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A Synchronizable File Manager
based on Bidirectional Tree Transformations
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NAOYUKI MORITA, 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 synchro-
nized 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 implementation of our file manager. The interac-
tive 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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XVl BREOT/ —FD, 701 #FOT/—F
D, ... TNV, BROTF ) —FRRT

332 X E =

ZITIE, InFTHEmI N EEER R L, &
BhOIR SN 5 BRI 2 L R oM E EX T 5.
Tz, BEEORITAZERSEED ) 12> 7 2 gl
SHEETED L, ZOZHEO LTI, HHERMECELT
WL OPDOEE TR I N DAL PERSINTE
D, EREHERL BEGTFICEVHAEbESL L
XD, WECHREMBTTRE A Z R T2 2
DTE S, WHFOUIEY LR 20BN EE

BHEES, X BHBOXEIIR 3 DL ) IcH>T
W5, XFECED, V-ATHhHIAMEELEE2—D
AEEZRMT 22 EMTES, HLY—REEa—
WFECHEITH 205 03DH 5,

CDFFED VL DODDHEALE L RS T DERL
MBI 2R 4 1R T, Id ZESEHRTH 2,
Sort I3FRDDICY — b %FTH. CMap iZHEH I N
%/ —FOETOTICx Z#HL, If Z5EDIEET

REDWHEELEZFHA L7 74 L~ 2= vy DFEEL 7

9. Insert 352 6N Rz F L LTHAT 5. Hide
&/ — FORiE%Z1T 9. HSwap IZ BRI DNEF %2 A
W& %, DupTo IFEMAMCTH 5. HRAWIIH %
WaAREHESNI/ — FRIMICERL, fHEBEL
M S 7 2 DO ARZMES, ERZEHIC LD
SR L, —IFICMA I AREIZHT S 5 —
JITREE 2 720, HREICE L TIFRIciR2 5 .
BRI 2 B Duplicate I35 %, Apply i3
HEINA/ — FIC#EIc I N5 BRNaZ e iiE
5, INoZEET I DEEIY LT itk
DA TR DBMERIT) T LB TES LI TR B,
2 23,

Apply p1 (

CMap (
If pred? (DupTo p2) Id));

Apply p2 (Sort cmp)

EV ) LRI N R py DERT ) — FD pred? Ziile§
TRTOFORMINIFEHE R po DET ) —F
DUNicEmU, B emp I X DMEREZ 5.

3 T I NS Path 3 A %KY, T4k
bbb, ANMINTROMRPSDNRATHY, Apply
N7 ) — F 682 Tk, Ziuk, Loflokkic
CMap D51%2& LT DupTo Z2HHTE 2 Xk H129 3
T THD, NACHERIEBZMNIMAS 2 LI
0, NN RAZHWI.EELERTELD,
WOMEMEIC T B 7@ T 2T SR & LTS D
EFEfToN, 2, 2D Apply p 2 D I
Apply Z &t 2 L 2l lT 2 08B H D, 9) LEED,
X &X' L 2REIcrT T,

DEILY —AB XU 2 — LORFREREL E %
T35,

e addpt: KtZ/NZXpdD/—FIiZF& L CGEM

o delp: RApD/)—FxHlkk

e modpn: }fxpo)/—}s@?\]ﬁ’a’:n:: D IZEH
CoLE, X SHEO get BEO put, ICRFUIE 5,
Benkdichzons, ZIT marks, mark, 1%,

e add: BMIN3/—F

e mod,del : p THEIN/ —F
22— 27 217, reflect,, reflect,,
L7 B CHRICERI NS,

5, X6 TSN ABEIC >V CEHZ T
9. getTree pt, repTree ptt', insTreelptt &
ZNFR, Rt D2 p TREINBEIAKZIE T
B, Kt DORR pRENHEAAREAR Y CEIRT 2
B, Rt DR p TRENBGFIZTELTRY
DI7RNVE VICEBELbOZEMT 285 TH 3,

1 Z NS
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77

v NENEL o ﬁm o

LVAC-YAN
if p?
If px1 x2 : pA

Apply p1 (DupTo p2)
else i : i :

ALY

B 4 X SFHOEALRE X OO OB 2B fE

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 emp) 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 x p [| 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 la (getTree p s))

