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00000000 PO label(t;) D0DDODOOOOOOOOODOO
000 O(hi_y, Li1, Sie, 0;) 00000000000

0000 43200 sendp(acknowledge; 1) = true

000 sendg(acknowledge;) = false 0000000

0D00000004.31000P0 (k;,...Y00O0O00000000 O(hys,...)
0000000000000000

0000 POOh q,...),(h,..) 000000000 O0O0OCCDODODDOODO

00 4,34 (000000000) 00000000 O0OOOOo0Ooooooooooo 77¢
O7r°o0o00o0o0oooooooooooog

U048 JU0ooooooooooobboboobob pObboobboobbog
guoddbood pudbuogbogoabgoouboboaoboo

00 414000000000000 Wy, Wp, W00 00000000 POO
00000000000000000000000000000000000
0000000000000 BOOOOO (K, 1;,8,0,,000000 4.17 O
0 POOOO Ok, i q,Si 1,0, 1) 0 (ki I;, S, 0, 0000

000 BODlabel(t;,) DO0O0D0O0OO00OO0O0OOOO0OOPO label(t;) 00O
ub0ddUacknowledge, U D U0UOOO0ODOOLODOOOOOOOOOOODO
000 pOOCOOOOOO0ODOOOOOOOOORBOOO (K,;,S;,0,)000
gboudbounogoouboguogbobobobobobooougbobda
bbb oobobboobooog
gooooo

0o 4.2 PSSO BSOUOUOOODOOOOOOOOOOOOUObOOooOopSsOOobOoooon
gogooobogboobooapsto BSOooooooon
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gbooboooboobibod we,We, WegOoPSOUOUOLDOOOOO BS
gubdbdb gt BSsugubuogouogooboobbobooboobogd
gogbbdbdobobgbboboboododgoub 48bogoooon
gbodbbddbobogdoubonbogbbob41bbogBsuyog
guobgobdpsdbbogbbogbbobtb BSOoboouoodg
gupSstpogbogodbgoooubn pSbgbgbobonobooo og
gpstBsbOgoooooon

4.4 0UO0OO

433 ooggbogubooguoooubboobboogn
goguoouboboooboooubobobobobouoboobobooooboon
gboogbogoooobood

00 4.35(00000000) 0000000 P(i,i+1) = (h...), (hiy1,...) 0000
0000000 A“0000000;000000000000000000000000
00000000000 A0 AD0DOOOD jO00ARO00000000000000
000000000000 0000000000000000000 H,0000000

gooboutod Hy boood

h}’ h; € Hy

hi =1 h¥ 3 s(<i) hy =hy Vi(s<t<i)h € Hp
hit Y s(< i) hy = A%
00 4.36 (OPTUOOOUOOD) 000000 TOOOO0OOO POOOOOOPT

O000oooo reooooooooood

TOC(IZ', Sz) = {ti-l—l} when
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(1) choose(T(1;,S;)) = tita for (h¢, I;, 9:,0:), 0511 = ¢

@) observe p(acknowledge;_1) = true, for (h.T.. 55, 0,). Over # &
choose(T(1;, S;)) = tita

;

observep(acknowledge;_1) = true,

choose(T(I;,S;)) = t;v1, s
) (U 52)) =t for (1%, 1,51, 0)
sendp(label(t;11)) = true,

observep(acknowledge;) = true

O0D0 0000 observe(acknowledgey) = true

00 437 (OPTUOUOOOOOOOOOO) ODO0OO POOODOODOOODOOOOTC
000000000000 uUOooPTOOOOOOOOOOOO TecO0unounoond
goog

T'OC(I;, Sy, label(t;11)) = {ti11} when
(1) choose(T(1;,S;)) = tis1 for (he, I;, S;, O;)
observeg(label(t;+1)) = true,
(2) choose(TC(I;, S;)) = tit1, for (h;", 1;, 5, 0;)

sendg(acknowledge;) = true

00 438 (OPTOO0OO0OOOO) oPpTOOO0O0OOOOOOODOOOODOOODOO
Oooooreo000oooooooooooooreoooooooooooooon
googobod

b 419 DDuggooubgubogbboooboobooobgoooopTgn
goobooboboooooonboonbog

00000 4.350000Vik?=h 00000000 4.3600 7T°° =T°00
043700 7°°¢ =7T° 000000 43800 OoPTUOOOOOOOOOOO
gbogoogboodgood

b 4.20 JOogoooopTbgboguoobodboooooboonboaonoo

gbodod41edogd
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00 4.21 OPTOO0O0O0O00O0OOO0O00O0O0000000 BOOO (K™, 1, S;, 0;)
0oo (v%,1,5,0,) 0000000000000000 PO (R, 1,5, 0,) 000
(h,1,,5,0,) 0000000

O00A = A0000000 41700005, :hijDDDDD 4.350 0
ds(s<d)st. A=K7 0000000000 4.1700000000000

b 4.22 OpTULOUOUOOU0OOUUobLUbooboobooobD pO0bO00ooog
gobuogobuoooob pubobgbobooboboooboubboobbobo
googod

00000 41800000000000000000000000 BOODO
(W, ) (z=nord 0000000 421000000000000 POO
00 (kp,.. 000000000000 00000 (z=n)000000
04180000/ 0 000 (e=d)00000P(1,5),B(1,7) 000000
0000P(G+1,4),B(j+1,9)0 00000000000000 430000

gooooo

b 4.3 pSO BSOUOOUOOOOOOUoOpTOLOOUOOOOOooorPSOOngn
gobobdoboobobobooopsh BSOUbOoooooon

b 4200000 42200000

4.5 0UO0OO

gobgbuobobgogbboobogboobbogbbboboobooboobod
gobgbuogoobobobgobbbobobbooooobobooboobono
gooubugboogbouboobobboobbob oo oboobooun
gbooobgubogboboboboubouooboobobouoooboobooog
gobuoogbogbobdgbobooubobobobobbuobuobobobooboon
gudbgbogbtobgbdobotobtgbetdbobooboobobobonogo 7
goobboddgod rreSoOdgoonogobodgn sounogd
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1 5 U

oo oot o

gogboboooboboboodububobobobooo

gbobgbugbotgboubooboobbobboobboboobooboobod
gudgbdbogouubouboboobboobboobobobooboubouoa
gobdbggboodbogbbogboobbooboobboobboobooboobouo
gboouobouboouogbdggooobbobobobobbuobuoboboboboon
gogodubogbgbgboboobooobobobouobuobobobobobo
googbogbogbooboobobbogobboo

gboogbdgbooubouboooob Ao nog

5.1 UOOO

gogogoboobooouobobobobgbooubboobongbbbon
gogbbdoboguboouboouoouoobbouboubouboubouuoa
OoOO0OOO00000000000ooooo irjoooboobooooboooboooo
0000000000000 000O0 wooooogooogysogooooooog
gobgbbgbogboboboobobbobbooboboobooboooguo
godbgbgudbbbobobgububnggboboboobobobouuo oo
bbb boduguboouoobboobboobooouboobboobouo
gbobuogdggobgbdooooobooobobobobobobayd

