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Abstract

Although the necessity for parallel processing is increasing by spreading of multicore processors or
Cloud, the problem peculiar to parallel processing has still faced us greatly. There are dangers of
competition among data, deadlock, and livelock when we build parallel processing using low-level-locks.
However, Communicating Sequential Processes(CSP) and Software Transactional Memory(STM) are
available as technologies to resolve the problems. As CSP’s description is simpler, we should only
describe what event will happen and which event will be interconnected. Using JCSP, we can implement
a CSP model in Java. The description will be also simpler. But we will face complex code in other part of
a CSP model using Java. Moreover, CSP takes a message-passing form that makes us wait when many
processes access to one process. In contrast, STM takes an optimistic non-blocking parallelism form that
does not make us wait. Instead of wait, a retry will occur. Therefore, we have chosen STM and we
consider implementing parallel processing using Clojure. Clojure has STM as language specification,
and makes our description simpler than Java, and also can use huge Java library. By explaining seat
reservation processing as an example the guideline for constructing parallel processing using Clojure

STM is shown.
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BT r v arONRICEBEL, FT Uy a N TEOEREFZITH> 2 LIk
Wiz 24 570, TWIRMED ref OEITIAFE L TWRWHWIGIETSH S, £, 207
BIE, o FZ o7 va ORBENERLTHZZE L TWRWHIETH DN, KimXT
DEEJEFHSBLEIZB L TIE, UV R IABMTONDEWVW) 2N N T o F 7 va Tk
STHEBENHEERSNTZL VW) ZEIZELVWOTIOHELEZLND. ZOHETDOAY
v ME, O T o7 arEB U bTA LBRBFEOZ LTS, U NT A A ZAUTAD
JEIZAMDMIRZATH Z & DT HREICEL ZENTEX L. ZOPRLIEIX NT ¥
T a VOETEBERGFT OEBEMEL, DK > TR T Z1TH Z L THEITE
L. TR o¥ 7 g v OFTREEZRAFET 2248 E LT atom 2460 Lic—flZ =7
atom 1% ref O X D ICEHA[RE/RETH D03, FIEMFAN e HEH AT 9 . atom Z{EH L7-#H
X, MLOMLEE L RFH L CTEN S BMERRNWEDTH .

(defn oneretry []
(let [retry (atom 0)]
(dosync

(reset! retry (inc @retry))

(if (> @retry 1)

HE T ALEE

FHTALER))))
PIEIDOMEETIL ref OFFLINFEITSN, U T AIZKD 2 [FIH OB TITHE TLEERN
FATEIND. VN TADOFETHEEEETH L TEEEID NI A LI2RICHEH T2
ARETHD. RFTEHE LT retry % atom & LTERL, FTo¥F 7y a NOMEOE
TR Z B L TW5b. dosync LR O RN R7 o7 v a U CRENNTHDLEHST, B
— Ry 7LD Y RTADPMTONLNETHS. RIRLIea— T, if pETRT



VYT a VOEITRIE AR L TCNT, —ETHL NI v aitkbdl R TIARE
ZAHEFETERE EED, TS T S LI Tn 5.

3ORICEZT-DIX, —DOHOHWMWEO L HIZY I A LEEBEFE 2T I %
B2 FIETHD. ZOHEE, UV NIA4Z280RTZD, —2>HOHFELE L [E U<
BT — 2% —oD T Y7 a VNTURT A8, BEMTbZAFIZS LT
LU P TIAICE S THELAE LET Z & TROICAUEZIT O /REERH S, Z O et
ITEFEONRICL > TSI EIEREBRFENEZ LN, £, ZOHEZAI TG
FOEBEITFIEZL > TESTL D, Kin L TORER THRIETO W R, Eai
WCEHSNIMERTHIRIETH DA TH Y, B if ikl ref DfiZEHT52 LT
PLFD X HICHEBE LT,

(if (= "res" (@chair :state))

(g un:iil

BEHTALER)

chair (3T — % ThH 5. FBFHNEROYE, FHLBIIOE L, TREADOGEIIKT
WUBRAATVE T 2 5.

DX IR CWATHE AT ) Z &N TEHBHE, EEMREMEY NI A DX A
VT HD. T UV a VEESPBIG LR R TOEHIRREO T -2 D a e —o
BICk>Tif THIGTS. O RT oV I a ks TEHHEDOT = NEHEINT
WTH R TP v a v OBRFTIER AR, TERMEY N T4 DX A 73k b
FrHrsvarhaly hERLRE, b LIEEFHTD ref ~T7 7B AT HREET, Fb
AL OEEBIZNL O RIZENIN TS, BE»rbaI v b, b LIEFERHT
Loref ~OT7 7 BAETOHED T UH T v a VABEORA O THNT D DEFITRE
BINDZ LT

6. EEIE

ZZE T LT E o HIBrLE A Clojure 2 L THEE L, FEFRITWATLIZEL S E
BCTE 50087 5. F£7-, Clojure TFlik S/ web 77U r—va v 7L —LA0U—7
T& % noir, html ®#FE % Clojure DX/ X TR TEXH7 477V Th s hiccup ZFIH L,
STMIZX 2B 27 7 U F i bl# I 55 e web 77U r—v g & LTEMESED.



6.1. YV —J
Leiningen

Clojure TOE/NL RV —/b. Fadx 7 NEKGFBEREZEHL, LERIATTIVDX Y
Y= RREBITH ZENTESD. noir ZMMT 27 my =2 FOMKEZa~y Fae—D
FITTL2DHTHRTHZLNTED.

Noir

Clojure Ttk &7z web 77V r—v a7 L—2ATU—7 . html 235 view D
3T —ZAERAELT S5 model DA FLR T HRRET web 7Y r—a VERBETE S.

