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Abstract In this paper, we suggest a system which automatically verifies and tunes transaction
processing database applications based on program analysis technology. This system automatically
verifies two kinds of transaction processing errors. The first case is the un-closed transaction. In this
case, data is not updated as expected or performance of overall system can decrease seriously by
locking some database tables until the process terminates. The second case is the miss—use of
transaction isolation(locking) level. This causes runtime exception or abnormal termination of the
program depending on runtime environment. This system automatically tunes two kinds of inefficient
definition of transaction processing which decrease the performance of overall system. The first case
happens when opened transaction is closed too late. And the second case happens when transaction
isolation level is set too high.
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begin_transaction(Serializable);
balance = read();
b = balance - x ;
if (b > 0) {
write(b);
commit();

}

return;
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I'4WBWRFtc<c¢c B T'Be b fun f (x) =
p:c, 6 I''Bc + K oIty (5)$} [Program] Tt
Aol o3 (7) F B, 8) TU {f: V « with Br «a
—ah B, a Fe: g (9 TU{f: Va with B. «
— q}, Be Fp ¢ otk (3), (7, )z Aol 14
oA (10) + s U{f.<xe>} : TU{f: V @ with
B. o — o7t AR amzE, (10), 4), 9),
6)7 A2 49 Wl F (o Ulf- <xe>)tepK)7F A
H3ct
C = (o,tcv,K)Q 3¢ :
7H3 Ao 4o sl (1) (o.tey,(xe)iK) —
(o tcelv/x1,K), @) + ¢ : T, 3 B F tc < ¢
(4) T.Bc F v ¢ (B) T Bc F (xe):K ojth
B¢ Ael 20 &) 6) T'Be F e : ¢, (D
Bc + K olth (2), (3), 6), (M3 A2l 4o &
3 (8)  (o,tceK)olth a8nz BzAE 64 9
3 - (o,tcelv/x],K)7F AR

Cold

A wojetdlo] 2~ Al 32 A A 1 Z(2006.2)

< C = (o tef V,KY AS:

7Hgel sl (1) (o.tef v,K) — (o teelv/x.K), (2)
Fo:T,BBFtc<c @TBck fv:
¢, 6 I[Be + K olth (498} [App] 2l <3
6) T(H = Va with B a + ¢, (7) B + Blc/eal,
8 ¢ = ¢ /el oot )¢t B 19 3l (9
TBra + e : g olth (Ml &l (10) £ Blc/a]
otk (8), (9), (1)} B=AY 4o} 28 (11) TI',Bs
[c/ele v e ¢ 7F AE3t (1), (DA 224
G (12) IF'Be b e : ¢ 7} 8%k (2),
(3), (12), (5)F B9 49 23] (13) + (o tceK)ol
dH sk :EJEE, (13)3 B=xAd 69 98 -
(o,teelv/xlK) 7¢ AREch
C=(otclet x = e; in ez [ K) A%
7o 8l (1) (o.tc, let x = e in e, K) —
(o tcenxe):K), 2 - ¢ :T,3) B F tc < ¢
4 T Bc kletx=eine: ¢, 6 I'Bce F
Kelth. (4)¢} [let] &) &l 6) T,Be + e :
c, () T'Bea F ez : c’olth (7), 5)z A2 24
o8 (8) T'Ba + (xe):K7t 48%} =g
(2), 3), B), @3 ALY 49 3] + (g,tcer(xe2)
tK)7F 9@
C = (o, tcif true then e; else e2,K)Q1 A% :
7489 28l (1) (o,tc, if true then e; else esK) —
(otcen,K), 2) o : T, 3 B+ tc < ¢, (4
I',B,c + if true then e; else ez : ¢, (6) I',B,c’
+ K otk (hs} (1] 7A 93] 6) I'Be + e
e, (N IBe ke i, 8 ¢ = U o ot
(5, @ BxAY 7, aen B9 2d g ()
B - K 7} A3} 28E2, (2), (3), 6), (8)
# A9 49 Wt F (o,tce,K) 7F AHETCH
C = (o,lc, if false then e; else ez K)2 2% :
(o,tc, if true then e; else es,K)9 A9} vl4=d
:,qxalam oz =g,

