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A concurrent separation logic framework for cloud storage system

WANG Zi-hao, WANG Han-pin*
(School of Computer Science and Cyber Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: More and more applications rely on Cloud Storage Systems (CSSs) and the reliability of
CSSs is attracting more attention. File-Block-Data structure is a common way of CSSs and natures of it
can be described by the verification system based on Separation Logic with Blocks. This paper further
proposes a system for reasoning about the concurrent management programs of CSSs, including: (@) A
Modeling Language to describe the concurrent actions of CCS management programs;2) An Assertion
Language, so that verifiers can follow the communications and ownership transfers between the
threads ;3 A set of Hoare Rules to reason about the system. There is an example to show how the sys-
tem works. This work extends the verified objects of the Separation Logic with Blocks and it can be a
possible method to validate the concurrent programs under concurrent frames like MapReduce in
theory.
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EICRIVHE Ok, == bk, F fe = fe' 1B AIAE BTN A]
DEBAN TR Ry e iR A 1o ] — B ik, A 056 8] 7 5 25
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AR b, b, —FR 2 A A — 2 ORI A
TR MARAS ], 75 O,
T B A B, Bk T LB LA R SR
BN B NAE X B A S R A it e R P iB AT P e A
Vi YA RTRE o S0 2 LR AT A BT RO SR A
AT LBV 07 56 IE 5 8 24 v 2 40 AT it T 77 R
T, G P A THE 5 A XU
A THECL Y PS5 4G 0 T DUR R A AL & AR
B NFFGEIR o i i HCVR B BT efs , JRIBT &5 SCRp SR 9 1) 23
{3, B
bk s, (emp) -3 nl,n2,nl +n2 =n A
bk v+, (emp) * bk, (emp) ,
I E ARSI TR GER 2 JZ45H , [R5
AT LA R E LR A LA 1 A AR LA T
3.2 REWE
(P I B R A A5 3 P9 2 R T A LR AR 1
AREEH o X HABAERRE T &, T [l — i 22 L RE T
—ANEAR P B, LA O B 2 AN e 2 AR S Al
I LR P2 16 ORI 73 B AT IO A0 IR 006 2 AN AR AL
RYZR . (NI & A5 N A R 5 T R IR
T2 E AL BRI 20 2 2 AN [ AR S B
B Al — 8 ) N A, B 2 8 TR 23 B A BB
AR W, T A A L o il T AR BT B
A BUHERS , 3% — T 70 W7 5 [F) IO T A ] L A7
Store ) J A] A5 f7-fiti 4% Heapy 1 Heap, HOARZS . 15 1H W7
HHEETESIIT .
yi: =trueglfalse .= yly, Ay, ly, vy,
ly,—y, Iche «=che' | Y x. y| Jx. y| YV b. y
[3b. y I YLyl Af ylemp, Iy, #y, Iy, -
*Y20
FHRL TR AR EINT -
- o Ftrue;
—o Y%y iff sp,sp,sy(n/%) ,sc,hy hy, Size
Eyforanyn e Loc;
—aEb.y iff sp,s5(n/b) sy ,5¢,hg,hy,Size
Ey for some n e BLoc;
—o EYfy iff spe(n/f) 55,8y ,8¢,hy by, Size
Ey for any n=(n,,--,n,) e BLoc" ;
-0 By, >y, iff if 0 By, then o By, ;
— 0 Eche «che' iff [che Jo = [che]o and
they are passing right of Blocks in the same way;
- o Femp, iff dom(s;) = J;

-0 By, *, iff there exist s, ,s;. with s, =

st % sp. that sy 5,5, 56, hy hy , Size Ey,

and s; 55,5y ,5¢ hy by, Size Ey,

The function s = sp. * s;. should be defined as follow

se(n), if ne {dom(se) —dom(sg) s
se(n), if ne {dom(se) —dom(s;) s
1 ' dom(s) Ndom(sy.) |
se(n) 1 0

ands¢(n) =s¢(n)

T AR R R, R I R Y A AT REIR O ARk
R ok T2 ) 72 57 T G146 PR UEAE B CRAT FR R RE DR 5
— B R (T T 7 [ — I 220 1) A R e e
T FEE 7 BB TR, 24 2 — B o R, 700 (538 W 5 A
1500 B AR IS | AT 9 £ 38 B 2460 7 P9 2 58 A I
{5 B
3.3 £RWE

