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struct Node {
int data;
Node *next;

};

Node *S = NULL;

void push(int v) {
Node *x = new Node();
x—>data = v;
while (true) {
Node *t = S;

x->next = t;
atomic { // CAS(&S, t, x)
Node *s = S;
if (s == t) {
S = x;
break;
}
}
}
}
int pop() {

int ret = 0;
while (true) {
Node *t = S;
if (¢ == NULL) {
return EMPTY;
} else {
Node *x = t—>next;
ret = t->data;
atomic { // CAS(&S, t, x)
Node *s = S;
if (¢t ==s) {
S = x;
return ret;
}
}
}
}
}
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WHe 2. ritEEIE, WITFHEOETIVO—DTH
% [15,16]. AW TlE TYPICAL DS 8], N1 7
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P (processes) == 0
| oXw. P

|  v?™Xy. P

L (PlQ)

| *P

|  (va)P

| if v then P else Q
| letz=ein P

e (expressions) =

v,w (values) =

inaction)
output)
input)

(

(

(

(parallel composition)
(replication)
(restriction)
(conditional)

(evaluation)

true | false | @ | a | (ex,ea) | proj,(e) | proja(e)

true | false | z | a | (v1,v2)
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T A PRFyRavys 7)) —-Thdri,
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A P Erase(A) Erter P

Erase(A) Encont P

nocap(A)
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THIRU B AT L TH S, BOERIIUTOLS
IZERIND.

7 (types) := bool | 71 X 72 | chan(r,U)
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IND.
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HLiZHBZD, t1 <tsg LWVWIHIRIVEL B, Tz,
0 W y?2 DHEIZH B, ts <ty &I HIFIA
EUB. ZhoDHlfNS, t1=ts=1t5=1t2 =00
&b (727l oo <o ko d5d). OF
D, ZS 2?72 R y?2 WU ARWTTEEERH B Z &
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X 51T, [10] DELY AT LTI, usage & obligation
AT, F¥ YR IVHER
INLIEFEZRTER < 2EALTWS. BERET
EF v A VOIEFREG < Db TTrE R PR
NOKEE, PIRFyRuy o7 —Ths. Ml
13 [10, section 3] &M T Nz,

level, capability level
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Bway 2 7Y —ERRIET 50N 7Yy RIS
TAumu,ﬁwnv¢7u—%%%ﬁténf7
Dy R (GBRIZHZ) T X5 L (9] 12
3OMDOIFHAIZBMUZRS AT LATHS. ’j!f%
AlZ7av 2 Pz MBS 2411 208
%3%T (Brase ZBOF D usage ZHET 5) . #ifeE
A Erp P, Erase(A) Errer P, FErase(A) Ercont P
i, TNEFhOANZ N eTy Fay 27 ) =, an
A Mg, BN M ATREERT. N MR
MWE (i, Ty Fay 270 -, aREony
nn) i, KEPITE, RO ToRR Q LT
IZEFLTE, PORZTOMEZ#T I L2 EkT
5. QIFMEEDID, AlXWVWh7ied capability &
F20WE T3 (nocap(A)) . 772U, 5 HiTHRGEET 5
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1 *makeCell?r.

2 new readData in new readNext in new writeData in new writeNext in

3 let quad = makeQuadruple (readData, readNext, writeData, writeNext) in

4 r'quad | new data in new next in data!O | next!'null

5 | *readData?r. data?v. (r!v | datal!v)
6 | *readNext?r. next?v. (r!v | next!v)
7 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
8 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)
4 makeCell
GEY, MBI LTIV, Z0L54%A8, B Y2 r 2%EL, Lo 420F v 2V 2#

NA N RMEEIEEONE L FAETH 5.

ZZTVWI AR L IMALATOERTDH S
[12, Definition 3.8]. 7@+t A P » ¥4 72 &5
Magorik, b 58 p 2% po s,
N=TAS =S ThsBHh P L5="% p o5
5ZEWVWS. ZIZT, S, S 3TDEBICEDb-
F Y ANDEEERT (12, p. 18, Fuk A P
BONZ MGt ERFEO> L1, EEOMUEZRA ¢
IZ2oWT, oP B I Q s iEHIT, Q A
R EREEROZ 2 WS,

Bl (SLT-HYB) %, ERDOIKEMNE D L TIE, 7
OtAPiEny s 7)—Tdbh, PH» (fioBdL
HIEIE LW T o 225 U T) strongly fair (2 &
rYa—vIhni, AZAEFEFNS obligation % R
729, LWHIZEEFEELTWS., ZOHHIDIEL
X (B2 1%, EEMICIEITOE S ITHETE
5. £9, anNAMREIEELY, TR P DE
BINIERTHS. $5&, aNArETy KAy
7V —1% [12, Definition 3.7) £ v, P i3k
1 [M]1% obligation 2 R7-¥ 2 kB4 5. LoT, 1
NANBREFHMED S, P IZiabd obligation % R7-7.

3 AOv Y 7Y—RYv D nstETORE

2L1HTHALZRY 27— Ry 7% 7T
KT BH720121F, £, Node HEEARD X S5t L
7O ATRITI2MENDH L. NV ERBHTES
T 2, RIVDMRERET BHEIRDEILDKRA V&
EHAEZTEHEDIZ, ADDF v Vi HET 5.

X 4 O 7 1% A+makeCell?r. .. 3R H D F ¥

YLTr RERTAY—N"THB. I 2oy —
NIFFyrxlr 22E L%, ¥ readData,
readNext, writeData, writeNext ® 4 DD 7 L v
YakFrraVEMEERT S RIZ, TYITA
7 makeQuadruple Z W\, TD 4 DD F v~
ANVEMIZLT, FYyy xR ETE. F
¥ %) data & next ¥, BV DEE L, RD
LV EBET A VX2 E2ETNETNRETEF v
IV TH5. *readData?r... & *xreadNext?r...l3,
EBEEHOFYyy 2V r2EINEZS, T T
N data F/zldnext POMEEZELOHE LT, i
BT &LHIZT, HU data £ 72 & next ITE T
xyriteData?(v2,r)... & *writeNext?(v2,r) ...\,
FNTH data F72iE next ICEZADEE, MBS
BT LRI EEBHMTETF v 2 IVOMEZITHLS.
%LU T data £7-ld next NSMEZED H L, r T
Hz4T5 & & H1Z, data F721F next 1ZH U VWME v2
YT,

5 13 push Bi# %z 7GR CTRELZ T 0 A TH
5. ZOY—NERRNEEE LTI, AXv7ITE
i3 218 value &, WMEMBZETLAZ L2 OES
TeDDF ¥ 2 reply 2% ITW->T, AR 7T
l value ZBfIL 724, reply |2 0 2i%4(F53 5. #f
M LTk, £9 217H T makeCell IZXEL-F v
VAN S 4 Dl quad EZITHLE. TN 5 51T
HTEIVIZ value 2/ 5. 6 fTHDARIZX 1 ©
3 — N O while V—FIZHIET 5. I — K

1 RRXTELUIXUIE 7 5D 0w 2%, TyPiCaL
DERBEITENEARSGEE N TERT.



1 *push?(value, reply).