= (o,tcopen_ro,K)¢l 7% :
7]'75?301 o3 (1) (o, tcopen_ro,K) — (o ,0opened_ro,
0K), 2 F ¢ :T,3 BF tc <¢ (4 I''Bc
 open_ro @ ¢, (5) I'Bc" + K oltfh. (49}
[Open_RO] 7t& ol 98] (6) B + ¢ = Closed, (7)

= OR 7} 493 A9 39 93] (8) opened_ro
< OR °Jt} [Valuel & <3 (9) TI',B,OR +
O @ OR 7} A3k Z8EE, (2), B), 9), (D),
B)}F A9l 39 &8 + (o0,0pened_ ro,(),K) 7} A
@3“4

= (o tcopen_rw,K)Q! A% :
(o Jtc,open_ro,K) 2| 7399} ¥S=3lAl SR}



E@A4d 7|0 golgtyo]~ &z 2R GAY AF H

< C = (o teclose,K)Q 7% ¢

744l s (1) (o teclose,K) — (o, closed,(),K),

2 6 : T, 38 B V¥ tc <¢ (4 T''Be +

close : ¢, 5 I'.,Bc’ + K °lt}. (4)8} [Closel ¥+

A 93} 6) B F ¢ © OR, (T) ¢’ = Closed 7}

Ag3th Ao 34 23l (8) closed < Closed ©lt}

[Value] 3l 98] (9 T ,B,Closed + 0

Closed 7} AR} 28|22 (2), (8), (9), (7, (5)

7 A 49 g8 - (o,closed,(),K) 7} AE3I

C = (o tcread, K)Q 2% :

7ER8e] &) (1) (o, tcread,K) = (0,tc,(),K), (2) +

¢ :T,B3 BWF tc<c 4 I''Be + read © ¢,

(5) T.Be' + K olth (4)9} [Read] 2ol 23

6) BF cC OR, (1) ¢ = c °lth [Vaue] &0

g8 @) T'.Be F O :c 7t ARt 1222 (2),

(3), 8), (1), B¢ A9 49 s} F (6,tc,0,K) 7}

i hia=y

«C = (o, tcwrite, K)Q 2% :

(0 teread, K)9l 799} vI&aA F5dch
2z 9[AF] - Cold C — ¢’ A FdAo|
7} EA%.

(%) T4 BAE g8 $e 2 22F9) ug

(Contraposition)?] “d&8e C7 2571 d2

TR ZEoHs ek webs, o o7
A LF AEY AT EXF
+C = (o, tc, open_ro, K)°JaL tc7} opened_ro &
opened_rwdl 7% :
HA + (o,tc, open_ro, K)¢l Elo|go] &g}
7433k 1A, Ao 49 93 + o, B F tc
< ¢ I'Be b open_ro : ¢, 'Be v+ K 7} He
Elo}jgo] ZAFtt. 22W, [Open_RO] #H ol 2l
¢ T Closed?} A8t ol B + tc < e 7}
Aell Bgolth matA, olst 22 HeE Eold H
A gker

C = (o,tc, open_rw, K) ©|3 tc7} opened_ro ¥

opened_rwdl 7% :
open_ro9| 7%} HlszatA FHEC
« (" = (0,tc, close, K)°|3L tc7} closed$) 7% :
AA + (o, close, K){l Epo]Bo] Exjgcta 7
ARy 23|, B9 49 93 - o, B F tc <
¢, I''Bec F close: ¢/, T .\Bc’” + K 7} 5l ©Elo]sj
o] At 289, [Close] 7l 2&f ¢ = OR
7t AR@h o= B ke < cthe 7O Egelt.
« (" = (0,tc, read, K)o tc7} closed 73% :

ofN
e

s 74 93

WA - (otc, read, K)Q Elo]o] EAGTR s}
ek 2ed, Fo 4o 93l + o, B + tc <
¢, I'\Bc F read : ¢, T\Bc’ + K 7} e ©ol¥
o] A% 28¥, [Readl T30l 28l ¢ - OR
7} Ag3teh ol B + tc < cghe 7Pl Bgojh
+C = (o,tc, write, K)°lil tc= opened_ro T
closed 9 7% :
WA+ (o,tc, write, K)¢I E}o[Ho] EAlgittn 7}
Ak, a8, Aol 49 s - ¢, B + tc <
¢, [\Be b write : ¢/, T B’ + K9l Elo]o] &
A 29, [Write] & o8l ¢ © ORW7L
Agdch ol B F te < cZle 7P BR&olth
oA AeHoz HEARY 8 99 o] thee] S