6.2. R

—ODRF YT v a r TEROT -2 2B T 556, BEROT DX NENICD
WTCHIED b7 %7 g TS 258, MO RF UV v a COEHOE T ZfFo
ThrRIZU¥7 v a  ARICHEISE 256, U R T7A4 03K Z > EBREICTET 2546, i
DRTUY I v a rOFEFH > TR EZIT O 645, ZhbERZTICONT web 7
7Y r—3 3 @ model & LCitak L3ERRT 5.

T A NFIEE, ENENOFWAEE L% FEE LT = — RiZxt LT Clojure O 5 ALEEES
BAEERL, BIEREMEMAADEDZ & THAWRELIEY L, 2RI T THELE
HIRTAER S E D X D ICEET 20 &8T5, 7, FEBEIC web 77U r—var b LT
FIT SN LGB TOIEL R TS, BIfEAR LIz — FOZNZh% model & LT
web 77— a VTHLBIA R, 2 DDT T UWNG, TR0 FHLEE & SEEL L7z
web 77U r— g T VAL, WATHRENZ K> TEAEROT —Z I3 L TOR
HAHIREVITON D D EMRT D, MERTEL, 77 va Tk L CEBELE Z
TEI%K, ref O ORFRGE A H )T 2 B A LB IR EIAL, v Y — Ui )d
L2 L THERT D, 7 A ML, Bllx OFFICRT 2 PRINER AT - 123561210 50121T o
NDhy, [FUEISHT 2 FRQEEIT > TG A I TN TRLEZITOR T IThEr s s
Dy, BHCEREZT VBB LSE Z 5356, BOBLAEZ 52R0IGE T, s e
DX ITEET Z I N TENENMERR T D.

6.2.1. WITALEEEAEIT S A EIESEER

I TIEINETHPA L CEhld#iln gzt s nic o2 — NIZOWTEHHT 5.



£7, a— RFETHIBET DN OWTHIIT L. BT —ZI2OWT, 2517
L7200 idZ0HE 0D ref & LTEFRLTWD. F72, 2O idITT X TOREESET —X %
REFT 25 allchair O T — 2 25| HTT-dDA T v 7 ATHY, Fiz, allchair N
DFERET =2 ORI E LTHRDZENTED. id D FTERINTWD DITERET — X
DIRFEZRTRNT A—HThHD. EHNZEFROLEIE emp_e, EHERTHINTWDEEE
1% res_c IZ K o THEERGOIRRENFKIL SN 5. allchair 138 LWEKE T — X 2 BMShTn
7=, ref LLTEHRL TS, sorted-map & L CHESET —F ZRFFL TV D EHIL,
NENDEEET — 23t L Ta=—272id ZHVIR> T 570 ThH 5.

JEJST — 2 O T BIXEH BN Gl S TWn5 . setlog BIZUERITER Lz v 7 & 03
LB CH D, res?BEILTE LTH A ONT id A5 X DNTERT — X DEDRERT
DIRREN TR SR RENE D 2RI L, TRISNTREBTHIVUTE AT . reserve
BT D51 K-> TR D PRI EZFEITT L. 5IEN 2 2ORE, — OO
D FPHMLERZ EATT 5. 518D 3 DDYE, BEEDPERIIRT 5 TRILEZ %2 D T
VI va Al THEITTD. SIS 4 SO5E, BEOPER IS 5 TRILEZ —>0
R H 7 v a itk b TIEITTS.

mkchair BEEUTAIHIIRAE AN 220 O LIS 7 — Z 2Bk L allchair (23819 2 B% T &
%, FEELUIZPRILEEOWN, 258 & 35 HOPRHLELCIEE U mkehair BI%k 2 L T
DM, —OHOHEHLENZE L TiX, NV T —va UBEEE ref 123 L TAINT 2 B
bol-loh, —HNENRL->TWS. B, 2 2 & 3 SHORELE TR ST
% mkchair BIEZ DWW CHELBAT 5. allchair, idiZEHHH ref & L TERINTND 720,
N7 UoH Ty a ko TEATHRDND . ERES L8 LW T — 2 1322 D4R HE,
07 ERFFT 570D 7 4 — )V RE~v v 7 E LTRD, id & ObAHT BT allchair (2B
END. JERET — 2 PMERR SR DT T setlog (2 & » CEDJEKET — X1 a ZRfHnE
D, WOITTIERIHER SN DR T —Z O id €372, F£7=, allchair O3 INE
ENEZLERTEDICAOENRA 7 ) A FERTHWAS.

WIZ, FNEOFWALFLIZ K> TRARDESFITHOWVTHAL T L.

£, 1 OROPRAABDOFILIZOWTHAT L. 1 OHOPRILELTII AN T — =
VB AME T 5720, EATOMEZREFL TR < setbacklog BABAHE SN TWS. ZD
B4 setlog BB L 1T L A LRI LT, RIFSND 1 7 OIERE & BT K 2 o8 O fE 2 Hfs
LCWDETRES. £ LT, sethacklog (2 LV B S5 v 7 & {/FF7 5 backlog 7 1 —/b
R75 mkehair BE T OEEJT 7 — Z fERRFIZBIN S 41TV 5. mkehair BI2TIE, Ny o7 m 27
DAINTINAZTAY T =3 a YEEOMIM BT > TS, 1 5 HOHREHLEL OB TiE N



U7 —a VBEE ref BT DR CTRFHIZAMAM L T a2y, Z 2 Tl set-validator! B4
BIZE > TR F—va VBEEEMML TS, s T aBE5E, L EHsh
% ref OIREENET SN HRTO ref OIRAEL ZE L 20T 5. EHIC L W AT Iz
IREBIZERTOM E LTy 7 a ZIRFE SN D 72D H O ref OIEO A TEERTOREE &
D Z AR L TV D, Z OHERIC K0 Z2fE O RESE 7 — Z 126t LT D F v /L ILE,
TR ST ERE T — 212k L COTFRLBEEZRAM L THET 22 &MTE 5. 1 DHOF
WralBECIE ref \ICFHINENTZNY T — g VBRI K o THIEFT X E 0B, i3
NTTEND T2, EHAUHEOARKIIIEF ICH R R TE TS, M T U7 va W
TG T — % DRRE~DEHFHDOHIT> TN D.

