.,4 )&#6/,) Ruid, host, tS: R! )+6#-(/ ) 0%2/4 9, (" #"),5,& -%2") $&%' (" (&9#)&(&+
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%&#5#"8 -%"7,&)#9/, #" -(/,"4(& )#',L "%), ).() $%& #"*)("-, _d@9#) () ( "("%*,-%"4 &,*%/2<
)#%"B&,6&,*,")*B(9%2) NgdB+,(&*:S Z,")# ",,4B"%) 9, -.("5,4:

E) #* 26 )% )., 2*,& )% 4,),&'#", )., -.2"1* %$ 4()( R,:5:8 ( 0.%/, 4#&,-)%&+ %& '("+ *,6(<
&(), $#/,*S ).() (&, )% 9,-%', &,-%&4*L )., '(#" &()#%"(/, #* .#* %0" -%"7,"#,"-,: >.,
*,'(")#-* %$ "5().,&#"5 $#/,*! #"#)#(//+ #* "%) 6(&)#-2/(&/+ *)&%"5 ("4 #* /#1,/+ )% 9, *6/#) #")%
'%&, *6,-#$#-B*,)*B#"B)., $2)2&,:

G7,")2(//+ (// )., $#/,* (&, $%2"4 #" )., &,6%*#)%&+: E) *,,'* ).() )., "%)#%" %$ ( .%',
4#&,-)%&+ #* ",-,**(&+ )% .%/4 () /,(*) ( /#*) %$ '(#")(#",4 7#,0* %" 0.() '+ 0%&1 .(* 9,,"
*% $(&8 %& 0.() '+ 0%&16/(-, "%0 #*: [2) #" $(-)8 ( *#"5/, 7#,0 #* ,"%25.8 ("4 6,&.(6*
,=6,&#,"-, 0#// *.%0 ).() )., 4#*)#"-)#%" %$ ( .%', #* 2"",-,**(&+ ("4 #) *2$$#-,* )% $,)-.
)., /(*) 6,&*%"(/ 7#,0 $&%'B)., &,6%*#)%&+:B! 7#,0 '#5.) (/*%B(//%0 $,)-.#"5B(// )., 9#"4#"5*
",,4,4 )% 9%%) ( 6(&)#-2/(& %6,&()#"5 *+*),' *)(), ("4 $#/, *+*),' -%"$#52&()#%": !* (
&,*2/)8 %"/+ ( )&("*#,") 0%&1*6(-, 0.,&, -2&&,") 0%&1 )(1,* 6/(-, '#5.) 9, ,"%25.: I(-.<
#"5 ).() 0%&1*6(-,8 )% .(7, #) () .("4 #'',4#(),/+ 0.," %", &,)2&"* )% )., '(-.#",8 #*
-/%*, )%B.(7#"5B( .%', 4#&,-)%&+:

M$ -%2&*, *%', 9%%)*)&(6 #* &,;2#&,4 )% $#&*) ,=6/%&, ,"%25. %$ )., &,6%*#)%&+ )% 9, (9/,
)% /%(4 ("4 K2'6 #")% ("%).,& '(-.#",: X(7#"5 )., $2// .(&40(&,D*%$)0(&, *)(-1 (7(#/(9/,
#* )., 4,$#"#)#7,#)., best possible#-%"4#)#%" $%& (//%0#"5 ( 2*,& )% #"),&(-) 0#). ( 5#7,"
$#/, $2//+: H%& 6&,*,&7()#%" 62&6%*,*8 -%"$#"#"5 )., '(#" 0%&1 #"*#4, ( 7#&)2(/ '(-.#",
(//%0* *(7#"5 ("4 &,*)%&#"5 ).() -%'6/,), .(&40(&,D*%$)0(&, *)(-1: Y%*) %$ )., 0%&1
*.%2/4 2"$%/4 %" )., &,6%*#)%&+8 92) 4,),&'#"#"5 .%0 '2-. *% #* &,(*%"(9/,8 *)#// ",,4* )%
9, 4,),&'#",4B9+B,=6,&#',"):

>., *,;2,")#(/ &,-%&4 *)&2-)2&, ',("* ).() -2))#"5 ( /(&5, &,6%*#)%&+ #")% *)&#6,* (* #)
5&%0* )% .25, *#3,* #* ,(*+: ?(&(//,/ (--,** #* ).," 6%**#9/,8 0.#-. -%"7,&*,/+ &,*2/)* #"
426/#-()#"5B*%', 9/%-1*8B0#).B("B#"4,6,"4,") Z,")# $%&B,(-.B*)&#6,:

C, (**2', #) #* %& 0#// 9, 6%**#9/, )% '%"#)%& ',4#( ','%&#,* $%& 4,5&(4()#%" R0.#-. #*
,(*,4 %" ( Z,")#D9(*,4 *)%&(5, *+*),'S8 ("4 '#5&(), ).,' (--%&4#"5/+8 ).2* ,"*2&#"5 -%"<
)#"2,4 (--,** )% )., 9#)* %$ ( $#/,: Y("+ -%6#,* (/*% '(1, 4()( *($,& ^Tf`: C,//D)&(-,48
0%&1(9/,8 -%'62)(9/, -%&6%&( (* 6/("",4 .,&, 0#// 2"4%29),4/+ 9, 9,)),& -("4#4(),* $%&
)., ,$$%&):

10. A language for the elementary interaction and its text editor

\,$,&,"-,*#R.+6,&S/#"1*#(&, ,=6&,**,4 (* ),=)8 6%#")#"5 )% ( &,-%&4 9+ ( )&#6/,) 2#48 .%*)8
)8 ("4 ( 6%*#)#%": E" ( ),=) $#/,8 ( 6%*#)#%" #* ( *#'6/, #"),5,& R#$ +%2 -%2") #" -.(&(-),&*8
4#$$,&,") $&%' 9+),* #" c>HDgS8 92) *,5',")* %$ ),=) -(" 9, /%-(),4 9+ ("+ %).,& ',("8
/#1, ( *)&#"5 *,(&-.8 ( &,5,=68 %& 2*#"5 )., 6()),&"* ("4 &,5#%" #"),&7(/* %$ ""/#5.)0,#5.)
*)&2-)2&,4 ),=) 6&%-,**#"5!! ^A`: R\,','9,& ).() #$ ( *)&#"5 *,(&-. /,(4* 2"('9#52%2*/+ )%
( 6%*#)#%"8 #) 0#// (/0(+*8 *#"-, $#/,* 4%"!) -.("5,:S E" (" #'(5, %& %).,& *6,-#(/ $%&'()*8
(66&%6&#(), /%-()%&*B'2*) 9, 2*,4:

!* ( '#"#'(/ ,$$%&) #'6/,',")()#%" 0, 2*, G'(-*! M&5 '%4, $&%' ( J#"2= *+*),': M&5 #*
( 5,",&(/ 62&6%*, )%%/ ("4 ( -%%&4#"(),4 /#5.) *+")(=BR#"B6/(#"B),=) $#/,*SB$%&B1,,6#"5B"%),*8
%2)/#"#"5 ),=)8 #"),&"(/ ("4 ,=),&"(/ /#"1*8 #"-/24#"5 *%2&-, -%4, 9/%-1* ("4 ,7(/2()#"5
).,'8 ("4 -%"7,&)#"5 ).,' #")% *%2&-, $#/,* 2*#"5 )., "%0,9 -%"7,")#%" %$ /#),&(), 6&%<
5&(''#"5 ^_`: G=6%&)* )% 7(&#%2* $%&'()* #"-/24#"5 J(>,k (&, ,(*+8 #) (/*% -%',* 0#).
'("+ 2*,$2/ $(-#/#)#,* (* )#',*)('6#"5 ("4 -(/,"4&#-(/ -(/-2/()#%"*BR*%B2*,$2/ )%B.#*)%&#("*S8
(5,"4( 7#,0*8 )(55#"58 '(#")(#"#"5 )%D4% /#*)*8 7,&+ $#) $%& 6&%K,-) 6/(""#"5 ("4 6,&$,-) $%&
1,,6#"5 ( /%5 9%%18 ("4 () )., '%',")8 )% 5#7, ( $,,/#"5 %$ 0.() -%2/4 9, )., 0%&1 %" (
/%5B9%%1 *)&2-)2&,:

>., (#' () ).#* *)(5, #* )% 4% )., 0%&1 '(#"/+ $&%' ( J#"2= #"*)(//()#%"8 0#). 5&,() 2*, %$
G'(-* R0, 1"%0 0, (&, #" ( *)(), %$ *#"8 92) #) -%'6,"*(),* $%& '("+ 5(6* %$ #"),5&()#%"
9,)0,," )., %6,&()#"5 *+*),' ("4 #)* 0#"4%0*S: !// )., &,6%*#)%&+ #* 1,6) %" $#/, *+*),'*
2"4,& ?/("@A: W,(&/+ (// )., $(-#/#)#,* 0, ",,4 (&, 6&,*,") 2"4,& G'(-*8 %& %).,&0#*,
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&,/()#7,/+ ,(*+ )% 4,7,/%6: I%''("4* /#1, $#"4D4#&,4 %& $#"4D5&,6D4#&,4 #" G'(-* -(" 5#7,
2*,&* ( 5%%4 #")2#)#%" %$ 0.() ( 7#,0 '#5.) 9,8 #" 5,",&(/8 ("4 %$ )., 6%0,& %$ ),=) '("#6<
2/()#%": >.,&, (&,8 .%0,7,&8 ,=-#)#"5 6&%*6,-)* #" ( -%'9#"()#%" %$ $,()2&,* $&%' !-',
("4BG'(-*8B2"4,&B)., ?/("@AB"(',*6(-,:

J#"2= #* "%) )%% ,=%)#- $%& ( $2//+D$/,45,4 ,"7#&%"',") $%& ( /(&5, *,) %$ 6%),")#(/ 2*,&*8
("4 #* 9,-%'#"5 ?/(" AB)(',4: E) #*B&,(/#*)#-B"%) )%B,=6,-) 6,%6/, )%B*.#$) $&%'B).,#&B.(9#)*8
,*6,-#(//+ #$ 0, /%%1 '%&, 0#4,/+ $%& $2)2&, 2*,&*8 ,*6,-#(//+ #" )., .2'("#)#,* %& %).,&
$#,/4* ""$%&,#5"!! )% -%'62),& *-#,"-,8 )% ,=6,&#',") 0#). )., *+*),': M", %$ )., 2/)#'(),
62&6%*,* #* )% 9, (9/, )% ),'6) 2*,&* %$ ("+ %6,&()#"5 *+*),' 0#). ( $(-#/#)+ $%& )&(-,(9#/#)+
).() '#/4/+ -.("5,* ).,#& .(9#)*8 ).%25. #",7#)(9/+ *%', *+*),'* 0#// %$$,& ( &,*2/) 0#).
&%25.,&B,45,*B).("B%).,&*:

>.#*B-%'9#"()#%" 0, (#' () %$$,&* )., /,(*)D,$$%&) 6(). )% ( '#"#'(/ 0%&1#"5 #"*)(//()#%" %$
0.() #* ',(") (* ( 5,",&(/ 62&6%*, ,"7#&%"',")8 (* *,('/,** (* 6%**#9/, $&%' 6&%5&('<
'#"5 )% -%''%" 2*,: E) #* 4#$$#-2/) ("4 2*,/,** )% )&+ )% $%&,*,, 0.() 2*(5, 6()),&"* 0#//
,',&5,8 ("4 "%).#"5 -(" &,6/(-, .("4*D%" ,=6,&#,"-,: H%& #"*)("-,8 0.,).,& ).,&,
*.%2/4 9, *%', *%&) %$ &,*,&7,4 1,+0%&4 )% *)(), "">.#* #* ( -%&&,-)#%"!! #* /,$) %6,"8
).%25. #")2#)#%" *255,*)* ).() 0, %25.) )% (7%#4 #)F 6&%6,& -%'62),& *,'(")#-* -(" &,*#4,
#" )., &,6%*#)%&+!* *-&#6)*8 ("4 $#", .2'(" *,'(")#-* -(" 9, 0&#))," (* *29)/+ (* 6%,)&+8 #"
(" (--%'6("+#"5 -%'',"): !"4 "()2&(/ /("52(5,* ,7%/7,$ J,(7#"5 )., *+*),' 0#4,/+
%6,"B)%B'2/)#/#"52(/#*'B)%4(+8B#*B)%B'(1, #) &,(4+B)%B$(-, )., $2)2&,:

11. Concluding remarks

>.#* 6(6,& #* (" ()),'6) )% 4,$#", ("4 K2*)#$+ )., 4,*#5" %$ ( 4#5#)(/ *+*),' $%& )&(-,(9#/#)+
%" ( 7,&+ /%"5 ),&': C, .(7, $,/) ",-,**(&+ )% 6&,*,") (" ("(/+*#* #" 7,&+ (9*)&(-) ),&'*8
(=#%'()#- #" *6#&#)8 ("4 )% -%"",-) ,(-. (*6,-) 0#). #//2*)&()#%"* $&%' ( /(&5, &("5, %$ -2/<
)2&(/ $#,/4*: E) (66,(&* ).() ,'9&(-#"5 -,")2&#,* -%"*#*),")/+ /,(4* 2* )% *%', $2"4(',"<
)(/* %$ -%5"#)#%" ("4 -2/)2&(/ .,&#)(5,8 ("4 6,&.(6* 6(&(4%=#-(//+ )% )., '#"2), 4,)(#/* %$
4(+D)%D4(+B0%&1:

G(&/+ %"8 ).#* 4#(5"%*#* /,4 %", %$ 2* )% *,,1 ( *%/2)#%" #" %6,&()#"5 *+*),' *%$)0(&,
&,*,(&-.8 ("4 ?/("@A ,',&5,4 (* ( 6&%*6,-): !$),& (//8 (" %6,&()#"5 *+*),' #* ( *,) %$ 6&%<
5&('* ).() '(1, #) ,(*+ $%& -%'62),& 2*,&* ("4 6&%5&('',&* )% 4% ).,#& K%9 ^Td`: C,
.%6, 0, .(7, &,(-.,4 ( *%2"48 -%"7#"-#"5 %2)/#",8 ("4 #4,")#$#,4 *%', #'6%&)(") ,**,"<
)#(/* %$ 0%&1#"5 0#). ( -%'62),& R("4 %).,& *%&)* %$ ','%&+ 4,7#-,*PS: M).,&* *.%2/4
(66,(& #" )., 6&%-,** %$ ,=6,&#',")#"5 0#). ( $#&*) #'6/,',")()#%" %$ )., *+*),': C,
.%6, ).() )., 4,*#5" #* -/,(&8 '#"#'(/ ("4 0,//D/(+,&,4 ,"%25. ).() 0, -(" -%6, 0#). *2-.
*2&6&#*,*:

M2& $#&' 9,/#,$ #* ).() ).,&, #* ( $(7%2&(9/,8 ,=-/2*#7, "#-., 6%*#)#%" $%& ?/("@A %" ).#*
)%6#-8B$&%'B0.,&, -%2/4B,',&5, %66%&)2"#)#,*B)%B*6&,(4B/#1, ( 7#&2*: C, *29'#) ).() &,$/,-<
)#%"B)%B)., ?/("@AB-%''2"#)+:
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V)("$%&4Bc"#7,&*#)+8B>,-.:B\,6:Bdbd8BTAAN:

^f` aME H(-)*.,,): Managing Data Relationships Using DOI® Resolution, Version 1.0.
.))6Fll000:4%#:%&5l$(-)*.,,)*lY("(5#"5a()(\,/()#%"*.#6*:.)'/8 >., E"),&"()#%"(/ aME
$%2"4()#%"8B(--,**,4BM-)%9,&BTf8BUOTO:

^d` Y#-.(,/ H(-)%&8 m(/'(" Y,).8 a(/#) W(%&8 M.(4 \%4,.8 i2/#(" V()&(": Object Storage:
The Future Building Block for Storage Systems, a position paper. E"F 6&%-,,4#"5* %$ ).,
V,-%"4 E"),&"()#%"(/ EGGG V+'6%*#2' %" G',&5,"-, %$ h/%9(//+ a#*)&#92),4 a()(8 i2", TAD
Ud8BUOON8BV(&4#"#(8BE)(/+:

^N` a(7#4 m: h#$$%&48 ?#,&&, i%27,/%)8 Y(&1 !: V.,/4%"8 i(',* C: M!>%%/,8 i&: Semantic file
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ABSTRACT

Gostor is an experimental platform for testing new file storage ideas for post POSIX
usage. Gostor provides greater flexibility for manipulating the data within the file, including
inserting and deleting data anywhere in the file, creating and removing holes in the data,
etc. Each modification of the data creates a new file. Gostor isn’t constrained by organizing
the files in hierarchical structures, or identifying them with strings. Thus Gostor can be
used to implement standard file systems as well as experimenting with new ways of storing
and accessing users’ data.

1. Introduction

Currently there are two popular ways of storing data – hierarchical file systems, and relational
databases. The hierarchical file systems consist of files (arrays of bytes) that have names. The
files are grouped in directories which can be members of other directories. In order to access
a file, one needs to know the path, i.e. the list of directories from root of the file system.
Files data can be overwritten, but new data can be added only at the end of the file. Most of
the popular file systems support the POSIX (or similar) set of file operations [2]. Relational
databases enforce strong structure on the stored data, by enforcing it to be fitted in a set of
tables. The data can be accessed by using the SQL language. Relational databases provide
better consistency and concurrency guarantees. They are hard to install and maintain, often
requiring professional database administrator in order to achieve reasonable performance.
There have been many attempts to introduce the benefits of databases to file systems, such
as transactions, snapshots, etc. Even though some popular file systems support snapshots and
versioning, creating and manipulating snapshots is not part of the standard file operations.
In many cases, especially with scientific datasets, extending files only at the end is too restric-
tive. To avoid the limits, some scientific data formats, like HDF [1] re-implement most of the
file system data structures in the file.
There are some attempts to go beyond both hierarchical naming of files as well as relaxation
on the restrictions on how the content of the files can be modified. hFAD [4] allows data to
be inserted and deleted at any place in the file. It also removes the dependency on file names
when accessing the files and allows adding tags that describe the content of the files.
Most of the attempts to change the way data is stored and accessed are built on top of standard
file systems or databases.
Gostor is a low-level storage system that provides consistent way of manipulating arrays of
bytes, providing both versioning support as well as ability to insert, delete and modify data
anywhere within the array. It also allows insertion and removal of holes in the array.
Gostor avoids the issues with hierarchical file names by not supporting them. All files in Gostor
are immutable and can be accessed by a 64-bit ID that is returned when they are created.
Files are created by cloning already existing files and modifying some of file’s data.

∗LANL publication: LA-UR-11-11422
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2. Gostor Architecture

2.1. Files

A file in Gostor is an immutable string of bytes. Regions of file where data haven’t been
written are holes in the file. They are not stored and don’t use disk space. Reading from a
hole region returns zeroes.
A file is identified with a 64-bit integer called fileID. The fileID may change during the life
span of the file. If the fileID is changed, Gostor guarantees that all references to the old
fileID within the storage will be modified, and that the old fileID can be used until they are
specifically discarded, or the connection to Gostor is closed. There is no guarantee that a fileID
retrieved during previous connection will still be valid when a new connection is established.
File with fileID 0 always points to a zero-length file, and cloning it is how new files are created.

2.2. Data Content Types

When reorganizing the disk space, Gostor needs to know if any of the files contain references
to other files. For that reason all data stored is assigned data content type. When writing
data to files, the user can specify whether the data contains references to other files. Because
data type is specified by write, there is no restriction for the whole file to have the same data
content type. Gostor can coalesce content of data written by multiple writes as long as it is
sequential and of the same type. When data is read, Gostor returns only data of the same
content type.
Currently there are only two data types available to the user:
Data Type Description
BTData Data that doesn’t contain any fileIDs
BTDir File content with only fileIDs

Gostor defines additional data content types that are used internally to implement the file
layout.
Gostor allows up to 32 thousand data types defined, but currently doesn’t provide operations
in the protocol for creating new data types. Extensions to Gostor (such as file systems) can
use an internal API.

2.3. Operations

2.3.1. Read

read(file, offset uint64, buf []byte) (count int, dtype uint16,
err os.Error)

The read function reads up to length of the buf array bytes from the specified file, starting
from the specified offset and stores it in the buf array. It returns the number of bytes
returned as well as the data content type of the data. If an error occurs while reading, err
contains the error.
Read can return less than len(buf) bytes in two cases – if there is no more data in the file
(i.e. offset + len(buf) is greater than the file’s size), or if the data in the file has mixed
data content types.

2.3.2. Write

write(file, soffset, eoffset uint64, count uint32, data []byte,
dtype uint16) (newfile uint64, err os.Error)

Because Gostor files are immutable, each write operation creates a new file. It receives an
existing file as argument, clones its content, applies the changes of the data content and
returns the fileID of the newly created file.
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The write call is used to do any modifications to a file. It replaces the data currently located
between offsets (soffset, eoffset) with count bytes containing the data from the data
array. If the length of the data array is less than count, a hole is created at the end of the
region. Table 1 shows examples on how the write operation can be used to modify the data.

Operation Description
write(.., 10, 10, 100, data,..) Insert 100 bytes of data at offset 10
write(.., 10, 10, 100, nil,..) Insert 100 byte hole at offset 10
write(.., 10, 110, 0, nil,..) Delete 100 bytes of data starting at offset 10
write(.., 10, 110, 100, data,..) Overwrite 100 bytes of data starting at offset 10

Table 1: Examples on data modifications using write

2.3.3. Size

size(file uint64) (size uint64, err os.Error)

Returns the size of the specified file.

2.3.4. Forget

forget(file uint64)

Informs Gostor that the user is no longer going to use the file with the specified fileID. If there
are no more references to the file, it may be garbage-collected.

3. Current Implementation

Gostor is implemented in Go. Currently it is approximately 2000 lines of code.

3.1. Segments and Blocks

Gostor uses log-structured data layout, similar to the ones used in log-structures file systems [3].
The disk space is divided into segments, and the segments are kept in a doubly-linked list.
The segments can be free, full, or active. There is only one active segment at a time. All
new data is appended at the end of the active segment. Once the segment is full, it is marked
as “full” and the next segment in the list is set as active.
The space within the segments is not divided into fixed-size chunks. Each segment consists
of a number of variable-sized blocks. Each block can be up to 216 bytes long (including the
header). The header of the block contains its size as well as the type of the data it contains
(data content type). The blocks always start at an even offset.
Figure 1 shows the physical layout of the segments and the blocks.