godgoooubbbboouoogboboboooobobboboboboobo
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godbogbogoogoooboooboognoooMTTFOODO00gooooonoogo
gboouobodgobdgod
godmoobgbdobooboboooboboobobooobobooobobog
goodgbuogboagboogbogbobboobnbbbbouoouooobooooon
goubgbouogboobuogbobnouboobonboboboob uboboonooo
gubdboodogbooobouooboobbo bbb oobuouboooooo
guoboguogubgoobbobouboooboobbbooboobob boobb
googbogdoobooboonoooobobboooobn

gobgobogbodbd = boobuboboobogoooboobod
googoooood

gt = Obodbdoooooogdgbo
godgobdogod = bugbodod x MTTE
O00ODO0o000 = OOoOoogooooo/ooo

goodgbbuboodgbogbouoobbobbooobboubuooboubono
gobdbuouoogbooubooboboooboobbogboubonbobbouo
googbbgooboobooboobboboobobuoobuobboboud
goguoouoobgbbogogoooo

b v = bugouoguoobodgbbgboobogn

0<U<1)
0000000000 = 00000000 xU
D000000 = 0000000000 x MTTF
000000 = 0000000/000

goobbodgogbogbobbudbnbgboobooboubouoobog
000 MTTFOOOOODOODOOOO0 01000000000 0O00ODOO0n00000O
Oo0o0ObO0odobobOo0odobobo0ooobOoooboboobboobDUOOoy/nOobOO
godbddn g MITFOOODOODOODOOOODOI 0000 MTTFOOOOO
gobogbogbbgobogboboobgboobobbotbbonboboounboun
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godgbooboooboouoMTTFODODODODODOOO010ogbogooooooogoag
gogod

5.2 UO0O0OO0OOOUOOOOO

bbb oobooobbooboobbobooooobooo
gogooubooogbgbdaod

googbogboobbouboobgoboobbobbobboobooboobod
O0000DLO000b00 00000000000 0O00D0O0 Ru(nydDoODOOOOO
ooo0d0dr (G=1,...,n) 0000000

0000
00000000/0000000000000000000000000000000
0000000000000000010000000000000000000000
0D000000000000000000000000000000 k00 k-Resilient O
D00000000000000 (Fue, (i=0,...,k)Osite000000000)000
000000000000

k
Fsystem(k) — H Fsite,’
=0

guoudgbuogoauoagoad

Rsystem(k) = 1- H(]- - Rsite,’)

000000000000000000000000000000000000000
ri(t) =e 000000000

Rsite(n, t) = e Z?:l At

MTTFo(n) = / Raie(t)dt = <
0 i=1 "M
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0000000000000 (v, n(t) =) 00000000n000000000O0
Oooo0O0O00 1000000 1/n0MTTFODODOO

Rsite(n7t) = e—n)\t
1

MTTFSZ‘te('n,) = 7)\
n

00000000000000 (¢MO0D0D00D00000000000 (n)0000
OoOoOO0OO00o0oooboooDoDbOOobo0o0o0 (0o Al0D)H)o

Roysiem(k,t) = 1—(1—e ™) L —nat Z e ™

1 k
HZ

=0

MTTFoysen(k) = [ Raytem(k, 1)

000 k-Resilient 00000 MTTFOO1 0000 MTTFOYY, +1DDDDDDD
goodouooonogoooMTTFOUOOOO k0000 logUO0ooooooog
gooo

k
k>0, log(k + 2) <Z <1+log(k+1)
7,0

gogodgububgbudgdugbooooobobdn0bubb b0 k+100
O0O0 (k+)n0000OCOODODOO

1 k1
MTTF = ooooooog =U
oooo nx\gz—l-l oooo n
Ukl 1 U LI |
ooooooo = — oooooo =
EEE T N & . 7mk+1yxggi+1

000000000000000R04+100000000000000000000
00000000000 (k+1)2»0000000000000000000000000
000000000000000OR(k+1)000000000000000000000
1

k+?ﬁ
0000000gggg =5 000000ggge =

MTTFEIDDEI: DDDDDDDDDDDD :Un(k:—l—l)

I
n(k + 1)\
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09 -
0.8 - " -
07 L " |

0.6

Effectivity Ratio

', (1+log(k+1))/(k+1)
0.5 .

0.4
log(k+2)/(k+1)

03 -

0.2 | | | | | | | | |

Resiliency

Usl:dbudgpoogoogodo b oboubod

000000000000000000000000000000000O0Qg xk,4

=0 741

gobboogbogoogoboaobod k—}rlDDDDDDDDDDDD k+100000

00000 $5, ;5000000000 log(k+2) < Sk, <1+log(k+1) 0000
log0 00000000000 510000000000000004000000000
D000000000000000000000000000000000000000

gogooubdbobooobobobobobgbobboooobobg
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5.3 UUOOoooogoon

bbb oobooobbooboobbobooooobooo
goguouboobgobdgboboobobobouoobobbuooobobooboon
gogoogboobod

. gbogbodbogbobogoobbgobudgouoouboboobnbonoo
2. 0bobobobobobbobobbuoooobobobobobonn

gobogbuogbogoooboobobbobbobboboooobboooboun
goodboonogoognbouubouboooonbooubounboubaun
googoogoooon

5.3.1 OUOOooogag

googbougbogboobogbbobboboobobbonboobooog
oo ibdid kResilient DUOOOn D DOOOOOOO £+10
gobodbubobouboobougoon (k—l)—ResilientDDDDDn—l—”T’lDDDDD
godtepbbbobobobobobobobooooibubobobobobon
0000000000000 0oodoO0n0k000 Nk OODOODDODOODO
Oo00o0o0O0oCcDOO0ooOoOOooDOoOk+1)NkOODODOO

N(K)=n (0ooo)

Nk =

N(k)=N(k+1)+ Y&l (o< k<« K
(n(K+1)— K +k) ( (k) ( ) ( )
O00O0KOOODOODO Resiliency 0000
0000000 x00000000000000000000000 520000 k-
Resilient 100 0000000000000 S,0000000000000000000
000000000000 S,00000000000000000

O0OO00D0O«0 s00000 P(S;,yydo00ODOooooooDO (00 A2100)0

Rsystem (K7 t)

' P(S;,t)

2

K
=0
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(K + 1)n) 1)N(k)A N(0)A

)~

Us2.00udbgbgogoboboabooon

Fsk (H A)(Ihk<—%>)Kk(—l)iK-kcie*K—ﬂf W (0 < k < K)

i=k+1 =1 =0

P(SK,t) = 67)\Kt

OO0 MTTFOODDODOOOOO (DO A2200)0

MTTFsystem(K) = / Rsystem(K7 t)dt
1 K-k k 1
: it (7 Bt
e S (M) et () Deveas
0000000 O1-Resiliencyld 2-Resiliency U U U 0O O OO0O00O0OOOOOOOON
000000 (00 A2300)0

1 1
MTTF, gem(1) = / t)dt / t)dt =
wstem (1) 0 (51, t)dt + P(S0,t) 2n\ T (2n — 1)\