WIZ, 2 OHOHWHALE O FZALIZHOWTHT 5. 3D ORI & B> TV D E S
ITEFUEDOAREDO AL THS. 2 DB OHFWIALE O Tk 7= FiE&2I1REE DO F A
LTWa., D LES SIX, if ODIESEETHD. 3 DHOFHUE DN, T U v RO X
I IRRERRIC 72 > TN D

%2, 3 2B OHWHLEOFIEIZOWTHAT S, 2 2B OFEHLER & [F U< 872 55
ST EFMEDOARIKDHRTHSD. 1 DB OHFRHLE LR U X 9 ICHEBILEOAKITIEEIC
HHEICEERTETWT, BEWTfFDEOFEDOLTHS.

CZETMHLCEZa—FE#FEHL, TNENORFT I > TWATRENIE L < 1T
SNEMEIDETANTLH., ENEFNOFELEIC LT ERLZX DI,

O Bz ORFEIZH LTI EZIT > 28545

(7) (pvalues (reserve 1 2) (reserve 2 1))
@ RUFBIZR L CTPRUEEZIT- 1256

(7) (pvalues (reserve 1 2) (reserve 1 1))

® HEOTF—ZHFLEZNENND T 729 0TI, BOBLAEZ 57203
I\
=
(7) (pvalues (reserve 1 2) (reserve 1 2 1))

@ BEOT—H2EFFHEENETNRONT VT g T, BWERLAEZ 28546
(7) (pvalues (reserve 1 1) (reserve 2 1 3))

® HEEOT—FFEHE OO T UH T v a T, BOELAEZ 5 208GE

(7) (pvalues (reserve 1 2) (reserve 1 2 1 0))



® BEEOT—EZWHE—2OD TP T a s TITY, BWLELAEZ 25E

(7) (pvalues (reserve 1 1) (reserve 2 1 3 0))

INHDOHEITH LT, PRI ED L D IZIREE S NI HOWTHER T 2. LB O
EIENEZNE S TVWDR, FUARTA=ZIZK A FETLTITS . pyalures (T35
AHEBAETH 5.

PEIEALBR 21T O T2 DI Z R T sec Z 518 E LTl TWA D, sec (FENLAMTE b
FUW T a OARFTTFICHLEH LTS, flag id—2D b T o7y a v TEEDT
— A DOEFHEFELOTHUT O LGA DN ZIFORHT7ZDIHEH L T D DA TIEICERIL
A

FTE, 1 OB OHFWLEORE RN SFHT 5.

B2 OREIZR LT PRI 21T 723856 Tl, 2R FNIENN TV D, EIEREH]
1 RICEREL, 2 BHOERICH L TR A T b7 U7 va R EIC A %
TLU, BEREZ 2 ICREL, 1 FHOEFIH L TR ZTo72 T o7 va
YRIRIZAEZAET LTS,

A ISR L CHRAER 2T - 72856 TiE, W AOLIRIZAEEZK T L, &5 oW
Higo7 —2H L CREEZFE L TND., 20T — 35— MEKEAH LTV T, AN
U7 — FREBIZ L > TRU state ~OEHEZAT 5 MBI U TND T ENp0D. BIE
K2 1 RUICERE LI B S el W A 6 2, T OALERIZ K » THEH N TON -T2 1 %
HORIZPHRIURIBICZ2 0, BIERFH A2 2 FUICERGE L2 BT TARE D IS0 L TR %
L& 9 & LoD DRk & 7-.

BEOT =2 FHeZnTNBO T o7 2 a T, BWEBILAEZ HAR0nES
TIE, BERHZ 1 RICREL, 1 EFEHOMER & 2 F B ORISR L CIEEIZ THRILE 2
fTole T oo v a M AT LCW5., BERMEZ 2 BIC#EL, 1 &FB O
IR L TP E T 72 b T o7 va il S Tn 5.

B OT— 2 EHEZNETNHNDO b T o7 > a U TITY, BOB LS Z 2854 T,
PEIERFH A 3 FPICERE L, 2 FH QMR L 1% B ORI L CIEFIZ PRI 21T > 72
N7 UY T a g, BIERH A 1 BICEREL, 1 FHOERFICR L THRAEZIT 7



FZoH 7 va AZiBOBILESZS, 1 BHOEMBICKH L TOTPRLEEZIT) 2 LN TX
T U722, JFERS 2 1Sk L COMBRIISE T T A2 N TETNAS.

BEOTF =2 F a2 —oD s T W72 a L TTY, BOBLBEZ 5 20WEETIE,
BIER 2 1 ICEREL, 1 FH OB L 2 &R ORI L CIEEFIC PR Z 1T - 72
NI H 7o aF 1ER S 2FHOERBA~O TR ER(RT LTWD. BIEREZ 25
WIZRREL, 1FEHOBFICR L TTPRLR AT T o7 g V3L Tn b,

BROT =2 EHE oD TV 72 a T, BOBLAEZ 2854, EAERRL
 IMICHKEL, 2 ZFBOEME 1 &FB OEMICK L CIEFIC TR EZIT o7 T o
7 va U, BIEREAZ 1 ICREL, 1 FHOEFEICKH L TPRAEEZITT T o
7va  ACBWEIL 22, 1 FBOEMICH L COTRNEEIT) 2 ENTEPTHEIL
Tn5D. FIE 213 L COEE 2L H0HATIHE TT5HZ LR TE T,

WwIZ, 2 DHOHFRMEOERIZOWTHHT S, 22T, aoroEilofssix, b
W g VB FETRIEER L TWAE. DFD, HFEN 2 Lho88123) o
A L2 EEWRL, B omAFHINS.