2R I SR A T 5 S 5 A G 4
U =T

Seln) =

{a,B,77 o
Horb Bl s (WS 2 B 301 /N 3.2 AN
o HEAEWTE T A LR pess , BARE LHIF -
a:: =true,lfalse, |~ ala, Ao, la; va,
oy, —a, le, =e,le; <e, | Va. al Ix. a
[Vb al 3b. al V[ al Af. alemp,
le—e'la, *a,la; — %oy,

ERBEIFAE3 A R 2R B, A5
Heth BUALE fFTE W 5 o, Al O P A7 A% & Heapy, HRZS
gty R 5 R T 2 I, A 2
FIBEZ, 2 & FFAREMERZR 2 PRI 73 G 2%, B 70
I RSN BE VA St 3 2 i A B
J& o XHLERRAST &, XA = JedlR — A AT fif 5 1
REfR . 2RI L TEIIAT «

P:: =<a,B,y> Itruelfalse| =PI P, AP,

[ PvP I P—P, | Y x. Pl dx. PIV b. P
[ 3b. PIYf Pl IS PIYch. Pl Ach. P
lemp|P, P, IP, — %P,
FHIL TR LG E T -
-0 Ea,B,yiffo Fa,o EB,ando Fy;
—oEYch.yiff sp,sp,8y,8c(n/ch) hy,h,,Size
Fy for any n.e Loc™ ,noweather how
they pass the onwership of Blocks
- S okIchy iff sp,s5,5,,5c(n/ch) hy, hy,Size
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Fy for some n.e Loc”™ ,with a special way
to pass the onwership of Blocks

- o kFemp iff dom(h,) =, dom(h,) =, and
dom(sc) = J;

= $ Sp,8p,Sy,8c,hy, by, Size EP, x P, iff there
exists hyy  hy sy, se with hy#hy,
hy = hy % hy,and s, = si. s, such that
SpySpsSysSe,hy by, Size EP, and
SpaSpsSysSeshy by, Size EP,

= $ $p,85,8y,Sc,hg,hy,Size EP, — % P, iff for
any heap hj, and communications status
se, U hy#t by s % sp exists and
SpySpaSysSc,hy,hy,Size EP, then

! ! ! .
SpoSgsSysSc * 8¢ hy % by hy % hy, Size FP,

4 SEH R %

AR R = oo
{PIC1O}

HATE &M P RIFIE AT 5 C LI G B4 Q 4L,
Hrh B8 R E BRI h 2 RS B RS
HITEANG 2.2 /N5 2R R o AR SO BB A3 1E 1 1k
B —ABor R = oAl BEK

(1) BBJFA8 27 51 B s i 78 &t sl A2 A BT,
WAL S TERT B 2R P P EURTEREY € LA allocated
BRI AT  BIVRR 0 s BUAE L B AR
A FE A R TCH A S B AOABR X BT 776 BT B 23 BL L E
AR A S AR , B A AP BT T 1 4
JRF AR K % 5

(2) X FAEA e A1l & 41 P RO RS o, <C,
o) BN, IERS o TP CAS T T
TP BAME b 5

(3) TEALATRE A B & AT P BOL PRS0 T igfT
R C AL IET—AHRE o RS o 701
REA A B &M Q BT,
4.1 ERAFLM

AT LN MR T — DR UEN] A 3,
e /AL NS T RPN G TREY A 2 1P v S N i
W AT AERE LS, AR N 2 R amidl, 55— 2
i T A A AL

[piskip{p! (A1)

{{x=x'nemp,, emp,, emp. > |

x:=e (A2)
{<(x=e[x'/x]nemp,, emp, emp.) |

{ (x=2"ne —x",emp, emp,) |

x:=e] (A3)
{(x=a"pe[x'/x]—x" ,emp, ,emp ) |
[<x=x'Aemp, ,emp,,emp,> |

x: =cons(e, ,*,e,) (Ad)
| (w e, [x'/x] e, [x'/x] ,emp,,

emp,. > |

{{e+s - ,emp,,emp,> |

[e]:=¢ (AS)
[<ere' emp, emp,) |

{ (e~ ,emp,, emp,) | (46)
dispose(e) { Cemp) |

{Ca,f=nil A8,emp,) |

f: =create( bk, ,---,bk,) (A7)
[ Ca,BL (Oky -+ bk, ) /f] empe) |
{Ca,f=fA3,emp,) |

attach(f, bk, ,---,bk,)