MTTF, em(2) = / P(S2,t) dt-i-/ P(S1,t) dt+/ P(So, t)dt
0

B SR S
o 3nA 0 (Bn—1)A  (3n—2)A

bbb bbooobobboobooboobooobnog
gbogbuodbogbodgoobd sibgbogbobuodgobboboboboboobn
o

MTTFynny = /OOOZP(S,-,t)dt 0ooooo

0oooooo = U/OOZP(SZ-,t)N(i)dt 0D0o0o0ooo
0 -
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0ol 1-Resilietn DO O OOOUOOLOO OO0 000000 200000
gogoobbogbbbbodgboub 2ndbgooobuobogbn

1 1 11 1
alafslalsfals - U L @) =U () =150
noo U(mm>””+@n—1n><(" 0 U(2X+A) Uy

1 1 1
googono = 15U- x — =1.5U0—
noo /\X2n 2nA

gobdbobgubgboobbogbuooboboobbobbodb 1s0boogad
goudougu=100do0n

UOO00 2-Resilietn U U UOOODOOUOOOn0DOO000OO0 3000000000
gobdbguooobotun oo ogn

1 3n—1 1

gooodoo = — X X X (3n — 2
oo s "t G T2 T Eaoopy (B2
SR SR NS SN S |
TO3X 230 X 6A T
111 1
oooooo = —x.-—=183——
HBH 6A % 3n 833nA
00001.83000000000000000
00000000 510000000
051:00000000000000
o000
MTTF D0000D00 000000 0o
(Resiliency)
00 PE(0) 1/X 1 1 1
0ooo (o) 1/(NX) 1 1/N N
0000 (K) LES wie K o §¥licomr  N/(K+1)
0oo (1) m T T 1.5 1.5+ TO(N -1)
000 (2) » T e T e 1.83 1.831 TO(N -2)

(CO0O00o0oooDoo0o0ob00 NOOOD U =1000000000DDOO PEDOO
O00O0O0000o)
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54 UOU0OO0OUOOOOOO

gugubobogbtuobobogbouonobobuboboobobobuooobooog
gubgboobgbogbbobbobobougbooboobobooboag MTTF
godbdliodbdoboobobobonoboooboooooooooobbooobo
gogoogboobogoo

godoMTTFUO 10godoououoooobonoooobonoooobod
guoogoobooobo MTTFO 10bdgbogugbooonoobooooon
guobgubooogguoooioogoogoboobobbobgboboooobn
gobbooodobgooubobdooobgbobboobobooboboboanbo
Uoodbodbddbdiul 1-Resilient HO OO UOODUOODOOODOOOOOODOOOO
Oo00O0O0O00O 120000000000 20000000000000000MTTFO
ogupoupubogboobobobgobobod

godbgbobogbobotgbobbobboboobobonbobol MTTE
UleghODOOOODOOOOOODLOODOOODLODLOODbLOODOObLObObOOOODLO
guoudbbggbogoogboggugougbogbooubooonuoboaa
gouduooboguboguboouobobboobboobboobnobobouboubooo
gogououbogbobgbobogbobobobobooououboboobon
gobgbotooogbooboobgbogbogbbogboubooboaoo

goodbugboogboogboubooboobboobobboubooboobod
oo obboobbooobbooboobouo
guboguboubouboddboguoobboubuoooooubooboooon
gobogbogbbguooboobobboobbboboobooboobooobobd
guobgbotgbotbbogbooogbogbodgbbdobooobod
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1 6 U

Juobdodoot

gogobgbgbobdgbogoogbobobbbobbobuoboboboobo
goboobdbboboooobobboboobooNsMOpoboobboooobo
guoodgbuoboggbooubogbuobooboobbooboubooboobouo
goodbuogobogbugoogubgunbognoonboouoboboounboggon
gogogobgboood

6.1 U0O0O0OUOOO KL1

O00DOO00O00DOOb000bOKL[rooobooooboobooobobbooopoobobo
gubogogorcorouboubgbobobuobubooboonooooboobobg
gobgbbboboboubobbobbobboboobuoooooboooo
0000016006400 PEOOOOOOI000000DO00O0DOO0O0DOODO BOOO
OIcoTOOoOOODO KLigooog KLIC [1o, 11jOobocoobooooooooon
goooooouu pVMULOUOODODOLOOOooooooooooogoooogo
bbb cboububouocuoubooouboobouoboun
godbobodboobobobobgbobob codogobo pVyMUUoooooo
KLicotooooooooooooooo Kpiooooogoooooood

O000D00O0 KL1OOFGHCO Flat Guarded Horn ClausesO[9) OO0 O00O0DOODO0O
gubguodbugbougbuogbobogougboooboonboobnbooonbooog
goodouuoouoouoo
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H L= Gl,GQ,...,Gm | Bl,BQ,...,Bn (m,nZO)
~—~ @ L
0ood ooo ooo

guboogbobobgbobgbogbooboouobobbuoobobobobon
googbuboogbaubouboboobbobbobbbbooboobouo
gobbdbobobobogbobooubobooobonboboboo boobooa o
gogbobouoogbgbdgbooooboboboboboobuoogboboboon
goobotuogobbgdgbbotobogbbbobobobboubogoobboooao
gubbotuoboodbogbogbogboobooboubonod

6.1.1 0O0OQ0O0Q0

KLniggogbgouoobogobooogoboooobooboboboboobooooo
goooubguobgoboobboubbobgoubboobboooobbooay
0dbO0O0Onede() DODODOODOOODOOOODODOOONDODODODOODOOO
gbogogoobobobooobobobobobood

f([NIX]) :- integer(N) | g(N) @ node(N), f(X).

6.1.2 00U

KLigogt2o00doooooooooobod

1. goguood

OO0 Dlower_priority U UL UOUOOOUODOUOOUOOOODOOOOUOOOOOONO
guobbogobooogbboogoooooboogobbboobbooonoo
oo

f(INIX]) :- g(N) @ lower_priority, f(X).

2. 000b0OooboOaon
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gooooooooooboboobooobboooooooooooboooogo
JUubiboggbbbibbdbbdddalternatively U UUOUOU Ualternatively
gobboooboooboooboobog

fCINIX],Y) :- £1(N,X,Y). % clausel
alternatively.
£f(X,[N|Y]) :- f2(N,X,Y). % clause?2

UDalternatively U U UODOUOOUOODOOOOOOOOO

oooo
7- £(X,Y)0node(0), gen(X)@node(1l), gen(Y)@node(0).

ibbddidUlegen(X) UUOPE1IOODOOUOOXDOOOLEX, Y)Y UUOODOO
U0O0Ogen(Y) D UfX, Y UUOUO PEOUDOUOUOOODOEX, ) DOODOOODOO
clausel OO OOOO0OODOODOOOODOOOOOODOODOOOOOODOODODOPEL
guobboggbbooggoboogubbboogboobboonbobono
bdbddbidbdalternatively U UPEI OO DOODOOOOOOOOOON
gbodoboodb pEr10bgoooboooood

6.1.3 UUOUUgoun
KrLicugooboooouoooogoogobouobouoguooobod

1. 0gog

00000000000000000000000000000000000000
000O000000O0KLICOOOOO0O000O00000000000000000
00000000000000000000000000000000000000
0 («<=0)00000000000

0000

fCOINIXDD-Y - Y <= N, g(N)-Y, £(X)-Y.
gbogbdobogbobogoobbogbouoad
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f([N|X],Y0,Y) :- YO = [N|Y1], g(N,Y1,Y2), £(X,Y2,Y).

