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A Synchronizable File Manager
Based on Bidirectional Tree Transformations

KAZUTAKA MATSUDA,t NORIYUKI OHKAWA,* YOSHIAKI NOMURA,*
NAOYUKI MORITA,t KAZUHIKO KAKEHI,* ZHENJIANG HuUt
and MASATO TAKEICHI

File management is sometimes confusing due to the difference between files and their short-
cuts (or symbolic links). While deleting shortcuts to a file can leave the file entity as it is,
deleting a file entity may lead to dangling shortcuts. To resolve this problem, we apply the
technique of bidirectional tree transformations to design and implement a new file manager
which can treat file references in a symmetric and uniform way. This file manager is unique
in its synchronization mechanism which eliminates the confusing difference of file references.
Plural file references are synchronized, and changes applied on one reference will propagate
to the others. For example, if one of the synchronized file references is deleted, the rest are
also deleted automatically. This synchronization mechanism can be efficiently implemented
based on bidirectional tree transformations. In this paper, we show the design and the im-
plementation of our file manager. The interactive graphical user interface of our file manager
enables us to manipulate file references easily, in which bidirectional tree transformations can
produce complicated dependency.
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Fig.1 Screenshot of the bi-link system.
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Table 1 Operations provided by bi-link.
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Fig.2 Synchronized file references by Duplication.
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X := Apply Path X'
| X; X

X' :=1Id
| Sort (D — D — Int)

| CMap X'

| If (Tree — Bool) X' X'
| Insert (Tree)

| Hide Label

| HSwap Label Label

| DupTo Path

03 XOO
Fig.3 Formal definition of X Language.
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Fig.4 Intuitive behavior of basic transformations and combinators in our X Language.

get (Apply p ) s = getLocal x p s
get (z1;22) s = get x2 (get x1 )

getLocal Id p s = s
getLocal (Sort cmp) p s =

let Node n cs = getTree p s

in repTree p s (Node n (sortBy cmp cs))
getLocal (CMap z) p (Node n cs) =

let Node n cs = getTree p s

in getChildren x p cs s

getChildren zp [J t =1

getLocal (If pred x1 x2) p s = if pred (getTree p t) then getLocal x1 p s else getLocal x2 p s
getLocal (Insert t) p s = insTree (newLabel p s) p st

getLocal (Hide 1) p s = repTree p s (remChild | (getTree p s))

getLocal (HSwap 11 l2) p s = repTree p s (hswap 11 lo (getTree p s))

getLocal (DupTo p2) p1 s = insTree (newLabel pa s) p2 s (getTree p1 s)

getChildren x p (c: ¢s) t = getChildren cs (getLocal x (p ++[getLabel c]) t)

05 XOUO0O getO0O0OO
Fig.5 Semantics of our X Language in get phase.
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put,, (Apply p x) (s,v) = putLocal x p (s,v)

putLocal Id p (s,v) =wv
putLocal (CMap z) p (s,v) =
let Node m cs = getTree p s

in putChildren z p cs (s,v)
putLocal (If pred z1 z2) p (s,v) =

putLocal (DupTo p2) p1 (s,v) =
let d = getRecent (getTree pa v)

d' = getTree p1 v’
in repTree p1 v/ (merge d’ d)

putChildren x p (c: cs) (s,v) =
let p’ = p ++[getLabel ]

in putLocal = p' (s,v")
putChildren z p [] (s,v) = v

merge (Node m cs) (Node n ds) =
mergeChildren [] | = ]
mergeChildren (z : zs) (y: ys) =

if isAdded = A isAdded y then

else z : y : mergeChildren xs ys

else merge x y : mergeChildren zs ys

put,, (z1;xz2) (s,v) = put,, z1 (s, put,, 2 (get z1 s,v))
putLocal (Sort ecmp) p (s,v) = getLocal (Sort cmpLabelwise) p v

if pred (getTree p s) then putLocal x1 p (s,v) else putLocal z2 p (s,v)
putLocal (Insert t) p (s,v) = repTree p v (remRecent (getTree p v))

putLocal (Hide ) p (s,v) = repTree p v (addChild (getTree p v) (getTree (p H[l]) s))
putLocal (HSwap 11 l2) p (s,v) = getLocal (HSwap l1 l2) p v
(

v’ = repTree pa v (remRecent (getTree pa v))

v’ = putChildren z p cs (getLocal z p’ s,v)

Node (takeChanged m n) (mergeChildren (sortBy cmpLabelwise cs, sortBy cmpLabelwise ds))

mergeChildren (z : zs) [| = if isAdded = then z : mergeChildren zs [| else L
mergeChildren [| (y : ys) = if isAdded y then y : mergeChildren [] ys else L
if x == y then x : mergeChildren xs ys

else if isAdded = then z : mergeChildren zs (y : ys)
else if isAdded y then y : mergeChildren (x : zs) ys

06 XOOO put0nog
Fig.6 Semantics of our X Language in put phase.
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000000000000 Oz1;22 0 GET-PUTO
O000000000000000000000 eddO
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a
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type Source = Tree
type View = Tree
data Tree = Tree D [Treel
type D = ( ViewState, Label, Mark )
data ViewState = Concrete FileState
| Abstract String

data FileState

{
parentpath : String,
filename :: String,
filetype : FileType,

size :: Integer,

goooooooooooooooooobbooooo 93
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07 DOODOODO
Fig.7 Framework of bi-link.
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reflect |
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08 OoOooooo
Fig.8 Rename a node on the view.

permissions :: Permissions,
modifiedtime :: ClockTime
}
data FileType = File | Dir

Mark 0 O0O000O0O0O0O0OO0OCOOOOOOO0
oooooooooooobobooooooooooo
obobOooooboooooooboooooobooon
O0O0O0OFilestate DO OOOOOOOOODODOOO
OOob0O00000OOparentpath OO OOOOOOO
O00Ofilename 0O 0000 Osizell permissions[]
modifiedtime U0 O O0O000O000OOOO0O0O0DOO
oooo
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02 00000000ooo
Table 2 Operations corresponding to marks.

Add 000000 /0000000D000000
Del oooooo/ooooooooooo
Moda | 000000 /0000000000 a00000

Open oo0oo0oo0o00O00000000000000000000

b dDupTo [LName "b"]
.

C——¢€

o

pathd : [LName "b", LName "d"]

pathd’: [LName "b", LAbstract 1]

09 0OOO
Fig.9 Examples of path.
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A J
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| Apply [LName "b"] (DupTo [])
b 1

Target is missing
010 O0OO0OOOOOOOODOOOOOD

Fig.10 Invalid transformation caused by a rename
operation.

type Mark = Maybe NotableMark

data NotableMark = Add
| Del
| Mod String
| Open
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a—>b
Apply [LName "b"] (DupTo [])
*b’
Rename [LName "b"] "c"
v 1
a—-=C
Apply [7L§I§me7 'lc:'l (DupTo [1)
¥C,

Target exists
011 00000000000
Fig.11 Successful transformation after a rename
operation.
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Table 3 Difference between bidirectional transformation based systems and

reverse pointer based systems.
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