2 new ref in makeCell!ref. ref?quad.
3 let writeData = third quad in
4 let writeNext = fourth quad in
5 new a in writeData! (value, a). a?l.
6 new while in whilel!reply
7 | *while?r. stack?t. ( stack!t
8 | new a in writeNext!(t, a). a?l. lock?l.
9 stack?s. ( stack!s
10 | if s = ¢t
11 then stack?u. ( stack!quad | lock!0 | r!0 )
12 else ( lock!O | while'r )))
K 5 push
1 *pop?reply.
2 new while in while!reply
3 | *while?r. stack?t. ( stack!t
4 | if s = null
5 then r!0
6 else let readData = first t in
7 let readNext = second t in
8 new a in readDatala. a?v.
9 new b in readNext!b. b?x.
10 lock?l. stack?s. ( stack!s
11 | if s = ¢t
12 then stack?u. ( stack!x | lock!0 | rlv )
13 else ( lock!O | while!r )))
M6 pop

2B} 5 atomic 70w ZIEZ A —=NVIRF ¥ VR
lock X% %%Z(ET 5 Z L TEBL, while L—7
BRHRNZE 7O 2ATELTWS., REHDOF ¥~
IV reply % F ¥~ * )V while IZJE L T\ 2 ML,
Ty Ry 27 ) —EERET BRI AT LITET
% reply ~NDi%{ED obligation %, N — 7&K
TR ZITELT 572DTH 5.

K6k, By 7Y —=AXvy IO pop B %E « &t
RTRHALZToLATHE. ZoSovRiE, Fr
V3V pop MHIRIGHD F ¥ > 1)V reply % 3% T HL
D, ARy DFEHEDOEFE% reply IZEFET D, A
Ky 7 HE (null) THIYEIE, T 74V FOfHE

LTO0%2%EEFET5. 2fDFNIE, push BEEORE
LFERTH 5.

Oy 2 7Y —AX vy ZIZ push ¥ pop % ER[E1T S
2547 MIOTav AN T DL 52745, pop
TiE, BEHDF ¥ 2 r % pop ITHEEL, ©hH
v 2%f59 5. push Ti&, AX v ZILEMT 5{EL,
WEERFET Ul b2 E5ABF ¥ a2/ L
TEEL, r PoZEZTD.

bERowy 7)) —ARy I DY —NETTA4T
VIO rEHRTORER, 1 1HiOoEKTERY 77
V—7Zh, ER2O0BKTOMREY 7 7Y —HiX
W= X v, R o, MEEDCS 147V DD



*(new r in pop!r. r?rep)

| *(new r in push!(1l,r). r?rep)

H7 ®REOIVZATVH

vmakeQuadruple, push, pop, stack, lock)

Py £ (vr)(push!(1,7). r?rep)
Qv 2 (ur)(poplr. 17rep)
System 2 (

(stacklnull | 1ock!0 | *Push | xPop | Po | Qo)

B8 OvII7Y—RYYIDYATALRI (push & pop A 1 BT DDIBA

Po | Qo
| stack!quad | lock!0

\

Pr | Qo
stack!quad | lock!0
q

/

P | Q2
stack!quad | lock!0

\—/

Py | Qo
| Lock!0

/

Pr| Q2
stack!quad | lock!0

Py | Q12
| Tock!0

I

P | Q2
| Tock!0

Pis | Qo
stack!quad’ | lock!0
q

/ A\

W
“//////Rj@7

| stack!null | lock!0

Pr| Q2
| Tock!0

\ /

Piy | Q2
| Lock!0

P | Q12

=
[=>]
o

| stack!quad’ | lock!0

=
o
=

| stack!null | lock!0

v

Py | Q17

~I*

~
°

| stack!quad’ | lock!0

Py | Q7
| stack!null | lock!0

Pis | Q2
| stack!quad’ | lock!0

{

Prig | Q7
| stack!quad | lock!0

B9 7347

B, —# BRI THEE) O F7147 2 DAY
TNENERIEFTHEMELZTE 7L, M (FIAE TH
BFE]) OV F47 v MIKAEEEZTET Lk
57, full 72D strongly fair 72 EB S DIFHET 5 7=

\
Pr| Q17

| stack!null | lock!0

I

Pig | Q7
| stack!quad’ | lock!0

v b DREEER

OTHD. —H, EHE2%2HD, TRTHQ IZDOWV
T, T A AGEBIAET AL NS BNa Y 2
7y — M X B,

push HME pop HEMEAVEIRIEI D Y 2 5 A THIUZ,



makeQuadruple :

chan(chan(int,!), x!) x

(
chan(chan(quad_t,!), !) x
(

chan(int x chan(int,!), x!) x

chan(quad_t x chan(int, 1), «!)

— quad_t

first:
second :
third :

fourth :

quad_t — chan(chan(int,!), «!)
quad_t — chan(chan(quad_t,!), x!)
quad_t — chan(int x chan(int,!), *!)

quad_t — chan(quad_t x chan(int,!), «!)

10 7V IF4 TEHOR

NEy 77 —WE§E727. FlZ1E push & pop %
ZNEN LT OWITIITIBY 7TV =ARY 7D
VAT LEFRIE 8 DL SIZKEINS. T I T Push
& Pop iZZxNhZ N, 5 @ push ¥ —/N &, 6 D
pop P —N\%EKRLTWS. 72, P Ql¥zhTh,
push 217527747 h&, pop 27527 74T~
FERLTWS.

BEDYAT LhRROIREES 22T 5. stack i
A& D quad HBHEFIN TV BIREEAD S, push & pop
EENEN BT OWATIAITD>Z7F4T VN Py | Qo
(BXU, FOL ED stack & lock ~NDOH 7t
) DREEBHEZK 9 IZRT (TS MUANAD TR
ARZELBRNDOTEETS). ZOMTIE1ATY 7
UEDERZ —» TRLTWD., push 2172277147
v hOREE P, (i=0,1,...,16,—1) TXL, pop &
7150747 ORE%2 Q; (j=0,1,...,17,—1)
TRTILIZTS. P, BLTQ; DEKNEHIX
ZFNENfek A & BIZ/RT. push & pop 2175 7
FAT Y IDBUATIZEITESNTWEBREP, | Q; 2%
AL, ik OEOMHPIND 5 2HiFH & Z DI
UFTDeBHTHS.

0<i<16A0<j<2: push QLI LA
(0 <i<16), pop WAL 1 [HH D stack?t
DR T#ATVWS (0<;<2).

0<i<TA0<Lj<17: pop I H T IZ At A
(0<j <17), push HX 1 [ HD stack?t
DEiECT#ATVWS (0<i<T7).

i=16A0<5<17: push?%E T L7 (i =16),

pop DB EEIZHEATVS (0<5<17).