2. if-then

Prolog 00O OO0OOOOODOOOOO (ifPthen Q) OUOODODOODODDOOOOO
gouobd

fCINIX]) :-
(N>0 ->gN,X) ;
N <0 ->h(N,X) ;
otherwise ;
true -> £(X) ).

guoodbgboobbbouobougubgbboobooooonon

fCINIX]) :- £_1(N,X).
f_1(N,X) :- N >0 | g(N,X).
f_1(N,X) :- N< 0 | h(N,X).
otherwise.

f_1(N,X) :- £(X).

gububds1gugboggooooooobood

3. 000n

000000 0Expr U000 0O Expr U0 0 0OUOOOOO0OOOOOOOODOO
goooboooooboo

f([NIX]) :- g @ node("(N+1)), £(X).
gudobobooboboboobogd

f([N|IX]) :- N1 := N+1, g @ node(N1), £(X).

6.2 UUOU0O0OUOUOOODUOOOOOOOOO0O0

KLnigogboogoboogoooooooobboogbooboboobobogo
god

45



bbb oooobuogbboboubouboobon
gogoobbdbobooobobobbbobooobobobobbooooon
gog
googbggboouoogbouogbboabbogboobooonoboooad
godbogogbgbogoubooboubobobobooboboooubabo
guodbuuboodgougbnbugobooboobboobonobobounogun
guobgbobbooogobgboobuboooooboubooboobobooobn
goubgbuogbgobotuboobobboobbobobboobooboobouo
guobbuoggboobogbogbogboobbgobbobooboobbogan
gboudbugbouooubooboobogbuogbuogoo
goguoooboobgbdgogoooboboboobobboboboboboobg
googbootobbbotoogbobobboboboobbbbooobobooogbo
googbboobooggbooboobooogbogbogbooboboboon

6.3 UUOOUOUOUOOooggoon

googbugoogboobobooboobbobbobboboubboooobon
gobdboogobgubooboubouboobbuooooouboounbogoo
gobdooobogbobboboboubobobooobooboooobbbobon
googooodg

. googbooooouog

20 00boguogubuogbbogunuoooboobbooboouog
gudgougobbdbooboboboooubooboubbououban
gbgbgbgbobobobuodguuouooooouooobooboobouo o
gogbooboobobod

2.00boooaon

6.1 oguoguoogbuooubouboobbobouboobboooog
gbgboubooobbogbououoobobbobouoob boooooooon
guboogboubbbogboobouboobbobuobbobobobobbon
gboogbgobobobdabbobbogobboobbobood
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goododbodogbgbogbooobououbonbobonbbouoobon
guoboogd

6.3.1 U0UOUOOOO

gbogubobodgbodgbuogbobboobooboubouboubbooa
gogugugodgbobgobboboboboboouo oo Argldbobogoga
guoboboobobbbubououbouooobooobobbooobobooboodgd

f(Argl, Arg2) :— Argl >=0] gl(Arg2).
f(Argl, Arg2) :— Argl <0 g2(Arg2).
oo ooooobudodoooooooouod

bbb gnboobogb rRSMUDDoogoogoo
googggougboogbogboogoguoosMuobognooonon

6.3.2 0UUOOUOUOOOONO

oodooogdodddooooododoooooooooodoodgoodd
oooodooooogodooo NSMoooodoooooooooooooon
doooodoonouodoooooooooooonoooooooo
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f(Argl, Arg2) :— Argl >=0| gl(Arg2).
f(Argl, Arg2) : — Argl =<0 | g2(Arg2).
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godboobddsiiguoobogbooobouuuubdibd method DO OO OOO
gboggdgbbobgobbboboobobad

—Original User Program —

.......... ﬁ

nmet hod definition

l external call
Fault Tol erant Program —| net hod definition

net hod, /
— fault tolerant nethod definition
met hod : -
fork_wat chdogs,
replicate(method’ , One, Anot her),

do_on_primary(One),
do_on_backup( Anot her).

Record Versi on of nethod

Repl ay Version of nethod

[ 8.1: Converting original program

1. fork_watchdog: UL D UUUOUOOOUOUOUOOOOOOO
2. replicate: UUUOODOOOOONO

3. do_on_primary: Primary Site Group U U U O UOUOODOOOOOUOLO O URecord
Version O OOO0OOO

4. do_on_backup: Backup Site Group U OO OUOOOOOODOOOOMODO OReplay
Version U U OO UOO

56



gubgugaboogooobbbbboubobuobuooboobooboooon
0000000000 000000000000000000000 (watchdog)OO O
0000 (replicate) D000 OO0 O0ODOOOOOOOOODOOO

8.1.1 FTRecV/FTRepVU OO UOOOODO

KLnigoogbogoogoogbooboobuooboobouoooo

1. ogod

2.000¢0 -

3. 040gn

4. 0ggo -

guguogogoobon

googbogbgoboobobboboogbo

guoggoooooboooon

joggoogbobobbobobooboobubobn

bbb mlIn] 000000000000 O0DO0O0O0OO0O0OOODOO0O
gbobgubggbbobobgoobbbgbbbobobbgbbdout i d
gboogooaoon

» OOoOoOooo
nondet([In|In1],0ut) :- In =< 0 |

Qut = [-1]|0utl], nondet(Inil,0utl).
nondet([In|In1],0ut) :- In >= 0 |

Qut = [1|0utl], nondet(Inl,0utl).
» Ooooog
det([In|In1],0ut) :- In < 0 |

Qut = [-1]|0utl], det(Inil,0utl).
det([In|In1],0ut) :- In >= 0 |

Qut = [1|0utl], det(Inil,0utl).

UUOOUOUOUOUOFTRecVUFTRepV UL OO UDOOLOODOOOOOODOOOOOONO

FTRecV :

1. 0bogb - gbobbobbodoboobooboubooboobb

2.0000

37



3.

gouod bbb buooouobuoobuoonboouobogn
goodaoo

godg

0000 ack(Log) D OO UODOOOODOOOOOOODOOOLeg OO
gobgbogbobobgubguoouooboobouboboan
bbb oobboubooooubon
gbobobobogbuogbobboooobobuooboobobonbo
guoooogbogbog

nondet_record([In|In1],0ut,ack(Log)) :- In =< 0 |
Log=c1(Logl),
(wait(Logl) -> Out = [-1]|0ut1]),
nondet_record(Ini,0Outl,Logl).
nondet_record([In|In1],0ut,ack(Log)) :- In >= 0 |
Log=c2(Logl),
(wait(Logl) -> Out = [1]0ut1]),
nondet_record(Ini,0utl,Logl).

det_record(In,Out,Log) :- wait(Log) | det(In,Out).