[alf/f1,BLf + (bk[f/f1 -,

bk, [f/f1)/f] emp,) |

{Ca,f=fnB,emp,) |

delete( /) (A9)
[<alf/f],BLf + (nil/f], emp,) |

i Hx',f. (e=1nx =x'Af%;,bk H,f,empc > |

x: = | bk e}

{<x=li[x'/x]Af[x'/x]H;[x'/x] ,

(A8)

bk I'[+'/x] ,emp,) |
(A10)
{Cemp,,b==b"remp, emp,) |
b: =bk
{Cemp,,b==bk[b'/b] remp, emp, ) |
B R S SR A, B TASEIA
TS, A A TS T

{ (emp, ,emp,, ,emp.) |

(A1)

b: =allocate(n,e) { 31. <I 3e, (A12)

$ b=nan>lelab—, . I,emp.> |

n-lel

where lel indicates the counts of lel
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{31 (Uase’ ,bk—, I'An >0, emp,) | [ Ach'. Cemp,,emp, ,ch —<bk. n.é - ch' > |
b: = d( bk et(ch)
-append(BF ¢) _ s (A20)
(30,1 <l'se # Lise,bk—, 0"~ (1),  (AI3) [ Jch' e’ Ceqe'ni=lel bk, _.(e),
emp,.) | ch —ch'> |
when the operation is successful. [ ch'. Cemp,,emp,,ch —~@) |
[ 300", <l'se’ \bh—, I'Abk==n', get(ch) (A20a)
emp,.> | delete( bk) (A14) [ dch’. Cemp, emp, ch —~@) |
{3n'. Cemp, ,emp, A $ n'=0,emp,) | { Cemp, ,emp, ,ch —) | closech(ch) (a20)

{ (emp, ,emp, ,emp.) |
4.2 BEZRHEIBMN
B T 45 5 O AR P 45 T BT . T B R

[0, <l'9se’ne =i,bk—, U'attbh =]

A(= j<i),emp, > | remove(bk,e)

! ! ! AlS X . N N s
(3Ll s ) i R SRR O S
(61 ,"',8;,1 361{+1 ) ,6;) ’ Eiﬁ:[lz: u& LRBCSS[Q] .
bk"nn(l ’l lvl:+19 l;)»empc>} {p}C{q} fq}C'%r} (Rl)
(e AR DGR F2 SRR e 0 56 th 1 D U0 465 £ A [ptC;Cirt

AT, RDESE % 0 LB M A R T o A SR 4 [p AT(be) %_fC b%q%h ip = Te) IC1gL ()
s, ol e
p ALl be p
{ (emp, ,emp, ,emp,.) |ch: = newch() (A16) [p] while be do C |p no T(be) | (R3)
[ Cemp, ,emp,,ch —~) | Fp'—pipl ClqlEg—q’ (R4)
[ Jch'. (e=i,emp,,ch —ch') | send(che) (A7) [p'tClq'l
[ ek’ Ce=i,emp,,ch —ch' - i | __ipiClql
I Jech' ,x'. <x=x",emp,,ch —i * ch'>} tpxriClgsr] (R5)
T A=A CPg e ¢ ALS where Modifys(C) NFV (r) =&
.= l ! ! " "
i =tryre(ch) (A1S) TACATARTarArY
| B =i empy ch e[/ ]) | IR AR
[ Jeh' o Cx = emp, ,ch —P) | where Modifys(C,) NFV (p') %) (R6)
x: =tryre(ch) (Al8a) and Modify;(C,) NFV (p') =
Ik o Ce= ' emp, ch )| TR BV (p) Sl p i i% Vodify,
[ ek’ bk bk, e e <l ome'nlel =i (C)MREWRER C 1B (9 BR 1738 75 & LA 9 77 i 2
: " TG o T (be) @A fii /R Feak AU 00 42 )5y 87 5 10 K
/\(lel PR e, )%e ’
bl == bk! @bk, ADk .1 A B T
( 1) T(e, =e,) = e, =e,,truey true ;
n i el’ "ty e/
T(e, <e,) ={e, <e,,truey,true) ;
ch —ch'> | pass(ch bk ,n,e) (erey) = ey ey ey e,
T(bh, ==bk, ) = (true, bk, == bk, true,) ;
[ Jeh' b 1e' e ((Ly 1 )ome" = % (A19)
. T(true) =true;T(false) =false;
l%e',bk ==0bk; ,ch «~ch' * T(= be) == T(be) ;
bk.n. (L yeel,) > | T(be, Abe,) =T(be,)AT(be,);
where bk. n. (1, ,-+,l, ) defines a part of T(be, vbe,) = T(be, )T (be,) .
Block bk with n units that holding a v units TEFE RN FP LR 1« BT 357 A8 7] fE AT