B2 OFEIZ%T LT TPRILEL AT > 72356 Tk, 1 D HOFBIRLEL & [FERIZE N Z D0
FNZENN TV A, BBIERFZ 1 FAICERE L, 2 BH OEREIC L PR E{T>7- T v
P va UPRRICE AT L, BRI A 2 ICEREL, 1 & H OB LT RAL
HAETST T o7 v a UNRICEZ KT LTS,

[ U6 L C PR Z T 12 5A TR, FHOMBITMEZET L, b oo
FRITHE TALBRZATVY, AR Z T LT 5. BIERFHZ 1 BICREL, 13/ H ORI
LTI ZIT o7 R U F 7 v a A3k T LT 5. BIEREZ 2 BICRREL, 1 &
HOBFEIZH LT PRAEZI T2 b T o7 va ik, PRREBORBICR L TPRE L
LU, TR G L, MBERZFET LT 5.

BEOT =2 EHE2TNETNINDO N T P 7 2a T, BOBILEZ 5 720WiGE
TIE, BERHAZ 1 RICREL, 1 FHOMEFE L 2 & HOPEFIT LRI PALE %
fTol b T o7 v a TMBEK T LTS, BERMEZ 2 ICiEL, 1 &FHOEE
W L TP 4T 72 b T o7 g IR TAELIC i L, LT s,

BEOT =2 E et nNENBDO ST o F 7 g o TITY, BWELNE Z 23546 T,
BIERFE Z2 3 FICRE L, 2 B OFERE & 1 2% B OPERE I3 L CIEEIC PR 21T > 72



NZ oW o va i, BIERREZ 1 ISR EL, 1 HFHOEFICH L TTPRAEEZIT- 7
FIoH 7 va  AZiBOBILESZS, 1 BHOEMBICKH L TOTPRLEZIT) 2 LN TX
PR L7228, BERS 2 1C% L COMBISE TT A2 N TE TS,

BEOTF =2 FHE—oD s T W72 a L TITY, BOELBEZ 5 20WEE T,
BIERH 2 1 RICEREL, 1 &H OB L 2 FH ORI L CIEFIC PR AT - 72
N H I a T 1ER S 2FHOERA~O TR ELRT LTS, BT Z 25
WICRREL, 1FHOEBFICR L TTPRLREIToTe T o7 g V3L T b,

BEOTFT =2 E e —oD T V7 v arTITY, BWBLAEZ 25848, BT
 IPITHREL, 2 FBHDOEM & 1/ H ORI L ERIC THRLEEZITo 72 F 7 o
7 a0, BIERE A 1 RICEREL, 1 FH OB L TTPRLE AT 8T o
Jva BV LESZT, UM IATH5Z LTI 0TI L, LBAZ LT
WD R 21 L TORBIZ DA TH R T T 52 LR TE TR,

%2, 3O OFHWELORERIZOWTHBHT S, 2 2BOHFRHLEL L 1T & A LR U
RBllpot.

Bl 2 DFFIZHRE L TTRLBEZ T 12355 TiE, £ 2 DIZF UL 12 HOHRILEE & [F)
RIZENZENDWFNZEN N TV D, BIEREZ 1 BICRE L, 2 & H OB LRI
AT N T V7 o a URBITRBE AR T L, BERMZ 2 ICREL, 1 FHOME
JEIZRE L TR AT o T2 R T V7 v a USRI A/ T LT 5.

[ U6 L C PR Z T 12 5A TR, FHOMBITMEZET L, b oo
FRITHE TALBRZATVY, AR Z T LT 5. BIERFHZ 1 BICREL, 13K H ORI
L TR AT oo R U F 7 v a A3 T LTS, BIEREZ 2 BICRREL, 1 &
HOBFEIZH LT PRAEZITo7e T o7 va X, PRREBORBICR L TPRE L
KDL LIclo b T /3 L, B A Pl LT D,

BEOT =2 EHE2TNETNINDO N T P72 a T, BOBILSEZ 5 20WiGE
TIE, BERHAZ 1 RICREL, 1 FHOMEFE L 2 & HOPEFIT LRI PALE %
fTol b T o7 v a TMBEK T LTS, BERMEZ 2 ICiEL, 1 &FHOEE
Wt L TR 21T o 72 R T U7 v a IR THEIC I L, JEEZ LTV b.

BEOT =2 E et nNENBDO ST o F 7 g o TITY, BWELNE Z 23546 T,
BIERFE Z2 3 FICRE L, 2 B OFERE & 1 2% B OPERE I3 L CIEEIC PR 21T > 72



NZ oW o va i, BIERREZ 1 ISR EL, 1 HFHOEFICH L TTPRAEEZIT- 7
FIoH 7 va  AZiBOBILESZS, 1 BHOEMBICKH L TOTPRLEZIT) 2 LN TX
PR L7228, BERS 2 1C% L COMBISE TT A2 N TE TS,

BEOTF =2 FHE—oD s T W72 a L TITY, BOELBEZ 5 20WEE T,
BIERH 2 1 RICEREL, 1 &H OB L 2 FH ORI L CIEFIC PR AT - 72
N H I a T 1ER S 2FHOERA~O TR ELRT LTS, BT Z 25
WICRREL, 1FHOEBFICR L TTPRLREIToTe T o7 g V3L T b,

BEOTFT—2E e —oD T Y72 arTITY, BWEBLAEZ 28548, BIERRH
 IPITHREL, 2 FBHDOEM & 1/ H ORI L ERIC THRLEEZITo 72 F 7 o
7 a0, BIERE A 1 RICEREL, 1 FH OB L TTPRLE AT 8T o
JaBWELESZT, U NIATHZ LTI K TR L, A E R LT
WD PRI 2 I L TORBIZ DGETH R T T 52 LR TE TR,

6.2.2.web 7Y Fr—3g v & LTOEHEEE

Leiningen {Z X > T noir ZFIH L7z web 7 7V r— a OB ZERT 572912, 2~
YRRy T R TUTOavy REFITT 5.
lein new noir projectname