FTRepV :

LUbouod -0 oouboubbdbodbO0blFTRecVUDOOOOUO

g

oot - gbgubdbuodbogoodboobooboauoo

godg
good . gboogogboobn
goog

UbdddbubbdubidbdldlUnondet_replay_1 U OO OON
gobgdbodguobobboboboboobnodid FTRecV IO OO
gboobbbobobdoooboobobobobobbuoboboogon
gobogbodbooooobooboouon
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nondet_replay(In,Out,Log,Control) :-
(wait(Log) -> nondet_replay_1(In,Out,Log,Control) ;
alternatively;
> Uuodddd’ (Control) -> nondet_record(In,Out,NewLog)).

nondet_replay_1([In|In1],0ut,Log,Control) :-

Log = c1(Ack), In =< 0 | Ack = ack(Logl),
Out = [-1|0utl], nondet_replay(Inil,Outl,Logl,Control).

nondet_replay_1([In|In1],0ut,Log,Control) :-

Log = c2(Ack), In >= 0 | Ack = ack(Logl),
Out = [1|0utl], nondet_replay(Inl,Outl,Logl,Control).

det_replay(In,Out) :- det(In,Out).
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83 UUOO

OUOOUON-Queen UUOODOOOOOODOOOOOOO

» Oobobooog «aoooao)

:- module main.

main :- N = 8,
klicio:klicio([stdout(normal(Out))]),
util:times(UserTime), go(N,UserTime,Out) .

go(N,UserTime,Out) :-
count (Result,0,UserTime,Out),
queen(N,Result) @ lower_priority.

queen(N,Result) :- queen:queen(N,Result) @ fault_tolerant.

count ([A|X],K,UT,0Out) :- count(X, (K+1),UT,Out).
count ([] ,K,UT,0ut) :-
util:times(UT1), Out = [putt([~(UT1-UT),K]),nl].

UuboobbOdlDutil:times(UserTime) DO OODOOOO0O
N-Queen 0 U0 O 0util:queen:queen(N,Result) U UOUOOOOOOOOOOOOONO
J00b000oobddbbOdUcount(Result,0,UserTime) H OO OO OOOOOOO
O00000booo0o0o0o0oddOxklicioD 000000 OODOD0O0O0OOODODODOODOO
goobooobbobdobUowtddboobbboobboobbboobbooonbo
“(k+) UOOOO0bOO0bOobobooboboboba

N-Queen OO0 0O0O0O0ODO0OOOOOODOOOOOO
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% N-Queen O UOQOO (QOOOO)

:- module queen.

queen(4,X) :- queen([1,2,3,4]1,[]1,[]1,X).

queen(8,X) :- queen([1,2,3,4,5,6,7,8],[],[],X).

queen([P|U],C, L,I):- % clause 1
merge(I1,I2,I), append(U,C,N),
c1(P,1,N,L,L,I1) @ node, % goal 1
queen(U, [P|C],L,I2). % goal 2

queen([],[_1_1,_,I):- I=[]. % clause 2

queen([], ], L,I):- I=[L]. % clause 3

c1(T,D,N, [P|R],B,I):- T=\= P+D, T=\=P-D, D1:=D+1]|
c1(T,D1,N,R,B,I).

c1(T,D,N,[P|_],B,I):- T=:=P+D | I=[].
ci(T,D,N,[P|_],B,I):~- T=:=P-D | I=[].

c1(T,D,N,[], B,I):- queen(N,[],[TIB],I).
append([A|X],Y,Z):- Z=[AlZ1], append(X,Y,Z1).
append([], Y,Z):- Z=Y.

merge ([X|I1],I2,I) :-
merge(I1, [X|I2],I) :-
merge([],I2, I) :-
I) :-

[XIIT], merge(I1,I2,IT).
[XIIT], merge(I1,I2,IT).
I12.
I1.

= H H

merge(I1,[],

googoouoooobobodbodbtqueen D00 gooooogoog
gogobooogogooboogogboobobooooo,2,3,4,5,6,7,8] 000
guoboooobboboobobbodbbdbqueen 20000000000000
clause 1 00 0OUOO0OOOOODOOOODOOOODOOOONO queen UOOOOOOONO
goodgbuogboogbogubbuboboobbobbobbooooboob oo
gibbobddbibbdidUlclause 3OO ODOOOODODOOOOODOOOOOOO
gbbgbobdboobbgbobdbdqueendgbogooooooooooobn
oodbdbOOclause 2000 Oqueen DU D OOODOOOOOODOOOOOOO
UUclause 1 0 UHOUOO queen JOUOUOOOODUOLOOODOOOOODOOPOHOOOO
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Ugoal 10 UUOOUOOOUPHUOLDDOUIDUOOOOONgeal 20O OOOOMNO

godbobug obubooboodbobuobubibidibidUclause 10U OPO

googbogoobbooooooobobbooboooo
gbogdouoooubatubougoboooogon

% N-Queen DO O OO (FTS)

:— module queen.

queen(N,X) :-
watchdog:fork(Primary,Backup),

queen_1({N,X},Primary,Backup) @ lower_priority(10).

gobgoboboobogubougobbobbobobboobboooooon
goopscUBSGUOUOUOOOOODODOOOODLDOO0bLOoobooooooooooDobn
gbouoguguoouoauogauod

bbb oo oboobboobbobboobbooboobod
goouoood

queen_1(Args,Primary,Backup) :-
copy:replicate(Args,Argsl,Args2,ToAbt),
ToAbt = {Abt1,Abt2}, Log = ack(Logl),
Primary = {primary,queen,queen,Argsi,Log,ToBackup,Abtl},
{backup ,queen,queen,Args2,Logl,ToBackup,Abt2}.

Backup

JuoboououboooooooouorpsGU BSGUUOUOOOOOO

00000 ORecord Version Replay Version U0 OO UO0O00000O00O0OOOO
gugtddbboooguubbbdooobouobboboouobbuououob 20d
(sig,Raise) 000000000 DODOOODODOOODO 200 (OOsc)OOOOOO

g0 ooboobobouooboon
goooon

UOOFTRepV DU OUODOUOODOOODOOOOOUOO rebirth DU OO OFTRecV U O
goboobbbobobodnobodooooboooboogb pSGUUOObOOooog
0000000000000 00 Oalternatively OO0 ooooonon
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queen_record(4,X,Log,Sig,Raise)-SC :-
queen_record([1,2,3,4],[],[],X,Log,Sig,Raise)-SC.