0<i<16Aj=17: pop M T L% (j=17),
push OUILAMLEIZHEATNS (0 << 16) .

7T<i<11A2<j<12: push & pop »*1[HHD
stack?t % 3474%, lock?l 2 L ZLARTE THEA
TW5.

11<i<16Aj=12: push 2T lock?1l TH Y
%ML (i =12), pushH5ET T2 (i = 16).

i=16Aj=12,13,14,—1: push 5% 7 L 7z
(i =16), pop WuYyZZ2HEL (j = 13),
ARy I DFHEINE D> TWE D, ezt
UTHEITZTY (j=2).

i=11A12<3j <17: pop AHEIT lock?l THY 7
AL (j=13), pop BET TS (j=17).

i=11,12,13,-1Aj=17: pop 5% 7T L %=
(j=17), push RV 7 20EL (i =12),
ARy I DFRENED>TWE70, ezt
UTHEITZTS (=17).

4 TyPiCal ®¥isRE Ty KOv o2 1) —4%
DIREE

4.1 BREZFDO4DMTYIFT 1 TDEM

ATk, 3HTAREZ rEtRICBET 0y 27
V=X v ZOREDTY Fay 7Y —Mx TyP-
ICAL CHREFT 3. €404 o4l quad TEB XN
YL, MOENLADRA VX (uriteNext D 1 5]
B v2 B & readNext DRV fE) ZFo>TW57=0,
HURHE BEE L 35, TYPICAL Tk —HILHi7z 7%
HRME2EHT LI LV TER VWD, TYPICAL D



FRITH R e, TNEAVWE T I T4 T
WEEBIMU . BARRIZIE, HREZ2EED 4D/ %
% ¥ makeQuadruple &, FDHEHEZ D LI H
B first, second, third, fourth ZiBfIL 7=.

4 Dffl quad O quad_t DEHKIE, Fv¥ > RILD

usage DI ZIRS LIRD LBV TH 5.

quad_t £ po.
chan(chan(int)) // readData

x chan(chan(«)) // readNext

x chan(int x chan(int)) // writeData

x chan(a x chan(int)) // writeNext
A DMDENEFNDF ¥ > 3V D usage # G LI %EE

ZBELUTOLSITRD.

readData chan(chan(int,!), «!)

readNext chan(chan(quad.t,!), «!)
writeData chan(int x chan(int,!), *!)
writeNext chan(quad_t x chan(int, !), «!)

DEZEBEEZZE, BINT27Y 37« THEKORIX
10D&LSITk5.

INSDOTY) I T« THEERBINU KGR, #ii
TEDHIRIDFEE U770, TNEMIET 5 k% F%
U7z, BRIIZIE, subusage §il#) Uy < Uz 128V,
HERTD TYPICAL Tld Uy 1 usage 28 o IZR SN T
WA, SEIOHERIC K D H7ZIC UL A3 10, 0, «1j. 0,
(1. 0), 1 (xl5°. 0) DT — AL FEU 2728, Af
KCHBEE R o7z, U 127 BB LRV —ZIZDW0n
T, subusage DEZRIZHE VTR DI 2 EE L 72, B
RN, St cap,(Ur) < cap,(Usz) [10, Definition
35, 3.] (LDRMHIXEB) 95, capability level (2B
TAHE (o BRIGEET) % ERT 5880 256
U7z,

4.2 TyPiCal TOMIIER

TyPI1CAL IZ, #ER[E 0D push B & U pop ##1F % i
FIZfF5uy 27V =2 Ry DTk A% ASUE
MEROHEHEX 11ITRT. 1%7720%, ZOEZED
BRI NT WS (¥ —2DETh3B) ik
9. pop BMEZITH> 2 74T MiloToxv A (717
H) i28W\WT, MBI - il % 6332 N %
ZEDBRIEETNT WD (x77rep) . 2 F D, pop ¥ —

1 new makeCell in new push in new pop in
2 new stack in new lock in

3 stack!null | lock!O

4 (*makeCell??r . ...)
5 (*push?r. ...)

r?7rep)

|
|

6 | (*pop?r. ...)
| *(new r in pop!!r .
|

*(new r in push!!(1,r) . r?%rep)

11 TyPiCal CORIEERDO—ER

NEFYy RRY 27V —ThdIhbhrd. 817H
D push BIEIZOWTERAKTH 5.
push 3 £ pop HHEVEREIOHESH A TH 5.

5 Ay o 7Y—HOWRE

AT, FIH8 D, AREIOEFEIIIT 0y
JI7V—=RARyr0uy 7V —EEZL. KD
VAT AL, 428i0B0TFy Ry 7Y —ThH
D, TLITHIDLBOFIEMEEKDLD (FTY R
Oy 77— INSMRTIZILETES).
L7935 T, SDYVAT LU Y7 —ThHbdL
Wz 5.

—H, K70, MEEOHELZIT ey 7Y —2A
Ry 7%, IREBEPERIZAR S0, 9D kS
TRTCDEBERZIETLILIIAES TR, TIT,
push ¥ —NE XU pop H—NEK 3 DN T Yy R
B 25 LCIEINE 2B D RN E IV, B — o8B
AOEIHERD T Y 7 7 ) — MR RFET B 58RI
AR 2T 4 [9) EHWCES T2 E25
( [12, Example 3.12] & [Ak) .

M 3 OMAITIE, BNAMNRTFy Fay 2z 7Y —
M, TNZ NG, TN NS e R T R
Nhsb. £, 4.2HDX 52, TYPICAL BFEHL
TWbTYy Fay 277 ) —MWE{RFEs 58 257 AT
BOFARIIT UL, BNNAMeTy Koy s 7)) —
PEBRD D Z A SN T WS [12, Theorem 3.9).
(F=r1D) TNZ SR EEEE, e OXZEIX
BMR[EITH B HHR7D DT [12, Definition 3.6], AX v
I BAEDERRMADE & L FFRIZEK D LD,

X (F—0D) N MG TH 5. NAT



TV NI ZT LATOS BRI 1 ATy S Tod
Fitk &\ 5 EFK [12, Definition 3.8) 2D T, TDF
FTIHROILZRW. 1 ATy T TOARMERTRT
LIHIE, H 5EBFIT obligation 2SRz X v,
[@ U obligation 23T R TCDERBITRAZINEZ &
ZRTE, MEICEENIERIE, BHEILEEND
e ERTZHTHS [12, Lemma C.1]. 1 AT v 7
TR EBAT Y TTOEWMEICTED S Z L H Ak
7293, fairness ORifE%Z AT 5720, FUERH?L
HHIZ3K % (enable ENTW3) BHEDH 5.