TERL STz web 77" r— a ORI IZ 8 5 sic 7 A VX NIZIE, view, model % fiE 9
D7 FNE DD, model 74 A FITONTIE, HIDIEFZELRS>TWDIETROT, Zil
FTTAPLTELERRLPEIGTNCL > THUTOW D TRILBZFE L= — Fotht
NEclj 77 AL E LTRET S, view 7 3L F 12O TIE, web ~2— 2 0 JEREREE %2 3ok
LCHD common.clj & view O#EE & LT welcome.clj 23MER STV 572, welcome.clj
HWET D), BEBZA T web XN—UZMES L. Z D view 7 7 A /LI model Fior & A
=L, BT —% L ZOEHUBE LAy, £, BERHIUL hiccup &A1 AR —
N9 %. hiccup 1Z html &ElLA Clojure TOARMEED XY Z|ZL > TRk d % Z & Z AlHEIC
T5H57A4 77V ThD.

8k model & view (X 1 > H OHWI G RUZ L - THTHONW D PRIWLE AT A M 572D
a—RThod. ZhbOa— Rz noir ZFH Lz web 77U 7r—2 3 VOMICRET 5
Eweb 77U —v g LTCOEBEEZRTZ LN TES. 9, model & L CTHIALE
Da— REgHE LZRHCEE SN W THAT 5. 9, 4R12EME 7 7 A Loo8
ZICEDETEFELTCWAD. EFHEETH S interruptl, interruptlt Tix, FEIERIE A (A



B, FEilz, FELTRE, MHEOKTRHCBIEE LTE oz id ZHAT5 L9 LTS, T
TiX mkchair 2 3[ELATWT, web 77U r—y g o ofdE EFRIFFIZ id 230, 1, 20 3
ODOMEJET — 2 R T DHEIIZ72>TWDH. WIT, view ([ZOWTHFIT 5. web ~_—
%, FII— 8 LT welcome, JERE 1 ~OWERSE T 2 FRd 5 X— L LT chairlfinish,
JEJEE 2 ~OMBRSE T Z#RKR$ 53— L LT chair2finish, ® 3 2O~_X— U TR ST
%. welcome ~<—1E 2 5D Y 7 EFFO. id 28 1 OJEET— 5 & L Cibiu DR 1~
DR EFATT 270DV 7 &, id 3 2 DEERET — 2 & LT D B 2 ~DF
FIER 2 FEITT D200V 7 Thad. Vo rxm7 Vv r358, TNENOERET —X
WX L COPRILEENELT S, LN EFICE T LIEGEICLENE T LIEED A vt
—VEFERTDHE I TND. AEIO model TIXBISMLELLZFEE L TV 2no T, AL
HAHW SN HA T 7 —FKTEEICRS L 912k TWD. TOoHFa~vy Rryry
T hERDE, HOK TRNCHRLEIZ L AT — BRI > TWIDEKERTE 5. =
NoDY 7IZE > TPRRBEZIT O N, L VERICHSEZERT L0, T UoF7
Ta USBEA LT D EHTALER A AT O £ CORELEIL 3T E L TH S, (stmdata/reserve 1
3), (stmdata/reserve 2 )DSIEDIFZEDE T THREL TWVWDHDT, S OIZRHBEFIZEZW
Gald LV REREAREL TEITT 5.

6.3. EEFE R

DD T W v a ry TEROT 2 BT 56, BROT—20ThEhICD
WTHIED b T %7 g o TRET 256, MO TV 7 v a COBEHOTET 2 fF-o
ThrIo¥ 7 va  BRICTESEL5E, UV T4 Z > 7BAIC Tl 52546, i
DT T v a rOERH S THRFLEL 2T 2 A, ZhbonThic20 Ty, =
NETHHLTE@YOEBENEZ D2 L 2R L. o, HEoT—FITx LT
BEITORE, —DDO KRNI Y 7 v g TEEDTUELEZIT O LA, M2 = L
NS E T YT v a TR EAT IGO0, PREN DL EZR G T Z &R T
5. EBIZ, web U —2 3 VBT, BEOT T U NLENEND TRILH & FE
LAY, WA ZMA L25E &R U< WATERIEAME# O TV D 2 & B3R T
T, ENEND PRI Z T LT T NS OEE 22— R&EiX, 1 DHO L
BEC 865 305, 2 OH O THIMELT 808 LT, 3O H D THIMLELT 698 LT TH 5. Clojure
Da— RFTEKELERELZHINTNT, BRAFEO L 5 ITHHBERITHROREER LIZ »
TOflif/e 2 4 7ETa— RegE->TWWD., V— RETE-S7HAIE 1 DHO THILE
T144U—FK, 20O TR T4 T —F, 3OO PRUETI21 V— R ThH 5.



6.4. L

AlEl 3 0 OHEHLERE B 2 SR LA, TRENORITRERICIZE A EERTENR
Do To. REE D e Pl & 298 ) AL, B if il s STM 2 X - TIERIC
BOLIRCHEETECLEI> E B2 LND. FEoFEEa— FEIZBEHL T, 1 2H
O HEHLELC 865 3T, 2 -0 H O HIFTALEE T 808 3LF, 30 H O HIHALIE T 698 ST L Te o
=8, ARIOERTIE, —oD TP v a r TEEOT -2 2 EHTLHAS, B
DT —=ZZNZICOWTHIED T %7 v g > TS 254 OBEBOHMO L7 v
Proa VB ENE LTSI E e, BROT— 2 ORPIEZFHE e ER Tt LT
WL ZEND, BICEEONENENT 5L ICTN LN EEXX 52T, £
NENDOFWALIRIZONTIZ S HIZEWa— R Lo THEIAIND. &L, 1 HD
TR AATLEMEOFEUIIS S E b D E LT, UTFTOXSa—FR&ZExbhb.