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

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

B 5 X 5D get RFDOIKE
Fig.5 Semantics of our X Language in get Phase

newLabel p t 1%, ZDIEDIBIARDTD 7 ~)L%HH
NRL=—7 %7 VEERT 285 TH Y, HUTD
ARIZH LT, FALIZRUDBERINDE, ZDLH %
newLabel DMEEZFIH L, getRecent X remRecent
1%, newLabel IZLk>TT7 LI EN/ —FEH
BRHIRE1T 9. sortBy cmp (ZHEEEAEL emp 106
LTy —btz179. BB cmpLabelWise 135
VICER I N 2EFBRICE VIR 2179, £z,
isAdded 13H%E add \Z k> TCw—7 TSNt
IPEBET 5.
get FHAIRDEETH 5 DT, LTHRZEH D
Zax RICHES. getLocal 13, X3 %o X' Z LB
5, MRS AZUIT 2720, ED/ — FICE#DNH
MEN2DMEHRZH 2 518> T 5,
ut,, FE 2 —DfEE KA T\, GET-PUT %

Wil TEIICED NI TH B, i add 12k -
T/ — F2SEIS i, ROMENY — 2 L ea—
TELTLE D DT, WEMTOBRICERET 508
b5, merge tt'\x, FHDOYV A I —r%2EF
BOGAIE, EREORE»S t=t' L5570t

2T, 7—7’%&?*@:. Jidt k=2 add
/= FEBROWTHCTHEDT, Ihsnv—7 R
ERIRNIC—Y L Q0o R%ZIR T, mergeChildren
2 add NT /) — F%, merge WS takeChanged 12 &
Dz De—re—TF 5,

DU, X Sfc K D iER I N3 2 GET-PUT
%@%ﬁtb,w¢mMJdﬁ%§§h%:k%%$
WY, £7, GET-PUT FE%2%5 2 5. Hide I% get
RHCHIBR L 72 7% put,, RRICY — X 5 B3 L, Insert
I get RRIZIA L 72/ — F % newLabel DWEIZ X >
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put,, (Apply p @) (s,v) = putLocal = p (s,v)
put,, (z1;22) (s,v) = put z1 (s, put z2 (get z1 s,v))

putLocal Id p (s,v) =v
putLocal (Sort emp) p (s,v) = getLocal (Sort cmpLabelwise) p v
putLocal (CMap z) p (s,v) =
let Node m cs = getTree p s
Node n ds = getTree p v
cs’ = sortBy cmpLabelwise cs
ds' = sortBy cmpLabelwise ds
s’ = repTree p s (Node m cs’)
v’ = repTree p v (Node n ds’)
in putChildren x p (reverse cs’) (s',v")
putLocal (If pred x1 z2) p (s,v) =
if pred (getTree p s) then putLocal x1 p (s,v) else putLocal x2 p (s,v)
putLocal (Insert t) p (s,v) = repTree p v (remRecent (getTree p v))
putLocal (Hide 1) p (s,v) = repTree p v (addChild (getTree p v) (getTree (p H-[l]) s))
putLocal (HSwap U1 l2) p (s,v) = getLocal (HSwap l1 l2) p v
putLocal (DupTo p2) p1 (s,v) =
let d = getRecent (getTree pa v)
v’ = repTree pa v (remRecent (getTree pa v))
d' = getTree py v’
in repTree p1 v’ (merge d’' d)

putChildren = p (c: cs) (s,v) =
let p’ = p ++[getLabel |
v’ = putChildren x p cs (getLocal x p' s,v)
in putLocal z p’ (s,v")
putChildren x p [| (s,v) =v

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

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

B 6 X SiED put RO
Fig.6 Semantics of our X Language in put Phase

T put,, FlIcE 2 =26 HIRT 5 Z £ T, GET-PUT
Rt/ LCw» 3 2 EEBINICERTE . V—
ARDZEMEX T OIHT 2 il L TERI NS 70,
Sort % HSwap %% GET-PUT Frih 2 7 D IZHH S
P TH%. CMap iF, get FFIZY —ADF% F VK
WA EH L Coo D%, put, FIZY —ADF
D7 )VIE E VTN put,, IS THEF AN LT 3 72
O, FHHIH SN2 L) GET-PUT %273 7%
5, CMap b GET-PUT k2732 LT R 5.
DupTo &, get BDRETIZ d L dPEFELWVWI L
FZ5E, put,, T get RFIZIIA I N7ARZHLD bR

{7=® GET-PUT Rz 9. &, Rtz
#Z2%, V—ALD add, mod, del DIEEDHIZ, 5
AONIREEBORICET 2 ENTES. 2D
72®, Ea—ETD add, mod, del 2%, HFEINDD
ZHLTH 5.