=

A9 1 (A2 kAA] - Cold, CE& 293t

o C’ez2 Eyd + C’ ot

4. EMXM EIY 7F Y1AUE

B AoAe 3 AAE FHA 2" (EdAI2R)
o gtFo] ERAR BYS F
Ax gk 2ga, AXNE g2

4.1 EIg 77 2lE ¢ |

Bl /F ¢x3E 16 423 Ju s ok

I, TypeBinding X Constraints X TransactionContext

X Program — TransactionContext X Constraints

I.: TypeBinding X Constraints X TransactionContext

X Expression — TransactionContext — Constraints

B f3 ¢udEL 22Oy p T T2IOYPY ¢
7b Folzl ENIEA T, %27 714 B, 48 EJA
A B9 collA Elo]F 7eEd, o8 ¢8| "ag A
zd p'7 du ERAQ BY o FolEnh B
F gngEe 19 6, 39 7# 2t

el B 9A4 5 ALY =S o IR
F5E9e Ve with ¢ = T. 2 — 1 2 7P38kn
Yo BFE A3, F5) BEE B 3] 9

for each constraint ¢ ey of B do }

case [e).0q) of

e {3} @ do nothing
o (i osp.sg)r ifr 8 0 %y then change it to o © &y vlse fail
e otherwise ; fail

}

for each constraint pair & &, ev 0 a3 of modified B' in previous step du |

combine it toa & sy

a9 5 AekzA 7HA3HSimplify)

5) f3ndEel Yade FnLAE)s Fnay) dark
6) A%l B VY YD 7 BYI,
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LProgrem’ I{T.B.c fun fix] = e p) =

ot (By.ep) H{ar T M B or ).
bt (e, BY) = It f c¥oowith B — o), Biyage)
B, = simplify(B)
in (Baea) eud
(6p Bpy « KT Af:vawithBra ¢l B.ep)
in {gp, By ond
{IL_Value] I B.ev) = (e}
1_App} Ir.B.e.fe) ~
it veawithBra - = I(f}
s = lefa}
in
if satisfisble(B. B;S) then
if atomie(Z; 8) then (e;S, Oy else (¢4S, B,S)
else fail
end
{LLot} I, B.e,let 722 0) in€y) =
et (o.B) = IBee)
{enBs) = I B.cyv.eq)
in
(e, By U Ba)
end
jLah] . DB, ¢,if v thene) elseey)
let {ey,B)y - I(I"B.cer)
(e By) = I Bieen)
n
(1= e Byv By
endd
29 6 B9 #% YueBQY 3)
[LOpen_ RO}  I(F, B.c, open_ro} =
let B = ¢C Closed
in
if satistiable( 3, B') then
if atomie( B°) then (OR, 1) else (OR, B)
else fadl
end
[LLOpen RW]  I(T', B.c, open_ru}) =
et B = e Closed
n
if satistiable(B, £’) then
if atomie{ B') then (ORW, {) else (ORW, B')
else fail
end
[LClose] KT, B,e.close) =
let B = cCOR
m
if satisfiable{B. B') then
if atomic(B’) then (Closed. ¥) else (Closed, B')
else fail
end
[LRead] T, B, ¢, read) =
et B = ¢ OR
in
if satisfiable{B, B') then
if atomic(B’) then (e, ¥ else (¢, B
else fail
end
[I_Write] KT, B, write) =

ot B' = eC ORW
in
if satisfiable(B, B’) then
if atomie{ By then (e, 0) else (¢, )
else fail
end

39 7 839 {5 dndsEadd 519)

a3

3 "og Akxd B 23 EWUM B o, & 3
£tk o] e ngoz ot P49 BRIS v

o~
a
with B”. ¢ — ¢, 2 ¥ 859 559 e 75

itk o] FAAM LAA(Fixpoint)d] E=E31H &9
Elgde AAg} olul, v} A (Iteration)=ttt B'o) 1
# 59 e (Simplify) & 2835t ¢nelde] 48
FAok g2 dygoz w2 EdAN 2ug odiz 4
B2 &k & 352 WA EHe T4y 99 A
%F2A B ed FoA Y ERAA & FE(HE)
g ATt BEANSRA BART B fF ¢ndE
A wE75A(Satisfiability) & 2 5olAe] Aoz
A dsle) vt F2E HoHe] 1A failo) U
= A7t deA FAAR =3 ¢ A9 Yol MR o
7t 1o’ (Atomic) AMGZAE AAA gerth
3%9 Fe 9 Ay ERYHA FYo) X@ [of
alE LT AF7} Aot letd AP5E) wlet EW
AR Fag Agdstn, Bad AGrAL 2o} ifs,
¥ ZIA ULF Sl T ERMA BFug ¢
AAZ1(Join: )& B3] a%3tx, o Adzag 2