FDEDITAETMEDOFMEZFHDTEH, K@XD LD
BEY I ITV—=ARy 7 OH =TI, HlZIE lock
X stack DZER, EHIXEIXTZRVOT, KD
Mz, R, MERRE O push BEX pop HEZE A
T2 T 5 %4, push DANETINAET T, pop A
KANZFEITE N WAREDRHHDT, vy o7 —
PEDSEE O L7278\, Zhik 2.3 Hid7aebs [12, p. 9]
TW S strongly fair Z2EB 2 §if¢lIC L TH, push D
APEFINTWDGE, M6 D 317HD stack?t
WG A 5 D 31FHD stack!t LU 1047H
D stack!s #%, push BIEDIZEBINTRLE S
HELE AT NDB 7280, pop HAED EINARAE X 1172
WS THD. [12, p. 9 D & S 7% fairness DEFH%
BHEL, EZEOMTIEAL stack?t D &L 5 wZfE
(W UIRE) OAZERUTHIZ AT 5 & 5%
ATV a—=Y) VI DEHZISHOBETHD. TD &
DITEHZEEETNIE, ATk obligation 253 X T
DEBIITH-INE Z 2%, OW Tk push H—1
X pop V—N0woy 77 =ML FHTE S AHEM
Nh5b.

T #HETOALR Y 7 DFKE % [12, Example 3.12] D
T ERAD KD ITIRARMIZEFT T IIL, NA T
RS ATFLTRY 27 ) —WERHTEZ L0
BETH5. AL TIE, £EAEY ZH W Treiber
DuYy I 7Y —ARy & g iETRELTEY S
7V —MERBEEYT 5 Z & ilAaT.

2.3ficikR~ZEBD, L1IHIiTHWITILITVX
Lrouy 7)Y —HiE, 2380 uwAr0ony s
7 Y —#E [12, Definition 2.8] £ #7420, fair AT
Va—V VI ERELRV—F, Daltb 120

BEPZETTEILDAEERL TS, ERMED
push #EX pop #ENH 256 (B2 \WIZMRIZA
Ly NEERTEL VAT LADYE), fair AT
Va—) VI ERFEELRITNE, TRTDOALY KA
BRFETULNEFINT, WTNOEESKAIZET
LW B H 2D T, gFEOry 7 7)) —MIdH]
ST D LT 70,

6 BEHZR

FTTIRARZT Y 2 7 ) =TT R4 [4,13,14,18]
P, By 770 —MEERAIET SR AT A [9,12] BA
AMZEATR D & 5 Rif5E s 5.

Hoffmann & [6] &0y 27 7 —EDEHRZ KL
LT, TN%2MGET 5720 Do a0 Lk % 2%
U, Treiber DY 277V —AXy 700y o 71—
% D ETRAMIZEEA L 72.

Jia 6 [7] 1%, “read, compute and update” £\9
BaERLEZTLVIYZLDY —AT— NIZHiBIER %
BTz lickbuyr 7 ) —MERGET 2 Fk
ERELU. BARIZIE, 657 —-2~0OFEAHN
B U5 a8 Il S EROEE 2 YA ML,
LU 5E121F, o2 Ly Rk 0 #BhZEEOfE
BAVIZVAYPENTWS (MDA LY RAFEIA
ATEHILT WD) ZealERTSH. Zhiutkbh, 2
Ly KRR 128 Dot 2%, Tussse
RoEikEZERL TW5E. £/, TOFEE HEGRE
By —) CAVE & UTHREL, Uy o7 ) —RAXY
IRFa—0uy 7Y —EGEHLZ.

Pinto [1] i, Total-TaDA &\»5, /¥ 7HavFv
TR0 ST Lg% G S 5 43 G B o PR R
EREL, ThWEHOTHEY 2 7V —RAXYy 7%
Fa— DD ETOHEHEITIR > 72,

A8 [19] 1%, Hoffmann & @ 43 BiGwEL D HLIRIZ
HOZE, Treiber DAXY 7D push DIy 7 7Y —
%%, Coq ZMHAWTHGEEL 7.

IS LY 5 AR ML, BRMEORY AT L%
FNZZER DWW T, D EEERBE O FRR 123D < REH
& 0 fEEAEED TRETH - 7=,



7 MEmESEDFE

AETE, niHEOTORADOY 7T —%
B AT HMIH L DEMRIFTEY -V THB TYP-
ICAL %, B %KD Uk THLGR U T Treiber
ORY I TV—ARy I EREL, TOTy Fay
7)) —MEMGELZ. Ty RayvZiZEsnwnway o
7)) =ML, BEREIOAR Yy ZEEIZDONTIENT T
U RBY 25 A [12] ZHWTHREEL 7. $&RE O
WiTR ARy ZEEDBGIE, TH2dbuy s 7Y —
MEDSER O YL 727\ — 5, fairness DIKE & ZH 3L
ST E R 2R U2, £/, NA T Yy Rl
VAFATHY Z 7V —MEREES BRI BT
ML, AR TIRTRTOBBYI 252 L THRIEL 7=
N, VoKX ZHELPE Y 2T L 2] ORAHBFE
ZoNb.

BEE TYPICAL A 7V y RS 25 LMIZBHT 5
BRI ZHEL S o/ MEB RICERLUET. R
Wh52i% JSPS Bt JP15H02681, JP20H04161 O
B &% 726D TY.
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push 7 54 7> b DIREE

Py =

new r in push!(1, r). r?rep

P =
new r in r?rep
| (new ref in makeCell!ref. ref?quad’.
let writeData = third quad’ in
let writeNext = fourth quad’ in
new a in writeData! (value, a). a?l.
new while in whilelreply
| *while?r. stack?t. ( stack!t
| new a in writeNext!(t, a). a?l. lock?l.
stack?s. ( stack!s
| if s = ¢
then stack?u. ( stack!quad’ | lock!O | r!0 )
else ( lock!O | while!r ))))

P, =
new r in new ref in
r?rep
| (new readData in new readNext in new writeData in new writeNext in
let quad = makeQuadruple (readData, readNext, writeData, writeNext) in
r!quad | new data in new next in data!O | next!null
| *readData?r. data?v. (r!v | data!v)
| *readNext?r. next?v. (r!v | next!v)
| *writeData?(v2,r). data?vi. (r!0 | data!v2)
| *writeNext?(v2,r). next?vi. (r!0 | next!v2))
| (ref?quad’.
let writeData = third quad’ in
let writeNext = fourth quad’ in
new a in writeData!(value, a). a?l.
new while in while!reply
| *while?r. stack?t. ( stack!t
| new a in writeNext!(t, a). a?l. lock?l.
stack?s. ( stack's
| if s = ¢t
then stack?u. ( stack!quad’ | lock!0 | r!0 )
else ( lock!O | while!r ))))

Ps =
new r in new ref in
new readData in new readNext in new writeData in new writeNext in

r?rep



44 | (new data in new next in data!O | next!null

45 | *readData?r. data?v. (r!v | data!v)

46 | *readNext?r. next?v. (r!v | next!v)

47 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
48 | *writeNext?(v2,r). next?vi. (r!0 | next!v2))

49 | (let writeData = third quad’ in

50 let writeNext = fourth quad’ in

51 new a in writeData! (1, a). a?l.