Local Address Set (1 eLoc™). — BRI WA —RF RS . AR
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TR LT BRI SRS R W KT 2

VFLLR 51

(1) SEEAC A ARG . fFE L 27
JRE TR S5 TEREIES , 01 52 PRI Z R ] 1558
RIS

(2) i T AL i B B RSB A o I
G303 PRI RE R 12 47 (52 W ) L3 3ol o 15 38 488 A 3047 30
ERFLIRER
4.3 FREENREEHRAN

TE4.2 p ZRBFEM A AT RSB Z AL
K, EANEORE R ST I A (5 18 19 224k, R 300 73
e ] P B i N A T e D
i 3L A SRR AT RE AT A (8 T 3 A AL 25 ¢y
T —SEnT DLy i (T AR S AR A TR AS Y
Tt

FEAME TR 1T LA i R0 A S T 2 il
B2 B B BR et S th SRS, HL 2 R R 2
G PN TR) P i 4 52 B A BAERAE o TR, 72 5630
I FL it DRAE ] — ot S R BB A — B0, AN L TE P
AT B IAF L iR 7o RS, B

ch «~ch' + bk.n.e - n' - ch”
-ch «~ch’ + n" « bk. n. e+ ch”

R AR 2 U, WA AR A A AT AR

ch —(ny,,n;) « (bky.nj. e, bk.n.e),

TEERBR A fEvp , DU G R e B T 19 3l 1
bR AR TE TR T & 5

(1) Fp i B, &R Bl s BUR A DRI % TH
SRS HMIE R 2 BN 5

(2) X W 17 5, , 2 e P08 402 WA 380 19 135 JE 0 A
HYRFE S o

X T —2RAT R AR SME I L AT e M AT i
Vil (RER LR A TGN BT 2 fF —J5 A K
WRAEIE AR, (H SRR 1 & AR — R AR A AL
PIOZHHE, o 25 1 W KA E A A A i B
RITA

(D>p # ch «che>—"

(D>p * ch «=che")

iff there is a code C of other thread and

| D>p’ % ch «che|,C

(RC1)

(RC2)

| p # ch «che'l, is valid

MFE RN AR KB E R

a )i, BEFEA T IR HCA 15 18 AU A4 T A% 0 — 24 2 f5
B b RS HE B a iR SRS B b B
MH— W R R AR BAETE I IS B

(p * ch «=che, + che,>—"

(D>p # ch'+=chey)

iff there is a code C of other thread and

{ D> <a,B,y * ch «che, * ch'«~che}) | ,C

[<a',B',y # ch'«=che| « che;) |, is valid

A D AT E B AR 20, R
PATHRAE Z A58 T B B ARAS 72 2 T eI
Hil 5 B AR AT TR AR X4 A A ECXT o T B £ 1
TR R F W 525 ., A A A 6 i ] LR o 2 7
XMEE LG AR, DIAERE AT IR

TESLPRG RS AR o, iR T DL 3 X A3 AN [ £ 1
9 PR AT, LA B BR A R A (547 X 2 R R A
R o

(RC3)

5 A JFIiE LA

AT IS G 3 ANEAELLAL, 20 B0 P A
FigoR A R AT 55 AR T ST D — A
SERM GRS . A ek L RG]

(1) A 1. P o

CHVar; appW, upD;

Local Var List

BKVar: Biemp;

appW: =newch( ) ;

upD: =newch( ) ;

Btemp: =0;

send (appW, 4);

while Biemp ==0 do

Biemp: =tryre(disW) ;

end while;

send(upD, Btemp, 4,3,2,1);

S 2 YORAGAT 0, ) e 75 1R R
SR o) Bl 9 AR BRI, 0 BB 1 B AL 8. 5
A — WA RE T MR R S e, b T AR 2R T
tryre A7 AN BA SR NRE W R PR AR .