t}. open_ro, open_rw, close, read, write2 Z}Z} Va

with ¢ = Closed a — OR , Va with ¢ C
Closed . @« — ORW, Va with a T OR. a —
Closed, ¥V a with ¢ T OR. ¢« — a, Va with a

(o3

E ORW . o — o &9 ¥F5Ed 22 niE &
gt
olAl Sl B} fF daglEFoes 130N EAR
718 zead 13 T2 28 AJE B T2
A 19M if#2] then®& ClosedZ, 18|31 else®&
ORWZ Az} ERAQ EDo] {F gt olo wz}
23 19 HF ERNY B To] HA "o} 9
o ERAR #A B el B 4 AR, 89
Bl 5 dagEoMe To] #3HW 33 oW E
RAA FEHe FPF ¢ QA "o gdeEbA, o] Af
ZA ERAHA A oF dwAAE @A =2
A 20 ifEY elseBolA writed ¥ EWYXA
EHo] ORZ Fo|X7] W&o, [I_Write] F3d 2|7
ERAMN A7 oF vAAS YA

71 AdtE]l ATz 2" {§F
& A4 A|7HExponential Time) EZ=E 71X)=
(7122 g4 Aot A9, B =844 tis o
= Y2 (First-Order) 9 o231, EWdAA
9] EXFAZRE LojAE YE|=(Lattice)7t
93 FAlojch. T3, ERARHA 79 W)
Ast7] &l g3 @ HErMeA HARE
el =7l ndl ®BlEE= A¥AZHLinear-Time
oY BITE 7IAA ok gepA, AltE &89 &
% dzeEe Baxe zgade =vd wEse
AYANZ BRES 7o

4

[H S do po
;
Mol oo 9 N

oS
oL 2
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4.2 El] R gu2(59 SHIE 3Y
B AqAME 3FA AANE eFgr 2wl didte g
4 5 gayFe] dFFE BAh F, Foln ==
el S 5 ¢ugEe %Y, gHzHE
23 53 Bct
Bz 10 4571541 KT ,Bee)=(c,B)°ld B
= B’o]t}.
(£9) 8¢ #3 ¢38F U Fo4F Agx=3 7184
A i BT AGRATS YT Ha
t}h ol eo S AYFHE T3 193] 29
|k
R=zAd 11 [31¢38] B = simplify(B’)ejt}.
(34) 29 119 2A3HSimplify)2] Fe)o o5} =4
Ei=
A4 2 [69] #5F @xeFE ¢AA] I(T,Bcep)=
(6.Bp)ol¥ T, BUB,c F pig otk 18, I
(I',Bce)= (c.,Bo)°l'H T'B U Bee - e :
ce °Jt}.
(398) ps} e9] F2o U AGEHE E3
ep=funf(x) = ¢ p 3 B {
[I_Program}® A7}13(Inductive Hypothesis)ol 2}
& (1) TUf: Ve with Bi.e — ¢ }, Bi U B,
a Fe:c (@2 TUf: Va with Br.a > o }, B
UB,, ¢ & p’: ¢ 7} 283} [I_Program] o)A
(Bre)7} A A (Fixpoint)©]7] ® &, (3) (Byy) =
(Boco) = (Bic) 7v A9tk 37 B2AY 119
A3 (4) (Bocs) = (B'co) 7F AR3h (1), (3), (4)
ot A7 98 (5) TU {f: Ve with Br.a —
o) BUB;, o F e: g7} AQ3. T8 =22, (5),
(2), BxA8 10, [Program] 3¢l 93} I',BUB,c
F fun f (x) = e p’ ! ¢ 7F AR
re=v 9l AS
[[_Valuel?} AG7H4del 93] (1) c. = ¢ and B, =
@ 7} Adh3c) [Valuel &) &3] (2) T,Be + v
Do 7 AEE 232, (1), (9 [Value] el
o3 T, BUB. c + v : c. 7} g%t
ce=fov QA
[L_Applet A7) 93l (1) TP = Ve with By
a — ¢ (2) satisfiable(B, Bic/al), 3) c. = olc/al
7b Agdt @k Blc/elPh B+E #A @owm
(Atomic) (4-1) B, = @ °|th. 4-1)3} &7
Aolel w&} (4-2) BUB, - Bid/al olth (1), (3),
4-2)¢} [App] & 93 (4-3) ILBUB.c F fuv
Dce 7F YT W Bic/e]7t WEE 7FAE(Not
Atomic) (5~1) Be = Bic/e] ot} 6-1)% 2E 3
9] & 93 (5-2) BUB. + Bic/al °lt}h (1),