52 new while in whilelreply

53 | *while?r. stack?t. ( stack!t

54 | new a in writeNext!(t, a). a?l. lock?l.
55 stack?s. ( stack!s

56 | if s = ¢t

57 then stack?u. ( stack!quad’ | lock!O | r!0 )
58 else ( lock!0 | while!r ))))

59

60 Py =

61 new r in new ref in new al in

62 new readData in new readNext in new writeData in new writeNext in

63 r?rep

64 | (new data in new next in data'!'O | next!null
65 | *readData?r. data?v. (r!v | data!v)

66 | *readNext?r. next?v. (r!v | next!v)

67 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
68 | *writeNext?(v2,r). next?vi. (r'!'0 | next!v2)
69 | data?vi. (a1!0 | data!l))

70 | (a1?1.

71 new while in while!reply

72 | *while?r. stack?t. ( stack!t

73 | new a in writeNext!(t, a). a?l. lock?l.
74 stack?s. ( stack's

75 | if s = ¢t

76 then stack?u. ( stack!quad’ | lock!0 | r!0 )
7 else ( lock!0 | while!r ))))

78

79 Ps =

80 new r in new ref in new al in

81 new readData in new readNext in new writeData in new writeNext in

82 r?rep

83 | (new data in new next in next!null

84 | *readData?r. data?v. (r!v | data!v)

85 | *readNext?r. next?v. (r!v | next!v)

86 | *writeData?(v2,r). data?vi. (r'!'0 | data!v2)
87 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)

88 | (!0 | data'l))



89 | (a1?1.

90 new while in whilelreply

91 | *while?r. stack?t. ( stack!t

92 | new a in writeNext!(t, a). a?l. lock?l.

93 stack?s. ( stack!s

94 | if s =t

95 then stack?u. ( stack!quad’ | lock!0 | r!0 )
96 else ( lock!0 | while'!r ))))

97

98 Ps =

99 new r in new ref in new al in

100 new readData in new readNext in new writeData in new writeNext in

101 r?rep

102 | (new data in new next in next!null

103 | *readData?r. data?v. (r!v | data!v)

104 | *readNext?r. next?v. (r!v | next!v)

105 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
106 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)
107 | data!l)

108 | (new while in while!reply

109 | *while?r. stack?t. ( stack!t

110 | new a in writeNext!(t, a). a?l. lock?l.

111 stack?s. ( stack's

112 | if s = t

113 then stack?u. ( stack!quad’ | lock!O | r!0 )
114 else ( lock!0 | while!r ))))

115

116 Pr =

117 new r in new ref in new al in

118 new readData in new readNext in new writeData in new writeNext in

119 r?rep

120 | (new data in new next in next!null

121 | *readData?r. data?v. (r!v | data!v)

122 | *readNext?r. next?v. (r!v | next!v)

123 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
124 | *writeNext?(v2,r). next?vli. (r'0 | next!v2)
125 | data!l)

126 | (new while in

127 | *while?r. stack?t. ( stack!t

128 | new a in writeNext!(t, a). a?l. lock?l.
129 stack?s. ( stack!s

130 | if s = ¢t

131 then stack?u. ( stack'!'quad’ | lock!0 | r!0 )
132 else ( lock!O | while'r )))

133 | stack?t. ( stack!t



134 | new a in writeNext!(t, a). a?l. lock?l.

135 stack?s. ( stack!s

136 | if s = ¢t

137 then stack?u. ( stack!quad’ | lock!0 | r!0 )
138 else ( lock!0 | while!r ))))

139

140 Pg =

141 new r in new ref in new al in

142 new readData in new readNext in new writeData in new writeNext in

143 r?rep

144 | (new data in new next in next!null

145 | *readData?r. data?v. (r!v | data!v)

146 | *readNext?r. next?v. (r!v | next!v)

147 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
148 | *writeNext?(v2,r). next?vi. (r'!'0 | next!v2)
149 | data!l)

150 | (new while in

151 | *while?r. stack?t. ( stack!t

152 | new a in writeNext!(t, a). a?l. lock?l.
153 stack?s. ( stack!s

154 | if s = ¢t

155 then stack?u. ( stack!quad’ | lock!0 | r!0 )
156 else ( lock!O | while'r )))

157 | ( stack!quad

158 | new a in writeNext!(quad, a). a?l. lock?l.
159 stack?s. ( stack!s

160 | if s = quad

161 then stack?u. ( stack!quad’ | lock!O | r!0 )
162 else ( lock!0 | while!r ))))

163

164 Py =

165 new r in new ref in new al in new a2 in

166 new readData in new readNext in new writeData in new writeNext in

167 r?rep

168 | (new data in new next in next!null

169 | *readData?r. data?v. (r!v | data!v)

170 | *readNext?r. next?v. (r!v | next!v)

171 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
172 | *writeNext?(v2,r). next?vi. (r'0 | next!v2)
173 | data!l

174 | next?vi. (a2!0 | next!v2))

175 | (new a in new while in

176 | *while?r. stack?t. ( stack!t

177 | new a in writeNext!(t, a). a?l. lock?l.

178 stack?s. ( stack!s



179 | if s =t

180 then stack?u. ( stack!quad’ | lock!0 | r!0 )
181 else ( lock!O | while'r )))

182 | ( stack!quad

183 | a2?1. lock?l.

184 stack?s. ( stack's

185 | if s = quad

186 then stack?u. ( stack!quad’ | lock!O | r!0 )
187 else ( lock!0 | while!r ))))

188

189 Pig =

190 new r in new ref in new al in new a2 in

191 new readData in new readNext in new writeData in new writeNext in

192 r?rep

193 | (new data in new next in

194 | *readData?r. data?v. (r!v | data!v)

195 | *readNext?r. next?v. (r!v | next!v)

196 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
197 | *writeNext?(v2,r). next?vi. (r'0 | next!v2)
198 | data!l

199 | (a2'0 | next!quad))

200 | (new while in

201 | *while?r. stack?t. ( stack!t

202 | new a in writeNext!(t, a). a?l. lock?l.
203 stack?s. ( stack!s

204 | if s = ¢t

205 then stack?u. ( stack!quad’ | lock!O | r!0 )
206 else ( lock!O | while'r )))

207 | ( stack!quad

208 | a?l. lock?l.

209 stack?s. ( stack!s

210 | if s = quad

211 then stack?u. ( stack'!'quad’ | lock!0 | r!0 )
212 else ( lock!O | while!r ))))

213

214 P11 =

215 new r in new ref in new al in new a2 in

216 new readData in new readNext in new writeData in new writeNext in

217 r?rep

218 | (new data in new next in

219 | *readData?r. data?v. (r!v | data!v)

220 | *readNext?r. next?v. (r!v | next!v)

221 | *writeData?(v2,r). data?vi. (r'!'0 | data!v2)
222 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)

223 | data!1l



224 | next!quad)

225 | (new while in

226 | *while?r. stack?t. ( stack!t

227 | new a in writeNext!(t, a). a?l. lock?l.