(2)&H 2. Fa

CHVar: disW, disD;
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Local Var List PEHALRR s HoJa M P o A5 % 5 AR B o 5 A
Var:i; Mok 5 52 IR
BKVar: Bpool; Jagisr 3 wior it & AR RIEE . REH
disW: =newch( ) ; PIEIRAE S emp 5541,

disD: =newch( ) ;
Bpool: =0;
I =0;

while true do

i: =tryre(appW) ;

if i >0 then
Bpool: = allocate(i) ;
send (disW, Bpool) ;
pass(disD, Bpool, i) ;

end if ;

i:=0;

end while;

S 2 A 2 YORARAT N, 1) F P i B 5t T a0 Bk
ML A kX — R S, B RO RE SR
225 1) R A R A FAR A 75 o

(3) 4 3. Ky A

Local Var List

Var:len, j;

BKVar: Bdisk;

Bdisk: =0;

J: =05

len: =0;

while #Bdisk =0 do

Bdisk: = get(disD) ;

end while;

while j =0 do

j: =tryre(upD) ;
end while;
if Bdisk ==j then
while len < $ Bdisk then
j: =tryre(upD) ;
Bpool: = append ( Bdisk, j) ;

len: =len +1;
end while;
end if ;

LRE3 A 2 AN BHNAT A E TN MRS A

1) FI P s B B

@ {<emp,,emp, emp.> | (Given)
@ | <(emp,,Btemp —,(emp) * emp,,emp,> | (Var)
appW: =newch( ) ;
® | (emp,,Btemp —,(emp) * emp,,
appW «—> | (A16)
upD: =newch( ) ;
@ {<emp,,Btemp —,(emp) * emp,,
appW —~& ,upD —) | (A16)
Biemp: =0;
® {<emp, ,Btemp —,(emp) ABtemp =0,
appW @ ,upD —~@» | (All)
send (appW, 4) ;
© {<emp, ,Btemp —,(emp) ABtemp =0,
appW 4 ,upD > | (A17)
@ {<emp, ,Btemp —,(emp) ABtemp =0,
appW 0 ,disW — ,upD —» |, (1)1A,RC2)
{ 3bd+0. <emp, , Btemp +, (emp) ABtemp =0, appW
—0,disW —bd ,upD —~> |,(2)-29,RC3)

SRR X5 SRR 1 BT ARORE T  5 R E d
BriE @ RC2 e, & A ZAR N 5 T AR AR 1 R 7E
MR BUEX @B T E 1T SRR AT R TS
Sk A R 260y 37 s R e A T
AL BEX @ E B A R TR O E RO

WEJE Ay — 18, Bt K @34 AT L 176 B 1
FTRTBOL AR o BLLAS D) Bl % B8 58 — KA
AT A
©) {<emp, ,Btemp —,(emp) ABtemp =0,

appW 0, disW —~& ,upD «—~Z> | (D)

Btemp: = tryre(disW) ;
10 {<emp, ,Btemp —,(emp) ABtemp =0,

appW 0, disW —& ,upD —> |, (Al8a)
W THE T N TCTH L T2, 7E AR B 2650 £ i 2R, i
PERBCEALAT R GRS o [y T3l Q) 5 ik =
&, 7T I R A