4. REH MW
AffiTi3 THEMR) OFEOFEMZTR T, 2B, Tk,
DIFINL, BB S EE Haskell 12 X > TiTo 72,

4.1 B ]
bk, TREFEIRETFT—=I374 L7 PUKRTH
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File System GUI

reflect

Source get View

Bidirectional
Transformation
E put [E

B 7 THEtR, OREK
Fig.7 Framework of bi-link

D, ZOREZEHRIET 2 2 ENTS R, 207k
b, YATLa—-NZELT, T4L7FYKREFEL
BIKDOARZ Y — 2 ETERT 5. E Ao

Sz e, X iz HARE T Haskell 70 2
FTLELTCURT 2 L3 TEL. X RV
O, Ea—tY—REALCHDORTH 3.

Ttk ORERER 7 ICRT, Y AT La—)LIC
DY —ADBHEEIN, Z2Ih5 get 2k hiGoN
Ea—MGQUIavR—%v MIERENS, 12—V
WE2—LETHREZMZAS L, put itk )y —RITK
THMECHERE N, Y ATFLa—VEHAVTT 1L
7 PURICKBEES NG, 2D, Bl — AHHEE
I get ICLDVEMLKRT 2, “HET7” BWEHE
ENKGAHIL, ZOP B HER T, getickb
o — 2 ET 5,

e LT, FABRICH 24010 D/ — FIZxL, ¢
WA T BIREZ T GG OEHZR 8 IR Y,
I, MO b D FICHETIN TS {Mod cHI?—
IRELTVD,

4.2 FT—YEBEDFHH

X

Ttk THVZY =28 X OE2—DRIE, BT
DEIIERSIND,

type Source = Tree

type View = Tree

data Tree = Tree D [Treel

type D = ( ViewState, Label, Mark )

data ViewState = Concrete FileState

| Abstract String
data FileState =
{

rars vy 2006

|

Source : View
|
|

a—D>b mmmmp==p 3——D
geti
|

| b
|

: Rename

|

| A 4

|
a—b{Mod - --\‘l-ost- -a—r—b
!

| b
reflect :
|
|
1
a—-C - C
geti
I
C

{Mod c}

8 UL DHI
Fig.8 Rename a Node on the View

parentpath :: String,
filename : String,
filetype :: FileType,
size :: Integer,
permissions :: Permissionms,
modifiedtime :: ClockTime

}
data FileType = File | Dir
Mark 3w — 7§z Eb T, ik, <—7HEk
2 —=FIZGENTwS, Zhuckh, v—7F &0k
EZ)TRORZFA—DT—FHEETR) ZLAITE
%, FileState I 7 7 A NEXWETAL 7 PV DI F
I EFRIREZKT, parentpath IFBIND S AERE
i'%l,, filename Li%ﬁﬁ’c‘&)%. size, permissions,
modifiedtime I¥¥ A X, X—3I v ay, HEHHEK
2RTY.
7 R
PR, TR — R L TTO L) ic7
ZEFEL TR,
data Label = LName String
| LAbstract Int
| LOther
LName 3BT 4 L7 PR RICHFET 2/ —FD
FRNVTHD, 77 AN LEFA—DXTFIIHHE S
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®2 K= 7RG L 7B
Table 2 Operations Corresponding to Marks

Add ZD77AN/T 4L T B RFHIERT 3
Del ZD77AN/T 4L 7 P EREIGRT %
Moda | ZD7 74N /7T 4L 27 b DOAHETZ a ICEHT 2

Open ZOTAVI PYMTEDY =A% T4 L7 YR SHEET S

a b d DupTo [LName "b"]
L d’>
C——¢€

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

pathd’: [LName "b", LAbstract 1]

9 RZDH
Fig.9 Examples of Path

%, LAbstract 3R/ —F2EKT. #ZR/ —FiZ
Insert £ 7213 DupTo lC X DHfiAZINS /) —FTH 5,
ZOBRIZ, FAIN LD TERL ZVFESH
5252 %, Lother 13, MELICIDIHEAINS TE
D/ —Fiffrens, ffAIhs /) — Koo/ —
FERU 7RV ERFOI LR COTH S,