(defn interruptl
[& ids]
(dosync
(apply #(alter (@allchair %) assoc :state res_c) ids)))

apply BB L - C, B2 b7z o id oznznicst L TESBES#EH NS, 2 — R

BIE 76 X, FEBRCHA L2 EETLELE Y O 20— R 179 LT O THSLUUTFIZ 2> T s,
I 51T, reserve BIEUE T Uy v a VoA AZ YV 2 2 0H O DT, AL
MTED. ZNHIZKY, 1 OHOTRUEORAENZRa— FE&E LTE, 640 UFTHERT S
ZLENHRETH D.

I8

JEJE FHIALER 2512 & > T Clojure @ STM (2 K 2 WA TALER I kb3 2 HEELFR & & L CTHIlT
ERIZDONWTD 3 DDOFIEEZNLDREIZOWTRL, ZOMREHI L > TSN 5%
LEDNHIFE U= WATALEL 21T 5 Z & 2FER L7z, noir <° hiccup 245 = &2 kv 3244
BHREEIIFEFIT/NEL A2, £, Clojure I L 55k, v s T~ ~DIFTLEIZ X
HAMERET D STM ICX > T a— RE T/ T2 EH TE 52 L 2R LT,
Clojure ™ STM O H&IFHIZE L C, BARMEOH DT — X BEZX L TOMLERIZ—DD 7
Y a VNTITY, BRSO ENEETH LA, BREORWT —Z BT L
TOWRTII T T arzgEL, JMEORNT U7 v a o T ZITo 72
FHWY b ITANZ LD EERZHIR CTEHZ L a2mR LTz,
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Interruptl

(pvalues (reserve 1 2) (reserve 2 1))
(doing: 1

finish : 1

doing: 2

finish : 2

nil nil)

(pvalues (reserve 1 2) (reserve 1 1))
(doing: 1

finish : 1

doing: 2

doing: 2

java.lang.IllegalStateException: Invalid reference state

(pvalues (reserve 1 2) (reserve 1 2 1))
(doing: 1

finish : 1

doing: 2

doing: 1

finish : 1

doing: 2

1:4 interruptl=> Jjava.lang.IllegalStateException: Invalid

reference



state

(pvalues (reserve 1 1) (reserve 2 1 3))
(doing: 1

finish : 1

doing: 3

finish : 3

doing: 3

1:4 interruptl=> Jjava.lang.IllegalStateException: Invalid reference

state

(pvalues (reserve 1 2) (reserve 1 2 1 0))
(doing: 1

finish : 1

doing: 2

doing: 2

1:4 interruptl=> Jjava.lang.IllegalStateException: 1Invalid reference

state

(pvalues (reserve 1 1) (reserve 2 1 3 0))
(doing: 1

finish : 1

doing: 3

doing: 3

java.lang.IllegalStateException: Invalid reference state

interrupt2



(pvalues (reserve 1 2) (reserve 2 1))

(doing 1:1

finish : 1

doing 1:2

finish : 2

nil nil)

(pvalues (reserve 1 2) (reserve 1 1))
(doing 1:1

finish : 1

doing 1:2

doing 2:2

No.2: can't reserve.
finish : 2

nil nil)

(pvalues (reserve 1 2) (reserve 1 2 1))
(doing 1:1

finish : 1

doing 1:1

finish : 1

doing 1:2

doing 2:2

No.2: can't reserve.

finish : 2

nil nil)



(pvalues (reserve 1 1) (reserve 2 1 3))
(doing 1:1

finish : 1

doing 1:3

finish : 3

doing 1:3

No.3: can't reserve.

finish : 3

nil nil)

(pvalues (reserve 1 2) (reserve 1 2 1 0))
doing 1:1

(finish : 1

doing 1:2

doing 2:2

No.2: can't reserve.

finish : 2

nil nil)

(pvalues (reserve 1 1) (reserve 2 1 3 0))
(doing 1:3

doing 1:1

finish : 1

doing 2:3

No.3: can't reserve.



finish : 3

nil nil)

interrupt3

(pvalues (reserve 1 2) (reserve 2 1))
(doing: 1

finish : 1

doing: 2

finish : 2

nil nil)

(pvalues (reserve 1 2) (reserve 1 1))
(doing: 1

finish : 1

doing: 2

doing: 2

No.2: can't reserve.

finish : 2

nil nil)

(pvalues (reserve 1 2) (reserve 1 2 1))
(doing: 1

finish : 1

doing: 2



doing: 1

finish : 1

doing: 2

No.2: can't reserve.
finish : 2

nil nil)

(pvalues (reserve 1 1) (reserve 2 1 3))
(doing: 1

finish : 1

doing: 3

finish : 3

doing: 3

No.3: can't reserve.

finish : 3

nil nil)

(pvalues (reserve 1 2) (reserve 1 2 1 0))
(doing: 1

finish : 1

doing: 2

doing: 2

No.2: can't reserve.

finish : 2

nil nil)



(pvalues (reserve 1 1) (reserve 2 1 3 0))
(doing: 1

finish : 1

doing: 3

No.3: can't reserve.

finish : 3

nil nil)
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(ns interruptl)

(defn waitsec

[s]

(Thread/sleep (* s 1000)))

(def id (ref 0)) ;T chairiZEIVIESNDid, F72, allchairPN@Dchair®i
e

(def emp c 0) ;chair®IRE empty

(def res c 1) ;chair®iRAE reserved

(defn setlog [mref log]
(add-watch mref nil
fn [ key mref old new]

(swap! log conj (_old :state)))))

(defn setbacklog [mref log]
(add-watch mref nil
fn [ _key mref old new]

(reset! log (_new :state)))))

(def allchair (ref (sorted-map))) ;5D chair® sorted-map CHRTF

(defn mkchair

"HIHRRAE N ZE D chairZ R L, allchairlZiBINd 5. F7=, idankE. o

[]