2% B LABRIE @ A iy B A ATl 7
@ { Ibd 0. <emp, ,Btemp —, (emp) A

Btemp =0, appW —0 ,disW —bd ,upD —)> },(®))
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Biemp: = tryre(disW) ;
@ | Ibd#0. <emp, , Biemp —, (emp) A
Btemp = bd ,appW 0 ,disW — ,upD —> |, ( A18)
A] 3k Q1 BT © A TR 550, N A 4R TG 26
TR B A R T SR I B, A A 3 £ A
&k TRUA TR, Hulk Sy bd AR RR T A b 22 58 7 T
3t o
JE SR A NN Bk
@ { 3bd=0. <emp, , Btemp —, (emp) ABtemp = bd ,appW
—0,disW —& ,upD —2» | (10,12,R3)
send (upD, Btemp, 4,3,2,1);
@ { 3bd5#0. Cemp,,Btemp +—, (emp) ABtemp = bd ,appW
0, disW @ ,upD —bd -4 -3 -2+ 13| (A7)
IR, o 2 288\ F LA m B T
HAWRIFCE (518 upD o) 5O SR T HRE A
%, B E AR g i ok od DL RS AR EE1 (4,3,
2,1),
2) W E RIS
@ {<emp,,emp,,emp,> | (Given)
@0 {<i= - Aemp, ,Bpool —,(emp) x emp, emp,> | (Var)
disW: =newch() ;
@ {<i= - aemp,,Bpool —,(emp) * emp,
disW @) | (416)
disD: =newch() ;
@@ {<¢i= - Aemp,,Bpool —,(emp) * emp,
disW — ,disD «—> | (Al6)
Bpool: =0;
19 {<i= - aemp,,Bpool —,(emp) A
Bpool =0,disW — ,disD «— > | (Al1)
i:=0;
@) {<i=0 aemp, ,Bpool —,(emp) A
Bpool =0,disW — ,disD «~ > | (Al5)
@) {<i=0 nemp,,Bpool —,(emp) A
Bpool =0 ,disW — & ,disD «—J,
appW —@> |, (3),RC2)
@ {<i=0 aremp, ,Bpool —,(emp) A
Bpool =0,disW — ,disD —J,
appW —4> | ,(©,RC2)
Ve & L w8 E AR ATRHRES . 275 1P i
KRB JEPMA A AT e AT
@ { (i =0 nemp,,Bpool —,(emp) A
Bpool = — ,disW — ,disD —~(J,

appW —2> |, (D)

@ {<i=0 Aemp,,Bpool —,(emp) A
Bpool = - ,disW —~ & ,disD —J,
appW > 1, (@)

i: =tryre(appW) ;

@ {<i=0 aemp, ,Bpool —,(emp) A
Bpool = - ,disW —~ ,disD — O,
appW —> |, (2, Al8a)

@) {<i=4 nemp,,Bpool —,(emp) A
Bpool = - ,disW — ,disD — O,
appW —> |, (@), A18)

if i >0 then

@) {<i=4 remp, ,Bpool —,(emp) A
Bpool = — ,disW — ,disD —~(J,
appW —&> | ,(2), TRUE)

Bpool: = allocate (i) ;

@9 { 3bd#0. <i =4 remp, ,Bpool —, (emp) A
Bpool =bd ,disW —J ,disD —~ &,
appW > 1, (A12)

send(disW, Bpool) ;

@9 { Ibd#0. <i=4 remp, ,Bpool —,(emp) A
Bpool = bd ,disW «bd ,disD «—~ &,
appW —@» |, (A1T)

pass(disD, Bpool, i) ;

G0 { Ibd=0. <i =4 remp,,, Bpool —, (emp) A
Bpool = bd ,disW «bd ,disD «—bd. 4. (¢) ,
appW —2> |,(®3),RC2)

@D { 3bd#0. <i =4 remp,,Bpool —,(emp) A
Bpool = bd ,disW «—O ,disD «—J,
appW —2> 1,(12,4,RC2)

else

@ {<i=0 aemp, ,Bpool —,(emp) A
Bpool = — ,disW «— ,disD —~(J,
appW —> |, (), FACSE)

skip;

@ {<i=0 remp, ,Bpool —,(emp) A
Bpool = - ,disW — ,disD — O,
appW —J> |, (A1)

end if;