TALZ FURIZEBWT, $5%/ — FOTO4M
TRTHEL 5720, LName B TTIRTHEL S,
¥ 72, LOther ZIRL THMEIN L 2 L3 icd, Z
DEIENE, HBAD) — PRI LRI I LI
BIL TR 5.2\, ko, TITE&RINKT
VRO TR R S AR ERT L E05T
5.

k) 1281 2 BRI S 2 Of 2B 9 12K T,
oV T d IFd 2HBLTCTEL/)—FT
b5,

4.3 reflect DRE

THEbR ) TRRERIEZT I, Ea—KRo%&/ —
FIZHRERIER D 7= D~ — 7 Z ), Z0% put
W& DY —ZARETERIEL L. v~— 7 D0FLEZMT
IR,

type Mark = Maybe NotableMark

data NotableMark = Add
| Del
| Mod String
| Open

R2lFw—r&n/ —FicxL, 4L 27 MUK
LETiTbn 20U TH S, Open ik, T4 L7 FYK
oY —ARET BN,

4.4 WAEEBROEE EORREE Z ORRE

W — FaAE LTIz A 4 2854, / —
FOEICER T 2885 2. 2OMELE, Rk
2T,

4.41 77AINORARICEL BHE

HDL7 7 ANDYEHLELITI L, ZD T UL
DAHNCELZI N, SETONRADEHEYICHR D,
B, LI ) — P20/ — FIghd 3 £H
EZ 7 B

WA & D ERIADSET S N K A 41 % E 10
AT, K10 TlE, /— F bIk$ 22546 DupTo 28
FEL, Z20RAINI )/ —Fo—FH%z2 VY L35
E, /—Fbx LT HMEZTEHNTEE, bD
7 X)L7S LName "c"ICEB I NS 780, HEITD LR
PRAHINS ) — FRIET L TET, LA
SNl %5,

COMEZ, put L7z get T528I2KD, WA
DILZ 2 /) —FEFIBETBEIENTEL LD, 20K,
put RFICZN 6D ) — FZEET /82 %2 TRTHE
Haz 22 EICKDMRTES, ZHITKD get RFITIE
WHENT ) —F DIV E, FOVEHFADE
DRIEHIE, Rz 22 #H T 2 2 & A3 AlHE
%%, ZOHFBEICEIIE 11 DX HITIEL Bz
HTE5L91ck 3,

4.4.2 BEBRBICEUZHE

b B0 ) — PSRRI N8I, BRI b
DEFUCAHD /) — F23E U MEIC/ER IS &, 8
ADE—IZ 2T L E S, 2Dk, HlEkwiczn / —
Rlioxt U CASEA E N T icis, 2 OEHDH
EEASNTLE). L2L, Zhen/—FiEilo
bDTH5H7-0, ZOFEMIHELL kW,

COREIZ, get RHIEHAN / — FOFEL RWE
Haz |d ITEHRT 2 2 LTk DRIRTE S, / — A8
HIBR S 7o 2 D 2 — FIcBI9 2 288377 7E L 7 <
B, FERE NS, — Fioh U TE R SEM X
NBZEEHl %5,
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a—>b
Apply [LName "b"] (DupTo [])
b’
Rename [LName "b"] "c"
v
a——C
: Apply [LName "b"] (DupTo [])
0 S

Target is missing

B 10 &fiic kO &asEi S i < % 540

Fig. 10 Invalid Transformation Caused by a Rename

Operation
a—b>b
Apply [LName "b"] (DupTo [])
(I
Rename [LName "b"] "c"
v 1
a—-<C
Apply [}Iﬁ\Ta}mei'lci"l (DupTo [1)
—’ 1

Target exists

B 11 SfEIEL < Baed 2 40
Fig.11 Successful Transformation after a Rename

Operation

5. & ]

Hifli £ T, BTN EFH L7 7 A V22— %
THEbk ) DFEBIFRICEI L THH L T &%, AHiTlg,
BEHEAIZE & DR A B L T, AROEME L O
NEHFEIOWLTHRZTH