228 stack?s. ( stack!s

229 | if s = ¢t

230 then stack?u. ( stack!quad’ | lock!O | r!0 )
231 else ( lock!O | while'r )))

232 | ( stack!quad

233 | lock?l.

234 stack?s. ( stack!s

235 | if s = quad

236 then stack?u. ( stack!quad’ | lock!0 | r!0 )
237 else ( lock!O | while!r ))))

238

239 Pio =

240 new r in new ref in new al in new a2 in

241 new readData in new readNext in new writeData in new writeNext in

242 r?rep

243 | (new data in new next in

244 | *readData?r. data?v. (r!v | data!v)

245 | *readNext?r. next?v. (r!v | next!v)

246 | *writeData?(v2,r). data?vi. (r'!'0 | data!v2)
247 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)
248 | data!l

249 | next!quad)

250 | (new while in

251 | *while?r. stack?t. ( stack!t

252 | new a in writeNext!(t, a). a?l. lock?l.
253 stack?s. ( stack!s

254 | if s = ¢t

255 then stack?u. ( stack!quad | lock!O | r!0 )
256 else ( lock!O | while'r )))

257 | (stack!quad

258 | stack?s. ( stack!s

259 | if s = quad

260 then stack?u. ( stack!quad’ | lock!O | r!0 )
261 else ( lock!O | while!r ))))

262

263 P13 =

264 new r in new ref in new al in new a2 in

265 new readData in new readNext in new writeData in new writeNext in
266 r?rep

267 | (new data in new next in

268 | *readData?r. data?v. (r!v | datal!v)



270

271

272

273

274

275

277

278

279

280

281

282

283

284

286

287

288

289

290

291

292

293

294

295

296

297

298

300

301

302

303

304

305

306

307

308

309

310

311

312

313

| *readNext?r. next?v. (r!v | next!v)

| *writeData?(v2,r). data?vi. (r!0
| *writeNext?(v2,r). next?vi. (r!0
| data!l

| next!quad)

(new while in

| *while?r. stack?t. ( stack!t

| data!v2)

| next!v2)

| new a in writeNext!(t, a). a?l. lock?l.

stack?s. ( stack!s

| if s =t

then stack?u. ( stack!quad | lock!O | r!0 )

else ( lock!0 | while!r )))
| (stack!quad’’
| if quad’’ = quad
then stack?u. ( stack!quad’
else ( lock!0 | while!r )))

Py =

new r in new ref in new al in new a2 in

| lock!O | r'!'0 )

new readData in new readNext in new writeData in new writeNext in

r?rep

(new data in new next in

| *readData?r. data?v. (r!v | datal!v)

| *readNext?r. next?v. (r!v | next!v)

| *writeData?(v2,r). data?vi. (r!0

| *writeNext?(v2,r). next?vi. (r!0

| data!l

| next!quad)

(new while in

| *while?r. stack?t. ( stack!t

| new a in writeNext! (t, a). a?l.
stack?s. ( stack!s

| if s = t

| data!v2)

| next!v2)

lock?l.

then stack?u. ( stack!quad | lock!O | r!0 )

else ( lock!0 | while!r )))

| ( stack!quad’’ | stack?u. ( stack!quad’ |

Pri5 =

new r in new ref in new al in new a2 in

lock!0 | r!0 ) ))

new readData in new readNext in new writeData in new writeNext in

r?rep

(new data in new next in

| *readData?r. data?v. (r!v | datal'v)

| *readNext?r. next?v. (r!v | next!v)

| *writeData?(v2,r). data?vi. (r!0

| data!v2)



314 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)

315 | data!l

316 | next!quad)

317 | (new while in

318 | *while?r. stack?t. ( stack!t

319 | new a in writeNext!(t, a). a?l. lock?l.
320 stack?s. ( stack!s

321 | if s = ¢t

322 then stack?u. ( stack!quad | lock!O | r!0 )
323 else ( lock!O | while'r )))

324 | ( stack!quad’ | lock!0 | r!0 ))

325

326 Pig =

327 new r in new ref in new al in new a2 in
328 new readData in new readNext in new writeData in new writeNext in

320 (new data in new next in

330 | *readData?r. data?v. (r!v | data!v)

331 | *readNext?r. next?v. (r'!v | next!v)

332 | *writeData?(v2,r). data?vi. (r'0 | data!v2)
333 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)
334 | data!l

335 | next!quad)

336 | (new while in

337 | *while?r. stack?t. ( stack!t

338 | new a in writeNext!(t, a). a?l. lock?l.
339 stack?s. ( stack!s

340 | if s = ¢t

341 then stack?u. ( stack!quad | lock!0 | r!0 )
342 else ( lock!O | while'r )))

343 | o0

344

345 P_1 =

346 new r in new ref in new al in new a2 in

347 new readData in new readNext in new writeData in new writeNext in

348 r?rep

349 | (new data in new next in

350 | *readData?r. data?v. (r!v | data!v)

351 | *readNext?r. next?v. (r!v | next!v)

352 | *writeData?(v2,r). data?vi. (r!'0 | data!v2)
353 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)
354 | data!l

355 | next!quad)

356 | (new while in

357 | *while?r. stack?t. ( stack!t

358 | new a in writeNext!(t, a). a?l. lock?l.



359

360

361

362

363

10

11

12

13

14

16

17

18

19

20

21

22

23

24

26

27

28

29

30

31

32

33

34

36

37

stack?s. ( stack!s

| if s = t

then stack?u. ( stack!'quad’ |
| while'!r )))

else ( lock!0O

| while'!r ))

lock!0 | r!0 )

pop 7 74 7 b DIREE

Qo =

new r in pop!x . r?rep

Q1=

new r in r?rep

(new while in while!reply

Q2 =

new r in r?rep

*while?r. stack?t.

if s = null
then r!0
else let readData

let readNext

( stack!t

first t in

second t in

new a in readDatala. a?v.

new b in readNext!b. b?x.

lock?l. stack?s. ( stack!s

| if s = ¢t

then stack?u.

( stack!x |

lock!0 | r!v )

else ( lock!O | while!r ))))

(new while in

*while?r. stack?t. ( stack!t

if s = null
then r!0
else let readData

let readNext

first t in

second t in

new a in readDatala. a?v.

new b in readNext!b. b7x.

lock?l. stack?s. ( stack!s

| if s = ¢

then stack?u.

( stack!x |

lock!0 | r!v )

else ( lock!O | while!r )))

(stack?t. ( stack!t

if s = null
then r!0
else let readData

let readNext

first t in

second t in



38

39

40

41

42

43

44

45

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

7

78

79

80

81

82

Qs =

new r in r7rep

new a in readDatala. a?v.

new b in readNext!b. b7x.

lock?l. stack?s.
| if s = ¢t

then stack?u.

( stack!s

( stack!x |

lock!0 | r!v )

else ( lock!O | while!r )))))

(new while in

*while?r. stack?t. ( stack!t

if s = null
then r!0

else let readData = f

irst t in

let readNext = second t in

new a in readDatala. a?v.

new b in readNext!b. b7?x.

lock?l. stack?s.
| if s = ¢

then stack?u.