G) {<i=0 nemp, ,Bpool —,(emp) A
Bpool = - ,disW «—& ,disD «—~J,
appW —@Z> | (83)
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@ { bd#0. (i =4 remp,,Bpool —,(emp) A
Bpool = bd ,disW —& ,disD —J,
appW —~@ |, (@D)
i:=0;
@ {<i=0 aemp, ,Bpool —,(emp) A
Bpool = - ,disW — ,disD — O,
appW —@> |, (8D,A2)
@D { Fbd#0. <i =0 remp, , Bpool —,(emp) A
Bpool = bd ,disW «—O ,disD «—J,
appW —@> |,(8,A2)
@3 { ¢i=0 nemp, ,Bpool —,(emp) A
Bpool = - ,disW —~ & ,disD —J,
appW —@> | (30,3D)
AR, B @ E IR QB T 3 Sk
B 7 i TSR W S S TS 9 B A £ T AR A A
AN RC3 B K, 45 R AT HT T B8 % 7 o B AR A 1k
o ZEIERGO R B, 15 5 T K 3 e B
i FAAGE i, B S & Bpool {57740 B A stk bd
AR WS [T R 00 BRIt Z A, Heapy, i JC AT H]
5[], BB i Bpool Ak i HAAKUE T LA ANE 1E L
TEAIATEE R Bk BB /R o L XA PR R AT i
) R GRS AT R LSO A R A B 2 i — D%
EPRHESALIN R3 £ 1, ) 60 ik 2K 88 oA AT 75 4
LRI AR
3) Bl R B
69 { (emp,,emp, emp,> | (Given)
{ {len = — \j = — nemp,,, Bdisk —, ( emp)
* emp, ,emp.) | (Var)
Bdisk: =0;
@) {<len= - Aj= - remp,,Bdisk —,( emp)
ABdisk =0,emp,> | (Al1)
J:=0;
@ {{len= - Aj =0 nemp, , Bdisk —,(emp)
ABdisk =0 ,emp,.> | (A2)
len: =0
@3 { len =0 Aj =0 Aemp,, , Bdisk —, (emp)
ABdisk =0 ,emp,.> | (A2)
@ | bd 0. {len =0 Aj =0 remp,,
Bdisk s, (emp)
ABdisk =0,upD «~bd <4 -3 -2 -1 A
disD —bd. 4. (@)> | (1,30,RC2)
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4 { Fbd#0. {len =0 Aj =0 remp, , Bdisk —,
(emp) ABdisk =0 ,upD «~bd +4 +3 -2 1A
disD —bd. 4. (D)) | (WD)
Bdisk: = get(disD) ;
{ 3bd#0. (len =0 Aj =0 remp, , Bdisk —,
(emp) ABdisk = bd ,upD «bd +4 +3 +2 1A
disD —~@> | (A20)
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@ { 3bd50. (len =0 Aj =0 remp, , Bdisk —,
(emp) ABdisk = bd ,upD «~bd + 4 -3 -2+ 1A
disD ~@» | (46,R3)
j: =tryre(upD) ;
{ Ibd0. <(len =0 Aj =bd remp,,
Bdisk s, (emp) ABdisk = bd
upD —4 + 3«2+ 1 adisD —~@> | (A18)
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@9 { Jbd#0. {len =0 j = bd nemp,,
Bdisk s, (emp) ABdisk = bd ,
upD 4 + 3+ 2« 1 AdisD — >} (49,R3)
if Bdisk = =j then
60 { Fbd#0. (len =0 Aj = bd remp,,
Bdisk s, (emp) ABdisk = bd,
upD —4 + 3 + 2 + 1 adisD —@> | (49, TRUE)
HGR—DUL len HIFH B GRTEIRME, J 7R,
XPOEFMA G UE i 6 X 30 0iE QO HEAT 45 M A8 4, Bkt 72
mr:
6D { Fbd#0,l,e. len=0 nj= — A
e=(4,32,1)Al (e, e..),
Bdisk s, _,,, (1) ABdisk = bd,,
upD —(e,, .1, e, ) adisD —) | (6))
2 { Fbd#0,l,e,l'. len=1I"Aj= - A
e=(4,3,2,1)Al —(e,,",e,),
Bdisk s, _, (1) ABdisk = bd
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upD —(e, .\, ey ) AdisD —) | (6D)
i = tyreCupD)
63 { Fbd#0,l,e,l'. {len=U'rAj=e,, A
e=(4,3,2,1)Al —(e,,",e,),
Bdisk —,_, (1) ABdisk = bd,,
upD (e, 5, ey ) AdisD > | (A18)
Bpool: = append ( Bdisk, j) ;
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upD —(ey ., e,) adisD — >} (Al13)
len: =len +1;
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Bdisk s, _, (1 +1,) ABdisk = bd,
upD —(ey 5, e, ) AdisD —) | (A2)
5 | bd#0,L, 6,0 en=1'"+1 nj=e,,A
e= (4,3,2,1)/\E>—>(61 v )
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WD (et oo e0) AiSD D | ()
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ABdisk = bd ,upD — D adisD —» | (66,R3)
end if;
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