BEEYZT L

ZITE, 7740 R— % THER) L BEDRE
WY AT AIZDOWTIRR 3,

Proxima'® ZNAZ 7« ¥ TH Y, Ttk & Fkk
IZE 2 —%2F5D. Proxima TIZM GO EHZ 12—
DERL BT IUI % o o723, Thgbk, 12, £z
BOHAASIE RT3 2 itk Y, ZoRERL
U7\,

Jarsvy 2006

7, BTRONY I3 HEH/IREE VI 774 L
AT LS B, RKEET7 74 VBRICHIGT & T
by, EHRHTRKEEZEL CEREIN, 2ot
BORGZELILNBTES, DFED, 7740 R
FLZDSDNT T 7HEEIC - Tw» B, THfEtk, T,
fEREZ G XD &7 7 7RERBIEICE W TR A &
W, JEIEBRAI S T 7 REEE, BUFAIAEE L T
Wy Lickh, ML THS Z L3 TES,

YRV 7Y v ENALIGSA, BOo8A~Y v
JRIRD T EICED, TEERIEEZERTE %, DupTo
ZRH L 256 305G A B & LTREEI NS
R B, BOFAEHRIZE T, 20X BAH
HOBIFEL IS o Tuiwy, Lal, BLlk
TEBRSEN 7 7 A VEPICBWTHRHTH 2 L E 2
Wicd, ZIUIRTEE 3% 5 %0,

YRV 7Y IDBRIC, WAL YRR
ZEThH, MADIEXNHIEZ BT Z L TE S,
22T, WAL ERH LI AT L EHRA V5
EROVAT L LMK EIT). EhEENE, R??
WZRT,

WiHA vy 2RO AT LTI, HAD7 7402
FA4LZ M) EvokA 7Y MM CHEBEIRD
BMELTS ., ZUKL, WTREEEFHL 2> A
T L%, FBEGRE A SRR LERET). 2
ik h, BoTaZE#REAA L 722 A7 A TIEE—D
F4L 7 PRI, Bio/ B EwiT 5 2 ki
IDVBEHEOE 2 —ZEHT 2 2 LRI D, 21—
FoMEH4 DHMICE L 72 2 —%2ERTE 5 2 &3,
T7ANVe3:—=Y 2 ELTCHEHATHE EEZLND,
7oL 20, BAmEREFH L7 7 A Ve 2=V v
TIE, FADHEHBRZED S DDFARDIENRZHED
b0kE, HWNOE 2 —%2ERT 5 2 LN TE,
TR7 7 ANEERANTHAL 0 35AICDH, HE
LT AZNZFIUCK LEEOE 2 —%2FKT 2 Z
EMWTE S,

£7, WAL VIR OIS AT LTI, Btk
LAz RO ETHRTE 20D, HiEPE
Ha B o BRIz MBI R 2 U I BT 2 B H
%, ZRUTKL, BOTMEREZFIH L 72> A7 LT,
Wi e BEhe oA A%, TS FEIC X DR T 2
ZEickD, MR ER- L FEMT S E23T
25,

ERERE

SlE, 774 N2 =L Y DIERICH 72> T, Hu
5 DRITIAERSED R L. Zhug,

o AWEZP) I LWTES
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Table 3 Difference between Bidirectional Transformation based Systems and

Reverse Pointer based Systems

BT ZAE R L 72> 2T A

WRA VYR LI AT A

TEE R BIETIZIRA 2\
FIRIGR DB | Z5H

LR W S EECH I, MIBRERTS

Wz
T77ANRLT4 L7 bPURE
AR SRR M 20Dy, [FHBIGRIZHEIR T 2 i

o IS X D FIIEREZ EBITE B
o D EN:

o HIAMTRLALIICY— 2T 1ok b iFE

BEZDbDEEHTES
EWIMWED, Fa L2 UKD RETEFHEFIH
RILTEDL 7 74N 2—L Y DIERICHE L Tz
DTH5.