3.2. Files

Gostor uses modification of Btrees to describe files. Blocks at level 0 contain the data of the
file. Blocks at level 1 contain entries to the data blocks at level 0, and so forth. Because
Gostor allows insertion of data anywhere in a file, offsets to data are not constant and can’t be
stored in the intermediate Btree blocks. Instead, each Btree entry contains the size of the data
it describes. Normally the Btree blocks are fixed size and waste some space when there are not
enough entries. Because of the log-structured layout used by Gostor, the Btree representation
we use is compact and doesn’t waste any disk space.
The fileID of a file is the offset (relative to the beginning of the disk) of the block describing
the root of the file Btree. This approach simplifies the implementation of Gostor and avoids a
level of indirection, that is common to inode based systems.
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Figure 1: Gostor Disk Layout

Figure 2 shows an example of a file with fileID 348. The file’s Btree has tree levels. The first
entry in the root block points to block 388 and defines that that block describes the first 1100
bytes of the file. Block 388 has two entries, one is 700 bytes long and the data is stored in
block 500. The second entry describes 400-byte long hole (the block is 0). Figure 2 also shows
how the file blocks are laid out in a segment.

3.3. Operations

The write operation uses the specified file’s Btree as a base for the Btree of the newly created
file. It creates new blocks for a sub-tree of the file, up to the new file’s root block. While
building a new tree, Gostor tries to coalesce neighboring blocks if their size is less than the
allowed size (216 bytes for level 0 blocks and 8192 bytes for intermediate blocks). Gostor fills
up the intermediate blocks with entries left-to-right so the rightmost affected block on the
level is left unfilled. This approach is optimized for the most-frequently use case when data is
appended at the end of the file.
Figure 3 shows the layout of the data when operation write(340, 700, 700, 162, data)
is performed on the file shown on Figure 2. The operation inserts 150 bytes of data at offset
700 and a 12 byte hole. Gostor coalesces the hole with the already existing one, so no new
entry for the hole is created.

3.4. Garbage Collection

Each write operation in Gostor creates a new file with a new root block, some intermediate
Btree blocks as well as some data blocks. In most cases, once the new file is created, the old
file is no longer useful and the blocks that belong only to it should be recycled. Gostor has
knowledge of all references to blocks stored in it. It also keeps track of the blocks that the
user is using at the moment. Forget operation should be called if the user no longer cares
about a block.
Having information which blocks are still in use allows Gostor to reclaim the space that is no
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Figure 2: Btree and Segment Representation of a File
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Figure 3: Btree and Segment Representation of a file after write operation

longer accessible. Currently Gostor supports only in-memory garbage collection. When a block
is stored in Gostor, it is added to an in-memory list of data to be written to the disk. The
data is kept in the memory for some time, giving it a chance to get obsoleted by subsequent
changes to the list of live files.
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When the user is no longer going to use a reference to a block, the forget command should
be used to update Gostor’s knowledge of what data is regarded as live by the user.
Currently Gostor supports only in-memory garbage collection. Once the data is committed to
the disk, it can’t be removed. Writing a garbage collector for the on-disk data is planned as
future work.

3.5. Committing Blocks to Disk

When a block is stored in Gostor, it is not written to the disk right away. In most cases, the
data in the block will be obsoleted soon by subsequent call and premature write to the disk
would be wasteful. Gostor keeps the blocks in memory for some time to allow the data to be
made obsolete. Gostore doesn’t have knowledge what blocks will be actually stored on disk and
therefore can’t assign disk offsets for the blocks before they are actually committed. Instead,
Gostor returns temporary offsets that can be used to access the data, or store references to
the block in Gostor.
Before committing the data on disk, Gostor runs the garbage collector to free all blocks that are
no longer live. Then it assigns disk offsets to the remaining blocks, and updates the temporary
offsets stored in the blocks to the permanent ones. It can do that because it has knowledge
of whether a block contains references to other blocks. Once the references are updated, the
blocks are stored on the disk. The temporary offsets can be used until they are “forgotten”.

4. Future Work

The current Gostor implementation doesn’t have garbage collector that can reclaim data al-
ready written to the disk. There are plans for implementing copying, generational garbage
collector that crawls through the existing data and copies the reachable blocks into new seg-
ments. Because of the high penalty of reading all existing data, the future implementation
might be modified so it segregates blocks that contain references to other blocks in separate
segments.
Once the Gostor prototype is stable enough, we plan to implement conventional hierarchical file
system on top of it, as well as experiment with porting existing formats (HDF5) for scientific
data on top of it.
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ABSTRACT

C, .(7, 4,7,/%6,4 jtagfs8 ( 6&%)%-%/ *)(-1 ("4 $#/,*+*),' 0.#-.
,"(9/,* /#7, 4,9255#"5 %$ (" !\Y '(-.#", 2*#"5 (-#4: E) (--,**,* ).,
.(&40(&, ).&%25. ( i>!h #"),&$(-,8 6&%7#4#"5 ",0 0(+* %$ 4,9255#"5
0.#-. 4#**%/7, )., 9%2"4(&#,* 9,)0,," )., 1,&",/8 2*,& *6(-, ("4 ).,
/%(4,& ("4 5#7,* 4#&,-) (--,** )% )., .(&40(&,: !) )., *(', )#', (-#4
6&%7#4,* .#5. /,7,/ (9*)&(-)#%"* )% #"),&6&,) )., &,*2/)* ("4 (2)%'(), ).,
4,9255#"5B6&%-,**:

Introduction

i>!h #* ( *)("4(&4 $%& 9%2"4(&+ *-(""#"58 ( ',).%4 $%& ),*)#"5 4#5#)(/ -#&-2#)* 9+ ',("*
%$ ( *.#$) &,5#*),& R9%2"4(&+ *-(" *.#$) &,5#*),& %& [V\S: >., [V\ #* 2*,4 )% 4&#7, ).,
#"62)* ("4 %2)62)* %$ 4#$$,&,") 6(&)* %$ )., -#&-2#): M" ,(-. *29-#&-2#) )., [V\ #* -%"<
)&%//,4 9+ ( >!? R>,*) !--,** ?%&)S8 2*,4 )% )&("*7,&*, )., *)(),* %$ )., [V\ %" ,(-. )#-1
%$ )., -/%-18 /%(4 #) ("4 *,) #)* -%"",-)#%"* )% )., 6#"*8 #"62) ("4 %2)62) 7(/2,* %$ ).,
-#&-2#): M" -%'6/,= 4#5#)(/ -#&-2#)*8 /#1, ( '#-&%6&%-,**%&8 )., [V\ -(" 9, 2*,4 )% -%"<
)&%/ *,6(&(),/+ ("4 ),*) 4#$$,&,") *29-#&-2#)* 9+ $,,4#"5 #) 4#$$,&,") -.(#"* R( *,;2,"-, %$
9#)*S:

C.#/, 4,9255#"5 *%', 4&#7,&* #" )., V.,,7(6/258 #) -(', )% %2& ()),")#%" ).() )., !\Y
-%&,* .(7, ( 0,// 4%-2',"),4Bi>!hB#"),&$(-, ^TO`: H2&).,&'%&,8B)., -.(#"*B)%B-%")&%/ (//
%$ )., '%4,/* (&, 7,&+ *#'#/(&8 0#). %"/+ *'(// 4#$$,&,"-,* 9,)0,," ).,': >., '#-&%6&%<
-,**%& #"-/24,* ( >!? -%")&%//,& ("4 *%', ,=)&( 4,9255#"5 .(&40(&, (* 6(&) %$ ).,
'(-&%-,// -(//,4 G'9,44,4 EIG ^_` %& G'9,44,4 EIGD\> ^b` 4,6,"4#"5 %" )., 6(&)#-2/(&
'%4,/: >., i>!h #"),&$(-, 6&%7#4,* (--,** $&%' (" ,=),&"(/ ,=),&"(/ '(-.#", )% 4#$$,&<
,") 6(&)* %$ )., '#-&%6&%-,**%&: >.&%25. i>!h )., 4,9255,& -(" '(1, )., 6&%-,**%&
,"),& 4,925 '%4,8 0&#), 4#&,-)/+ )% )., 6&%-,**%& &,5#*),&*8 #"K,-) #"*)&2-)#%"* 0#). $2//
(--,** )% )., .(&40(&, ("4 &,*)(&) )., 6&%-,**%& "% '()),& #)* *)(),: H2&).,&'%&,8
*%', '(-.#",* /#1, )., V.,,7(6/25 -%")(#" ( -.#6 0.#-. #" (44#)#%" )% 6&%7#4#"5 (--,**
)% )., *,&#(/ 6%&) %" )., '(-.#", .(* ( *29-#&-2#) (9/, )% #"),&(-) 0#). )., >!? -%"<
)&%//,&* %" )., 9%(&4 ("4 )., '#-&%6&%-,**%&8 '(1#"5 ).,' (--,**#9/, ).&%25. cV[:
>.#* -.#68 -(//,4 !WUUfUIDOT ^d` 8 #* ( -%''("4 6&%-,**%& 0.#-. -(" 4&#7, ("+ 1#"4 %$
*,&#(/ #"),&$(-, R(-) (* (" Y?VVG %& Y2/)#D?&%)%-%/ V+"-.&%"%2* V,&#(/ G"5#",S: E) -(" (/*%
0%&1 (*B("BYIc .%*) 92*B,'2/()%&:BC, 0#// 9, 2*#"5B#) (* (" Y?VVG8 *% 0, 0#// K2*) -(// #)
Y?VVGB$&%'B"%0 %":
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!// ).#* -(6(9#/#)#,* ',(" ).() 0#). )., (66&%6&#(), *%$)0(&, #) #* 6%**#9/, )% 4,925 ).,
1,&",/ .(7#"5 $(-#/#)#,* (1#" )% ).() (7(#/(9/, %" *6,-#(/ 4,7,/%6',") 9%(&4* 0.#/, () ).,
*(', )#', &2""#"5 &,52/(& 6&%42-)#%" 1,&",/*: E) #* ,7," 6%**#9/, )% 4,925 *#'2/)(",<
%2*/+ )., 1,&",/8 2*,& *6(-, ("4 )., /%(4,&8 7("#*.#"5 )., $&%")#,&* ("4 6&%7#4#"5 $2//
(--,** )% )., .(&40(&,: >., 6&%9/,' #* ).() )., (66&%6&#(), *%$)0(&, 4#4 "%) ,=#*): >.,
*%$)0(&, 0, .(7, .(4 (--,** )% .(* *%', /#'#),4 4,9255#"5 -(6(9#/#)#,* ).&%25. 549 %&
4#&,-) (--,** )% )., .(&40(&,: ?%&)#"5 ,=#*)#"5 *%$)0(&, )% ?/(" A8 0.#/, 9,#"5 '%&,
-%'6/#-(),4 ).(" 0&#)#"5 #) $&%' *-&()-. 0%2/4 .(7, 9,," "%) ,"%25. 9,-(2*, %$ ).,
4,6,"4,"-#,* 0#). 549 ("4 #)* /(-1 %$ 5,",&(/#)+ #" )., #"),&$(-,* #) %$$,&,4: J,7,&(5#"5
%" ^Td` ("4 0#). (" (66&%(-. *#'#/(& )% rdbfsRdS ^TT` 92) 0#). ( )0#*)8 0, .(7, 4,7,/<
%6,4 ( 5,",&(/ 62&6%*, ( -%'6/,), 6&%5&(''(9/, 4,9255#"5 #"),&$(-, $%& )., !\Y
'(-.#",*8B6&%7#4#"5B$2// (--,**B)%B)., .(&40(&,:

JTAG basics

G(-. i>!h -(6(9/, 4,7#-, .(* ( "2'9,& %$ >!?* -%"",-),4 #" *,&#,* %& #" 6(&(//,/: G(-.
>!? "%&'(//+ .(* $%2& #"62)*8 >IJm8 >YV8 >aE ("4 >aM8 -%"",-),4 (* #* *.%0" #" H#52&,
T:

DR

CORE
LOGIC

TAP

TDI TDOTCLKTMS

IR

Figure 1: Jtag enabled device

M" ,(-. >IJm 4%0" ,45, )., *+*),' '(+ *.#$) )., 7(/2, #" >aE ("4 *.#$) %2) )., 7(/2,
)% >aM 4,6,"4#"5 %" )., *)(), %$ )., *)(), '(-.#", %$ )., >!?8 4,6#-),4 %" H#52&, U8
0#). )., )&("*#)#%"* -%")&%//,4 9+ )., 7(/2, #" )., >YV #"62): >.,&, (&, )0% *.#$) &,5#*<
),&* "%&'(//+ -%"",-),4 #" 6(&(//,/8 )., 4()( &,5#*),& Ra\S ("4 )., #"*)&2-)#%" &,5#*),&
RE\S: >., a\ #* )., [V\8 ("4 )., E\ -%")&%/* 0.() .(66,"*: C.#-. %$ ).,' #* -%"",-),4
)% >aE ("4 >aM 4,6,"4* %" )., *)(), %$ )., >!? -%")&%//,& 0.#-. (/*% *,)* 0.," ).,
#"*)&2-)#%"*B%&B)., 4()( *)(&) 9,#"5B(-)#7, ("4B-%"",-),4B)%B)., -.#6*B%&B)., %2)62) 6#"*:
>!? -%")&%//,&* -(" 9, -.(#",4 #" *,&#,*8 0#). )., 4()( &,5#*),&* ("4 )., #"*)&2-)#%" &,5<
#*),&* -%"-(),"(),4: >.,&, #* (" #"*)&2-)#%" )% 4#*(9/, ( -%")&%//,& 0.#-. -(" ,$$,-)#7,/+
)2&"B%$$ %", -%")&%//,&B*%B).() 4()( -("B9, *.#$),4B#"B*,6(&(),/+:
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T
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Figure 2: JTAG TAP state machine, input is TMS

V%',)#',* -%")&%//,&* (&, (/*% -.(#",4 #" 6(&(//,/ 0.,&, ).,&, (&, 4#$$,&,") -.(#"* ("4
(" #"*)&2-)#%" #* 2*,4 $%& -.(#" *,/,-)#%": H%& ,=('6/, ).#* (66&%(-. #* )(1," 9+ ).,
!\Y )% *,/,-) 9,)0,," )., 4#$$,&,") -#&-2#) '%42/,*: G(-. -.(#" 6&%7#4,* ( /,"5). $%&
)., #"*)&2-)#%"B&,5#*),&B("4B)., 4()( &,5#*),&:

>., #"*)&2-)#%"* *266%&),4 9+ )., E\ '(+ 7(&+ ('%"5 '%4,/* 0#). *%', %$ ).,' 9,#"5
'("4()%&+: H%& '%&, 4,)(#/* %" ).#*8 *,, )., i>!h ^TO`8 ).%25. )., 4,)(#/* %$ 0.() #*
#'6/,',"),4 ("4 0.() #"*)&2-)#%"* (&, *266%&),4 (&, (-)2(//+ 4,)(#/,4 #" )., !\Y '("<
2(/*:

>., #"*)&2-)#%"* *266%&),4 9+ (// !\Y '(-.#",* (&, R).,&, (&, *%', '#"%& 4#$$,&,"-,*
#"B*,'(")#-*SF

!VI!WpWB#*B2*,4B)%B#"62) ( -.(#"B"2'9,&:

!EW>GV>B#*B2*,4B)%B*,) )., -.(#"B"2'9,&B#"62) 0#).BVI!WpW:

!EaIMaGB#*B2*,4B)%B4,),-) )., -.#6B("4B62)*B( *6,-#(/ Ea 7(/2, #"B)., a\:

![n?!VVB4#*(9/,*B)., >!?8B62))#"5B( TB9#) *.#$) &,5#*),&B9,)0,,"B#"62) ("4B%2)62):

!\GV>!\>B&,*)(&)*B)., 6&%-,**%&B($),&B#) ,"),&,4B4,925B*)(),:

Architecture of jtagfs

H#52&, fB4,6#-)*B)., (&-.#),-)2&, $%&B)., jtagfs:

>., $#&*) 6(&) 0.#-. ",,4,4 )% 9, #'6/,',"),4 0(* )., (--,** )% )., Y?VVG #" )., H>aE
-.#6: >.,&, 0(* (/&,(4+ 6(&)#(/ *266%&) $%& )., H>aE -.#6 #" usb/serialRdS R$%& '%&,
4,)(#/* *,, ^TU` ("4 ^T`S: C, -%'6/,),4 )., *266%&) $%& )., H>aE -%"$#52&()#%" 6&%)%-%/8
92) 1,6) )., Y?VVG *266%&) #)*,/$ %2)*#4, %$ #): >., usb/serial #* (/&,(4+ -%'6/#<
-(),4 ,"%25.: C, *,) )., 2*9 *,&#(/ -.#6 0#). )., '#"#'2' 6%**#9/, -%"$#52&()#%" R*,)
)., #"),&$(-, )% 9, Y?VVG ("4 )., /(),"-+ )#',&S ("4 '(4, #) *,&7, ( $#/, -(//,4 K)(5
0.#-. *,&7,* (* -%"42#) )% -%''2"#-(), ).&%25. #): >., jtagfs 2*,* ).#* $#/, )% *,"4
-%''("4*B)%B)., Y?VVG:
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USB BUS

USB STACK
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Figure 3: Jtagfs architecture

>., ",=) /,7,/ %$ (9*)&(-)#%" #* )., JMedium8 ( 4()( )+6, ("4 ( *,) %$ %6,&()#%"* 0.#-.
(9*)&(-)* )., 4,)(#/* %$ )., 4&#7,& $%& )., i>!h: H%& "%08 0, 2*, (" Y?VVG #'6/,',")(<
)#%" $%& )., JMedium8 92) %).,&* '(+ 9, #'6/,',"),4 #" )., $2)2&,: c*#"5 #)8 0, K2*)
4&#7, )., >aE8 >aM8 >YV 0#). &,*6,-) )% )., >IJm: >., #"),&$(-, 2*,* 92$$,&#"5 ("4
)(1,* #" (--%2") ).,&, '(+ 9, '%&, ).(" %", >!? -%"",-),4 #" *,&#,*8 ).%25. (// 92)
%", R)., -2&&,") >!? 9,#"5B4&#7,4SB(&, 4#*(9/,4:

C, (/*% 0&%), ( *)(), '(-.#", 4&#7,&8 0.#-. 5#7," (" %&#5#" *)(), ("4 ( 4,*)#"()#%" *)(),
-(/-2/(),* )., '#"#'2' 4#*)("-, 6(). 9,)0,," ).,': h#7," )., "2'9,& %$ *)(),*8 (
*)()#- )(9/, -%2/4 9, 6&,-(/-2/(),4 )% 4% ).#* 0.," -%'6#/#"58 92) #) 0(* "%) 4%", $%&
*#'6/#-#)+8 5#7," ).() '%*) %$ )., )#', #* *6,") 0(#)#"5 $%& )., cV[ -%''2"#-()#%"* ("+<
0(+:

>., ",=) /,7,/ #* )., EIG -.(#"* /(+,&8 0.#-. )(1,* -(&, %$ )., *)&("5, 9#) ,"4#("",** %$
)., i>!h -.(#"* %" )., !\Y R*%', %$ )., -.(#"* (&, 9#) %&4,& #"7,&),4 ("4 9+), *.2$<
$/,4S8 ("4 -%"7,&)* 9,)0,," ).() ,"4#("",** ("4 )., /%-(/ R4,9255,&S '(-.#", 9+),
%&4,&:

[2#/) %" )%6 %$ )., EIG -.(#"*8 ).,&, #* ( /,7,/ 0.#-. #"),&(-)* 0#). )., !\Y 6&%-,**%&8
'(1#"5 #) ,"),& ("4 ,=#) 4,925 '%4,8 *(7#"5 ("4 &,*)%&#"5 )., &,5#*),&* ("4 #"K,-)#"5
#"*)&2-)#%"*:

H#"(//+8 ( procRfS #"),&$(-, ,=6%&)* )., 6&%-,**%& &,5#*),&* #" ( '("",& *#'#/(& )%
rdbfsRdS: ! *'(// /#9&(&+ $%& (-#4 ("4 ( /#))/, '%4#$#-()#%" )% attachproc #" ).,
machRUS /#9&(&+ )% '(1, )., 1,&",/ &,5#*),&* $#/,8 kregs8 0&#)(9/, '(1,* #) 6%**#9/, )%
*0#)-.B'%4,*B("4B'("#62/(), )., 6&%-,**%&B() 0#// $&%'B(-#4:
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Driving the MPSSE

>., Y?VVG #)*,/$ #* ;2#), ( -%'6/,= 4,7#-, 0.#-. -(" 4&#7, ("+ 1#"4 %$ *,&#(/ #"),&$(-,:
E) #* 6&%5&('',4 ).&%25. ( *'(// '(-.#", /("52(5, 0.#-. -(" %2)62) 9#)* #" 4#$$,&,")
9#) ,"4#("",**8 4&#7#"5 >YV8 >aE ("4 >aM %" 4%0" %& 26 >IJm ,45,*: C, *)(&),4 %2)<
62))#"5 )., '(-.#", -%''("4* 4#&,-)/+8 92)8 *6,-#(//+ 0.#/, 4,9255#"5 #) 0(* ;2#),
-%'6/,= )% 1,,6 )&(-1 %$ (// )., 4,)(#/* %$ )., Y?VVG: C, ,"4,4 0&#)#"5 ( *'(// (**,'<
9/,& $%& )., Y?VVG #"*)&2-)#%"*8 0.#-. 0, -(//,4 ma ("4 (**,'9/#"5 ).,' %" )., $/+: Ma
#* ( 5%%4 "(', 9,-(2*, 0, 0#// ",7,& &,(//+ .(7, .m %9K,-) $#/,* R$%& 0.#-. )., /,)),& '
#* (/&,(4+ )(1,"S8 *% ).,&, 0#// "%) 9, ("%).,& (**,'9/,& 0#). ).#* "(',8 () /,(*) #"
1,"--: !"B,=('6/, %$ )., #"*)&2-)#%"*B-("B9, *,,"B",=)F

DataIn EdgeDown LSB 3
DataIn EdgeDown LSB B3
DataOutIn EdgeDown EdgeUp LSB 3 0x42 0x34 0x56
DataOutIn EdgeDown EdgeDown LSB 3 @
DataOutIn EdgeDown EdgeUp LSB B3 0x42
DataOutIn EdgeDown EdgeDown LSB B3 @
TmsCsOut EdgeDown MSB B0x7 0x7
TmsCsOut EdgeDown LSB B7 0x7
TmsCsOutIn EdgeDown EdgeUp LSB B0x7 0x7
MCURd 0x34
WaitIOHigh
AdaptClkDisab
Div5ClkEnab
Loop
SetBitsL 0x32 0x34

MSB ("4 LSB ',(" '%*) ("4 /,(*) *#5"#$#-(") 9#) $#&*)8 [WW ',("* ( "2'9,& %$ 9#)*
R0.,&,(* )., -%2") 9+ #)*,/$ ',("* ( "2'9,& %$ 9+),*S ("4 q #* 2*,4 (* ( 6(&(',),&
0.,"B(**,'9/#"5B%"B)., $/+B(*B( 6/(-,.%/4,&B$%&B)., 4()( R6(**,4B(*B("%).,&B6(&(',),&S:

!**,'9/#"5B%"B)., $/+B.(*B6&%7,4B)%B9, ( 7,&+B5%%4B(66&%(-.B$%&B4,9255#"5 ("4 ),*)#"58
6&%7#4#"5 ( /%0 /,7,/ *"#$$#"5 #"),&$(-,: E" )., $#&*) 6&%)%)+6,8 0, .(&4-%4,4 )., 7(/2,*
2*#"5 -%"*)(")* ("4 *%', $2"-)#%"*: G(-. )#', 0, $%2"4 ( 925 #" %2& #"),&6&,)()#%" %$
)., Y?VVG #"*)&2-)#%"*8 0, .(4 )% $#*. 925* %" ,7,&+ 6/(-, 0.,&, ).,+ .(66,",4: !/*%8
)., (**,'9/,&B#)*,/$ '(+B9, 2*,$2/ $%&B%).,&B(66/#-()#%"*B2*#"5B).#*B-.#6 $%& 4&#7#"5 %).,&
R$%&B,=('6/, V?ESB#"),&$(-,*:

ICE chain support

>.,&, (&, *,7,&(/ -.(#"* %" ,(-. !\Y '(-.#",8 0.#-. 6&%7#4, (--,** )% 4#$$,&,") -(6(<
9#/#)#,* %$ )., -.#6:B>.,&, (&, '#"%&B4#$$,&,"-,*B('%"5B).,'8B("4B*%', %$ )., -.(#"*B(&,
6&,*,") %"B*%', -.#6*B("4B"%) %"B%).,&*:BC, .(7, #"),&(-),4B'(#"/+B0#).B).&,, -.(#"*:

I.(#" T8 #* 2*,4 )% #"K,-) #"*)&2-)#%"* )% )., !\Y -%&,: V6,-#(/ -(&, ",,4* )% 9, )(1,"
0#). )., -/%-1: [(*#-(//+8 0.," )., 6&%-,**%& #* #" 4,925 '%4, R0.#-. #* 0.," ("
#"*)&2-)#%" -(" 9, $,4 )% )., -%&,S #) &2"* %" ( */%0,& -/%-1: !* ( -%"*,;2,"-,8 0.,"<
,7,& (" #"*)&2-)#%" )% #"),&(-) 0#). ,=),&"(/ .(&40(&,8 /#1, \!Y %& ( 6,&#6.,&(/8 ",,4* )%
9, ,=,-2),48 )., 6&%-,**%& '2*) &2" #) 2*#"5 )., $(*),& -/%-1: >.," #) $(//* 9(-1 )% ).,
*/%0 -/%-1 4&#7#"5B)., 4,925B'%4,:

I.(#" U8 #* 2*,4 )% (--,** )., 4,925 &,5#*),&*8 '%*) %$ 0.#-. -(" 9, (--,**,4 "%&'(//+
$&%' #"*#4, )., -%&,: >.#* &,5#*),&* ,"(9/, .(&40(&, 7,-)%& -()-.#"5 R,"),& 4,925 %" ("
,=-,6)#%"8 #"-/24#"5 &,*,)S8 9&,(16%#")* R,"),&#"5 4,925 '%4, 9(*,4 %" (" (44&,**
9,#"5 ,=,-2),4S ("4 0()-.6%#")* R,"),&#"5 4,925 '%4, 9(*,4 %" (" (44&,** 9,#"5 &,(4
%&B0&#)),"SB("4B#"*)(")/+B,"),&#"5B("4B,=#)#"5B4,925B'%4,:
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C.#/, -.(#" T ("4 -.(#" U (&, 0,// 4%-2',"),4 ("4 *,,' )% 9, )., *(', %" (// )., /()<
,*) !\Y -%&,*8 I.(#" TN8 0.#-. 6&%7#4,* (--,** )% )., YYc8 *,,'* 7(&+ '%&, $&%'
'%4,/ )% '%4,/: H&%' 0.() 0, .(7, *,,"8 ).,&, (&, )0% $('#/#,* %$ !\Y 0#). &,*6,-) %$
I.(#" TN8 )., !\Y b $('#/+ ("4 )., !\Y A $('#/+: E" ("+ -(*,8 0, -%2/4 "%) '(4,
I.(#" TN 0%&1 %" )., $,&%-,%"8 *% #"*),(4 0, .(7, 62*.,4 MCR ("4 MRC #"*)&2-)#%"*:
>.#* (66&%(-. #* '%&, 6%&)(9/, ("4 0#).%2) ("+ 4&(09(-1*: c*#"5 ).,' 0, (44,4 ).,
YYc *)(), )% )., %9*,&7(9/, *)(), %$ )., 6&%-,**%&: >.#* *)(), #* &,(4 %"/+ () ).,
'%',")8B).%25.B).#*B-("B-.("5, #"B)., $2)2&,:

ARM interaction

>., !\Y 6&%-,**%& #"),&(-)#%" -%4, .(* )0% 4#$$,&,") /,7,/*: H%& ,=('6/,8 ).,&, #* (
$2"-)#%"8 ARMgofetch 2*,4 )% #"K,-) (" #"*)&2-)#%" #")% )., -%&,: >.#* #"*)&2-)#%" #*
62*.,4 #")% )., 6#6,/#", ("4 5%,* ).&%25. )., $#7, *)(),* R$,)-.8 4,-%4,8 ,=,-2),8
(--,** (" 0&#),9(-1S: !) ).#* /,7,/8 %", .(* )% 9, -(&,$2/ 0.() *)(), )., 6#6,/#", $%& ).,
#"*)&2-)#%" #* $%&: >% (9*)&(-) )., 6#6,/#", 0, 0&%), *%', %).,& $2"-)#%"* R$%& ,=('6/,
ARMgetexec ("4 ARMsetexec S 0.#-. *.#$) #" )., #"*)&2-)#%"8 #"K,-) WM?* ("4 &,(4
("4B0&#), )., 4()( 0.," )., 6#6,/#", #* #" )., &#5.) *)(),: >.,+ (/*% '(1, *2&, ).() ($),&
)., 6#6,/#", #*B$2// 2")#/ )., #"*)&2-)#%"B$#"#*.,*:

C, $%2"4 ).() )., /#)'2* ),*) )% $#"4 0.,).,& )., 0.%/, *+*),' 0%&1* #* #$ )., 6&%-,**%&
#* (9/, )% &2" (5(#" ($),& 5%#"5 #")% 4,925 '%4,: !// )., -%"),=) $%& )., !&' ",,4* )%
9, 6,&$,-): E" ).#* &,*6,-)8 0, $%2"4 )0% 4#$$#-2/)#,* 0.#/, #'6/,',")#"5 jtagfs: >.,
$#&*) %", #* ).() ,7," #$ )., ?I 4%,* "%) ",,4 )% -.("5,8 )., 6&%-,**%& 0#// "%) *)(&) #$
)., &,5#*),& #* "%) 0&#))," )%: >., *,-%"4 4#$$#-2/)+8 #* ).() #"),&&26)* ",,4 )% 9, 4#*<
(9/,4 0.#/, #" 4,925 '%4,: E$ ).,+ (&, "%) 4#*(9/,48 9(4 ).#"5* 0#// .(66,": !" #"),&<
,*)#"5 -%"*,;2,"-, %$ ).#* #* ).() #$ 0.#/, #" 4,925 '%4, *%',).#"5 #'6&%6,& #* 4%",8
/#1, (--,** ( "%" '(66,4 (44&,**8 0.," 0, *)(&) )., 6&%-,**%& (5(#"8 (" #"),&&26) 0#//
$#&, ).() 0#// '%*) 6&%9(9/+B-&(*.B)., *+*),':

Endianness

G"4#("",** #" )., i>!h #* )&#-1+: >.,&, (&, )0% #"),&$(-,*8 )., procRfS %" %", *#4, ("4
)., i>!h %" )., %).,& *#4, ("4 9%). ",,4 )% 9, .%"%&,4: >., procRfS #"),&$(-, *.%2/4
9, #" !\Y ,"4#("",** R/#))/, ,"4#(" %" ?/(" AS8 0.,&,(* )., i>!h .(* *6,-#(/ 9#) %&4,&<
#"58 0.#-. #* 4#$$,&,") $%& ,7,&+ -.(#"8 92) () )., *(', )#', )., /#))/, ,"4#("",** %$ ).,
!\Y ",,4* )% 9, &,*6,-),4: >., (66&%(-. 0, .(7, )(1," #* ).() )., &,5#*),&*8 0.#-.
",,4 )% 9, '%4#$#,4 9+ K)(5$* (&, )&("*/(),4 )% .%*) %&4,& () )., #"),&$(-, R procRfS ("4
-.(#" #"),&$(-,S: M" )., %).,& .("48 %).,& 4()( 6(**,* ).&%25. 0#).%2) 5%#"5 #")% .%*)
%&4,&:

Filesystem

>., *)("4(&4 6&%- $#/,*+*),' #* 2*,4 )% ,=6%&) 6&%-,**,*: >., '%4,/ 0(* ,=),"4,4 9+
rdbfsRdS ("4 )., −k $/(5 $%& (-#4 )% 6&%7#4, (--,** )% )., *,5',")* ("4 &,5#*),&* %$ (
&2""#"5 1,&",/: Jtagfs ,=),"4* ).#* '%4,/ ,7," $2&).,&8 ,=6%&)#"5 '%&, &,5#*),&* R#"
6(&)#-2/(& ,=6%&)#"5 )., YYc &,5#*),&*S ("4 '(66#"5 ','%&+ %2)*#4, %$ )., *,5',")*
%$ )., 9#"(&+:

>., YYc &,5#*),&* -(" 9, (--,**,4 2*#"5 )., regs $#/,8 K2*) ($),& )., Ureg ("4 $/%()<
#"5 6%#") &,5#*),&* R#$ ).,&, (&, ("+S: >% )(1, (47(")(5, %$ ).,'8 )., K)(5 (-#4 /#9&(&+
2*,* )., 2"4%-2',"),4 mapRS 92#/)#" $%& (-#4 )% ,=),"4 )., &,5#*),& '(6: >.#*
(66&%(-. '(1,* #) 6%**#9/,8 0.," )., 6&%-,**%& #* *)%66,48 )% (--,** )., ','%&+
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'(66,4BYYc &,5#*),&*B$&%'B0#).#"B(-#4:

>., %).,& ,=),"*#%" #'6/,',"),4 #* ).() )., (-#4 /#9&(&+ (/*% 2*,* map() )% ,=),"4 ).,
','%&+ '(66,4 $%& )., 4()( *,5',") )% (// )., ','%&+ *)(&)#"5 $&%' mrG\M: >.#*
(66&%(-. /,)* 2* (--,** ','%&+ %2)*#4, )., 1,&",/ *,5',")*8 /#1, Mach ("4 )., 6(5,
)(9/,*:

>.("1* )% ).,*, ,=),"*#%"*8 0#). 7,&+ /#))/, -%4,8 #) #* 6%**#9/, )&("*/(), $&%' 7#&)2(/
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Related work

>.,&, (&, *,7,&(/ 6&%5&('* )% #"),&$(-, i>!h 6&%7#4#"5 ( 9(-1,"4 )% 5498 $%& ,=('6/,
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ABSTRACT

The 9P file protocol is used for all file operations in the Plan 9 operating system.
Although it is simple and generally effective, 9P tends to show extremely poor perfor-
mance when used to transfer large files over high-latency links, such as the Internet. This
work extends the 9P protocol to introduce the concept of "streams" as used in FTP.

Introduction
The Plan 9 operating system utilizes a single filesystem protocol, 9P, to access all resources on the system,
including devices, the network stack, the windowing system, and the archival backup system. All of these
files are made available by file servers, which are mounted to a namespace at the kernel level and then
accessed using 9P messages [4].
Although 9P has proven a very effective way to deal with local files and files on local networks, in some
ways it is lacking. At its core, 9P operation is synchronous. A message is sent requesting an operation, such
as a read, and the client program must then block until the reply comes back from the server. Every read or
write request must wait for the entire round-trip time (RTT) between the client and the server before the
program can continue. With the rising prominence of the Internet, where latencies of hundreds of millisec-
onds are common, it has become apparent that accessing and transferring files from distant Plan 9 systems
using 9P is extremely slow and inefficient, requiring far more time to complete a file transfer than the more
popular Hyper-Text Transfer Protocol (HTTP) or File Transfer Protocol (FTP). In fact, initial tests indi-
cated that over a connection with 50 ms RTT (relatively low for the Internet), transferring a file took nearly
four times as long with 9P as it did with HTTP.
Where 9P operates in terms of "chunks" of a file, requested and delivered one piece at a time, HTTP and
FTP deal with entire files at once. When a file is requested from an FTP server in passive mode, the FTP
server and the client negotiate a separate, new TCP connection to be used to transfer the file all at once. In
HTTP, when a GET request is sent over the connection, the entire file is returned immediately (although a
specific portion of the file can also be requested, which will also be sent immediately regardless of size)
[5]. Because FTP and HTTP push data directly to a TCP connection rather than waiting for it to be
requested like 9P, they avoid many of the issues of latency.
This work proposes and implements a method for alleviating the latency problems in 9P. The solution,
called "streams" in this text, operates by taking a leaf from FTP’s book: it allows the creation of a new TCP
connection to transfer file data. These streams, made available to programmers through library functions,
can be used in any situation in which sequential reading or writing of a file occurs. Rather than attempting
to improve performance with programmer-transpared adjustments behind the scenes, streams extend the
POSIX-style file I/O API to put explicit control in the hands of the programmer. As the results show, the
introduction of streams to 9P allows Plan 9 to transfer data using 9P just as quickly as with HTTP.
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9P
Files in Plan 9 are served and accessed using the 9P protocol. Client programs, such as cp and ed, access
files using the familiar read(), write(), open(), close(), etc. library functions. The C library
then translates these function calls into 9P messages, which are sent to the appropriate file server. File
servers listen for incoming 9P messages (typically over a network connection or a pipe) and respond to
them appropriately. Only one reply is sent per request.

9P messages come in pairs: a client sends a T-message (such as Tread ), which is received by the server.
The server then responds with an R-message (such as Rread ). A T-message will always receive its corre-
sponding R-message, unless an error occurs, in which case the server will respond with the Rerror mes-
sage. The complete set of 9P messages is shown in Table 1.

��������������������������������������������������������
Tversion/Rversion Exchanges client/server 9P version numbers��������������������������������������������������������
Tauth/Rauth Authenticates client with server��������������������������������������������������������
Rerror Indicates an error (includes error string)��������������������������������������������������������
Tflush/Rflush Aborts a previous request��������������������������������������������������������
Tattach/Rattach Establishes a connection to a file tree��������������������������������������������������������
Twalk/Rwalk Descends a directory hierarchy��������������������������������������������������������
Topen/Ropen Opens a file or directory��������������������������������������������������������
Tcreate/Rcreate Creates a file��������������������������������������������������������
Tread/Rread Reads data from an open file��������������������������������������������������������
Twrite/Rwrite Writes data to an open file��������������������������������������������������������
Tclunk/Rclunk Closes an open file��������������������������������������������������������
Tremove/Rremove Removes a file��������������������������������������������������������
Tstat/Rstat Requests information about a file��������������������������������������������������������
Twstat/Rwstat Changes information about a file����������������������������������������������������������
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Table 1. 9P messages [1].

All connections are initiated with the exchange of a Tversion/Rversion pair. In this exchange, the
client and server insure that they are both speaking a compatible version of the 9P protocol. At the time of
writing, the most recent version was called "9P2000", with an earlier version "9P" long deprecated. If either
the client or the server returns a version that the other does not understand, no communication can be per-
formed. Note that the definition allows extensions to be specified by appending characters to the version
string following a period [2]; for example, "9P2000.L" represents a version of 9P with extensions for
Linux. Anything following the "." is considered optional, thus "9P2000.L" is backwards compatible with
"9P2000".

Once the protocol version has been established, a client typically sends a Tattach message to attach to a
specific file tree. Then, the client is free to Twalk, Tstat, Topen, etc. all over the file tree.

When a user opens a file, the client program makes an open() system call, which is translated into a 9P
message, Topen, which is sent to the file server. The file server responds with an Ropen message when
the file has been opened. The client then sends Tread and Twrite messages to read and write the file,
with the server responding with Rread and Rwrite.When the transaction is completed, the client sends
Tclunk and receives Rclunk in return, at which point the file is closed.
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Streams
The primary reason for the slow performance of 9P over high-latency links is its T-message/R-message
nature. Every read call issued by a program must wait for the entire round-trip time of the connection
before getting any information back. This means that programs end up blocking for a very long time while
messages are sent across the network.
The addition of "streams" is intended to alleviate this problem. Sequential reading of files is very common;
it appears when copying files, playing music and videos, opening a file in an editor, etc. Typically, the pro-
grammer knows when a file will be read sequentially, but with the stock 9P implementation that knowledge
helps little. Streams, on the other hand, aim to provide programmers with a powerful method for quickly
reading in a file sequentially.
The core concept of streams is drawn from the operation of passive FTP. When a client requests a file in
passive mode, the FTP server and the client negotiate over the existing connection to set up a new, separate
TCP connection for transferring the data [3]. The server then simply writes the entirety of the requested file
to the new connection, which the client then reads.
Typically, all 9P messages between a given client computer and its server are multiplexed over a single
TCP connection. This means that multiple programs may all be sending messages over a single connection.
To initialize a stream, a client program sends a Tstream message to the server, requesting a new stream.
The server in turn responds with a Rstream message indicating an IP and port which represent a new,
dedicated TCP connection for transferring a file.

Library Interface
Streams are made available to the programmer through the C library, libc. There are two ways in which
programmers may use streams: in a regular (client) program, or in a file server.
Regular programs such as cp or an MP3 player utilize streams using the library functions stream,
sread, swrite, and routinessclose.These

���������������������������������������
Stream* stream(int fd, vlong off, char isread)���������������������������������������
long sread(Stream* s, void *buf, long n)���������������������������������������
long swrite(Stream* s, void *buf, long n)���������������������������������������

int sclose(Stream* s)�����������������������������������������
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Table 2. libc functions.

typedef struct Stream {
int ofd; // The underlying file being streamed
int conn; // The TCP connection
char *addr; // The server’s IP and port
vlong offset; // Current offset into the file
char isread; // Read/write flag
char compatibility; // Compatibility mode flag

} Stream;

The Stream structure
The operation of the functions is very similar to the corresponding functions for regular reading and writ-
ing. The stream function initializes a stream given an already-open file descriptor. It is at this point that
the directionality of a stream (read or write) is determined. The sread, swrite, and sclose functions
all behave just like the corresponding read, write, and close functions already existing in libc.
Since some servers may not support 9P streams, if the creation of a stream fails the functions sread,
swrite, and sclose work in "compatibility" mode, issuing regular reads and writes on the original file

37



descriptor.

Streaming 9P Messages
9P servers and the kernel drivers deal with 9P at the level of 9P messages, rather than the POSIX-like
abstractions seen by regular client programs. To implement streaming, two new 9P messages were added,
Tstream and Rstream, which are formatted as shown in Table 3. Numbers in brackets represent field
sizes in bytes.

����������������������������������������
size[4] Tstream tag[2] fid[4] isread[1] offset[8]����������������������������������������
size[4] Rstream tag[2] count[4] data[count]�����������������������������������������
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�
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�
�

Table 3. Format of streaming 9P messages.

Each message consists of a string of bytes, with the size defined by the size element at the beginning. The
tag field is common to both messages and is used by the client to identify the messages as belonging to the
same conversation.
The Tstream message specifies an fid, a flag for reading or writing, and an offset into the specified file. An
fid is a 32-bit integer used to identify a specific active file on the file server and is in many ways analogous
to a file descriptor in a user program.
The Rstream message is returned by the file server and contains a network address string in the data field,
the length of which is defined in the count field. The network address is in the format "tcp!x.x.x.x!yyyyy",
where x.x.x.x is the server’s IP and yyyyy is a TCP port on the server. This network address is used by the
client to connect to the file server, creating a TCP stream over which file data is sent.

Server-Side Design
Every 9P server program must be modified to support streaming explicitly. When the 9P version is negoti-
ated at the beginning of a session, a streaming-compatible server will report its version as "9P2000.s" rather
than the default "9P2000". As the definition of the Tstream/Rstream messages states, anything in a
version string following a period represents an optional extension to 9P. Thus, a streaming server is still
fully compatible with a client which does not handle streaming, and vice versa.
In general, to add streaming to a 9P server it is necessary to add a new handler for the Tstream message
type. When such a message comes in, this handler (forked off as a new process to avoid blocking) must
begin listening on a new TCP port, then send the server’s IP and the port number back in an Rstream
message. When the client connects to that port, the server then begins reading/writing file data to/from the
connection until either the file is fully sent (in the case of a read stream) or the connection is closed (in the
case of a write stream).

Implementation
The implementation of streams in 9P introduced changes in essentially every level of the system. User-level
functions were introduced into the C library and user programs were modified to use those functions. A
new system call was also added, and streaming support was included in device-specific drivers.
At the lowest level is the driver support. It is necessary for each kernel driver to know how to set up a
stream; a specific function was added to each to request and create a new stream. However, all remote
filesystems are mounted through the devmnt device; the upshot of this is that streams only had to be fully
implemented in devmnt, while other devices could simply have their stream functions return failure, forc-
ing the stream into compatibility mode.
To act as an interface between user-space programs and the device drivers mentioned above, a pstream
system call was added. This system call is called when a new stream is requested by a user-level program.
It does little more than parse its arguments, convert the given file descriptor to an in-kernel channel, and
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then call the appropriate device-specific function based on the location of the requested file. If streaming is
not supported, pstream returns -1.
The C library functions mentioned above were added to the /sys/src/libc/9sys directory. In gen-
eral, these functions were quite simple to implement. The stream function simply creates a new Stream
structure, sets some options, and calls the pstream system call, which returns an IP address and port. The
function then calls dial to open a new TCP connection and returns to the user program. If the remote
server or the device driver is not streaming compatible, pstream will have returned -1, a compatibility
flag is set, and no TCP connection is created.
The sread, swrite, and sclose functions behave "appropriately" based on the status of the stream’s
compatibility flag.
To summarize, a user program calls stream on an open file descriptor to obtain a new stream.

Tests and Results
In order to test streaming 9P, two programs were modified to utilize streaming. The cp user program and
the exportfs 9P server were, over the course of about an hour, modified to support streams. In the case
of cp, the changes totalled about 4 lines; the modified (streaming) version of cp is here referred to as
scp. Modifications to exportfs were slightly more extensive, but basically amounted to making the server
report its version as "9P2000.s" and adding an 80-line Tstream handler function.
A network was set up for simulating the latency of the Internet. As Figure 1 shows, a client machine (
illiac , booting standalone from a local disk) and a server ( p9 , acting as a combined CPU/auth/file
server), both running Plan 9, were separated by a gateway computer ( sigil ) running Linux. This gate-
way was configured to use the netem kernel extensions, which allow the introduction of arbitrary latencies
for network packets passing through the gateway.