( stack!s

( stack!x |

lock!0 | r!v )

else ( lock!0 | while!r )))

| ( stack!quad

Q1=

new r in r?rep

if quad = null

then r!0

else let readData = first quad in

let readNext = second quad in

new a in readDatala. a?v.

new b in readNext!b. b?x.

lock?l. stack?s.
| if s = quad

then stack?u.

( stack!s

( stack!x |

lock!0 | r!v )

else ( lock!0 | while!r ))))

(new while in

*while?r. stack?t. ( stack!t

if s = null

then r!0

else let readData = first t in

let readNext = second t in

new a in readDatala. a?v.

new b in readNext!b. b7x.

lock?l. stack?s.

| if s = ¢

( stack!s



83

84

86

87

89

90

91

92

93

94

96

97

98

99

100

101

102
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104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

then stack?u. ( stack!x | lock!0 | r!v )
else ( lock!0 | while!r )))
| r!0)

Qs =
new r in
| (new while in
*yhile?r. stack?t. ( stack't
| if s = null
then r!0
else let readData = first t in
let readNext = second t in
new a in readDatala. a%v.
new b in readNext!b. b?x.
lock?l. stack?s. ( stack!s
| if s = ¢t
then stack?u. ( stack!x | lock!0 | rl!v )
else ( lock!O | while!r )))
| 0)

Qe =
new r in r%rep
| (new while in
*while?r. stack?t. ( stack!t
| if s = null
then r!0
else let readData = first t in
let readNext = second t in
new a in readDatala. a?v.
new b in readNext!b. b7x.
lock?l. stack?s. ( stack!s
| if s = ¢t
then stack?u. ( stack!x | lock!0 | rlv )
else ( lock!O | while!r )))
| ( stack!quad
| new a in readDatala. a?v.
new b in readNext!b. b?x.
lock?l. stack?s. ( stack!s
| if s = quad
then stack?u. ( stack!x | lock!0 | rlv )

else ( lock!0 | while!r ))))

Q7=
new r in new readData in new readNext in new writeData in new writeNext in

new a in r?rep



128 | (new data in new next in data!l | next!quad’’

129 | *readData?r. data?v. (r!v | data!v)

130 | *readNext?r. next?v. (r!v | next!v)

131 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
132 | *writeNext?(v2,r). next?vli. (r'!0 | next!v2)
133 | data?v. (al!v | data!v))

134 | (new while in

135  *while?r. stack?t. ( stack!t

136 | if s = null

137 then r!0

138 else let readData = first t in

139 let readNext = second t in

140 new a in readDatala. a%v.

141 new b in readNext!b. b?x.

142 lock?l. stack?s. ( stack!s

143 | if s = ¢

144 then stack?u. ( stack!x | lock!0 | rl!v )
145 else ( lock!0 | while!r )))

146 | ( stack!quad

147 | a?v.

148 new b in readNext!b. b?x.

149 lock?l. stack?s. ( stack!s

150 | if s = quad

151 then stack?u. ( stack!x | lock!0 | r!v )
152 else ( lock!0 | while!r ))))

153

154 Qg =
155 new r in new readData in new readNext in new writeData in new writeNext in

156 new a in r7rep

157 | (new data in new next in next!quad’’

158 | *readData?r. data?v. (r!v | data!v)

159 | *readNext?r. next?v. (r!v | next!v)

160 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
161 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)
162 | (a'l | data!l))

163 | (new while in

164 *while?r. stack?t. ( stack!t

165 | if s = null

166 then r!0

167 else let readData = first t in

168 let readNext = second t in
169 new a in readDatal'a. a?v.

170 new b in readNext!b. b7x.

171 lock?l. stack?s. ( stack!s

172 | if s = ¢



173 then stack?u. ( stack!x | lock!0 | r!v )

174 else ( lock!O | while!r )))

175 | ( stack!quad

176 | a?v.

177 new b in readNext!b. b?x.

178 lock?l. stack?s. ( stack!s

179 | if s = quad

180 then stack?u. ( stack!x | lock!0 | r!v )
181 else ( lock!0 | while!r ))))

182

183 Qg =
184 new r in new readData in new readNext in new writeData in new writeNext in

185 new a in r?rep

186 | (new data in new next in next!quad’’

187 | *readData?r. data?v. (r!v | data!v)

188 | *readNext?r. next?v. (r!v | next!v)

189 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
190 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)
191 | data!l)

192 | (new while in

193 *while?r. stack?t. ( stack!t

194 | if s = null

195 then r!0

196 else let readData = first t in

197 let readNext = second t in

198 new a in readDatala. a?v.

199 new b in readNext!b. b7?x.

200 lock?l. stack?s. ( stack!s

201 | if s = ¢

202 then stack?u. ( stack!x | lock!0 | rl!v )
203 else ( lock!O | while!r )))

204 | ( stack!quad

205 | new b in readNext!b. b7x.

206 lock?l. stack?s. ( stack!s

207 | if s = quad

208 then stack?u. ( stack!x | lock!O | r!1l )
209 else ( lock!0 | while!r ))))

210

211 Q10 =
212 new r in new readData in new readNext in new writeData in new writeNext in

213 new a in new b in r?rep

214 | (new data in new next in next!quad’’
215 | *readData?r. data?v. (r!v | datal!v)
216 | *readNext?r. next?v. (r!v | next!v)

217 | *writeData?(v2,r). data?vi. (r!0 | data!v2)



218 | *writeNext?(v2,r). next?vi. (r!'0 | next!v2)

219 | data!l
220 | next?v. (b!'v | next!v))
221 | (new while in

222 *while?r. stack?t. ( stack!t

223 | if s = null

224 then r!0

225 else let readData = first t in

226 let readNext = second t in

227 new a in readDatala. a%v.

228 new b in readNext!b. b7x.

229 lock?l. stack?s. ( stack!s

230 | if s = ¢t

231 then stack?u. ( stack!x | lock!0 | r!v )
232 else ( lock!O | while!r )))

233 | ( stack!quad

234 | b?7x.

235 lock?l. stack?s. ( stack!s

236 | if s = quad

237 then stack?u. ( stack!x | lock!O | r!1l )
238 else ( lock!0 | while!r ))))

239

240 Q11 =

241 new r in new readData in new readNext in new writeData in new writeNext in

242 new a in new b in r?rep

243 | (new data in new next in

244 | *readData?r. data?v. (r!v | data!v)

245 | *readNext?r. next?v. (r!v | next!v)

246 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
247 | *writeNext?(v2,r). next?vli. (r'!'0 | next!v2)
248 | data'l

249 | (b'quad’’ | next'quad’’))

250 | (new while in

251 *while?r. stack?t. ( stack!t

252 | if s = null

253 then r!0

254 else let readData = first t in

255 let readNext = second t in

256 new a in readDatala. a?v.

257 new b in readNext!b. b7?x.