LaL, fiblic d% < ORI %2 RO S 303
19 %. Meertens 13, HOMICHIZAMNINTE 32—
PRFFEREOFEZ HNE LT, WEHRD 2 DD
ol DHER 2 B L 7210, BRI S 32 LT,
XML @ & 9 BBt & 7= 25017 205 5 2.
ZOEETIE, Bz DTD MoZ&#z HRICERT
5 Z EDTE S, Ohori & Tajima b Ea—%H9 [
W2 SE2 R L T03Y, oD EFET
X, A7V 27 MERT— I R—ADE 2 —ZEET
3 kT, BN 7a s 2SR T2 2 L5 T
ERN

REICR T 2HE

T77ANTZ =R ITBWT, 774 VOFHULEERR
YHTAH 2 EFRE R EE 2% E 2 B3, DupTo
D &) WEHECOFEZPI D, 9) TIERON
FIRERIED A2 EZZD L TREDEREZ AT,

Bx bR N eI T 2 BB 2 £ L TE K
2, ZUL, Ea—Iioi T ARREREE Y — AT
DIRERE~TERT 2720 Th 3. ZDXHIREIL
TAFRLTH LB DTIE R, 7= R—2D5H
RETHLDPOERmINT B0 3T,
B B B TRIRICEE L i 2 T o 72, W5
WAEfZERH G F 4 YOEBICRL DX ) BT A
FrEEMLL DL DEENTH 5.

HxlE, GUI THEMICE 2 —28ET2 2 %
WRE LI, 3N simERMEEARICRET 3
EMTER, ZHUTXD, FIET B X9 hiREERE
DEFHIH 2 2 L2 E, WERFOEROMRE
B2 2 ENTER, LL, HBO7 74 L=
F—= % ZEKHCHT 2541013 20 & 9 2RIhs
RETET, HOICPET 2 HEREDHERHCTEE L
B%., ZoXIREAICE, SEIEROB7 AL

CAFLARN—Y g VEL ZAF L) Dk,
EDE 2 —MEBOBICHR AN T2 R > —%
D DINENH B,

= B’ h

BT K BHREACERRICDOWT, B o —ITiRE
M3H A OWMEERICE L TS Tw 528,
Y — ZNMRAFEDS B % G5 DFRELIBIC D\ T Dk
BHEDfITbN TR, L 2T,

get Eq (s1,82) = 1
putEq (s,0) = (0,0)

D &I MU, b HWMEREE Y —AD 2 DDET
BRI ENTES. bLIDX) BEmEF
Bl RRICHAANS Z EBTENUL, F4L 2L
VDI 5= T Ewvok7 7 A NVERICHEH 2 BEE
ZRBTHIENTES. ZOHAIE, s2d¥s; DI
F—llhoTw3, ZOEMEHT L GET-PUT %
lii7e X% 5k, BRI L DML 5, BT,
KA ZOEHRETAT LI L2RFHTH 5.

BT, Fold® 7 & ORHR 25 & T sl
DB L TRy, b LINEZEATS I LT
UL, TALZ PVDT7 74 NY A ADRETDEHE
P, MEHERZ1OOFT4 L7 PVICED L EVoT
WFDATR Z B XD ISR B, T), 9) TOHmIITT TIC
Hb1D, TOX) BEHEFZERIGHAANS DI
RN ES TH D EEZ NS,

BUE THEtk ) Clla v —2BEBZTL TRy, 2
N, Ea—KRIZiZ7 7 A VBT 2R Z R THIR
S FPEELTEY, IRE2ERT/ —Fotlae—&
N2 EFERMOXTFNE 7 7 ANKBETHHEDT 74V
DY = ARIMERENTLE) D TH B, DM
I,

e TALZMIDFIET AL FUDT 7 A I

WTdh 2

o HRUIFEFW
o 77 ANIZTFERiIR
o V—AKIZIFFTALZ b I ET77ANLDTFEL

0
EVo T =Y DAX—<Z2MHT S L THEEKR
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Sz EMTE, aE—2RBEILE S HARLIY
THERICHAAD B Z LT E 3,

M OE M

77 AN R— THEbk) <%, s N7 7
A NS — b 7 & ORRE % W5 28 % F VT3
HLTw3, 2ok, RFAEEICEET 2k E2E
DB EITED, L TwAEHOY A XA
LCL %9, Ttk <ix, 2z 7u /o6 E LT
WENBrw, 7ars sEdbBMizIcHTs 2 &
TINZMRRT 2 EPWFFTE S,

— B K

T77ANTR—Y 2T, 5/ — FHHIRI N«
BAICZD /= RIS Cw e gaptho / — 1
WEHENTLEIDIREELL v, Hu b £ Mu
5 cix, FEYALFELTHRG, $3/—FoT
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