% FT Record Version

queen_record([P|U],C, L,I,ack(Log),Sig,Raise)-SC :-
Log = c1(L1,L2,L3),
Raise = {Raisel,Raise2},
merge_record(I1,I2,I,L1,Sig)-SC,
append(U,C,N)-SC,

Raisel = [goal(primary,queen,ci,{P,1,N,L,L,I1},L2)],
queen_record(U, [P|C],L,I2,L3,Sig,Raise2)-SC.
queen_record([],[_1_]1,_,I,ack(Log),Sig,Raise)-SC :-
Log=c2(Ack), output(Ack,[I|Raise],[[]])-SC.

output (Ack,X,Y)-SC :- wait(Ack) | X = Y.
% FT Replay Version
queen_replay(A, B, Log,Sig,Raise)-SC :-
(wait(Log) -> queen_replay_1(A, B, Log,Sig,Raise)-SC ;
alternatively;
Sig = [rebirth|Sigl] -> queen_record(A, B, _,Sigl,Raise)-SC).
queen_replay_1(4,B,Log,Sig,Raise)-SC :-
queen_replay([1,2,3,4],[],[]1,B,Log,Sig,Raise)-SC.
queen_replay(A,B,C,D,Log,Sig,Raise)-SC :-
(wait(Log) -> queen_replay_1(A,B,C,D,Log,Sig,Raise)-SC ;
alternatively;
Sig = [rebirth|Sigl] -> queen_record(4,B,C,D,_,Sigl,Raise)-SC).

queen_replay_1([P|U],C, L,I,Log,Sig,Raise)-SC :-
Log = c1(L1,L2,L3) |

L1 = ack(Logl), L2 = ack(Log2), L3 = ack(Log3),
Raise = {Raisel,Raise2},
merge_replay(I1,I2,I,L1,Sig)-SC,
append(U,C,N)-SC,
Raisel = [goal(backup,queen,ci,{P,1,N,L,L,I1},L2)],
queen_replay(U, [P|C],L,I2,L3,5ig,Raise2)-SC.
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gboudbodobooboooooboubouuoobobboooboobnoooon
gogoboubogbobdobgooubogbgbgboogn

A U0D00O0bOOon (rFTs)

:— module exgoal.

call_goal(Site,Module,Predicate,Args,Log,GSig,Raise)-SC :-
call_goal_0(Site,Module,Predicate,Args,Log,
GSig,Raise)-SC @ lower_priority.

call_goal_O(primary,queen,cl,{A,B,C,D,E,F},Log,GSig,Raise)-SC :-
queen:cl_record(A,B,C,D,E,F,Log,GSig,Raise)-SC.

call_goal_O(backup, queen,c1,{A,B,C,D,E,F},Log,GSig,Raise)-SC :-
queen:cl_replay(A,B,C,D,E,F,Log,GSig,Raise)-SC.
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3.3usec/reduction O OO OO

loop(N,X) :- N > 0, N1:=N-1 | loop(N1i,X).
otherwise.
loop(_,X) :- X = [].

O 10.1: OODOO0OCOODOODOOOOOO(ooOoooo)

loop(N,X) :- N > 0, N1:=N-1 | X = [N|X1], loop(N1,X1).
otherwise.
loop(_,X) :- X = [].

O 102 O0OO0O0ODODOOODOOOOO((OOOD)

030 dbdbd 10100 1020 cOoubpbououbobdbouooooguntaaod
UUOxidz2000000000 X1l x1 oo ioxl a1 oo goooooxt i
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allocp[0] = x2 = makeref(&allocp[0]);
allocp[1l] = a0;

x1 = makecons(&allocp[0]);

allocp += 2;

unify_value(al, x1);

al = x2;

0 103: 00 Ccul

gobdbouboobooobboboboobbsparcdgggooobooog 1100
UODOOIwsecODUOODOOODOODODOODOONO

10.2.2 OOOOOOOOOOOOOOOO

oo 1040000 0suspX) DU OOOODLODOOOOOOOOOODOOOOOOOO
gogubogod

loop(R,N,X) :- N >0 | R =0, pUubgubobooonoonon

suspG(R1,X,X1), »RrRO0ODOOO0O0000O0
N1 := N-1, loop(R1,N1,X1). 4 R1UOUOO0OOOUOOOOOON
otherwise.

loop(R,_,X) :-R =0, X = [].

suspG(R,X,X1) :- wait(R) | X =X1. % 0000O0O0OO0O

suspG(R,X,X1) :- X = X1. Yy Ooooooooo

U 104 D0 oooboogbogoboooog
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10.2.3 UJUO0OOOUOUOOODOOOOOO

googdotoogboobbobdobog2tgbbgbobobougbogbon
goodbgobodbodbuoguouobooogbouboboosguoobanoa
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?- server(Channel)@ node(1),
client (N,Channel,End)-0ut @ node(0).

server([X|L]) :- X = 0, server(L).
server([]).

count (UT,Ch,End,N,K) :- integer(UT), K < N, K1:=K+1 |
Ch = [Next|Chi],
count (Next,Chl,End,N,K1).

otherwise.

count (UT,Ch,End,N,K) :- Ch = [], End = 0.

client(N,Ch,End)-0 :- Ch=[Start|Chi],
client1(Start,N,Chi,End)-0.
client1(0,N,Ch,End)-0 :- time(UserTime),
count (UserTime,Ch,E,N,1),
end(E,UserTime,End)-0.
end(0,UT,R)-0 :- time(UT1),
0 <= putt([“(UT1-UT)]), 0 <= nl, 0 <= fflush(R).
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]
anser %send
st age2 | X=[X1] X2]
anser %Recei ve
__________________________________________ e
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------------------------ rel ease¥Recei ve "REDUCE ==~~~
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gobboouobooooooooooboooDd

B.1 00bbobgobotbtbbobtutdbogn

:— module main.
main :-
unix:argv(Arg),
(Arg = [XI_] -> ( string_to_integer(X,N,R),
go(N,R,End) );
otherwise;
true -> ( klicio:klicio([stdout(normal(Out))]),
Out = [fwrite("N : number of times \n")] )).

string_to_integer(S,N,R) :- string(S,k,8) | s_to_i(0,K,S,0,N,R).

s_to_i(I,K,S,Temp,Result,R) :- I < K |
string_element (S,I,X),
(#"0" =< X, X =< #"9" ->
( Templ := (Temp * 10) + (X - #"0"),
s_to_i("(I+1),K,S,Templ,Result,R) ) ;
otherwise;
true -> ( Result = Temp, R = print)).

s_to_i(I,K,S,Temp,Result,R) :- I = K | Result = Temp, R = ordinal.

go(N,Type,End) :-
klicio:klicio([stdout(normal(Out))]),
go(N,Type,End)+0ut+[].
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go(N,ordinal,End)-0ut :-
server (Channel)@ node(1),
count (N,Channel,End)-0ut.
go(N,print ,End)-Out :-
count (N,Channel,End)-0ut @ node(1),
server(Channel).

server ([X|L]) :- X = 0, server(L).
server([]).

count (N,Ch,End)-0 :-
Ch = [Start|Chil],
count_1(Start,N,Chl,End)-0.

count_1(0,N,Ch,End)-0 :-
util:times(UserTime),
count_2(UserTime,N,Ch,E,1),
end(E,UserTime,End)-0.

count_2(UT,N,Ch,End,K) :- integer(UT), K < N, Ki:=K+1 |
Ch = [Next|Chi],
count_2(Next,N,Ch1,End,K1).

otherwise.

count_2(UT,N,Ch,End,K) :- Ch = [], End = 0.

end(0,UT,R)-0 :-
util:times(UT1),
0 <= putt([*(UT1-UT)]), O <= nl, O <= fflush(R).