(dosync

alter allchair assoc @id (ref {:state emp c :cancel (ref 0) :log

(atom []) :backlog (atom []1)1})
setlog (Q@allchair @id) (@ (Rallchair @Qid) :1loq)
setbacklog (@allchair @id) (@ (Qallchair @id) :backloq)
set-validator! (@allchair Q@id) # (not= @ (% :backlog) (:state %))

ref-set id (inc @id))))

(defn res?
[id c]

(= (@(Rallchair id c) :state) res c))

(defn interruptl
[id ¢ sec]
(do
dosync
(waitsec sec)
(println (str "doing: " sec))
(alter (@allchair id c) assoc :state res c)

println (str "finish : " sec))))

(defn interruptlt
[id ¢ id d sec]
(do
dosync
(waltsec sec)
(println (str "doing: " sec))
(alter (@allchair id c) assoc :state res c)

(alter (@allchair id d) assoc :state res c)



println (str "finish : " sec))))

(defn reserve
([id_c sec]
interruptl id c sec))
([id ¢ id d sec]
do (interruptl id c sec) (interruptl id d sec)))
([id ¢ id d sec flag]

interruptlt id c id d sec))

(mkchair)
(mkchair)

(mkchair)

(ns interrupt2)

(defn waitsec
[s]

(Thread/sleep (* s 1000)))

(def id (ref 0)) s chairlCBVIES N Did, £7-, allchairNdDchairdia
g
(def emp _c 0) ;chairDIRAE empty

(def res c 1) ;chair®RAE reserved



(defn setlog [mref log]
(add-watch mref nil
fn [ _key mref old new]

(swap! log conj (_old :state)))))

(def allchair (ref (sorted-map))) ;5D chair® sorted-map CHRTE

(defn mkchair
"RIHREE D chair A AR L, allchairlZiBINT 2. £/, id&MmE. o
[]
(dosync

alter allchair assoc @id (ref {:state emp c :cancel (ref 0)

(atom [1)1})
setlog (@allchair @id) (@ (Qallchair @id) :log)

ref-set id (inc @id))))

(defn res?
[id c]

(= (@(Rallchair id c¢) :state) res c))

(defn interrupt2
[id ¢ sec]
(let [retry (atom 0)]
do (waitsec sec)
(dosync

(waitsec sec)
(reset! retry (inc Qretry))
(println (str "doing "@retry ":" sec))

(1f (or (> Qretry 1) (res? id c))

:log



(println (str "No." sec ": can't reserve."))
(alter (@allchair id c) assoc :state res c)))

(println (str "finish : " sec)))))

(defn interrupt2t
[id ¢ id d sec]

(let [retry (atom 0)]

do
(dosync
(reset! retry (inc @retry))
(println (str "doing "@retry ":" sec))
(if (or (> Qretry 1) (res? id c) (res? id d))
(println (str "No." sec ": can't reserve."))
(do
(waitsec sec)
(alter (@allchair id c) assoc :state res c)
(alter (@allchair id d) assoc :state res c))))
(println (str "finish : " sec)))))

(defn reserve
([id c sec]
interrupt2 id c sec))
([id ¢ id d sec]
do (interrupt2 id c sec) (interrupt2 id d sec)))
([id ¢ id_d sec flag]

interrupt2t id c id d sec))



(mkchair)
(mkchair)

(mkchair)

(ns interrupt3)

(defn waitsec
[s]

(Thread/sleep (* s 1000)))

(def id (ref 0)) sl chairiZEIVIES N DHid, F72, allchairN®DchairDii
g

(def emp_c 0) ;chairDIRAE empty

(def res c 1) ;chair®IRBE reserved

(defn setlog [mref log]

(add-watch mref nil

fn [ _key mref old new]
(swap! log conj (_old :state)))))
(def allchair (ref (sorted-map))) ;5D chair® sorted-map
TIRAF

(defn mkchair
"HIHPIRREN 22 D chairZ A L, allchairlZiBINd 5. £7=, idaniE. »

[]



(dosync

alter allchair assoc @id (ref {:state emp c :cancel (ref 0)

(atom []1)1})
setlog (Q@allchair @id) (@ (Rallchair @Qid) :1loq)

ref-set id (inc @id))))

(defn res?
[id c]

( @(@allchair id c¢) :state) res c))
(defn interrupt3
[id ¢ sec]
(do
wailtsec sec
dosync
(waitsec sec)
(println (str "doing: " sec))
(if (res? id c)
(println (str "No." sec ": can't reserve."))

(alter (@allchair id c) assoc :state res c))

println (str "finish " sec))))
(defn interrupt3t
[id ¢ id d sec]
(do
dosync
(if (or (res? id c) (res? id d))
(println (str "No." sec ": can't reserve."))

(do

:log



(waitsec sec)

(println (str "doing: " sec))

(alter (@allchair id c) assoc :state res_ c)
(alter (@allchair id d) assoc :state res c)))

println (str "finish : " sec))))

(defn reserve
([id _c sec]
interrupt3 id c¢ sec))
([id ¢ id d sec]
do (interrupt3 id c sec) (interrupt3 id d sec)))
([id ¢ id d sec flag]

interrupt3t id c id d sec))

(mkchair)
(mkchair)

(mkchair)
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(ns interruptl)

(def id (ref 0))

(def emp c 0)

(def res c 1)

(defn setlog [mref log]
(add-watch mref nil
fn [ key mref old new]

(swap! log conj (_old :state)))))

(defn setbacklog [mref log]
(add-watch mref nil
fn [ key mref old new]

(reset! log (_new :state)))))

(def allchair (ref (sorted-map)))

(defn mkchair
[]
(dosync

alter allchair assoc @id (ref {:state emp c :cancel (ref 0) :log

(atom []) :backlog (atom []1)1})
setlog (@allchair @id) (@ (Qallchair Qid) :log)
setbacklog (@allchair @id) (@ (Qallchair @id) :backloq)
set-validator! (Qallchair Q@id) #(not= @(% :backlog) (:state %))

ref-set id (inc @id))))



(defn res?