Figure 1. Testing network
A set of tests were devised to find the speeds at which files could be transferred using 9P, HTTP, and
streaming 9P. 10 MB, 50 MB, 100 MB, and 200 M B files were randomly generated, then transferred over
the network via the three different protocols with round-trip latencies of 500 �s, 15 ms, and 50 ms.
The server was configured to run the modified (streams-enabled) exportfs server and Plan 9’s HTTP
server. On the client, the server’s namespace was mounted locally using the command import p9 /
/n/p9 , which connected to the server’s running exportfs process.
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In order to transfer a file from the server to the client using streams, commands of the form scp
/n/p9/usr/john/random10M /dev/null were issued, using the specially modified streaming cp
program to copy the files. Files were transferred using non-streaming 9P with commands such as cp
/n/p9/usr/john/random10M /dev/null, and files were transferred via HTTP with the com-
mand line hget http://p9/random10M > /dev/null time command (also present in Unix),
which reports the time required to complete a process. Table 4 and Figure 2 show the resulting transfer
times when no artificial latency was induced, giving an average round-trip time of 500 �s. At such a low
latency, the performance of HTTP, 9P, and streaming 9P are essentially identical.

���������������������������������������������������������������������
9P (sec.) HTTP (sec.) Streaming 9P (sec.)���������������������������������������������������������������������

File Size (MB) mean std. dev mean std. dev mean std. dev���������������������������������������������������������������������
10 10.91 0.51 12.66 0.37 12.71 0.31���������������������������������������������������������������������
50 59.21 2.34 62.75 0.33 62.11 0.29���������������������������������������������������������������������
100 126.96 5.72 125.30 0.58 125.58 0.58���������������������������������������������������������������������
200 262.40 0.37 251.41 0.59 251.53 0.87�����������������������������������������������������������������������
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Table 4. HTTP vs. 9P vs. Streaming 9P, no induced latency, average RTT 500 �s

Figure 2. HTTP vs. 9P vs. Streaming 9P, no induced latency, average RTT 500 �s
When the latency was increased to 15 ms round-trip, as shown in Table 5 and Figure 3, regular 9P immedi-
ately fell significantly behind HTTP, while streaming 9P maintained almost exactly the same performance
as HTTP. Differences between the transfer speeds for the two protocols were small enough to be considered
simple experimental variance.
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���������������������������������������������������������������������
9P (sec.) HTTP (sec.) Streaming 9P (sec.)���������������������������������������������������������������������

File Size (MB) mean std. dev mean std. dev mean std. dev���������������������������������������������������������������������
10 30.85 1.34 14.47 0.55 14.41 0.11���������������������������������������������������������������������
50 156.29 2.84 71.41 0.41 70.91 0.51���������������������������������������������������������������������
100 319.88 5.8 144.44 0.50 142.10 1.07���������������������������������������������������������������������
200 647.22 1.87 286.56 2.06 284.60 0.61�����������������������������������������������������������������������
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Table 5. HTTP vs. 9P vs. Streaming 9P, no induced latency, average RTT 15 ms

Figure 3. HTTP vs. 9P vs. Streaming 9P, no induced latency, average RTT 15 ms
Figure 4 and Table 6 show the results at 50 ms induced latency. As in the previous test, HTTP and stream-
ing 9P took almost exactly the same amount of time to transfer the same data, remaining within a standard
deviation of each other, while regular 9P fell even more behind.

�����������������������������������������������������������������������
9P (sec.) HTTP (sec.) Streaming 9P (sec.)�����������������������������������������������������������������������

File Size (MB) mean std. dev mean std. dev mean std. dev�����������������������������������������������������������������������
10 75.15 0.41 19.58 0.23 19.88 0.12�����������������������������������������������������������������������
50 379.67 2.04 96.71 0.46 96.83 0.66�����������������������������������������������������������������������
100 767.93 5.19 193.10 1.40 193.23 0.58�����������������������������������������������������������������������
200 1543.12 0.62 385.292 1.85 386.02 1.77�������������������������������������������������������������������������
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Table 6. HTTP vs. 9P vs. Streaming 9P, no induced latency, average RTT 50 ms

The final test that was performed checked the concurrency capabilities of streaming 9P compared to HTTP
and regular 9P. The commands that had been used previously, for example time cp
/n/p9/usr/john/random10M /dev/null, were followed by an & character, which caused the
command to be executed in the background and allowed for the execution of multiple client programs at the
same time. The Plan 9 OS has a feature which allows a user to enter multiple commands while in "hold"
mode; upon exiting "hold" mode, the shell begins processing all the commands one after another. This
allowed multiple clients to be launched almost simultaneously.
Tests were performed using two, four, and eight simultaneous client programs on the client PC. For the
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Figure 4. HTTP vs. 9P vs. Streaming 9P, no induced latency, average RTT 50 ms
test, a round-trip latency time of 50 milliseconds was used with a file size of 10 MB. The execution times
for each instance of the programs were averaged to get the results shown in Table 7 and Figure 5.

�����������������������������������������������������������
Number of Clients Streaming 9P (sec.) HTTP (sec.) 9P (sec.)�����������������������������������������������������������

2 30.96 28.51 79.75�����������������������������������������������������������
4 53.28 52.53 100.81�����������������������������������������������������������
8 104.24 101.93 158.53�������������������������������������������������������������
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Table 7. 10 MB file transfer speeds with multiple concurrent clients, 50 ms RTT

Figure 5. 10 MB file transfer speeds with multiple concurrent clients, 50 ms RTT
As the results show, all three protocols experienced increased transfer times as the number of concurrent
transfers increased. Streaming 9P and HTTP both showed approximately the same level of scalability
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within the limited confines of this test, with performance decreasing in a slow and linear fashion.

Summary
The addition of streams functionality provides one way in which 9P’s latency problems may be overcome.
By allowing programmers to explicitly indicate that they intend to read or write a file sequentially, stream-
ing functionality is used only where appropriate.
As the results show, the use of streams allows 9P to transfer files at a rate comparable to that of HTTP. The
modifications necessary to enable streaming in a client program are not onerous and can potentially
increase the speed of file operations many times over.
Future work would include the conversion of more user programs and servers to use streams. Any file
server which listens for connections over the network could benefit from the inclusion of streaming capabil-
ity while still remaining backward-compatible with non-streaming clients. Specifically, the disk-backed file
servers Fossil and Venti are ideal targets for streaming. When a Plan 9 system such as a terminal mounts a
root file system, it typically connects to a remote Fossil server; providing streaming within Fossil would
allow users to experience more efficient file access for almost all of their files. On the client side, the image
and document viewers could benefit from streaming file access, as would the MP3 decoder; all of these pro-
grams regularly access large files sequentially.
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To Stream or not to Stream

Jeffrey Sickel
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ABSTRACT

>.#* 6(6,& 4,*-&#9,* ( ),-."#;2, )% '("(5, '2/)#6/, *,&#(/ 4,7#-,* ).() *0#)-.
4()( )&("*'#**#%" '%4,* 9,)0,," &,;2,*)D&,*6%"*, ("4 *)&,('#"5 6&%)%-%/*: E)
2)#/#3,* )., #4,(* %$ -%&%2)#",* ("4 -%''2"#-()#"5 *,;2,")#(/ 6&%-,**,* )% 92#/4
-%"-2&&,") #"62) ("4 %2)62) 6&%-,**#"5 &%2)#",* $%& ,(-. 4,7#-,: >., ,=('6/,
6&%5&(' /,7,&(5,* J#'9%!* 92$$,&,4 -.("",/* )% -%"-2&&,")/+ ;2,2, ("4 6&%-,**
4()(B$&%'B'2/)#6/,B#"62)*B#"B*%$)B&,(/D)#',:

1. Introduction

V-%&,* %$ &,*,(&-.,&* .(7, 6&%'%),4 7(&#%2* *)&2-)2&,4 6&%5&(''#"5 ),-."#;2,* )% '("(5,
-%"-2&&,"-+ %7,& )., +,(&*: I%"0(+ ^T`8 a#K1*)&( ^U`8 X%(&, ^f8d`8 ("4 m(." ("4 Y(-j2,," ^N`
.(7, (// -%")&#92),4 )% )., 9%4+ %$ 1"%0/,45, ).() $&(',* .%0 -%"-2&&,") 6&%5&('* (&, 0&#)),"
)%4(+: n,)8 ,7," 0#). ).#* .#*)%&+8 &,*,(&-.8 ("4 6&(-)#-, %$ 6&%5&(''#"58 )., 6&%-,**#"5 %$
#"62) ("4 %2)62) RElMS -%")#"2,* )% 9, &,42-,4 )% &%2)#",* ).() '2*) &2" )% -%'6/,)#%" 9,$%&,
("%).,& )(*1 -(" -%")#"2,: >.#* #".,&,") *#"5/,D)(*1,4 "()2&, %$ .("4/#"5 ElM ',("* ).() 2*,&
6&%5&('*8 ,*6,-#(//+ 0#). 5&(6.#-(/ $&%") ,"4*8 ",,4 )% #"7,*)#5(), -%"-2&&,") (66&%(-.,* )%
'("(5#"5 '2/)#6/, ElM #"),&$(-,*: H%& ,=('6/,8 &,(4#"5 4()( $&%' ( */%0 &,'%), 4,7#-, 0.#/, ()
)., *(', )#', ",,4#"5 )% *,&7#-, %).,& #"62) )(*1* &,;2#&,* '("(5#"5 *+*),' *)(), *2--,**$2//+
)%B6&,7,")B9/%-1#"5B-%"4#)#%"*B$&%'B#"),&&26)#"5B).,B/%5#-B$/%0:

I%&%2)#",*8 -%#",4 9+ I%"0(+ ("4 ,=6("4,4 9+ /(),& &,*,(&-.,&*8 (&, ( 6&%7," 0(+ )% .("4/,
7(&#%2* #**2,* *2&&%2"4#"5 )., /%5#-(/ *,5',")()#%" %$ -%4,: >., 4,$#"#)#%"8 (* 629/#*.,4 9+
I%"0(+B^TFfA_`8B,/2-#4(),4 separability, %&B'%42/(&#)+F

^>., -%&%2)#",` '(+ 9, -%4,4 (* (" (2)%"%'%2* 6&%5&(' 0.#-. -%''2"#-(),* 0#).
(4K(-,") '%42/,* (* #$ ).,+ 0,&, #"62) %& %2)62) *29&%2)#",*: >.2*8 -%&%2)#",* (&,
*29&%2)#",* (// () )., *(', /,7,/8 ,(-. (-)#"5 (* #$ #) 0,&, )., '(*),& 6&%5&(' 0.," #"
$(-)B).,&,B#*B"%B'(*),&B6&%5&(':

J,7,&(5#"5 ).#* '%42/(&#)+ .,/6* #" 4,*#5"#"5 %6)#'(/ #"62)D ("4 %2)62)D.("4/#"5 &%2)#",*
9(*,4 %" '(-.#", %& 6&%-,** *)(), () ("+ 5#7," )#',: >.%25. )., /%5#- #* '%42/(&#3,48 *)(),
-.("5,* *)%&,4 9+ )., -%&%2)#",* 4% "%) $2//+ '%4,/ ( -%"-2&&,") %& 6(&(//,/ *+*),' (* )., K%#"
&,;2#&,4 $%& )0% -%&%2)#",* )% ,=-.("5, 4()( 0#// -(2*, () /,(*) %", )% 0(#)8 %& 9/%-18 2")#/ ).,
%).,&B#*B(9/,B)%B*,"4B%&B&,-,#7,B4()(B)%B).,B6,,&BR*,,Bm"2).B^_`B$%&B,=('6/,*S:

E" %&4,& )% (-.#,7, 5&,(),& -%"-2&&,"-+ ( ',-.("#*' #* &,;2#&,4 )% /,7,&(5, )., ElM .("4/#"5 %$
-%&%2)#",* #")% ( '%&, (66&%(-.(9/, $&(',0%&1: >., *,'#"(/ 6(6,& 9+ X%(&, ^f`8
Communicating Sequential Processes RIV?S8 6&%7#4,* *2-. ( $&(',0%&1 ("4 #"$/2,"-,4 )., 4,*#5"
%$ )., J#'9% 6&%5&(''#"5 /("52(5,: IV? #* )., ',-.("#*' 2*,4 9+ J#'9% -.("",/* )% 6&%7#4,
9#D4#&,-)#%"(/ -%''2"#-()#%" 9,)0,," 6&%-,**,*: J#'9% 6&%-,**,* (&, (9/, )% &2" -%"-2&&,")/+8
#" 6(&(//,/ #$ )., 2"4,&/+#"5 .(&40(&, *266%&)* #)8 9+ /,7,&(5#"5 -%"*)&2-)* 6&%7#4,4 9+ IV?:
\#)-.#, ^b` 4,*-&#9,* )., *#'6/#$#,4 2*, %$ J#'9% -.("",/* )% .("4/, &,(4#"5 4()( $&%' ( *#"5/,
4,7#-,: c64(),* )% E"$,&"% ("4 J#'9% *#"-, \#)-.#,!* 4%-2',") "%0 #"-/24, 92$$,&,4 -.("",/*8 (
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/("52(5,B,=),"*#%"B).()B(//%0*B$%&B26B)% n 92$$,& *#3, %$ 7(/2,* )% 9, *,") 0#).%2) 9/%-1#"5: >.#*
6(6,& -%")&#92),* )% )., (7(#/(9/, 4%-2',")()#%" %" 2*#"5 J#'9% -.("",/* )% '("(5, -%"-2&&,")
ElMB)(*1*:

>., $#"(/ 4,7,/%6',") *)(5, %$ ( ",0 (,&%D(-%2*)#- /,7#)()%& R!!JS ^g` &,;2#&,4 ( 6&%5&(' )%
#"),&$(-,8 -%")&%/8 ("4 4#*6/(+ 4()( $&%' 7(&#%2* *,&#(/ 4,7#-,*: V%', %$ ).,*, 4,7#-,* 2*, ( *#'<
6/, &,;2,*)D&,*6%"*, 6&%)%-%/8 0.,&,(* %).,&* *0#)-. $&%' &,;2,*)D&,*6%"*, -%''2"#-()#%" )%
( *)&,('#"5 6&%)%-%/: !// %$ )., 4,7#-,* %6,&(), #" '%4,* 0.,&, *,"4#"5 ( &,;2,*) ("4 ).,"
9/%-1#"5 )% 0(#) $%& ( &,*6%"*, 0#// "%) *2$$#-,8 (* ).,&, (&, -,&)(#" -%"4#)#%"* 0.,&, ( ',**(5,
0#// 9, *,") $&%' ).,B4,7#-,B%2)B%$B%&4,&B$&%'B(B*,;2,")#(/B&,;2,*)D&,*6%"*,B/%%6B#"#)#(),4B9+B).,
2*,& -%")&%/ 6&%5&(': E" %&4,& )% '("(5, ).,*, ',**(5, *)(),*8 ).#* #'6/,',")()#%" 2*,* '2/)#<
6/, (*+"-.&%"%2* 6&%-,**,* (* -%&%2)#",* )% .("4/, (// %$ )., 4()( '("(5,',") ("4 '(-.#",
-%")&%/: >., 2*,& #* 6&,*,"),4 0#). ( *,('/,** #"),&$(-, #*%/(),4 $&%' )., 2"4,&/+#"5 *,&#(/ -%'<
'2"#-()#%"B)(*1*:

>., $%//%0#"5 *,-)#%"* 6&,*,") aal/pyro RH#52&,BTS8 ( J#'9% 6&%5&(' ).() 2*,* IV? 6&%5&(''#"5
),-."#;2,* )% '("(5, )., ElM $&%' '2/)#6/, 4,7#-,*: >., *+*),' -%'9#",* ( &,'%), 6+&%',),&
0#). ( /#",(& kn )&("*/()%&8 ).&,, *,&#(/ 4,7#-,* #" )%)(/: >., 6&%5&(' 6/%)*8 ("4 %6)#%"(//+ /%5*8
)., *)&,(' %$ ),'6,&()2&, ',(*2&,',")* *,") $&%' )., 6+&%',),&: ?%*#)#%" %$ )., 6+&%',),& #*
-%")&%//,4 2*#"5 )., kn )&("*/()%&* ).&%25. "2',&#- 1,+ ,")&+ ("4 ( 5&(6.#-(/ 7#,0 ).() (--,6)*
-%%&4#"(),* -%"7,&),4 $&%' '%2*, #"62): >.,*, )(*1* (&, (--%'6/#*.,4 9+ 92#/4#"5 6&%5&('
*)&2-)2&,* )% .("4/, ElM $&%' )., 7(&#%2* *,&#(/ #"),&$(-,*: >., #'6/,',")()#%" /,7,&(5,*
J#'9%!*B92$$,&,4B-.("",/*B$%&B#"),&D6&%-,**B-%''2"#-()#%"B)%B-%")&%/B6(&(//,/B4()(B$,,4*:

Figure 1 ((/l6+&% (66/#-()#%"

2. Design

>., aal/pyro 6&%5&(' #* ( 5&(6.#-* #"),&$(-, ).() '("(5,* ElM $&%' '2/)#6/, 6.+*#-(/ 4,7#-,*:
a#$$,&,") *,&#(/ -%''2"#-()#%"* 6&%)%-%/* (&, 2*,4 )% 6&%-,** 4()( $&%' ,(-. 4,7#-,: [/%-1#"5
-%"4#)#%"* -%''%" #" ElM &%2)#",* (&, ,/#'#"(),4 $&%' )., -%")&%/ $/%0 9+ *,6(&()#"5 ,(-. )(*1
#")% #"4,6,"4,") 6&%-,**,* R).%25.) %$ (* -%&%2)#",*S: >., 6&%5&(' '("(5,* ).,*, -%&%2)#",*
9+ -%''2"#-()#"5 ).&%25. J#'9% -.("",/*: [+ #*%/()#"5 )., 9/%-1#"5 $2"-)#%"* #")% *,6(&(),
-%&%2)#",*8 )., 6&%5&(' #* (9/, )% &2" *,('/,**/+ 0#).%2) #"),&&26)#"5 )., #"),&(-)#7, 6&%5&('
$/%0: >., J#'9% alt R(/),&()#%"S *)(),',") ^A` #* 2*,4 )% '("(5, -%"-2&&,") -%''2"#-()#%"*
9,)0,," ,(-. %$ )., 1,+ -%&%2)#",* ).() 4,6,"4 %" 4()( 6&%-,**#"5: >., alt #* /#1, ( case %&
switch *)(),',") 92) *6,-#$#- $%& .("4/#"5 '2/)#6/, -%''2"#-()#%"* -.("",/*: >.2* )., 6&%5&('
/%5#-B-("B9,B4,-/(&,4B#"B*#'6/,B*+"-.&%"%2*B),&'*B,7,"B0.#/,B.("4/#"5B(*+"-.&%"%2*B,7,")*:

M" *)(&)268 )., pyro 6&%-,** R H#52&,BUS *6(0"* %$$ ( *#"5/, timer 6&%-,** (* ( ',-.("#*' )%
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*#5"(/ )., pyro 6&%-,** )% $/2*. ("+ %2)D%$D*+"- -%''2"#-()#%"* $&%' )., kn )&("*/()%& Rr(9,&S:
>., timer 4%,* "%).#"5 2")#/ ( -%"",-)#%" #* '(4, )% &,'%), 4,7#-,*: >., '(#" alt ,7,") /%%6 #"
)., pyro 6&%-,** .("4/,* 2*,& #"),&(-)#%" ("4 4&(0#"5 &%2)#",* &,6&,*,")#"5 )., -%%&4#"(),
*6(-, %$ )., r(9,& 4,7#-,*: ?/%))#"5 ("4 %).,& 4&(0#"5 264(),* (&, '("(5,4 2*#"5 *,6(&(), 6&%<
-,**,*B*)(&),4B($),&B-%"",-)#%"B)%B).,BG=(-)2*B6+&%',),&B#*B'(4,:
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Figure 2 ((/l6+&% 6&%-,**,*

!// *,&#(/ 4,7#-,* .(7, ( '#"#'(/ 4()( *)&2-)2&, &,$,&&,4 )% (* ( port: H%& *#'6/#-#)+8 ,(-. 6%&)
-(" 9, %6,",4 $&%' ( *,&#(/ 4,7#-, $#/, 2*#"5 sys−>open() %& 7#( sys−>dial() )% -%"",-) )% (
&,'%), *,&7#-,: >., -%"",-)#%" &%2)#", #* #)*,/$ *6(0",4 %$$ $&%' )., pyro 6&%-,** *% ).() ).,
9/%-1#"5 open() %& dial() -(//* 4% "%) #".#9#) %).,& 2*,& #"),&$(-, #"),&(-)#%": ! ',**(5, 0#// 9,
*,") %7,& ( -.("",/ )% )., pyro 6&%-,** "%)#$+#"5 0.,).,& ( *2--,**$2/ -%"",-)#%" 0(* '(4,: !
7(/#4 -%"",-)#%" 0#// ,"(9/, (44#)#%"(/ cE ,/,',")* ("4 *6(0" ( 4,4#-(),4 6&%-,** )% '("(5,
&,(4#"5B$&%'B).,B4,7#-,:

I%"",-)#"5B)%B).,BG=(-)2*B6+&%',),&B*)(&)*B26B(B*,&#,*B%$B%).,& 6&%-,**,*: >., $#&*) #* )., &,(4,&
2*,4 )% ("(/+3, )., 4#$$,&,") #"62) 4()( $&%' )., 4,7#-,: >., &,(4,& *6(0"* %$$ ( 9/%-1#"5 9+),
&,(4,& ).() *#'6/+ &,-,#7,* (// 4()( $&%' )., 6+&%',),& *,&#(/ #"),&$(-, ("4 *,"4* ,(-. 9+), 9(-1
%7,& ( 92$$,&,4 -.("",/8 4,-%26/#"5 )., ("(/+*#* $&%' )., 6.+*#-(/ 4,7#-,: ! *,6(&(), 6&%-,**
5&%26 #* 2*,4 $%& %"D*-&,," 4&(0#"5: >., animproc 6&%-,** #* *6(0",4 ($),& -%"",-)#%" )% ).,
6+&%',),& ("4 6/%)* ),'6,&()2&, 4()( 2*#"5 ( -%%&4#"(),4 ("#'(), 6&%-,**: ! *,6(&(), plotscan
6&%-,** #* -&,(),4 9+ ( 2*,&D#"#)#(),4 ,7,") )% 6/%) ),'6,&()2&, 4()( #" &,/()#%" )% )., (=#(/ 6%*#<
)#%" %$ )., 6+&%',),&: G(-. %$ )., #"),&$(-,* #* 4,-/(&,4 #" #)* %0" '%42/, (* 4,$#",4 #" )., $%/<
/%0#"5B*,-)#%"*:

2.1. Zaber

>., r(9,& kn )&("*/()%&* (&, #"),&$(-,4 7#( ( *#"5/, \VUfU /#"1 ).() -%''2"#-(),* 0#). 9%). ).,
k ("4 )., n /#",(& *)(5,: >., *,&#(/ 6&%)%-%/ 6&%7#4,* ( -/,("8 $#=,4 9+),D/,"5). ',**(5, $%&'()
$%& 9%). *,"4#"5 ("4 &,-,#7#"5 4()(: >.%25. )., 6&%)%-%/ 0%&1* /#1, ( *,;2,")#(/ )&("*'#)D
&,*6%"*, %6,&()#%"8 "%) (// -%''("4* )% )., 4,7#-, &,)2&" ( &,*6%"*, ',**(5,: !44#)#%"(//+8
).,&, #* "% 52(&("),,4 %&4,& )% )., &,*6%"*,* ("4 ).,&, (&, -,&)(#" -(*,* 0.,&, )., 4,7#-,
#**2,*B*)(),B4()(B#"),&/,(7,4B9,)0,,"B%).,&B&,*6%"*,B',**(5,*:

>.,B-%"",-)#%"B)%B).,B4,7#-,B-&,(),*B("B#"*)("-,B%$B(Br(9,&B6%&)F

Port: adt
{

pid: int;
local: string;
ctl: ref Sys−>FD;
data: ref Sys−>FD;
rdlock: ref Lock−>Semaphore;
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wrlock: ref Lock−>Semaphore;
buf: array of byte;

write: fn(c: self ref Port, b: array of byte): int;
};

!$),& *2--,**$2//+ -%"",-)#"5 )% ("4 %6,"#"5 )., 4,7#-,8 )., pid #* *,) )% )., 6&%-,** #4 %$ ).,
*6(0",4 %$$ reader(): ! 92$$,& %$ &,-,#7,4 9+),* #* *)%&,4 #" )., port *)&2-)2&,: >., *,'(6.%&,
rdlock #* 2*,4 (* )., 9+),* 92$$,&,4 #" )., r(9,& reader 6&%-,** (&, 7(/#4(),4 ("4 -%"*2',4 #"
)., pyro 6&%-,**:

V6(0"#"5 )., reader %$$ #")% #)* %0" 6&%-,** (//%0* )., 9/%-1#"5 sys−>read() -(// )% -%")#"2(//+
&,(4 4()( 0#).%2) #"),&$,&#"5 0#). )., &,*) %$ )., (66/#-()#%" ,7,") '("(5,',"): a()( &,-,#7,4
$&%'B).,B4,7#-,B#*B*)%&,4B#"B(B92$$,&B2")#/B(B*29*,;2,")B&%2)#",B6%//*B).,B92$$,&,4B4()(:

reader(p: ref Port, pidc: chan of int)
{

pidc <−= sys−>pctl(0, nil);

buf := array[1] of byte;
for(;;) {

while((n := sys−>read(p.data, buf, len buf)) > 0) {
p.rdlock.obtain();
if(len p.avail < Sys−>ATOMICIO) {

na := array[len p.avail + n] of byte;
na[0:] = p.avail[0:];
na[len p.avail:] = buf[0:n];
p.avail = na;

}
p.rdlock.release();

}
# error, attempt reconnect and try again
openport(p);

}
}

>., 6(&,") pyro 6&%-,** -.,-1* $%& &,*6%"*,* 2*#"5 (4 .%- #"),&/,(7,* 0#). 4#&,-),4 )#',%2)*:
>.#* #* (--%'6/#*.,4 9+ -(//#"5 readreply() 0.,",7,& )., 6(&,") 6&%-,**,* ",,4* )% 6%// 4()(
$&%' )., 4,7#-,: G(-. readreply() -(// 6(**,* ( '#//#*,-%"4 )#', %2) 6(&(',),& )% ,"(9/, /%5#-
$/%0B)%B-%")#"2,B#$B(B&,*6%"*,B.(*B"%)B9,B&,-,#7,4:

>., &,6/+ '(+ 9, nil 42, )% ( )#',%2): E$ )., &,*6%"*, #* "%) &,)2&",48 #) 4%,* "%) '()),& )% ).,
&,*) %$ )., *+*),' *)(), (* "% 4,6,"4,"-+ #* 9(*,4 %" (-)2(/ &,*6%"*,* 2"/,** *6,-#$#-(//+
&,;2,*),4 #" ("%).,& &%2)#",: V-(""#"5 6&%-,**,*8 4#*-2**,4 /(),&8 &,;2#&, ,=(-) 6%*#)#%" 4,)(#/*
("4B).2*B,=6/#-#)/+B0(#)B2")#/B).,B6&%6,&B&,)2&"B.(*B9,,"B&,-,#7,4:

readreply(p: ref Port, ms: int): ref Instruction
{

if(p == nil) return nil;
if(ms < 0) ms = 60000; # arbitrary maximum of 60s

r : ref Instruction;
for(start := sys−>millisec(); sys−>millisec() <= start+ms;) {

a := getreply(p, 1);
if(len a == 0) {

sys−>sleep(1);
continue;

}
return a[0];

}

return r;
}

Readreply() -(//*B).,B$2"-)#%" getreply() )%B*-("B).,B92$$,&B("4B-.,-1B$%&B7(/#4B#"*)&2-)#%"*:
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getreply(p: ref Port, n: int): array of ref Instruction
{

if(p==nil || n <= 0)
return nil;

b : array of byte;
p.rdlock.obtain();
if(len p.avail >= 6) {

if((n*6) > len p.avail)
n = len p.avail / 6;

b = p.avail[0:(n*6)];
p.avail = p.avail[(n*6):];

}
p.rdlock.release();

a : array of ref Instruction;
if(len b) {

a = array[n] of { * => ref Instruction};
for(j:=0; j<n; j++) {

i := a[j];
i.id = int(b[(j*6)]);
i.cmd = int(b[(j*6)+1]);
i.data = b[(j*6)+2:(j*6)+6];

}
}
return a;

}

!--,** )% )., port (7(#/(9/, 4()( 92$$,& #* -%%&4#"(),4 9,)0,," )., r(9,& reader() 6&%-,** ("4
("+ -(//* )% )., getreply() $2"-)#%" ).&%25. )., *,'(6.%&, p.rdlock. >., *,'(6.%&, #* 2*,4 )%
#"*2&, ).() )., 9+), &,(4#"5 ("4 ',**(5, #"),&6&,)()#%" 4% "%) -%"$/#-) 0.#/, (--,**#"5 ).,
92$$,&: >., getreply() &%2)#",B%9)(#"*B).,B*,'(6.%&,B/%-18B).,"B-.,-1*B).,B/,"5).B)%B4,),&'#",B#$
( 7(/#4 ',**(5, #* -%")(#",4 #" )., 4()(: E$ )., 92$$,& -%")(#"* ,"%25. 9+),* $%& n ',**(5,*8 #)
0#// *)%&, ).%*, 9+),* ("4 )&#' )., 92$$,&: >., *,'(6.%&, #* ).," &,/,(*,4 )% (//%0 )., r(9,&
reader 6&%-,** )% -%")#"2, $#//#"5 )., 92$$,& (* ",0 9+),* (&, &,-,#7,4 $&%' )., 4,7#-,: >.#*
-%%&4#"(),4 .("4D%$$ 2*#"5 )., readreply() /%%6 ',("* ).() )#',%2)* -(" 9, 2*,4 0.#/, 6%//#"5
$%&B",0B',**(5,*B$&%'B).,BknB)&("*/()%&*B0#).%2)B9/%-1#"5B)., pyro 6&%-,**:

2.2. Exactus

Y(1#"5 )., G=(-)2* 6+&%',),& -%")&%/ )&("*6(&,") )% )., ,"4 2*,& #* )., 6&#'(&+ )(*1 %$ )., pyro
6&%5&(': >., 4,7#-, #* -%"",-),4 ).&%25. (" \VUfU %& \VdUU #"),&$(-,: >., !!J -%"",-)* )%
)., 6+&%',),& %7,& >I?lE? 2*#"5 ( ?,&/, EMJ!W VaV (* ( 6&%=+ $%& )&("*$,&&#"5 )., &(0 9+),* )%
("4 $&%' )., 4,7#-,: >., G=(-)2* 2*,* )0% *,&#(/ 6&%)%-%/* $%& "%&'(/ %6,&()#%"F ( &,;2,*)D
&,*6%"*, 6&%)%-%/ 1"%0" (* Y%492*8 ("4 ( &(0 9+), *)&,(' %$ 4()( ),&',4 )., /,5(-+ G=(-)2*
'%4,: C.," #" )., *)&,('#"5 '%4,8 #) #* -(6(9/, %$ )&("*'#))#"5 26 )% %", ',(*2&,',") 6,&
'#//#*,-%"4: >.%25. ).#* &(), #* "%) $(*) 9+ '%4,&" -%'62)#"5 *)("4(&4*8 )., '%4, *0#)-.#"5
%7,&B).,B*(',B*,&#(/B#"),&$(-,B4,$#",*B).,B0(+B0,B.(7,B)%B#'6/,',")B).,B9+),B&,(4,&:

>., 6+&%',),& *)&,('#"5 '%4, /,7,&(5,* 92$$,&,4 -.("",/* )% *,"4 4,-%4,4 4()( $&(',* )% ).,
animproc 6&%-,** ).() #* 4,4#-(),4 )% -%"7,&)#"5 ).%*, 4()( #")% "2',&#-(/ $%&'* 6&,*,"),4 #" (
5&(6.#-(/ 7#,0 ("4 %6)#%"(//+ )% ( /%5 $#/,: M" )., %", .("48 ).#* #* "% 4#$$,&,") ).(" *)%&#"5 ).,
4()( #" ( 92$$,& ("4 .(7#"5 ("%).,& 6&%-,** -%")#"2(//+ 6%// $%& ",0 ,")&#,* #" )., *(', 0(+ %",
0%2/4 /,) )., &,;2,*)D&,*6%"*, /%%6 '("(5, *+"-.&%"%2* -%''2"#-()#%"*: [2) #" ).#* -(*, ).,
&,(4,& 6&%-,** #*%/(),* )., '%4, *0#)-.#"5 ("4 -%")#"2(//+ '%"#)%&* )., #"62) 9+),* $%& 6&%6,&
',**(5, *)&2-)2&, $%& 9%). *)(),*: >., &,*2/)#"5 4()( *)&,('* (&, )+6,4 (* ).,+ (&, &,(4 ("4
*29*,;2,")/+B.("4,4B%$$B)%B).,B&,*6,-)#7,B,"4B6%#")*:
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2.2.1. Modbus

M" *)(&)268 )., 6+&%',),& -%''2"#-(),* %7,& #)* *,&#(/ /#"1 2*#"5 )., Y%492* \>c 6&%)%-%/:
Y%492* #* ( -%''2"#-()#%"* 6&%)%-%/ 2*,4 9+ '("+ #"42*)&#(/ 4,7#-,* ("4 -%',* #" ).&,, #'6/,<
',")()#%"*F RTU, ASCII, ("4 TCP/IP. >., G=(-)2* 2*,* ( *29*,) %$ )., \>c 6&%)%-%/ )% &,(4 ("4
0&#), -%#/ ("4 &,5#*),& 7(/2,* %" )., 4,7#-,: G(-. ',**(5, #* $&(',4 9+ f:ND-.(&(-),& )#',* %$
*#/,"-, R() TTN:U196*8 ( fOf:gTAt* 9&,(1 9,)0,," ',**(5,*S: !// ',**(5,* '2*) 9, #"#)#(),4 9+
)., aal/pyro 6&%5&('8 (* #) #* )., '(*),& "%4, #" )., *,&#(/ -%"$#52&()#%": >., 6&#'(&+ 2*,&
#"),&(-)#%" ).() 2)#/#3,* )., Y%492* '%4, #* )% -.("5, )., *('6/#"5 &(),8 1"%0" (* 5&(6. &(),8
("4B*0#)-.B9(-1B#")%B).,BG=(-)2*B*)&,('#"5B'%4,B42&#"5B(-)2(/B4()(B-%//,-)#%":

>., J#'9% Y%492* '%42/, .(* 9,," '%4,/,4 %" )., A? %& V)+= '%42/,* 42, )% #)* )&("*'#) ("4
&,*6%"*, ',**(5, *)&2-)2&,: >.,&, (&, TA $2"-)#%" -%4,* ("4 (" ,&&%& )+6, 4,-/(&,4 0#).#" ).,
4()( *)&2-)2&,: c"/#1, )., #"-&,',")(/ 6(#&#"5 %$ )., > ("4 \ )+6,* #" A?8 Y%492* 2*,* )., *(',
$2"-)#%" -%4, 7(/2,* 0.," 4,-/(&#"5 9%). )., )&("*'#) ("4 &,*6%"*, *)&2-)2&,*: H%& ,=('6/,8
).,B>Y'*5B*)&2-)2&,F

TMmsg: adt {
frame: int;
addr: int; # 1 or 2 bytes
check: int; # 0 or 2 bytes
pick {
Readerror =>

error: string;
Error =>

fcode: byte;
ecode: byte;

Readcoils =>
offset: int; # 2 bytes, 0x0000 to 0xFFFF
quantity: int; # 2 bytes, 0x0001 to 0x07D0

Readdiscreteinputs =>
offset: int;
quantity: int;

Readholdingregisters =>
offset: int;
quantity: int; # 2 bytes, 0x0001 to 0x007D

$

read: fn(fd: ref Sys−>FD, msglim: int): ref TMmsg;
packedsize: fn(nil: self ref TMmsg): int;
pack: fn(nil: self ref TMmsg): array of byte;
unpack: fn(b: array of byte, h: int): (int, ref TMmsg);
mtype: fn(nil: self ref TMmsg): int;

};

#* ",(&/+ #4,")#-(/ )% )., \Y'*5 *)&2-)2&, $%& &,-,#7,4 4()(: !* )., >Y'*5 #* &,;2,*)#"5 4()(
$&%'B(B-,&)(#"B&,5#*),&B%&B-%#/8B).,B&,)2&"B\Y'*5B',**(5,B0%2/4B#"-/24,B).,B(-)2(/B&,*2/)*8B(*B#"F

Readholdingregisters =>
count: int;
data: array of byte; # registers, N (of N/2 words)

!$),&B(B6&%-,**B0&#),*B(B>Y'*58B#)B0#//B9/%-1B0(#)#"5B$%&B).,B&,6/+B9+B-(//#"5 readreply()F

EPort.readreply(p: self ref EPort, ms: int): (ref ERmsg, array of byte, string)
{

if(p == nil)
return (nil, nil, "No valid port");

limit := 60000; # arbitrary maximum of 60s
r : ref ERmsg;
b : array of byte;
err : string;
for(start := sys−>millisec(); sys−>millisec() <= start+ms;) {

(r, b, err) = p.getreply();
if(r == nil) {
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if(limit−−) {
sys−>sleep(5);
continue;

}
break;

} else
break;

}

return (r, b, err);
}

W%), )., *#'#/(&#)+ )% )., readreply() 2*,4 )% (--,** )., r(9,& 4,7#-,*: [%). %$ ).,*, 2*, %",
$2"-)#%" #" ( /%%6 )% 6%// )., 92$$,& ).&%25. )., getreply() $2"-)#%": [+ 4%#"5 *%8 )., 4,7,/%6,&
-(" *-.,42/, ,7,")* (* ",,4,4 ("4 -%")#"2, ,=,-2)#%" 0#). *#'6/, &,-%7,&+ #" )., -(*, %$ ("
,&&%&:

2.2.2. Streaming

>., G=(-)2* /,5(-+ *)&,('#"5 '%4, #* ( *,))#"5 0.,&, )., 4,7#-, *,"4* %2) ( -%")#"2%2* *)&,('
%$ ',**(5,* () ( *,) &(),: >., $%2& ',**(5, )+6,* (&, temperature, current, dual R),'6,&()2&,
("4B-2&&,")S8B("4B#"),&"(/ device ),'6,&()2&,*: >.,B*)&,('B-%")(#"*B6(-1,)* %$ 4()( ',**(5,* %$
7(&#(9/, /,"5). ).() -%"*#*) %$ ( .,(4,& 9+), 4,$#"#"5 )., )+6,8 $%//%0,4 9+ %", %& '%&, fUD9#)
EGGG bNd 9#"(&+ $/%()#"5 6%#") 7(/2,*: >., 6%&)#%" %$ )., 6(-1,) ,"-%'6(**#"5 )., $/%()#"5 6%#")
9+),* '(+ #"-/24, ,*-(6, -%4,* '(*1#"5 )., )+6, ("4 %).,& &,*,&7,4 9+),* 0#).#" )., ',**(5,8
).2*B-&,()#"5B(B7(&#(9/,B/,"5).B6(-1,):

>., temperature ("4 current )+6,* .(7, ( 7(&#(9/, 6(-1,) *#3, %$ NDA 9+),*8 4,),&'#",4 9+ ).,
,*-(6, *,;2,"-,* 2*,4 #" 6(-1#"5 )., ',**(5,: >., dual ("4 device )+6,* 6(-1,) *#3, #* ADTb
9+),* #" /,"5).: >., /(-1 %$ ( /,"5). ())&#92), #" )., G=(-)2* ',**(5, 6&%)%-%/ '("4(),* ).()
,(-. 9+), &,-,#7,4 9, *-("",4 ("4 ,7(/2(),4 )% ),*) $%& ',**(5, -%'6/,)#%": >., 4()( *)&2-)2&,
2*,4B#"BJ#'9%B)%B&,6&,*,")B("BG=(-)2*B',**(5,B#*F

Emsg: adt {
pick {
Temperature =>

degrees: real;
Current =>

amps: real;
Dual =>

degrees: real;
amps: real;

Device =>
edegrees: real;
cdegrees: real;

Version =>
mode: byte;
appid: byte;
vermajor: int;
verminor: int;
build: int;

Acknowledge =>
c: byte;

}

unpack: fn(b: array of byte): (int, ref Emsg);

temperature: fn(m: self ref Emsg): real;
current: fn(m: self ref Emsg): real;
dual: fn(m: self ref Emsg): (real, real);
device: fn(m: self ref Emsg): (real, real);
acknowledge: fn(m: self ref Emsg): byte;
text: fn(m: self ref Emsg): string;

};
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>.,&, #* "% .#")#"5 $%& )., *('6/#"5 )#', $&%' )., 4,7#-,L )., &,-,#7,& '2*) -(/-2/(), )., )#'#"5
#"),&7(/ 9(*,4 %" )., &,-,#6) %$B9+),*: >.,B)#'#"5B(--2&(-+B4,6,"4*B"%)B%"/+B%"B).,B&,*%/2)#%"B%$
sys−>millisec() 92) (/*% %" ("+ /(),"-+ #" )., &,-,#6) %$ )., 9+),* $&%' )., 4,7#-,: >.%25.
/(),"-+ -(" 9, (" #**2, () .#5.,& )&("*'#**#%" &(),*8 )., '(=#'2' T1X3 *('6/, &(), $&%' ).,
6+&%',),&B#*B*2--,**$2//+B.("4/,4:

2.2.3. Byte stream processing

V0#)-.#"5 *)(),* 9,)0,," Y%492* ("4 G=(-)2* '%4,* &,;2#&,* ( */#5.)/+ '%&, -%'6/,= 6&%-,**
*)&2-)2&, $%& 7(/#4()#"5 9+),* &,-,#7,4 $&%' )., 4,7#-, ).(" 4,$#",4 $%& )., r(9,& #"),&$(-,:
Aal/pyro -&,(),*B(B&,$,&,"-, EPort )%B*)%&,B(//B%$B).,B-%"",-)#%"B,/,',")*F

EPort: adt
{

mode: int; # Exactus or Modbus
maddr: int; # Modbus address
temp: real; # Last measured temperature
rate: int; # Graph rate
path: string;
ctl: ref Sys−>FD;
data: ref Sys−>FD;
wdata: ref Sys−>FD;
rdlock: ref Lock−>Semaphore;
wrlock: ref Lock−>Semaphore;
buffer: array of byte; # bytes from reader
pids: list of int;
tchan: chan of ref Exactus−>Trecord;
ms: int; # ms start of last packet

write: fn(p: self ref EPort, b: array of byte): int;
getreply: fn(p: self ref EPort): (ref ERmsg, array of byte, string);
readreply: fn(p: self ref EPort, ms: int):

(ref ERmsg, array of byte, string);
};

C.," ( 6&%-,** #* *6(0",4 %$$ )% -%"",-) )% )., 4,7#-,8 )., path #* *)%&,4 ("4 sys−>dial() #*
-(//,4: !$),& *2--,**$2//+ ,*)(9/#*.#"5 ( -%"",-)#%"8 )., ','9,&* ctl, data, ("4 wdate (&, 6%62<
/(),4 2*#"5 sys−>open(). >., 9/%-1#"5 -(//* sys−>dial() ("4 sys−>open() ',(" ).() #) #* #'6%&)(")
$%& )., '(#" /%%6 )% .(7, *)(&),4 ).#* -%"",-)#%" &%2)#", -%"-2&&,")/+ (* )% "%) 9/%-1 ("+ %).,&
,/,',")* %$ )., #"),&$(-, %& 4()( .("4/#"5 %$ %).,& ElM -%'6%",")*: M" *2--,**$2/ #"#)#(/#3()#%"8
)., -%"",-)#%" 6&%-,** *,"4* ( -%''("4 9(-1 %7,& ( -.("",/ )% )., pyro 6&%-,** ("4 ).,"
,=#)*: >., "%)#$#-()#%" ).() )., Eport .(* 9,," #"#)#(/#3,4 264(),* )., #"),&$(-, ("4 *6(0"* %$$
)., animproc 6&%-,**B2*,4B)%B6/%)B("+B4()(B$&%'B).,B6+&%',),&:

>., #"),&,*)#"5 ','9,&* %$ )., 4()( *)&2-)2&, (&, )., mode, temp, rate, pids, ("4 tchan8 (* ).,+
(&, 264(),4 9(*,4 %" 2*,& #"),&(-)#%" -%")&%//#"5 )., *)(), %$ )., 4,7#-,: !"+ -%''("4* ).()
&,(4 %& 0&#), 7(/2, -.("5,* '2*) $#&*) *,) )., 4,7#-, )% Y%492* '%4, 9,$%&, '(1#"5 ("+ $2&).,&
&,;2,*)*: >., 4,7#-, 0#// 9, *0#)-.,4 9(-1 )% G=(-)2* *)&,('#"5 '%4, ($),& )., *('6/#"5 &(), #*
*,) ("4 4()( -%//,-)#%" #* *)(&),4: >., temp 7(&#(9/, #* 2*,4 (* *)%&(5, ("4 ( /%%126 ',-.("#*'
$%& )., '%*) &,-,")/+ &,-,#7,4 ),'6,&()2&, ',**(5, $&%' )., 6+&%',),&: Rate #* ( .#") $#,/4 *,)
0.," )., 2*,& -.("5,* )., 5&(6.#"5 ("4 *('6/#"5 &(), %$ )., 4,7#-,: >., 2*, %$ pids 6&%7#4,* (
/#*)B%$B*296&%-,**B#4*B)%B).,B6(&,")B6&%-,**B#"B-(*,B).,+B",,4B)%B9,B),&'#"(),4:

>.,B-.("",/ tchan #* 2*,4 0.," )., 4,7#-, #* #" )., *)&,('#"5 '%4,: C.," tchan #* "%) nil8 ).,"
),'6,&()2&, 4()( 0#// 9, *,") $&%' )., &,(4#"5 6&%-,** )% ("%).,& 6&%-,** ).() (-)* (* ( /#*),",&:
>.#* ,"(9/,* )., animproc 5&(6.#"5 6&%-,** )% 9, *)(&),4 #"4,6,"4,")/+ $&%' )., reader. C.,"
( $&(', %$ 4()( $&%' )., *)&,(' #* (7(#/(9/,8 #) #* *,") %7,& )., tchan -.("",/ )% )., animproc
6&%-,**B$%&B.("4/#"5B0#).#"B).,B5&(6.#-*B*+*),':

>., )0% 6&%-,**,* ).() '("(5, )., G=(-)2* *,&#(/ -%''2"#-()#%"* (&, ( reader() *6(0",4 9+ ).,
pyro 6&%-,**8 ("4 )., 9/%-1#"5 bytereader()8 *6(0",4 %$$ 9+ )., &,(4,&B)%B6#-1B%$$B9+),*B$&%'B).,
4()(B*)&,('F
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bytereader(p: ref EPort, c: chan of (int, byte), e: chan of int)
{

p.pids = sys−>pctl(0, nil) :: p.pids;
buf := array[1] of byte;
while(sys−>read(p.data, buf, len buf) > 0) {

c <−= (sys−>millisec(), buf[0]);
}
e <−= 0;

}

>.,B-.("",/ chan of (int, byte) #*B(B92$$,&,4B-.("",/B-&,(),4B#" )., reader 6&%-,** ).() 4,-%26/,*
)., 9/%-1#"5 &,(4,& $&%' )., (-)2(/ 4,-%4,& 2*,4 )% 7(/#4(), )., 4()( *)&,(': >., #"*,&)#%" %$
)., sys−>millisec() #" )., )26/, #* 2*,4 )% '(&1 )., &,-,#6) )#', %$ )., $#&*) 9+), ).() 9,5#"* (
',**(5,: J(),"-+ '(+ %$$*,) )., (--2&(-+8 92) #) 4%,* 6&%7#4, ( ',-.("#*' )% &,6&,*,") )#',
9,)0,,"B4()(B',**(5,*B$&%'B).,B6+&%',),&:

reader(p: ref EPort)
{

p.pids = sys−>pctl(0, nil) :: p.pids;
c := chan[BUFSZ] of (int, byte);
e := chan of int;
spawn bytereader(p, c, e);

for(;;) alt {
(ms, b) := <− c =>

p.rdlock.obtain();
n := len p.buffer;
if(n == 0) {

p.ms = ms; # used in Trecord, track first received
l : list of byte;
if(p.mode == ModeModbus) l = SMBYTES;
else l = SEBYTES;
if(!ismember(b, l)) { # frame error

p.rdlock.release();
continue;

}
}
na := array[n + 1] of byte;
if(n) na[0:] = p.buffer[0:n];
na[n] = b;
if(p.mode == ModeExactus && p.tchan != nil) {

(i, m) := Emsg.unpack(na);
if(m != nil) {

t := ref Trecord(p.ms, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 1.0);

pick x := m {
Temperature => t.temp0 = p.temp = x.degrees;
Current => t.current1 = x.amps;
Dual =>

t.temp0 = p.temp = x.degrees;
t.current1 = x.amps;

Device =>
t.etemp1 = x.edegrees;
t.etemp2 = x.cdegrees;

* =>
t = nil;

}
if(t != nil) {

p.tchan <−= t;
if(n > i) na = na[i:];
else na = nil;

}
}

}
p.buffer = na;
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p.rdlock.release();
<−e => # bytereader exited, try again

openport(p);
spawn bytereader(p, c, e);

}
}

3. Graphical interface

>.,B(66/#-()#%"B.(*B)0%B6&#'(&+ 5&(6.#-(/ -%'6%",")*F ( &,6&,*,")()#%" %$ )., kn 6%*#)#%" %$ ).,
6+&%',),& ("4 ( ),'6,&()2&, 6/%) %$ 4()( &,-,#7,4: >., pyro 0#"4%0 6&%7#4,* ( -%"*%/#4(),4
#"),&$(-, #")% )., -%"-2&&,") 6&%-,**,* 2*,4 )% -%%&4#"(), (// %$ )., ElM $&%' )., ())(-.,4
4,7#-,*: >., 2*,& -(" #"#)#(), (" (44#)#%"(/ 7#,0 ).() -%'9#",* )., 6%*#)#%" ("4 ),'6,&()2&,
4()( #")% ( -%"*%/#4(),4 *-(" 6/%): [+ 6&%7#4#"5 ( *#'6/#$#,4 7#,0 %" )%6 %$ )., -%%&4#"(),4
-%&%2)#",*8 )., pyro 6&%-,** #* (9/, )% *+").,*#3, )., )&("*/()%& -%")&%/ ("4 6+&%',),& 4()(
(-;2#*#)#%"B#")%B(B-%"-#*,B7#,0B).()B.#4,*B).,B'2/)#6/,B6&%-,**,*B$&%'B).,B2*,&:

3.1. Translator control

>., r(9,& kn )&("*/()%&* -&,(), ( Tf=Tf'' &,5#%" 0.,&, )., 6+&%',),& -(" 9, $%-2*,4: >.,
4()( ).() (&, &,)2&",4 9+ )., 4,7#-, (&, #" '#-&%D*),6* ("4 (&, -%"7,&),4 )% '#//#',),&* $%& 2*,&
7#,0#"5 ("4 "2',&#-(//+ ,"),&,4 -.("5,*: >.,&, #* (" (44#)#%"(/ 5&(6.#-(/ 6(",/ ).() 6&,*,")*
)., 6%*#)#%" (* ( &,)#-/, ).() -(" 9, '%7,4 9+ ( -/#-1 #" )., 7#,0: >., 5&(6.#-(/ #"),&(-)#%" #*
'("(5,4B-%'6/,),/+B0#).#"B)., pyro '(#"B(/)B/%%6B2*#"5B)., zcmd -.("",/F

c := <−zcmd =>
if(dflag) sys−>fprint(stderr, "zcmd: ’%s’0, c);
if(!plot.lock) { # max microstep: 131327

(nil, toks) := sys−>tokenize(c, " ");
pnt := Point(int hd tl toks, int hd tl tl toks);
ms := real MAXMICROSTEP / real plot.bimg.r.dx();
x1 := real pnt.x * ms;
y1 := real pnt.y * ms;
zsend(Instruction.newwithval(1, Zaber−>Cmoveabsolute, int(x1)));
zsend(Instruction.newwithval(2, Zaber−>Cmoveabsolute, int(y1)));

}

>., zcmd #* ( *)&#"5 -.("",/ "(',4 $%& 2*, 0#).#" )., >1 5&(6.#-* *+*),': !" %"D*-&,," >1
6(",/ *,"4* k ("4 n -%%&4#"(),* %7,& )., -.("",/: E$ )., 6(",/ plot .(* "%) 9,," /%-1,4 9+ ).,
2*,& )% #5"%&, )., -%''("4*8 ).," )., -%%&4#"(),* 0#// 9, -%"7,&),4 #")% )., '#-&%D*),6*
&,;2#&,4 9+ )., )&("*/()%& ("4 0&#))," )% ).,B4,7#-,: >.,B$2"-)#%" zsend() ,"-%4,*B).,B#"*)&2-)#%"
#")% (" (&&(+ %$ 9+),* ("4 0&#),* ).,' )% )., 4,7#-, #" %&4,& )% '%7, )% )., (**#5",4 (9*%/2),
6%*#)#%": ! zsend() -(// #* (44&,**,4 )% ,(-. )&("*/()%& (* ).,+ (&, '%7,4 #"4,6,"4,")/+: >.,
r(9,& 4,7#-,* 0#// "%) -%"$#&' (" #"*)&2-)#%" 2")#/ ($),& )., 6.+*#-(/ '%7, .(* -%'6/,),4: >.,
&,)2&" 7(/2,* $&%' )., 4,7#-, '(+ 9, &,-,#7,4 %2) %$ *,;2,"-, )% )., -(//#"5 -%"7,")#%" (* ).,
)#', %$ )&(7,/ 9,)0,," 6%*#)#%"* #* )., 4,),&'#"#"5 $(-)%&: >.,&, #* "% &,;2#&,',") )% 0(#) $%&
)., &,)2&" &,*2/) 42, )% )., 2*, %$ ( timer 6&%-,** -.,-1#"5 $%& ",0 ;2,2,4 &,)2&" 7(/2,* 9,$%&,
264()#"5B).,B4#*6/(+:

>., timer 6&%-,**B*,"4* ( ',**(5, %7,& tchan %"-, 6,& *,-%"4: >., pyro '(#" (/) /%%6 &,-,#7,*
).,B)#',%2)B',**(5,B%7,&B)., tchan ("4B6&%-,**,*B).,B,7,")F

<−tchan =>
if(!scanning) {

if(zport != nil)
while((r := zaber−>readreply(zport, 1)) != nil)

processzaber(r);
if(epid > 0) ecmdc <−= PyroPlot−>SAMPLE;
else if(eport != nil)

updatedegrees(exactus−>temperature(eport));
}
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>., scanning -.,-1 ,"*2&,* ).() )., pyro 6&%-,** 0#// %"/+ 6%// )., r(9,& 92$$,& 0.," ).,
plotscan 6&%-,** #* "%) (-)#7,/+ &2""#"5: r(9,& )&("*/()%& ',**(5,* (&, 6&%-,**,4 9,$%&,
()),'6)#"5 )% 264(), (" %"D*-&,," ),'6,&()2&, &,(4%2): >., -.("",/ ecmdc #* 2*,4 )% ',**(5,
)., animproc 6&%-,** &,;2,*)#"5 ( ",0 ),'6,&()2&, ',(*2&,',"): ! &,*6%"*, -%''2"#-()#%"
0%2/4 ).," 264(), )., %"D*-&,," ),'6,&()2&,: E$ animproc #* ),&'#"(),48 ).," )., epid #* *,) )%
3,&% ("4 ( 9/%-1#"5 -(// )% )., 6+&%',),& #*B'(4,LB).#*B&,;2#&,*B).,B'(#"B/%%6B)%B0(#)B$%&B(B&,)2&"
$&%'B).,B6+&%',),&B9,$%&,B264()#"5B).,B4#*6/(+B("4B-%")#"2#"5B)%B).,B",=)B#"*)&2-)#%":

3.2. Temperature plot

h&(6.#- 6/%))#"5 %$ ),'6,&()2&, 4()( #* '("(5,4 ).&%25. )., animproc 6&%-,** *6(0",4 ($),&
*2--,**$2//+ -%"",-)#"5 )% )., G=(-)2* 4,7#-,: I%''("4* -%")&%//#"5 /%55#"58 *('6/#"5 &(),8
("4 0.,).,& %& "%) )% 6/%) )., 4()( (&, *,") %7,& ( -.("",/ 9+ )., pyro 6&%-,**: >., 92$$,&,4
-.("",/ recc8 %$ G=(-)2* >&,-%&4 )+6,8 #* 2*,4 )% &,-,#7, 4()( 6&%-,**,4 9+ )., G=(-)2* reader
0.#/,B%6,&()#"5B#"B*)&,('#"5B'%4,F

Trecord: adt {
time: int;
temp0: real;
temp1: real;
temp2: real;
current1: real;
current2: real;
etemp1: real;
etemp2: real;
emissivity: real;
pack: fn(nil: self ref Trecord): array of byte;
unpack: fn(b: array of byte): (int, ref Trecord);

};

>., Trecord #*B-&,(),4B9+B6(&*#"5 7(/2,* *,") $&%' )., G=(-)2* *)&,(' 4()(: >., time $#,/4 #* ).,
'#//#*,-%"4* $&%' )., 9,5#""#"5 %$ ( /%5 %$ )., 4()(: J%55#"5 )% 4#*1 0#// 2*, )., pack() $2"-)#%"
)%B-&,(),B).,B9#"(&+B4()(B0&#)),"B%2)B)%B(B$#/,*+*),':

V)(&)#"5 animproc 0#// #" )2&" *6(0" %$$ ("%).,& 6&%-,** )% '("(5, )., (-)2(/ 4&(0#"5 &%2)#",*:
>.#*B",0B6&%-,**8 animate8B&,-,#7,*B&,(/B7(/2,*B%7,&B("%).,&B92$$,&,4B-.("",/F

animate(top: ref Tk−>Toplevel, p: ref Plotter, c: chan of array of real)
{

for(;;) {
data := <−c;
if(!p.paused)

p.mavg = update(top, p, data);
}

}

!// *-&,," 4&(0#"5 #* 92$$,&,4 #" ( $#=,4D/,"5). (&&(+ %$ &,(/ 7(/2,* 9,$%&, 9,#"5 *,") )% ).,
animate 6&%-,**: >., ,$$,-) %$ ).#* 92$$,&#"5 #* )% (//%0 )., 5&(6.#-(/ 6/%) )% (/0(+* 6&,*,") ()
/,(*) %", '#"2), %$ .#*)%&#-(/ 4()(: >., 5,",&(),4 6/%) 6%#") #* (" (7,&(5, %$ (// )., 92$$,&,4
4()( 6%#")*L ).#* 0%&1* 0,// $%& )., $2// *6,-)&2' %$ 5&(6.#"5 &(),* (7(#/(9/, $&%' )., G=(-)2*
6+&%',),&:

3.3. Scanning

a2&#"5 )., -%2&*, %$ ( /,7#)()#%" ,=6,&#',")8 #) #* #'6%&)(") )% 7,&#$+ ).() )., 6+&%',),& #*
$%-2*,4 %" )., *('6/, #" %&4,& )% (-;2#&, )., 9,*) ),'6,&()2&, &,(4#"5 6%**#9/,: E" %&4,& )%
(--%'6/#*.B)., %6)#'(/ $%-2*#"5 %$ )., 6+&%',),&8 )., kn )&("*/()%&* (&, 2*,4 )% *-(" ( &,5#%" #"
%", 4#',"*#%" 0.#/, *#'2/)(",%2*/+ -%//,-)#"5 ),'6,&()2&, ("4 6%*#)#%" 4()(: >., *-(""#"5B&%2<
)#", &,;2#&,* (// %$ )., 6&#%& ElM &,/(),4 $2"-)#%"(/#)+ #" %&4,& )% (--%'6/#*. #)* )(*1 #" )., pyro
(66/#-()#%":

V-(""#"5 #* .("4/,4 9+ *6(0"#"5 %$$ ( 4,4#-(),4 plotscan 6&%-,** )% -&,(), ("4 -%")&%/ ( ",0
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0#"4%0B0.,&,B(B6/%)B#*B4&(0"B*.%0#"5B6%*#)#%"B%"B).,BkB(=#*B("4B),'6,&()2&,B%"B).,BnB(=#*: >.,
-&,()#%" %$ ( plotscan 6&%-,** *,)* 26 )., 0#"4%0 ("4 *6(0"* %$$ ( *,6(&(), *.%&)D/#7,4 6&%-,**
)%B'%7,B).,BknB)&("*/()%&B("4B&,)2&"B),'6,&()2&,B4()(B$%&B5&(6.#"5F

c := chan[8] of (int, int, real);
comp := chan of int;
spawn scanregion(rect, c, comp);

>., scanregion 6&%-,** -(/-2/(),* ",0 6%*#)#%"* )% '%7, )., )&("*/()%& ("4 *,"4* -%''("4
',**(5,* #" ( /%%6 )% '(1, )., '%7, %--2&: !) ,(-. 6%*#)#%" ( ),'6,&()2&, ',(*2&,',") #*
'(4, ("4 )., &,*2/)#"5 4()( #* *,") %7,& ( 92$$,&,4 -.("",/8 c8 9(-1 )% )., plotscan 6&%-,**
0.,&, (" 6/%) 0#// 9, &,"4,&,4 %" )., 4#*6/(+: M"-, )., *-(" -%'6/,),*8 ( $#"(/ ',**(5, 0#// 9,
*,") )% '%7, )., 6+&%',),& 9(-1 )% )., *)(&)#"5 6%*#)#%": >., scanregion 6&%-,** 0#// ).," *,"4
(B',**(5,B%7,&B)., comp -.("",/B("4B6&%'6)/+B,=#):

!// %).,& aal/pyro 6&%-,**,* -%")#"2, )% &2" ("4 264(), ).,#& 5&(6.#-(/ -%'6%",")* 0.#/, ).,
*-(""#"5 #* )(1#"5 6/(-,: M"-, )., scanregion 6&%-,** .(* ,=#),48 #) #* 6%**#9/, $%& )., 2*,& )%
-/#-1 %" )., 5&(6.#- ),'6,&()2&, 6/%) )% '%7, )., 6+&%',),& )% ( 9,)),& -,"),&,4 /%-()#%": >.,
2*,&B'(+B).,"B&,6,()B).,B6&%-,**B)%B7,&#$+B%6)#'(/B6+&%',),&B6/(-,',")B42&#"5B).,B,=6,&#',"):

4. Conclusion

V+*),' 4,7,/%6',") -(" 9, 4#$$#-2/) ,"%25. 0#).%2) .(7#"5 )% 0%&&+ (9%2) ElM 9/%-1#"5 ( 6&%<
-,** %& ).&,(4,4 6&%5&('* -(2*#"5 ( 4,(4/%-1: >.#* ,=('6/, 4,)(#/,4 .%0 -%&%2)#", ("4 IV?
'%4,/* -(" 9, 2*,4 )% *2--,**$2//+ '("(5, '2/)#6/, 4,7#-,* 9+ #*%/()#"5 )., ElM .("4/,&*: >.,
4,-%26/#"5 %$ )., 9/%-1#"5 sys−>read() -(//8 0.," '("(5,4 0#). J#'9% -.("",/*8 -(" 9, ( 2*,$2/
)%%/B$%&B*,6(&()#"5B%2)B-%'6%",")*B%$B(B6&%5&('B)%B6&%-,**BElM:

J,(&"#"5 )% /,7,&(5, J#'9% -.("",/* $%& #"),&D6&%-,** -%''2"#-()#%" '(+ 9, ( $%&,#5" #4,(
0.," -%'#"5 $&%' %).,& 6&%5&(''#"5 /("52(5,*: >.%25. -.("",/* 9,.(7, /#1, 6#6,* #" c"#=8
)., (9#/#)+ )% -&,(), )+6,4 4()( ("4 ,(*#/+ 6(** #) 9,)0,," 6&%-,**,* ,"(9/,* )., '%4,/ )% 0%&1
;2#), 0,// $%& -%"-2&&,") 6&%5&('*: >., #'6/,',")()#%" 2*,* ).#* $,()2&, )% -&,(), #"4,6,"4,")
9+), *)&,(' &,(4,&* ).() 5&(-,$2//+ .("4/, *,&#(/ 6&%)%-%/ -.("5,* 0.#/, -%")#"2(//+ -%"*2'#"5
#"62)B$&%'B,=),&"(/B4,7#-,*:

>.,&, (&, (&,(* 0.,&, ).#* '%4,/ -%2/4 9, #'6&%7,4: H%& %",8 )., &,(//%-()#%" %$ )., 92$$,&
(&&(+ 2*,4 )% *)%&, 9+),* $&%' )., #"62) *)&,(' -(" 9, %6)#'#3,4: E'6/,',")#"5 ( ",0 4()(
*)&2-)2&, )% ,/#'#"(), )., *,'(6.%&, /%-1#"5 -%2/4 $(-#/#)(), 6&%5&(''#"5 /%5#- *#'6/#$#-()#%":
H%& "%08 0#). )., -%"*)&(#") %$ )., *,&#(/ /#", )&("*'#**#%" *6,,4* (7(#/(9/, )% )., &,'%),
4,7#-,*8 )., *+*),' 6,&$%&'* 0,// ,"%25. )% -(6)2&, )&("*'#**#%"* $&%' )., 6+&%',),& () #)*
'(=#'2'B&(),B%$BT1X3:

>.,BJ#'9%B*%2&-,B#*B(7(#/(9/,B26%"B&,;2,*)B$&%'B).,B(2).%&:

# wc results:

1103 3215 21536 exactus/exactus.b
196 578 4055 exactus/exactus.m

1143 3775 27058 modbus/modbus.b
248 787 5897 modbus/modbus.m

424 1276 8449 zaber/zaber.b
104 248 1944 zaber/zaber.m

1515 5351 41132 aal/appl/pyro/pyro.b
365 1035 9056 aal/appl/pyro/pyroplot.b
29 72 556 aal/module/pyroplot.m

5127 16337 119683 total
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AAppendix: Work In Progress 
 
 

 
The WIP session included the presentation and discussion of the following works: 
 

• A Bluetooth Protocol Stack for Plan 9, by Richard Miller 
 

• A Plan 9 C Toolchain for the Altera Nios2 Processor A Plan 9 C Toolchain for 
the Altera Nios2 Processor, by Richard Miller 

 
• New file system proposals, by Francisco Ballasteros, Sape Mullender, 

Latchesar Ionkov, and others. 
 