258 lock?l. stack?s. ( stack!s

259 | if s = ¢

260 then stack?u. ( stack!x | lock!0 | rl!v )
261 else ( lock!0 | while!r )))

262 | ( stack!quad



263 | v7x.

264 lock?l. stack?s. ( stack!s

265 | if s = quad

266 then stack?u. ( stack!x | lock!O | r!l )
267 else ( lock!0 | while!r ))))

268

269 Q12 =

270 new r in new readData in new readNext in new writeData in new writeNext in

271 new a in new b in r?rep

272 | (new data in new next in

273 | *readData?r. data?v. (r!v | data!v)

274 | *readNext?r. next?v. (r!v | next!v)

275 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
276 | *writeNext?(v2,r). next?vi. (r!'0 | next!v2)
277 | data!l

278 | next!quad’’)

279 | (new while in

280  *while?r. stack?t. ( stack!t

281 | if s = null

282 then r!0

283 else let readData = first t in

284 let readNext = second t in

285 new a in readDatala. a%v.

286 new b in readNext!b. b7x.

287 lock?l. stack?s. ( stack!s

288 | if s = ¢

289 then stack?u. ( quad | lock!0 | r!v )
290 else ( lock!O | while!r )))

291 | ( stack!quad

292 | lock?l. stack?s. ( stack!s

293 | if s = quad

294 then stack?u. ( stack!quad | lock!0 | r!'l )
295 else ( lock!0 | while!r ))))

296

207 Q13 =

298 new r in new readData in new readNext in new writeData in new writeNext in

299 new a in new b in r7rep

300 | (new data in new next in

301 | *readData?r. data?v. (r!v | data!v)

302 | *readNext?r. next?v. (r!v | next!v)

303 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
304 | *writeNext?(v2,r). next?vi. (r'0 | next!v2)
305 | data!l

306 | next!quad’’)

307 | (new while in



308 *while?r. stack?t. ( stack!t

309 | if s = null

310 then r!0

311 else let readData = first t in

312 let readNext = second t in

313 new a in readDatala. a%v.

314 new b in readNext!b. b7?x.

315 lock?l. stack?s. ( stack!s

316 | if s = ¢

317 then stack?u. ( stack!x | lock!0 | rlv )
318 else ( lock!O | while!r )))

319 | ( stack!quad

320 | stack?s. ( stack!s

321 | if s = quad

322 then stack?u. ( stack!quad | lock!0 | r!'l )
323 else ( lock!0 | while!r ))))

324

325 Q14 =

326 new r in new readData in new readNext in new writeData in new writeNext in

327 new a in new b in r7rep

328 | (new data in new next in

329 | *readData?r. data?v. (r!v | data!v)

330 | *readNext?r. next?v. (r!v | next!v)

331 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
332 | *writeNext?(v2,r). next?vi. (r'0 | next!v2)
333 | data!l

334 | next!quad’’)

335 | (new while in

336 *while?r. stack?t. ( stack!t

337 | if s = null

338 then r!0

339 else let readData = first t in

340 let readNext = second t in

341 new a in readDatala. a%v.

342 new b in readNext!b. b?x.

343 lock?l. stack?s. ( stack!s

344 | if s = ¢t

345 then stack?u. ( stack!x | lock!0 | rlv )
346 else ( lock!O | while!r )))

347 | ( stack!quad’

348 | if quad’ = quad

349 then stack?u. ( stack!quad | lock!0 | r'v )
350 else ( lock!0 | while!r )))

351

352 Q15 =



353 new r in new readData in new readNext in new writeData in new writeNext in

354 new a in new b in r?rep

355 | (new data in new next in

356 | *readData?r. data?v. (r!v | data!v)

357 | *readNext?r. next?v. (r!v | next!v)

358 | *writeData?(v2,r). data?vi. (r'!'0 | data!v2)
359 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)
360 | data!l

361 | next!quad’’)

362 | (new while in

363 *while?r. stack?t. ( stack!t

364 | if s = null

365 then r!0

366 else let readData = first t in

367 let readNext = second t in

368 new a in readDatala. a%v.

369 new b in readNext!b. b7?x.

370 lock?l. stack?s. ( stack!s

371 | if s = ¢

372 then stack?u. ( stack!x | lock!0 | rl!v )
373 else ( lock!O | while!r )))

374 | stack!quad’

375 | stack?u. ( stack!quad | lock!0 | r!1l )))
376

377 Q16 =

378 new r in new readData in new readNext in new writeData in new writeNext in

379 new a in new b in r7rep

380 | (new data in new next in

381 | *readData?r. data?v. (r!v | data!v)

382 | *readNext?r. next?v. (r!v | next!v)

383 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
384 | *writeNext?(v2,r). next?vi. (r'0 | next!v2)
385 | data!l

386 | next!quad’’)

387 | (new while in

388 *while?r. stack?t. ( stack!t

389 | if s = null

390 then r!0

391 else let readData = first t in

392 let readNext = second t in
393 new a in readDatala. a?v.

394 new b in readNext!b. b7x.

395 lock?l. stack?s. ( stack!s
396 | if s = ¢t

397 then stack?u. ( stack!x | lock!0 | r!v )



398 else ( lock!O | while!r )))

399 | ( stack!quad | lock!0 | r'l ))

400

401 Q17 =

402 new r in new readData in new readNext in new writeData in new writeNext in

403 new a in new b in r?rep

404 | (new data in new next in

405 | *readData?r. data?v. (r!v | data!v)

406 | *readNext?r. next?v. (r!v | next!v)

407 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
408 | *writeNext?(v2,r). next?vi. (r!0 | next!v2)
409 | data!l

410 | next!quad’’)

411 | (new while in

412 *while?r. stack?t. ( stack!t

413 | if s = null

414 then r!0

415 else let readData = first t in

416 let readNext = second t in
417 new a in readDatala. a%v.

418 new b in readNext!b. b?x.

419 lock?l. stack?s. ( stack!s
420 | if s = ¢t

421 then stack?u. ( stack!x | lock!0 | r!v )
422 else ( lock!O | while!r )))
423 | 0)

424

425 Q-1 =
426 new r in new readData in new readNext in new writeData in new writeNext in

427 new a in new b in r?rep

428 | (new data in new next in

429 | *readData?r. data?v. (r!v | data!v)

430 | *readNext?r. next?v. (r!v | next!v)

431 | *writeData?(v2,r). data?vi. (r!0 | data!v2)
432 | *writeNext?(v2,r). next?vli. (r'!'0 | next!v2)
433 | data!l

434 | next!quad’’)

435 | (new while in

436 *while?r. stack?t. ( stack!t

437 | if s = null

438 then r!0

439 else let readData = first t in
440 let readNext = second t in
441 new a in readDatala. a?v.

442 new b in readNext!b. b7x.



443

444

445

446

447

lock?l. stack?s. ( stack!s
| if s = ¢
then stack?u. ( stack!x | lock!0 | rl!v )
else ( lock!O | while!r )))
| while!r ))