[id _c]

(= (@(Rallchair id c) :state) res c))

(defn interruptl
[id c]
(dosync

alter (@allchair id c) ass

0}
[0}
O
Q

(defn interruptlt
[id ¢ id d]
(dosync
alter (@allchair id c) assoc

alter (@allchair id d) assoc

(defn reserve
([1id_c]
interruptl id c))

([id_c id_d]

:state

:state

res c

res_c

do (interruptl id c) (interruptl id d)))

([id ¢ id d flag]

interruptlt id c id d)))

(ns interrupt2)

:state res c)))

))



(def id (ref 0))
(def emp c 0)

(def res c 1)

(defn setlog [mref log]
(add-watch mref nil
fn [ key mref old new]

(swap! log conj (_old :state)))))

(def allchair (ref (sorted-map)))

(defn mkchair
[]
(dosync

alter allchair assoc @id (ref {:state emp c :cancel (ref 0) :log

(atom [1)1})
setlog (@allchair @id) (@ (Qallchair @id) :1log)

ref-set id (inc @id))))

(defn res?
[id_c]

(= (@(Rallchair id c) :state) res c))

(defn interrupt2
[id_c]
(let [retry (atom 0)]
dosync
(reset! retry (inc @retry))

(1f (or (> Qretry 1) (res? id c))



(alter (@allchair id c) assoc

(defn interrupt2t
[id ¢ id d]
(let [retry (atom 0)]
dosync
(reset! retry (inc Qretry))
(1f (or (> Qretry 1) (res? id c)
(do
(alter (@allchair id c) assoc

(alter (@allchair id d) assoc

(defn reserve
([1id c]
interrupt2 id c))

([id_c id_d]

t

t

a

e res_c)))))

(res? id _d))

:state res_c)

:state res c)))

do (interrupt2 id c) (interrupt2 id d)))

([id ¢ id d flag]

interrupt2t id c id d)))

(ns interrupt3)

(def id (ref 0))
(def emp c 0)

(def res c 1)

))



(defn setlog [mref log]
(add-watch mref nil
fn [ _key mref old new]

(swap! log conj (_old :state)))))

(def allchair (ref (sorted-map)))

(defn mkchair
[]
(dosync

alter allchair assoc @id (ref {:state emp c :cancel (ref 0)

(atom [1)1})
setlog (@allchair @id) (@ (Qallchair @id) :log)

ref-set id (inc @id))))

(defn res?
[id c]

(= (@(Rallchair id c¢) :state) res c))

(defn interrupt3
[id c]
(dosync
if (res? id c)

(alter (@allchair id c) assoc :state res c))))

(defn interrupt3t
[id ¢ id d]
(dosync

if (or (res? id c) (res? id d))

:log



(do
(alter (@allchair id c) assoc :state

(alter (@allchair id d) assoc :state

(defn reserve
([id_c]
interrupt3 id c))
([id _c id d]
do (interrupt3 id c) (interrupt3 id d)
([id _c id d flag]

interrupt3t id c id d)))

)
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(ns stmtest4.models.stmdata)

(defn waitsec

[s]

(Thread/sleep (* s 1000)))

(def id (ref 0)) ;BT chairliZEI VRSN D id, £72, allchairNdDchairdia
e

(def emp c 0) ;chair®IRE empty

(def res c 1) ;chair®iRAE reserved

(defn setlog [mref log]
(add-watch mref nil
(fn [ _key mref old new]

(swap! log conj (_old :state)))))

(defn setbacklog [mref log]
(add-watch mref nil
(fn [ _key mref old new]

(reset! log ( new :state)))))

(def allchair (ref (sorted-map)))

(defn mkchair

(]

(dosync



(alter allchair assoc @id (ref {:state emp c :cancel (ref

0) :log (atom []) :backlog (atom [])1}))
(setlog (Q@allchair @id) (@(@allchair @id) :1lo0g))
(setbacklog (@allchair @id) (@ (Q@allchair @id) :backlog))

(set-validator! (Q@allchair @id) # (not= @ (% :backlog)
(:state %)))

(ref-set id (inc Qid))

))

(defn res?
[id c]

(= (€@(Rallchair id c) :state) res c))

(defn interruptl
[id ¢ sec]
(do
(dosync
(waitsec sec)
(println (str "doing: " id c))
(alter (@allchair id c) assoc :state res c))

(println (str "finish : " id c))))

(defn interruptlt

[id ¢ id d sec]

(do
(dosync
(waitsec sec)
(println (str "doing: " id c id d))

(alter (Q@allchair id c) assoc :state res c)

(alter (@allchair id d) assoc :state res c))



(println (str "finish : " id c id d))))

(defn reserve
([id_c sec]
(interruptl id c sec))
([id ¢ id d sec]
(do (interruptl id c sec) (interruptl id d sec)))
([id ¢ id d sec flag]

(interruptlt id c¢ id d sec)))

(mkchair)
(mkchair)

(mkchair)
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(ns stmtest4.views.welcome
(:require [stmtestd.views.common :as common]
[noir.content.getting-started]
[stmtestd.models.stmdata :as stmdatal)
(:use [noir.core]

hiccup.element))

(defpage "/welcome"™ []
(common/layout
[:p "Welcome to stmtest."]
[:br][:br]

[:p "basic act."]



(link-to "/welcome/chairlfinish" "Chairl")

[:td " "]

(link-to "/welcome/chair2finish"™ "Chair2"™)]

[:br][:br]

))

(defpage "/welcome/chairlfinish"
(stmdata/reserve 1 3)

(common/layout

[:p "Chairl reserved.

(link-to "javascript:

(defpage "/welcome/chair2finish"
(stmdata/reserve 2 3)

(common/layout

[:p "Chair2 reserved.

(link-to "javascript:

H]

history.back(-1)" "return")))

H]

history.back(-1)" "return")))