ofN

gk

(3), (5-2)9} [Appl #&l 9&} (5-3) IL,BUB.c F
fuc 7 AEI}E 222 (4-3), (5-3)el 23]
ILBUB.c F fu:c 7} AYgch
ce=letx = e in e S AF:
[I_Let]le} AG7He &l (1) I',BUBi,c F e a,
2) T\ BUBz2ci1 & ez ¢z, (3) ce = ¢z (4) Be = By
UBz 7} A& @), (1), () 223 54 93]
(5) TI',BUBec + € : ¢ (6) T, BUBeci ezt ¢
b At aeR (5),6),3)% [Letl 3 2
3 I'BUB.c + let x = e; in e2 : c. 7t ARFTh
«e = if v then es else ez 1 A% :
[L_If]9} #AQ7HR 98l (1) T, BUBLc F e !
(2) T, BUBsc - e2: ¢y, 3 ce =1 L o (4) B,
= BiUB, 7} AR 4), (1), )9 Bz A= 59
28 5) I,BUB.,c + e ¢ 6) T, BUBec F e
Do 7Y AYS a"eg, 5), 6), (33 [If] 73
o 98] I''BUB.c & if v then e; else ez : ¢ 7+
Ay gt
«e = open_ro ¢ A%
[I_Open_ROI&F AG718°1 23] (1) satisfiable(B,c
C Closed), (2) c. = OR 7} 38 @t} whel, Aokz
A ¢ © Closedd) Hs71 gle9d (3-1) Be = @ ©)
o (3-DF 9=rHsg99 AFHel s (3-2) BUB.
F ¢ C© Closedoltt. (1), (2), (3-2)%} [Open_RO]
T3 o8 (3-3) I',BUB.,c + open_ro : c. 7}
Agect 9} ¢ Closed ol W47t gled, (4-1)
Be = ¢ T Closed °|t}. (4-1)3& ¥ 39 7FHd]
o9& (4-2) BUB. F cc=Closed °lth (1),(3),(4-2)
9} [Open_RO] &} 28} (4-3) [ ,BUBec F
open_ro : ¢, © AYPh. 1B (3-3), (4-3)9)
93} I',BUB.c F open_ro : c. 7} A8}
+e = open_rw, close, read, write ¢l 7% open_ro

St ge WA AYFFL ool FRaAT,
5. EWMM AILE Fk

B AoAe 3730 2 EdH e AlaES
8435l open_rweE €9 EWYAN F HAZ read
T 3l ERdGAL Fdolfle WHE AAEL olE ul
gog d© #gHoz HAYY N FF
(open_rw)S open_ro® 1AHA AHL A=
< AAZct

5.1 EJRIA|AH| BtE

A ggAlagle 198 89 e =W (Domain)S-
F71ett. ERYA AEANTI)E 7+ open HHA o)
g o] &2 Firolth oW, 2+ open WHo if of
Bo] Fojzlctm spAgT ERAH H FH(Acc-

o of
¥ off
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t o TH = p open label variable
1} label
tut union

€ . Aceess = read(t) read
write(t) write

&« Aceesses

a9y 8 EANA AU 0 32

plAdceess)

esses)= 7 ERAA g HZ(Access) S 22 F
Foltk

EWRY JUE EdHHe] AL EIE OR E
€ ORW7} &3 & open WH9 #ojd
@

s+ TransactionStatus = L dend or non-termination
Closed closed
Or(t)