B.1.1 OO0oOooogd

:— module main.
main :-

unix:argv(Arg),

(Arg = [X] -> ( string_to_integer(X,N,R),

go(N,R,End) );
otherwise;
true -> ( klicio:klicio([stdout(normal(Out))]),
Out = [fwrite("N : number of times \n")] )).

string_to_integer(S,N,R) :- string(S,k,8) |
s_to_i(0,K,S,0,N,R).

s_to_i(I,K,S,Temp,Result,R) :- I < K |
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string_element(S,I,X),
(#"0" =< X, X =< #"9" >
( Templ := (Temp * 10) + (X - #"0"),
s_to_i("(I+1),K,S,Templ,Result,R) ) ;
otherwise;
true -> ( Result = Temp, R = print)).
s_to_i(I,K,S,Temp,Result,R) :- I = K | Result = Temp, R = ordinal.

go(N,Type,End) :-
klicio:klicio([stdout(normal(Out))]),
util:times(UserTime),
go(N,Type,UserTime,End)+0ut+[].

go(N,ordinal,UserTime,End)-0ut :- integer(UserTime) |
count (Result,0,UserTime,End)-0ut,
benchmark:loop(N,Result) . » doooooooo
go(N,print ,UserTime,End)-Out :- integer(UserTime) |
benchmark:loop(N,Result),
count (Result,0,UserTime,End)-0ut.

count ([A|X],K,UT,R)-0ut :- count(X,~(K+1),UT,R)-0Out.
otherwise.
count ( _,K,UT,R)-0ut :-

util:times(UT1),

Out <= putt ([~ (UT1-UT),K1),

Out <= nl,

Out <= fflush(R).

B.1.2 oCBUE20000000OO0O0O0O0O

:= inline:

"

#include <signal.h>
#include <unistd.h>

:— module util.

times (Time) :-
inline:"
{int start;
start = micclk();
%0=makeint (start) ;
}": [T-int] | Time = T.
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C.1 Uuooooooon

:-module simulation.
% 000000 N OOOOO0OOO0O MmO OOPpEOD0OOOOO

sim(N,M,R) :- M >= N |
current_node(_,A1l),
simO(N,M,R,1,~(A1l1-1)) @ node(1).

simO(N,M,R,H,A) :- H < A, To := H+1 |
R = [R1|R2],

siml (N,M,R1)@node(To),
simO(N,M,R2,To,A).

simO(N,M,R,A,A) :- simli(N,M,R).

% det/30 OOOOOO M/2-N/2 ODOOOOO
Y N/200O0D0O0O0O0ODOOO0OO0DOODOO
% 000 000 det/3000N/2 OO0O0O0OOOOOO
% ndet 00000000 NDOOOO
siml1(N,M,R) :- N1 := N/2, M1 := (M-N)/2 |
ndet(RO,R1,0,R),
det(M1,N1,R0) ,det(M1,N1,R1).

K+X | ndet(A,B,K1,C).
K+X | ndet(4,B,K1,0C).

ndet ([X|A],B,K,C) :- K1 :
ndet (A, [X|B],K,C) :- K1 :
ndet ([],[],K,C) :— C=K.

det(M,N,R) :- M > 0, M1:=M-1 | det(M1,N,R).
det(M,N,R) :- M =< 0 | det1(N,R).
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det1(N,R) :- N > O, N1:=N-1 | R=[N|R1], det1(N1,R1).
det1(N,R) (- N=< 0| R=[].

C2 0Uoobooon

:-module simulation.

sim(N,M,R) :- M >= N |
watchdog:distribution(Primary,Backup),
sim_O({N,M,R},Primary,Backup) @ lower_priority(10).

sim_O(Args, [PTop|Primary], [BTop|Backup]) :-
copy:copy(Args,Argsl,Args2,Interrupt),
Interrupt = {Interruptl,Interrupt2}, Log = ack(Logl),
PTop
BTop

{primary,simulation,sim,Argsl,Log,Signal,Interrupti},

{backup ,simulation,sim,Args2,Logl,Signal,Interrupt2}.

AN
outputcommit (Ack,X,Y)-SC :- wait(Ack) | X = Y.

sim_record(N,M,R)+Log+Sig+Raise-SC :-
current_node(_,All),
simO_record(N,M,R,~((A11-1)/2))+Log+Sig+Raise-SC.

sim0_record(N,M,R,A)+ack(Log) +Sig+Raise-SC :- A > 1, Al := A-1 |
Log = c1(Ackl,Ack2),
outputcommit (Ack1,R, [R1|R2])-SC,
Raise = [goal(primary,simulation,simO,{N,M,R2,A1},Ack1)],
siml_record(N,M,R1)+Ack2-SC.
simO_record(N,M,R,1)+ack(Log) +Sig+Raise-SC :-

Log = c2(Ack), Raise = [],

siml_record(N,M,R)+Ack-SC.

siml_record(N,M,R)+ack(Log)-SC :- N1 := N/2, M1 := (M-N)/2 |
Log = c1(Ackl,Ack2,Ack3),
ndet_record(RO,R1,0,R)+Ack1-SC,
det_record(M1,N1,R0)+Ack2-SC,det_record(Mi,N1,R1)+Ack3-SC.

ndet_record([X|A],B,K,C)+ack(Log)-SC :- K1 := K+X |
Log = c1(Ack), ndet_record(4,B,K1,C)+Ack-SC.
ndet_record (A, [X|B],K,C)+ack(Log)-SC :- K1 := K+X |

Log = c2(Ack), ndet_record(4,B,K1,C)+Ack-SC.
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ndet_record([], [1,K,C)+ack(Log)-SC :-
Log = c3(Ack), outputcommit(Ack,C,K)-SC.

det_record(M,N,R)+Log-SC :- wait(Log) | det(M,N,R)-SC.

det(M,N,R)-SC :- M > 0, M1:=M-1 | det(M1,N,R)-SC.
det (M,N,R)-SC :- M =< 0 | det1(N,R)-SC.

det1(N,R)-SC :- N > 0, N1:=N-1 | R=[N|R1], det1(N1,R1)-SC.
det1(N,R)-SC :- N =<0 | R = [].