• Dfs – A WebDav filesystem client, by Steve Simon 
 

• Wsys(4): hosted window system, by Jesús Galán López 
 
This appendix includes the submitted abstracts for the WIP session. 
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A Bluetooth Protocol Stack for Plan 9

Richard Miller

'#//,&q.('"(7%,:-%'

ABSTRACT

>., [/2,)%%). $('#/+ %$ -%''2"#-()#%" 6&%)%-%/* #* *#'#/(& #" $2"-)#%" )%
>I?lE?8 92) 4#$$,&,") #" -.(&(-),&: E"),"4,4 $%& /%0 6%0,&8 *.%&) 4#*)("-,
6%#") )% 6%#") &(4#% -%''2"#-()#%" 9,)0,," 6(#&* %$ 4,7#-,*8 0#). /#"1*
*,) 26 R() /,(*) #"#)#(//+S 0#). .2'(" #"),&7,")#%"8 #) .(* "% '2/)# .%6
&%2)#"58 "% ',**(5, 9&%(4-(*)8 "% 4%'(#" "(', %& (44&,** &,*%/2)#%"L #)
4%,* .(7, ( )&2*),4 4,7#-, '%4,/ ,*)(9/#*.,4 9+ ( %", )#', v6(#&#"5v
%6,&()#%": c"/#1, >I?lE?8 #" 0.#-. )., .#5.,& 6&%)%-%/ /(+,&* (&, )+6#-(//+
#'6/,',"),4 #" *%$)0(&, %" )%6 %$ ( 6&#'#)#7, .(&40(&, /#"1 /(+,& %$ *#'<
6/, 4()(5&(' %6,&()#%"* 9,)0,," .(&40(&, (44&,**,*8 [/2,)%%). -.#6*
(-) (* v9/(-1 9%=,*v 0.#-. ,*)(9/#*. ("4 '(#")(#" .#5. /,7,/ '2/)#6/,=,4
-%"",-)#%"* 9,)0,," '2/)#6/, 4,7#-,*8 6&,*,")#"5 ( -%'6/,= -%''("4
("4 ,7,") #"),&$(-, )% )., .%*) MV 0.#-. &,;2#&,* ( T8dUO 6(5, *6,-#$#-(<
)#%"B)%B4,*-&#9,:

E" *6#), %$ ).,*, 4#$$,&,"-,*8 )., ?/(" A ",)0%&1 (9*)&(-)#%" #* *2$$#-#,")/+
5,",&(/ $%& ( 2*,$2//+ /(&5, *29*,) %$ [/2,)%%). )% .(7, 9,,"B#"-%&6%&(),4
#"B( $(#&/+B*)&(#5.)$%&0(&4B0(+8B*#'6/+B9+B,=),"4#"5 /net 0#).B( ",0 6&%<
)%-%/ 4#&,-)%&+ /net/bt8 *266%&),4 9+ )., ",0 btfs *+").,)#- $#/,
*,&7,& &2""#"5 (* ( 2*,& /,7,/ 6&%-,**: C#). "% -.("5,* 0.()*%,7,& )%
)., 1,&",/ %& )% I /#9&(&+ &%2)#",* *2-. (* dial8 announce8 ("4
listen8 #) #* 6%**#9/,8 $%& ,=('6/,8 $%& ( ?/(" A '(-.#", )% *.(&, #)* $#/,
*+*),' 0#). ("%).,& 7#( [/2,)%%). 2*#"5 ).#* 6(#& %$ -%''("4*8 %" *,&7,&
("4B-/#,") &,*6,-)#7,/+F

aux/listen1 bt!*!42 /bin/exportfs
import −A bt!001122334455!42 /n/blue

! *'(// -.("5, )% )., -%"",-)#%" *,&7,& csRgS (//%0* )., 2*, %$ ( '%&,
v$&#,"4/+v 4,7#-, "(', #" 6/(-, %$ )., .,=(4,-#'(/ [/2,)%%). 4,7#-,
(44&,**:

V%', %$ )., [/2,)%%). v6&%$#/,*v R*)("4(&4 *,&7#-,* 0.#-. -(" 9, 6&%7#4,4
%7,& ( [/2,)%%). -.("",/S -(" (44 2*,$2/ $2"-)#%"(/#)+ )% ?/(" A: H%&
,=('6/,8 )., XEa R.2'(" #"),&$(-, 4,7#-,S 6&%$#/, #* ( '#"%& 7(&#()#%" %$
)., cV[ XEa *6,-#$#-()#%"8 *% ).() -.("5#"5 ( $,0 /#",* %$ *%2&-, -%4, #"
)., cV[ 1,+9%(&4 ("4 '%2*, 4&#7,& usb/kb .(* '(4, #) 0%&1 0#). [/2,<
)%%). 1,+9%(&4* ("4 '#-,: ! *#'6/, -%''("4D/#", -/#,") $%& )., M[Gk
R%9K,-) ,=-.("5,S 6&%)%-%/ .(* 9,," 0&#)),"8 )% $,)-. %& *,"4 *#"5/, *#"<
5/, $#/,* 9,)0,," ( ?/(" A '(-.#", ("4 ( [/2,)%%).D,;2#66,4 6.%", %&
%).,& 4,7#-,: ! $2)2&, 6&%K,-) #* )% 0&#), ( $#/, *,&7,& #'6/,',")#"5 ).,
M[Gk H>? 6&%)%-%/8 0.#-. 0%2/4 (//%0 ( ?/(" A '(-.#", ("4 [/2,)%%).
6.%", )%B9&%0*, ,(-.B%).,&!*B$#/, *+*),':
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A Plan 9 C Toolchain for the Altera Nios2 Processor

Richard Miller

'#//,&q.('"(7%,:-%'

ABSTRACT

>., W#%*U 6&%-,**%& #* ( v*%$) I?cv 0.#-. -(" 9, #"*)(")#(),4 (* 6(&) %$ (
2*,&D4,*#5",4 *+*),'D%"D-.#6 %" !/),&(!* H#,/4 ?&%5&(''(9/, h(),
!&&(+* RH?h!*S: E) .(* ( *#'6/, \EVI (&-.#),-)2&,8 0#). ( &("5, %$ #'6/,<
',")()#%"* %$ 7(&+#"5 *#3, ("4 -%'6/,=#)+: >., )#"+ W#%*Ul, $#)* #" wbOO
J%5#- G/,',")* R( )+6#-(/ H?h! 0#// .(7, ),"* %& .2"4&,4* %$ ).%2*("4* %$
JG*S 9+ %'#))#"5 /2=2&#,* /#1, .(&40(&, '2/)#6/+ ("4 4#7#4, #"*)&2-)#%"*8
','%&+ -(-.,*8 YYc8 ("4 2*,&l1,&",/ '%4,: >., R&,/()#7,/+S .#5. 6,&<
$%&'("-, W#%*Ul$ (44* (// ).,*, $,()2&,* 0#). ( _ *)(5, ,=,-2)#%" 6#6,<
/#", #"-%&6%&()#"5 4+"('#- 9&("-. 6&,4#-)#%" ("4 '%&,8 )% %--26+ (9%2)
fOOO JG*: [,)0,," ).,' #* )., W#%*Ul*8 ( -%'6&%'#*, 9,)0,," *#3, ("4
*6,,4:

E" ( &,-,") 6&%K,-) E (4(6),4 )., E"$,&"% ,'2/()%& $%& )., W#%*U8 &2""#"5
%" )%6 %$ )., ?MVEk -%'6()#9/, ,I%* %6,&()#"5 *+*),': >.#* 0(* 2*,$2/
(* ( 6/()$%&' $%& 0&#)#"5 4,'% ("4 ),*) 6&%5&('* $%& ( -/#,")!* &(6#4/+
,7%/7#"5 H?h!D9(*,4 .(&40(&, 6&%)%)+6,: X%0,7,& )., .%*),4 #'6/,<
',")()#%" 0(* 2"*()#*$(-)%&+ #" *%', 0(+*F )., ,=)&( ("4 /(&5,/+ &,42"<
4(") %6,&()#"5 *+*),' /(+,& 2*,4 ( /%) %$ &,*%2&-,* %" ( *'(// -.#6L ).,
gcc -%'6#/,& 2*,4 0#). ,I%* #* 2"0#,/4+ ("4 #)* 5,",&(),4 -%4, #* "%)
6(&)#-2/(&/+ 5%%4: >.,&,$%&, (* ( *),6 )%0(&4* "()#7, E"$,&"% %" ).,
W#%*U R("4 6,&.(6* ,7,")2(//+ ?/(" A (* 0,//S8 #) *,,'* 0%&).0.#/, )%
&,)(&5,) )., ?/("BABI -%'6#/,&B)%%/-.(#"B$%&B).#*B6&%-,**%&:

c*#"5 )., ,=#*)#"5 YE?V )%%/-.(#" (* ( *)(&)#"5 6%#")8 )% 4(), E!7, 6&%<
42-,4 ( -%'6#/,&8 (**,'9/,& ("4 /#"1,& Rnc8 na8 ("4 nlS $%& )., '(=#'(/
W#%*Ul$8 ("4 (44,4 #"*)&2-)#%" 4#*(**,'9/+ &%2)#",* )% )., libmach
/#9&(&+: H2)2&, 0%&1 #"-/24,* *%$)0(&, ,'2/()#%" %$ )., '#**#"5 #"),5,&
'2/)#6/+l4#7#4, #"*)&2-)#%"*B$%&B)., W#%*Ul,8B("4B,'2/()#%"B%$ 4%29/, 6&,<
-#*#%" $/%()#"5 6%#") R)., !/),&( -%&,* *266%&) %"/+ *#"5/, 6&,-#*#%"S ("4
_dB9#) #"),5,&B%6,&()#%"*B$%&B(// 6&%-,**%&*:
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IX: A file protocol for NIX
WIP

Francisco J. Ballsteros

ABSTRACT

It is common to use Plan 9 file servers through slow network connections. Tools
like CFS, OP, and others try to help there. But it would be desirable to be able to work
from remote terminals suffering poor-latency links, keeping coherency with a main file
server when feasible, yet being able to work disconnected when there is no other way. IX
is a protocol designed to connect a caching file system client with support for discon-
nected operation to a remote file server. At present it is still work in progress. The imple-
mentation is included in the distribution for NIX.

Problem statement
We have been using the Octopus Protocol, OP [1], to connect to Plan 9 file servers over high-latency net-
work links. But, while this protocol makes it feasible to operate on remote file servers with better perfor-
mance than 9P, there are still problems:
! There is no support for conditional retrieval of file contents. Caching clients might require to retrieve

a particular file only if its own cached version is out of date.
! There is no support for moving a file within the file hierarchy kept in the server without forcing the

data to pass through the client.
! Coherent operation can be improved. There is a coherency window but the protocol does not make a

distinction between device files and regular files (such as those provided by fossil).
The first issue is serious for clients that support disconnected operation, because they have, by definition, to
be aggressive regarding data caching. The second issue is an optimization, but is important because the dif-
ference in performance may be significant, and it is not unfrequent to move files among different directo-
ries within the file server. The third issue is critical if the protocol must be able to operate on remote name
spaces.

IX design
IX is built by leveraging what we learned from Op, the existing code-base for 9P, and ideas as discussed
previously in the community [2]. The protocol is built upon a few design guidelines:
! The underlying transport is a reliable, ordered, connection#similar to a TCP stream#, with flow

control for network congestion.
! An RPC in the protocol is a series of elementary transactions. Such transactions are similar to 9P

requests.
IX is built upon the concept of connection channels. It is extremely cheap to build or dismantle a channel,
so that it is reasonable to create one for each RPC. Channels are duplex, and inherit the reliability and
ordering properties from the underlying transport. A single connection is multiplexed among multiple
channels so that there is no starvation for sending or receiving through them.

An IX client would create a new RPC by just creating a channel. This does not require communica-
tion with the peer, and is a local operation. Then, one or more transaction requests would be sent through
the new channel. The last one is flagged to indicate that the channel write direction can be closed when the
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request has been sent. Only the client can allocate new channel identifiers, which are local to the connection
being multiplexed.

An IX server receives requests through allocated channels and processes sequentially all requests for
a given channel. It ceases to process them when one fails or when one is flagged to be the last one. What-
ever happens first.

Note that channels are different from 9P tags. Like tags, they identify a particular outstanding RPC,
so that multiple RPCs may be in transit at the same time. But, unlike tags, channels permit huge amounts of
data to be sent (concurrently with requests for other channels) and each direction in the duplex stream can
be closed independently.

Once a client has sent the desired transaction requests through a channel (or perhaps concurrently
with them), a client receives through that channel individual replies for all transactions sent. An error reply
to a transaction indicates that the RPC is finished, and the channel is closed.

To identify files, IX relies on fids and qids, similar to those in 9P. But, unlike in 9P, the server
defines which values are to be used for new fids. The client has to keep its own data structures for files,
which means that it has no advantage by selecting fid numbers. On the other hand, the server might exploit
fid values to improve the data structure used to keep and look up fids.

Because a channel implies a context for individual transactions, it is feasible to simplify 9P transac-
tions for use in IX to avoid unnecessary duplication through the wire. For example, once a fid has been
established for an RPC, it is not necessary to repeat its value for each following transaction. The set of sim-
plifications made is described in the next section.

To support aggressive caching, a conditional transaction has been added to the set of 9P requests
known by IX. This transaction, Tcond, asks the server if a piece of metadata for a file is the same, greater
than, less than, or different than the given value. The same relational operation can be performed for multi-
ple elements of the stat information for a given file. If the condition holds, the server replies with an Rcond
reply. Otherwise, the server replies with an error indication; Thus, terminating the RPC.

IX Requests
Using the syntax of intro(5) for 9P, this is the set of transactions known to IX:

Tversion msize[4] version[s]
Rversion msize[4] version[s]
Tauth afid[4] uname[s] aname[s]
Rauth aqid[13]
Rerror ename[s]

Similar to version, auth, and error messages in 9P.

Tattach afid[4] uname[s] aname[s]
Rattach fid[4] qid[13]

Similar to 9P’s. But here the reply carries a value for the resulting fid. That fid is assumed as context for
further transactions in the same RPC.

Tfid fid[4] cflags[1]
Rfid

Defines fid as the fid to use for following transactions in the RPC. Also, this request can set or reset two
different flags for such fid: OCEND and OCERR. Both are used to automatically clunk the fid. The former
upon reaching the end of file on read transactions, the latter upon errors in the RPC.

Tclone cflags[1]
Rclone newfid[4]

Similar to the clone request in the original 9P. Unlike in that, the client only specifies flags for the new fid
(see the previous request) and the server decides on the value for the new fid. Note that, as in many other
transactions, the fid to use (to clone in this case) must be defined by previous requests in the RPC.
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Twalk wname[s]
Rwalk wqid[13]

Similar to the walk request in the original 9P. The implicit fid is walked to the given name.

Topen mode[1]
Ropen qid[13] iounit[4]
Tcreate name[s] perm[4] mode[1]
Rcreate qid[13] iounit[4]

Similar to 9P’s counterparts, but using a implicit fid value. In particular, create would walk the implicit fid
to the created file, and open it, when successful.

Tread nmsg[4] offset[8] count[4]
Rread count[4] data[count] may be repeated

The read request exploits that requests are sent through channels. It permits specifying a maximum number
of replies for the request. Each single reply may contain no more than count bytes. This grants the server
rights to stream replies up to a given limit. Also, a side effect of the reply is that it may clunk the fid if it
was OCEND.

Twrite offset[8] count[4] data[count]
Rwrite count[4]

Similar to 9P’s write.

Tclunk
Rclunk
Tremove
Rremove

These requests do not need any fields (other than their types), because the fid is implicit.

Tstat
Rstat stat[n]
Twstat stat[n]
Rwstat

In these, an extra bit is used in the qid type, indicating if the file is (part of) a device. Such files should not
be cached at all.

Tcond cond[1] stat[n]
Rcond

The cond request converts IX requests into a microlanguage capable of making decisions. Here, cond is a
relational operator and stat supplies one or more non-null fields for file metadata. The server is expected to
apply the relational operator to each non-null field, and reply with Rcond only if the condition holds in all
the cases. Otherwise, the server replies with an error indication: false.

Tmove tofid[4]
Rmove

Moves the file identified by the implicit fid to the directory identified by tofid, if permissions permit.
Should the name have to change, a separate Twstat request must be issued.

Examples
This is an example retrieval for a file:
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-ch0-> Tversion msize 8192 version ’ix’
|ch0-> Tattach afid -1 uname nemo aname main
<-ch0- Rversion msize 8190 version ’ix’
<-ch0| Rattach fid 0 qid (0000000000000054 692693930 d)

-ch0-> Tfid fid 0 cflags 0
-ch0-> Tclone cflags 3
-ch0-> Twalk wname acme.dump
-ch0-> Tstat
-ch0-> Topen mode 0
|ch0-> Tread nmsg -1 offset 0 count 8190
<-ch0- Rfid
<-ch0- Rclone newfid 1
<-ch0- Rwalk wqid (0000000000efd4d2 100 )
<-ch0- Rstat stat ’acme.dump’ ’nemo’ ’nemo’ ’nemo’ ...
<-ch0- Ropen qid (0000000000efd4d2 100 ) iounit 0
<-ch0- Rread count 8185 ...
<-ch0- Rread count 8185 ...
<-ch0- Rread count 8185 ...
<-ch0- Rread count 8185 ...
<-ch0- Rread count 946 ...
<-ch0| Rread count 0 ’’

Note that sending a Tcond request before the Tstat request in this example might change the dialog so that
data and metadata would only be retrieved if, for example, the qid path or version had changed with respect
to the ones given in Tcond.

As an example of how the implementation for a client might look like, this is an excerpt from the
client being used for testing:

ch = newch(cm);
xtfid(ch, rootfid, 0); /* 0 == it’s not the last request */
xtclone(ch, OCEND|OCERR, 0);
for(i = 0; i < nels; i++)

xtwalk(ch, els[i], 0);
xtstat(ch, 0);
xtopen(ch, OREAD, 0);
xtread(ch, -1, 0ULL, msz, 1); /* 1 == it’s the last request */
/* fid automatically clunked on errors and eof */
fd = -1;
if(xrfid(ch) < 0){

fprint(2, "%s: fid: %r0, a);
goto Done;

}
if(xrclone(ch) < 0){

fprint(2, "%s: clone: %r0, a);
goto Done;

}
for(i = 0; i < nels; i++)

if(xrwalk(ch, nil) < 0){
fprint(2, "%s: walk[%s]: %r0, a, els[i]);
goto Done;

}
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if(xrstat(ch, &d, buf) < 0){
fprint(2, "%s: stat: %r0, a);
goto Done;

}
if(xropen(ch) < 0){

fprint(2, "%s: open: %r0, a);
goto Done;

}
offset = 0ULL;
do{

m = xrread(ch);
if(m == nil){

fprint(2, "%s: read: %r0, a);
goto Done;

}
nr = wdata(fd, m->io->rp, nr, offset);
offset += nr;
freemsg(m);

}while(nr > 0);
Done:

/* the channel is deallocated by now (a last request was sent and
* a last reply was received
*/

Implementation status
A server that exports its own namespace has been implemented for NIX. A client for testing that performs
operations on a single file is also implemented. The actual caching client with support for disconnected
operation is still under construction. See the nix distribution for access to the source code.
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wdfs − A WebDav filesystem client

Steve Simon

ABSTRACT

>., 4,*#5" ("4 #'6/,',")()#%" %$ ( C,9a(7 $#/,*+*),' -/#,") $%&
6/("A #* 4,*-&#9,4 )%5,).,& 0#). -2&&,") ("4 6%**#9/, $2)2&, -.("5,* )%
#'6&%7,B#)*B6,&$%&'("-,:

1. Introduction

>.,&, 0(* ( $/2&&+ %$ ,=-#),',") (9%2) C,9a(7 T #" )., /(), TAAO* 0#). )., .%6, ).() #)
0%2/4 9,-%', ( *)("4(&4 $%& &,'%), 0,9 (2).%&#"58 ("48 0#). )., (44#)#%" %$ a,/)(ZU 8
7,&*#%" -%")&%/: E) .(* *#"-, 9,," 0#4,/+ #'6/,',"),4 #) .(* *,," 2*, (* ( '%&, 5,",&(/
&,'%), $#/, (--,** 6&%)-%/ #" *%', (&,(*L ! C,9a(7 *,&7,& #* ,7," (7(#/(9/, %" 6/("A
2*#"5B).,B?,5(*2*BX>>?B*,&7,&:

C,9a(7 2*,* (" ,=),"*#%" %$ )., X>>? 6&%)%-%/ )% *,"4 *'(// kYJ *"#66,)* *,6-#$+#"5
)., )&("*(-)#%"R*S &,;2#&,48 ).2* ("+ 6/("A C,9a(7 #'6',")()#%" 0#// ",,4 (" kYJ f

6(&*,&:

1.1. XML parser

! aMY '%4,/ kYJ 6(&*,& 0(* 0&#))," $%& ("%).,& 6&%K,-) ("4 (4(6),4 )% )., ",,4* %$
6(&*#"5 ( ",)0%&1 *)&,(': aMY '%4,/ 6(&*,&* &,(4 (" kYJ $#/, #")% /#"1,4 4()( *)&2-<
)2&,*B#"B','%&+B("4B",,4B%"/+B%",B6(**B%7,&B).,#&B#"62):

>., 6(&*,& #* -%'6/,), ("4 *)(9/,: >., kYJ 6(&*,& (--,6)* *)("4(&4 ,")#)+ &,$,&,"-,*8
?Ia!>!8 ())&#92),* ("4 7(/2,*8 ("4 6&,*,&7,* )., ,/,',") .#,&(&-.+: I%'',")* (&,
,/#4,4 ("4 ).,&, #* 9(*#- *266%&) $%& kYJ "(',*6(-,*: E) 4%,* "%) -2&&,")/+ *266%&)
Ia!>!B%&B()),'6)B7(/#4()#%"B(5(#"*)B(B*-.,'(B%&Ba>a:

>., aMY '%4,/ (//%0* *#'6/, )&(7,&*(/ %$ )., .#,&(&-.+ 92) 62)* /(&5, 4,'("4* %" ).,
'(//%-B/#9&(&+B$%&B#)*B4()(B*)&2-)2&,*:

G=6,&#,"-, .(* *.%0" ).() #$ ())&#92), "(',* ("4 7(/2,* (&, .,/4 #" ( &,$,&,"-, -%2"),4
)&,, ("4 *)&#"5 .,(6 &,*6,-)#7,/+ ).#* 6&%9/,' -(" 9, '#"#'#*,4: >.#* #* "%) 4%", #"
wdfs (*B).,B='/B*"#66,)*B(&,B",7,&B9#5B,"%25.B)%B0(&(")B).,B%6)#'#*()#%":

2. Webfs extensions

Webfs 8B)., 6/("A X>>? -/#,") (66/#-()#%"8 .(4 )% 9, '%4#$#,4 #" *,7,&(/ (&,(* )% *266%&)
C,9a(7F

& V266%&)B).,B",0BC,9a(7B',**(5,B)+6,*
& G=6%*,B'%&,BX>>?B.,(4,&B#"$%&'()#%"
& E'6&%7,B0,9$*!*B(2).,")#-()#%"B-%7,&(5,BR4#5,*)B(44,4B*%B$(&S
& V266%&)B-.2"1,4B,"-%4#"58B2*,4B9+B'("+BC,9a(7B*,&7,&*

G7,&+ ()),'6) 0(* '(4, )% 4% ).#* #" ( *+'6().,)#- '("",& 92) #) #* *)#// "%) -/,(&
0.,).,& )., 4,*#5" %$ webfs (* ( *,6,&(), (66/#-()#%" &().,& ).(" ( /#9&(&+ #* )., -%&&,-)
0(+B)%B6&%-,,4:
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3. 9P file server

! $(#&/+ )&(4#)#%"(/ '2/)#).&,(4,4 $#/, *,&7,& 0(* 0&#))," 9(*,4 %" )., /#9A6 /#9&(&+ #" ).,
6/("AB4#*)&#92)#%"8B).#*B6(&)B%$B).,B*+*),'B6&,*,"),4B/#))/,B4#$$#-2/)+:

4. WebDav protocol variations

!* wdfs 0(* ),*),4 (5(#"*) '%&, *,&7,&* #) *%%" 9,-(', (66(&,") ).() )., C,9a(7 6&%<
)%-%/ #* "%) (* 4,)(#/,4 (* %", '#5.) /#1,: V#'6/, ())&#92),* '(+ 9, *266%&),4 4#$$,&,")/+
%" ,(-. *,&7,& D $%& ,=('6/, ( &,(4%"/+ $/(5 %" ( $#/,8 ("4 %).,&* %"/+ (66,(& 0.," ).,
*,&7,& #* #" ( *6,-#$#- '%4, RY#-&%V%$)! V.(&,?%#")S: !* ( &,*2/) wdfs (/0(+* 6&%7#4,* (
&,(*%"(9/, '#"#'2' $,()2&, *,) % &,6%&)#"5 $#/, %0",&*.#68 &,(4%"/+ $/(5* ("48 /(*)
(--,**B)#',*B% (44#"5B%).,&B',)(4()(B0.,&,B(7(#/(9/,:

>., '%*) 4#*(66%#")#"5 7(&#()#%" 0(* )., #"(9#/#)+ %$ *%', *,&7,&* )% *266%&) hG> %&
?c> ',).%4* 0#). ( &("5, *6,-#$#-()#%": >., )., ,")#&, $#/, '2*) 9, )&("*$,&,4 (* ( -%'<
6/,), $#/, &,(4D(.,(4 %& 0&#),D9,.#"4: >.%25. ).#* #'6&%7,* %7,&(// ).&%25.62) #)
#"-&,(*,* /(),"-+ '(1#"5 *#'6/, ,4#)* %" /(&5, $#/,* 6(#"$2/: H2&).,&'%&, ).,&,B4%,*B"%)
*,,'B)%B9,B(B0(+B)%B4,),-)B&,/#(9/+B0.,).,&B).#*B$,()2&,B#*B*266%&),4B%&B"%):

!* 0, 6(+ *2-. ( 6,"(/)+ '#**#"5 ).#* $,()2&, %" *%', *,&7,&* ( -%''("4 /#", %6)#%" #*
(7(#/(9/, )% ,"(9/, 6(&)#(/ 0&#),* %& &,(4* R2*#"5 ( &("5, *6,-#$#,&S 0.,&, ).,+ (&, 1"%0"
)%B9,B(7(#/(9/,:

5. Performance enhancement

>., 6,&$%&'("-, %$ webfs -(" (66,(& $(#& $%& /%-(/ $#/, *,&7,&* %& 4&,(4$2/ $%& &,'%), %&
*/%0B%",*8B).,&,B(&,B*,7,&(/B&,(*%"*B$%&B).#*:

\>>
J(&5, &%2"4D)&#6 )#',* */%0 &,'%), $#/,*+*),' &,*6%"*,: M", %97#%2* *%/2)#%" #*
)% ',&5, &,;,*)* 0.,&, 6%**#9/,8 *%').#"5 )., 6&%)%-%/ (//%0*: ! *#'6/, #'6/,<
',")()#%" 0%2/4 9, )% *,"4 ( A6 0(/1 &,;2,*) (* ( *#"5/, )&("*(-)#%" D #'6/,',")<
#"5B).,B0(/1RSB#"),&$(-,B)%B/#9A6B&().,&B).("B0(/1TRS:

\,(4D(.,(4
\,(4D(.,(4 -%2/4 9, 2*,4 )% (*+"-.&%"%2*/+ )&("*$,& '%&, %$ ( $#/,* -%"),")*
0.," %"/+ ( *'(// ('%2") .(* 9,," &,;2,*),4 #" )., )&(4#)#%"(/ '("",&: >.#* #*
(/&,(4+ 6,&$%&',4 )% )., ,=),") %$ &%2"4#"5 26 )&("*$,&* )% gm9+),* ("4 *,&7#"5
&,(4* $&%' ( /%-(/ 92$$,&: >.#* ),-."#;2, -%2/4 9, ,=),"4,4 )% &,;2,*)#"5 ( 4#&,-<
)%&+B*-("B%$B).,B),&'#"(/B4#&,-)%&+B%$B(B0(/18B#"B).,B.%6,B).()B#)B'#5.)B9,B",,4,4:

53#6B-%"),")D,"-%4#"5
I2&&,")/+ -%'6&,**,4 ,"-%4#"5 *-.,',* (&, "%) *266%&),4 9+ webfs 8 ).,*, -%2/4
#'6&%7, &,*6%"*, 0.," $(-,4 0#). /%0 9("40#).B-%"",-)#%"*8B).%25.B).#*B#*B/,**B%$
(B6&%9/,'B).,*,B4(+*B("4B*%B#)B0(*B"%)B-%"*#4,&,4B(B6&#%&#)+:

?,&*#*),")BX>>?B-%"",-)#%"*
I2&&,")/+ 0,9$* 4%,* "%) *266%&) 6,&*#*),") >I? *,**#%"*8 ).2* ).,&, #* )., *#5"#$#<
-(")B>I?B*,)26B("4B),(&4%0"B)#',B-%*)B)%B,(-.B)&("*(-)#%":

V% $(& %"/+ (" ,=6,&#',")(/ 7%/()#/, ',)(4()( -(-., .(* 9,," 0&#)),": >.#* *)%&,* %"/+
)., &,*2/)* %$ 0(/1* ("4 4#&,-)%&+ *-("*: >.#* *#'6/, *),6 6&%7#4,4 ( *#5"#$#-(") #'6&%7<
',") )% )., 6,&-,#7,4 6,&$%&'("-, %$ webfs : >., -(-., 2*,* ( 629/#*.,4 .,2&#*)#-
0.#-.B()),'6)*B)%B&,42-,B).,B-.("-,*B%$B,")&#,*B9,-%''#"5B*)(/,:d :

6. Applications

Wdfs .(*B$%2"4B*%',B2",=6,-),4B2*,*B#"B4(#/+B/#$,: E)B9,-%',*B(B&,(4%"/+BVZWB-/#,") $%&
6/("A D ( C,9a(7 *,&7,& #* 6(&) %$ ,7,&+ VZW #"*)(//()#%" ("4 ,=6,&#,"-, .(* *.%0" #) #*
5,",&(//+B,"(9/,4:
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Z,")# *-%&, *)%&(5, D *,7,&(/ -/%24 *)%&(5, 6&%7#4,&*8N8 _ %$$,& C,9a(7 )% (--,** ).,#&
*)%&(5,8 ("4 ,7," (//%0 2*,&* $&,, (--,** )% ( $,0 h#5( 9+),*: >., (2).%& 2*,* %", %$
).,*,B)%B1,,6B.#*B7,")#B*-%&,*:

>0% %).,& '#/4/+ ('2*#"5 )%%/* .(7, (/*% *62" %$$ $&%' ).#* 0%&1F (" kYJ &,D#"4,"),&8
("4B("B='/B)%B$/()B$#/,B-%"7,&),&LB*#'#/(&B)%B).,B/#"2=B(66/#-()#%"B='/URTS:

7. References

T: TTP Extensions for Web Distributed Authoring and Versioning (WebDAV), EG>H Ri2"
UOObS: \HIdATgBR4&($)S

U: Versioning Extensions to WebDAV (Web Distributed Authoring and Versioning), EG>H
RY(&BUOOUS: \HIfUNfBR4&($)S

f: >#'B[&(+8Bi,("B?(%/#8BI:BY:BV6,&9,&5DY-j2,,"8BG7, Y(/,& H&("x%#* n,&5,(28 Extensi-
ble Markup Language (XML) 1.0, CfIBRW%7BUOOgS:

d: Z#"-,") I(),:8 ""!/,= D ( h/%9(/ H#/,*+*),':8!! In Proceedings of the 1992 USENIX
File System Workshop8B66:BTDTUBRY(+BTAAUS:

N: .))6Fll9%=:",):

_: .))6Fll000:'+4&#7,:-%':
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Wsys(4): hosted window system

Jesús Galán López
yiyu.jgl@gmail.com

ABSTRACT

Wsys(4) #* ( 6&%5&(' 0.#-. *,&7,* ( A? $#/, *+*),' *#'#/(& )% )., 2"#%"
%$ rio(4) ("4 draw(3). E)* #"),&$(-, #* *#'#/(& )% rio(4), 92) 0*+*
0#"4%0* (&, -&,(),4 #" ( .%*) *+*),'8 #,: ).,+ (&, kTT 0#"4%0* #" c"#=
R)., %"/+ ,=#*)#"5 #'6/,',")()#%" $%& )., '%',")S: c*#"5 wsys, ).,
0#"4%0 '("(5,& %$ )., .%*) *+*),' -(" 9, 2*,4 )% '("#62/(), 0#"4%0*
&2""#"5 (66/#-()#%"* %" )., .%*),4 *+*),'8 #"*),(4 %$ *#'6/+ ,'2/()#"5 (
*-&,," #" ( *#"5/, 0#"4%0: C*+* #* 92#/) %" )%6 %$ *%', E"$,&"% /#9&(&#,*
("4 )(1,* *%', /,**%"* R("4 '("+ /#",* %$ -%4,S $&%' )., kTT 7,&*#%" %$
6A6!* devdraw(1).

1. Introduction: hosted drawing devices

A7=8B4&(0),&' ("4 .%*),4 E"$,&"% (// *.(&, )., ",,4 %$ ( drawing device #" )., .%*) *+*<
),': >.#* 4,7#-, ",,4* )% -%''2"#-(), 0#). )., .%*) 0#"4%0#"5 *+*),' RkTT8 C#"<
4%0*8 I%-%(S ("4 *,&7, ( A? $#/, *+*),': Mouse ("4 cons 4,7#-,* (pointer ("4
keyboard #" )., -(*, %$ E"$,&"%S ",,4 )% &,(4 ,7,")* $&%' )., .%*) *+*),' ("48 (5(#"8
*,&7, *%', $#/,*: ! *#'#/(& $2"-)#%" #* 6,&$%&',4 #" ?/(" A 9+ rio(4) 8 0.#-. *,&7,*
$#/,* ,;2#7(/,") )% ).%*, %$ )., "()#7, 4,7#-,*B)%B,7,&+B0#"4%0 R,=-,6) draw(3) 8B0.#-.
'2/)#6/,=,*B#)*,/$S:

E" ( .%*),4 *+*),' RA7=8 4&(0),&'8 ,'2S8 '%2*,8 1,+9%(&4 ("4 4&(0#"5 4,7#-,* (&,
#'6/,',"),4 (* 6(&) %$ )., 1,&",/: V/#5.)/+ 4#$$,&,") 7,&*#%"* %$ )., *(', -%4, (&,
#"-/24,4B#"B,(-. %$ ).,*, 6&%5&('*: >.#* -%4, #"-/24,* *%', 6%&)(9/, /#9&(&#,* ("4 (/*%
( *+*),' 4,6,"4,") 6(&): [25* 6&%6(5(), () 4#$$,&,") &(), ).(" 925$#=,* ("4 #) #* 4#$$#<
-2/) )% 1,,6 )., (// )., 7,&*#%"* #" *+"-: !44#)#%"(/+8 #" )., -(*, %$ kTT8 '2/)#).&,(4,4
(66/#-()#%"* -(" 9, 6&%9/,'()#-: !* ( &,*2/)8 #) #* '%&, -%"7,"#,") )% &2" )., k 4,6,"<
4,") -%4, #" ( 4#$$,&,") 6&%-,**: >.#* *%/2)#%" #* 62) #" 6&(-)#-, #" 6A68 0.#-. 2*,*
devdraw(1) )%B#"),&(-) 0#).B)., .%*) 0#"4%0 *+*),':

! *#'#/(& (66&%(-. #* )(1," 9+ wsys(4) (/).%25.8 -%")&(&+ )% devdraw(1), wsys
4%,* "%) 2*, ( -2*)%' 6&%)%-%/: E"*),(48 #) *,&7,* ( A? $#/, *+*),' *#'#/(& )% )., %",
$%2"4 #" rio(4). H#52&, T *.%0* .%0 wsys(4) &2"* )%5,).,& 0#). ( .%*),4 *+*),'
)(1#"5B)., &%/, %$ *%', 1,&",/ 4,7#-,*:

2. Wsys

C.," &2"8 wsys 6%*)* ( .("4/,& )% ( A? *,&7,& R9+ 4,$(2/) #" $NAMESPACE, (* 6A6
("4 /#9#=6 4%S8 %& %6)#%"(//+ /#*),"* $&%' ( 6%&): Y%2")#"5 #) #* ("(/%5%2* )% '%2")#"5
)., wsys *,&7#-, 6&%7#4,4 9+ rio(4), 0#). )., 6(&)#-2/(&#)+ ).() 0#"4%0* (&, "%) -&,<
(),4 #" (" (66/#-()#%" 0#"4%0 %& ( ),&'#"(/ *-&,,"8 92) #" )., .%*) 0#"4%0 *+*),':
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X%*) M6,&()#"5BV+*),'BRJ#"2=S

X%*),4BV+*),'
RA7=l4&(0),&'lE"$,&"%S

X%*) C#"4%0 V+*),'BRkTTS

?%&)(9/,B-%4,

V+*),'B4,6,"4,") -%4,BR=/#9S

!66/#-()#%"*

m,&",/BlB,'2

V+*),'B4,6,"4,") -%4,BR=/#9S

?%&)(9/,B-%4,

C*+*

X protocol

9P

9P

H#52&, T: E" ( .%*),4 *+*),' R4&(0),&'8 A7= %& E"$,&"%S 1,&",/ 4,7#-,* -%")(#" *+*),' 4,6,"4,") -%4,
0.#-. -%''2"#-(),* 0#). )., .%*) 0#"4%0 *+*),' Rk/#9 -%4, #" )., -(*, %$ )., kTT 7,&*#%"S: Wsys(4)
%$$,&* ( *#'#/(& $#/, *+*),' $&%' ( 4#$$,&,") 6&%-,** 0.#-. /,)* .%*),4 (66/#-()#%"* )% 2*, 0#"4%0* #" ).,
.%*) *+*),' ).&%25. ( A? -%"",-)#%": !* ( &,*2/)8 )., -%4, 4,6,"4,") %" )., .%*) 0#"4%0 *+*),' -(" 9,
)(1," %2) %$ )., 1,&",/

Y%*) %$ draw(3)("4 rio(4) (66/#,* )% wsys. C.," '%2"),48 ( ",0 0#"4%0 #* -&,<
(),4 ("4 (" ,")&+ #* (44,4 )% )., wsys/ 4#&,-)%&+ -%''%" )% (// )., -/#,")*: H#/,* #"
draw/ %& )., 4,7#-, ("4 -)/ $#/,* (cons, mouse, wctl, label, snarf, ...)
0%&1 (*B,=6,-),4: X%0,7,&8B).,&, (&, ( $,0 4#$$,&,"-,*:

Wsys &2"* %" )., .%*)8 *% #) -(""%) -&,(), %& $#"#*. 6&%-,**,* %" )., .%*),4 *+*),':
H%& ,=('6/,8 0.," '%2"),4 $&%' A7=8 wsys -(""%) -&,(), ",0 6&%-,**,* #"*#4, A7=8
%& 1#// ("+ 6&%-,** 0.," ( 0#"4%0 #* -/%*,4: I&,()#"5 ",0 6&%-,**,* #* (-)2(//+ "%)
,**,")#(/8 9,-(2*, )., ',).%4 2*,4 9+ window −m #* ,"%25. )% 2*, wsys. >., kill
$#/,8 4#*-2**,4 /(),&8 #* 2*,4 $%& 6&%-,** ),&'#"()#%": !* (" (44#)#%"(/ 2)#/#)+8 wsys #*
4#*)&#92),4 0#). ( wctl &- *-&#6) 0.#-. -(" 9, &2" $&%' A7= %& 4&(0),&' )% 6&%7#4, (
wctl *,&7#-,8B("4B9, (9/, )%B2*, window 0#).%2) )., −m $/(5:

!"%).,& 4#$$,&,"-, 0#). rio #* ).() wsys, 0.," '%2"),4 0#). )., ())(-. *6,-#$#,& /,
0#// "%) -&,(), ( ",0 0#"4%0: E" ).#* -(*,8B( 4#$$,&,") $#/, *+*),'B#*B*,&7,48B-%"*#*)#"5B%"
)., wsys/ 4#&,-)%&+ 0#). *294#&,-)%&#,* $%& ,(-. %6," 0#"4%08 )., -%''%" draw/
4#&,-)%&+ R0#).%2) new $#/,S8 ( snarf $#/,8 ("4 ( kill $#/,: \,(4#"5 )., kill $#/,
9/%-1* 2")#/ ( 0#"4%0 #* -/%*,48 ("4 ).," &,)2&"* )., pid 5#7," #" )., ())(-. *6,-#$#,&
0.," ).() 0#"4%0 0(* -&,(),4: >.#* $#/, #* &,(4 9+ )., wctl *-&#6) )% 1#// 6&%-,**,* %$
4,/,),4 0#"4%0*: >., snarf $#/,8 0.#-. #* 2*2(//+ (**%-#(),4 0#). )., '%2*, #" ?/(" A8
#* *,&7,4 $&%' wsys 0#).%2) 9,#"5 (**%-#(),4 )% ("+ 0#"4%0: >.#* #* *% #" -(*, *%',
6&%5&('BR$%&B,=('6/,8B)., 6/2'9,&SB#*B#"),&,*),4 #" (--,**#"5 )., -/#69%(&4 0#).%2) .(7<
#"5B)%B-&,(), ( 42''+B0#"4%0:

2.1. Implementation

Wsys #* 92#/) %" )%6 %$ ,=#*)#"5 ),-."%/%5#,*: Z,&+ $,0 -%4, .(4 )% 9, 0&#))," $&%'
*-&()-.: E) #"-/24,* *%', 9#)* $&%' E"$,&"%8 *%', 9#)* $&%' 6A6 R'%*) %$ ).,' $&%'
4,74&(0S8 *%', $&%' &#%8 *%', $&%' A7=8 ::: >., &,*2/) %$ ).#* -%'9#"()#%" #* (-)2(//+ (
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;2#), *#'6/, 6&%5&('8 0.#-. #* '%42/(& ("4 6%&)(9/,8 ("4 4%,* )., K%9 $%& 0.#-. #) 0(*
-&,(),4:

C*+* '(1,* 2*, %$ ( $,0 E"$,&"% /#9&(&#,*F lib9 6&%7#4,* )., 9(*#-*8 0.#/, libdraw,
libmemdraw ("4 libmemlayer (&, &,*6%"*#9/, %$ 4&(0#"5 %" ','%&+ &,5#%"* 6&%<
7#4,4 9+ )., *+*),' 4,6,"4,") -%4,: >.,*, /#9&(&#,* (&, (/*% 6(&) %$ emu ("48 ).,&,<
$%&,8B.(7, (/&,(4+B9,,"B6%&),4B)%B( "2'9,&B%$ *+*),'*B("4B(&, 0,// ),*),4:

J#9"#",6 #* )., /#9&(&+ &,*6%"*#9/, %$ *,&7#"5 )., A? 6&%)%-%/: >.#* /#9&(&+ #* #" $(-) ("
,=),"4,4 7,&*#%" %$ libstyx(10), #"-/24,4 0#). E"$,&"%: Libninep (44* )%
libstyx %2) %$ %&4,& &,;2,*)*8 9#"4#"5 () )., $#/, )&,, 4,$#"#)#%" /,7,/8 ("4 '%&, -%"<
)&%/ )%B6&%-,**B&,;2,*)*B0#).%2) 2*#"5B.,/6,&B$2"-)#%"*:

>., %"/+ 7,&*#%" %$ wsys (7(#/(9/, $%& )., '%',") &2"* %" )%6 %$ kTT: >., k/#9 4,6,"<
4,") -%4, .(* 9,," '%*)/+ )(1," $&%' 6A6!* 4,74&(08 92) (/*% $&%' E"$,&"% ("4 A7=:
>., "%"D6%&)(9/, -%4, #* -/,(&/+ *,6(&(),4 $&%' )., &,*)8 #" %&4,& )% '(1, 6%&)#"5 )%
%).,&B*+*),'*B,(*#,&:

>., &,*) %$ wsys #* *%', -%4, $&%' rio $%& '("(5#"5 0#"4%0* ("4 ( 9#) %$ 5/2, )%
1,,6B(// )., 6(&)*B)%5,).,&:

3. Status and further work

Wsys #* *)#// ,7%/7#"58 92) #) (/&,(4+ #* #" ( ;2#), 2*(9/, *)(),: X%0,7,&8 #) 0#// "%) *.%0
(// #)* 6%),")#(/ 2")#/ ).,&, (&, 7,&*#%"* $%& %).,& *+*),'*: M"-, MV k ("4 C#"4%0* (&,
*266%&),48 wsys -%2/4B&,6/(-, ( 9#5B('%2") %$ -%4, #"BE"$,&"%8B4&(0),&'B("4BA7=:

H%&B)., '%',")8B)., kTTB7,&*#%"B%$ wsys *)#// .(7, *%', 6&%9/,'*F &,*#3#"5 -(" /,(7, (
0#"4%0 9/("18 )., 1,+9%(&4 -(" $(#/ 0.," 5%#"5 9(-1 ("4 $%&0(&4 %$ $2//*-&,," '%4,8
,=#)#"5 6&%5&('* 4% "%) (/0(+* 4,/,), )., 0#"4%0::: >.,*, 925* (&, "%) $&,;2,")8 92)
).,+B-("B.(66,":

W,7,&).,/,**8 wsys -(" 9, 2*,4 0#). A7= %& 4&(0),&' 0#). &,(*%"(9/, *2--,**: C#).
)., .,/6 %$ )., wctl *-&#6) )., 2*(5, %$ wsys $,,/* 7,&+ "()2&(/ $&%' )., 6%#") %$ 7#,0
%$ 9%).B)., c"#=B.%*) ("4B)., .%*),4B?/("BAB*+),':

E"$,&"% (66/#-()#%"* 4% "%) 2*2(//+ *6,(1 9P 4#&,-)/+ 0#). 4,7#-,*8 ("4 #"*),(4 ).,+ 2*,
wm(1). X%0,7,&8 wsys -(" 9, 2*,48 $%& ,=('6/,8 )% /(2"-. *,7,&(/ wm #"*)("-,* #"
4#$$,&,") 0#"4%0*F

; mount −Ab ’#U*’/tmp/ns.$user.$DISPLAY/wsys /dev
; wm/wm &

M).,& 6%**#9#/#)#,* (&, )% 2*, E"$,&"% (* ( drawterm &,6/(-,',") 2*#"5 wsys ("4
9cpu, %& )% 2*, wsys #" (" c"#= *+*),' )% &2" (66/#-()#%"* $&%' ( hellaphone #" kTT
0#"4%0*8B$%&B,=('6/,:

?/("A6%&) (/*% #"-/24,* -%4, )% 4,(/ 0#). )., .%*) 0#"4%0 *+*),'8 92) #) -(""%) 4#&,-)/+
2*, wsys, *#"-, #) -2&&,")/+ 2*,* #)* %0" 6&%)%-%/ #"*),(4 %$ A?: V,7,&(/ *%/2)#%"* (&,
6%**#9/,8B92) "%", %$ ).,'B.(*B9,,"B)&#,4B+,):
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H%&*+). $%& ',")%&#"5 )., 6&%K,-): >.("1* (/*% )% )., %&#5#"(/ (2).%&* %$ (// )., -%4,
2*,4 #" )., 4,7,/%6',") %$ 0*+*: >.,+ (&, )., (2).%&* %$ 0*+* )%% R92) 925* (&, 6&%9(<
9/+B'#",S:
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