ORW) read/write possible

read possible

T can he all

ool BYe A P47t 52EW BAsE W)
(latent) ERAH H2 YRS 7HAES S

kY
= \;@, a with B.a ¢

EdR B 24 wEAe ERH HJ2 ARE
2S & UEE oey 2 ez gk
IBclyp: cﬁ
T.Bicbke e r!’,

a8a ‘FolA E§9eAE T, A%zA 14 B, 949
A A oM, ZE2IY p F& TZIYLY 5
3hd, 23 EdAAN Fu2 o, EAYA FHZT AR
olt}” 2 ¢=

]Zﬂ 234 E}dé%ﬁ‘x’% % 99} Zo] Aeojgrt
59 8L @59 E5E 59 $L o g
F AE EWRYN HZ JRE Tolx FFEY A
AT ARE Ao G2 EFYAY TR goxn
2 AHAZ AFEL Qo g5 2FdAME 32 He AF
A EdMe] dy Yod EWYHE du ERY
A Ede dAs § EdMR AdxE F59 AA
AT AR WHE po AL(XE)3HY EdAA H2A
EE ARG lad ife ZF FE 233 A(Sub-
Expression) & F33le T4 = Jde EX4AMA A
SARE 22l open_ror & open_rw; & 3P ol
28 EAAH Edo)] BT closes HIAHRE A
48tA] et read9}t writes @] EXRAM 2z}

tol N3 read(t), write(t) BZHRES YA

349 gdraEe o3 EHe 2 A2 AR ¢

£ Foldl Zzade fudshy 2dse =dAd 3

ta = TypeScheme

A
=3
T

rlr Jo 1m

dlolgHo)x A 32 A A 1 (20062

< 9. F, #2339 E}?J"V‘Eéloi read AT
3= EE open_rw; o ¥ #olEL AAFH F o
HHE nigog Folz ZeaYe EE‘WV" AETE
Byao. .
2 A ANE JFFEE 7Y S 58 139
EAZ A78 Z2ay 3& FYsE oo 2o
ot ¢4 WA €9 begin_transaction(Serializable)
2 open_rw; 9] [E_Open RW] #39) uja}, 23} EA
AN FUoz ORW(DE HAID readdlde
Read] &l 28] read() ERAA HZ Jnr} A
gt} show_msg T FA ERFHA FHo| U7l #
ol ERAAN AT ARy} (A g mEA,
open_rwioll ¢ ERAHA HIHEE {read D)7} @
o} old] we}, FolRl U] FL open_rwrS open_ro

2 HEg

:ru

]
ot

_>:.

e SAN2dE A% B B 45 dudE
% 908 3L 53 43 £ % 398 g0
2 = glol A2y QYR B wRie 4
4% s S gere

‘=B/

P17
To{f: .nwith Bro r.-f),B[.al n:rjn

{E_Program)
i 77
oy :‘".',mvith B[ﬂt‘; N B‘m—pzr,’,
. B,el fun/(z)::e:p:r’.
[E_Value] D B,e v r.
l(j = plowith Bro oy
{E.App] lnbel{e) =1 B~ B;m(/m
T.B.e~ fviefejal|orit/
B Let I.B.c+ cl:cl, I‘.B,cn—eg:m;
(E.1et) T.B.erlet =01 ines:cn[P1 0]
1 I‘.B‘ckm:m. T, B.cheo: 2. [F]
L] T.B.c- if v then e else eyrey Loy [y 0y
; B - et Closed
[E-Open.RO| T.B.ct open_rof: QR )’E]
Bt el Closed
it o - L)
{E_Open W) T.B.c+ openru :OR"V(.
B+ ¢t ORilabel{e) )
[E.Close} ¢ P
T, B.ct close: Closed. E
]m\m(n) -t B et OR{T)
IE_Read]
{E_
! I B.¢ read:e,){read{t)}
label(e) =t B e ORW (i)
[E.Write]

. B.e+ write e {write{t)}
I¥ 9 &3" e Z2A A
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_ _ Fo) golE Eaad Yrede wEon HY 94

BN BARIA SWAY TR RN A o Gnow guspl Eams zmEds 292

zZ2adgeid, HY T2adel BA Axde
Fol7t e A9 o} Fa, oA EAAN
BEe AW £EoIM AP @ B =2y
A% FYFE FueEe ANT

lo oft ox Kl
fuBuoofr a rio
2
O]

3

=
p

N
i

Lofeld wwaglel i QY agade s S48k

2. HPErdes] 4wt oo) sl g at grel AP Ak
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