YANYN AN
sim_replay(N,M,R)+Log+Sig+Raise-SC :-
(wait(Log) -> sim_replay_1(N,M,R)+Log+Sig+Raise-SC ;
alternatively;
Sig = [rebirth|Sigl] -> sim(N,M,R)+Raise-SC).
sim_replay_1(N,M,R)+Log+Sig+Raise-SC :-
current_node(_,All),
simO_replay(N,M,R,~((A11-1)/2))+Log+Sig+Raise-SC.

sim0_replay(N,M,R,A)+Log+Sig+Raise-SC :-
(wait(Log) —> simO_replay_1(N,M,R,A)+Log+Sig+Raise-SC ;
alternatively;
Sig = [rebirth|Sigl] -> simO(N,M,R,A)+Raise-SC).

simO_replay_1(N,M,R,A)+Log+Sig+Raise-SC :-

Log = c1(Ackl,Ack2), A > 1, A1l := A-1 |
Ackl = ack(Logl),Ack2 = ack(Log2),
R=[R1|R2],
Raise = [goal(backup,simulation,sim0,{N,M,R2,A1},Logl)],
siml_replay(N,M,R1)+Log2+Sig-SC.
simO_replay_1(N,M,R,1)+Log+Sig+Raise-SC :- Log = c2(Ack) |
Ack = ack(Logl), Raise = [],
siml_replay(N,M,R)+Logl+Sig-SC.

siml_replay(N,M,R)+Log+Sig-SC :-
(wait(Log) -> siml_replay_1(N,M,R)+Log+Sig-SC ;
alternatively;
Sig = [rebirthl|Sigl] -> sim1 (N,M,R)-SC).

siml_replay_1(N,M,R)+Log+Sig-SC :-

Log = c1(Ackl,Ack2,Ack3), N1 := N/2, M1 := (M-N)/2 |
Ackl = ack(Logl), Ack2 = ack, Ack3 = ack,
ndet_replay(RO,R1,0,R)+Logl+Sig-SC,
det (M1,N1,R0)-SC,det (M1,N1,R1)-SC.
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ndet_replay(A,B,C,D)+Log+Sig-SC :-
(wait(Log) -> ndet_replay_1(A,B,C,D)+Log+Sig-SC ;

alternatively;

Sig = [rebirth|Sigl] -> ndet (A,B,C,D)-SC).
ndet_replay_1([X|A],B,K,C)+Log+Sig-SC :- Log = c1(Ack), K1 := K+X |
Ack=ack(Logl), ndet_replay(4,B,K1,C)+Logl+Sig-SC.
ndet_replay_1(A, [XIB],K,C)+Log+Sig-SC :- Log = c2(Ack), K1 := K+X |

Ack=ack(Logl), ndet_replay(4,B,K1,C)+Logl+Sig-SC.
ndet_replay_1([1,[], K,C)+Log+Sig-SC :- Log = c3(Ack) |
Ack=ack, C=K.

Whh%hh ORIGINAL

sim(N,M,R)+Raise-SC :-
current_node(_,All),
simO(N,M,R,~((A11-1)/2))+Raise-SC.

simO(N,M,R,A)+Raise-SC :- A > 1, Al := A-1 |
R=[R1|R2],
Raise = [goal(original,simulation,sim0,{N,M,R2,A1}, )],
siml (N,M,R1)-SC.
simO(N,M,R,1)+Raise-SC :-
Raise = [],
simi (N,M,R)-SC.

sim1(N,M,R)-SC :- N1 := N/2, M1 := (M-N)/2 |
ndet (RO,R1,0,R)-SC,
det (M1,N1,R0)-SC,det(M1,N1,R1)-SC.

ndet ([X|A],B,K,C)-SC :- K1
ndet (4, [X|B],K,C)-SC :- K1
ndet ([], [1,K,C)-SC :— C=K.

K+X | ndet(A,B,K1,C)-SC.
K+X | ndet(A,B,K1,C)-SC.

hhhotoh

:— module exgoal.

KRR AR LG KRS RS External call
call_goal(Site,Module,Predicate,Args,Log,GSig,Raise)-SC :-

call_goal_0(Site,Module,Predicate,Args,
Log,GSig,Raise)-SC @ lower_priority.

call_goal_O(primary,simulation,sim0,{A,B,C,D},Log,GSig,Raise)-SC :-
simulation:simO_record(4,B,C,D)+Log+GSig+Raise-SC.
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call_goal_O(backup, simulation,simO,{4,B,C,D},Log,GSig,Raise)-SC :
simulation:simO_replay(A,B,C,D)+Log+GSig+Raise-SC.

call_goal_O(original,simulation,sim0,{4,B,C,D},Log,GSig,Raise)-SC :

simulation:simO(A,B,C,D)+Raise-SC.

call_goal_O(primary,simulation,sim,{4,B,C},Log,GSig,Raise)-SC :-
simulation:sim_record(A,B,C,Log)+GSig+Raise-SC.
call_goal_O(backup ,simulation,sim,{A,B,C},Log,GSig,Raise)-SC :-
simulation:sim_replay(A,B,C,Log)+GSig+Raise-SC.
otherwise.
call_goal_O(Type,Module,Method,Arguments,Log,GSignal ,Raise)-SC :-
klicio:klicio([stderr(normal(Out))]),
variable:wrap((Type: :Module:Method/Arguments), G),
Out = [fwrite("Illegal goal invocation : "),
putwt(G), nl,fflush(_)],
Raise = [].

C3 uoog

:— module main.
main :-
unix:argv(Arg),
(Arg = [X,Y] -> ( string_to_integer(X,N,_),
string_to_integer(Y,M,R),
go(N,M,R,End) );
otherwise;
true —> ( klicio:klicio([sterr(normal(0Out))]),
Out = [fwrite("Illegal input '\n'")] )).

string_to_integer(S,N,R) :- string(S,k,8) |
s_to_i(0,K,S,0,N,R).

s_to_i(I,K,S,Temp,Result,R) :- I < K |

string_element(S,I,X),

(#"0" =< X, X =< #"9" >

( Templ := (Temp * 10) + (X - #"0"),
s_to_i("(I+1),K,S,Templ,Result,R) ) ;

otherwise;

true -> ( Result = Temp, R = print)).
s_to_i(I,K,S,Temp,Result,R) :- I = K | Result = Temp, R = ordinal.

go(N,M,Type,End) :- integer(N), integer(M) |
klicio:klicio([stdout(normal(Out))]),
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util:times(UserTime),
go(N,M,Type,UserTime,End)+0ut+[].
otherwise.
go(N,M,Type,End) :-
klicio:klicio([stderr(normal(Out))]),
Out = [fwrite("Illegal argument ! "),putt(N),fwrite(" "),putt(M),nl].

go(N,M,ordinal,UserTime,End)-0ut :- integer(UserTime) |
count (Result,0,UserTime,End)-0ut,
% TARGET PROGRAM
simulation:sim(N,M,Result) @ lower_priority(10).
go(N,M,print ,UserTime,End)-0ut :- integer(UserTime) |
count_print (Result,0,UserTime,End)-0ut,
% TARGET PROGRAM
simulation:sim(N,M,Result) @ lower_priority(10).

% QUTPUT ROUTINE

count ([A|X],N,UT,R)-0ut
otherwise.

count ( X,N,UT,R)-0ut :- end_count(X,N,UT,R)-0ut.

integer(4) | count(X,”~(N+1),UT,R)-0Out.

end_count(_,N,UT,R)-0Out :-

% STOP STOPWATCH
util:times(UT1),
Out <= putt([~(UT1-UT),N]),
OQut <= nl,
Out <= fflush(R).

count_print ([A|X],N,UT,R)-0ut :- integer(A4) |
Out <= putt(A), Out <= fwrite(" "), Out <= fflush( ),
count_print (X,~ (N+1) ,UT,R)-0Out.

otherwise.

count_print (X,N,UT,R)-0Out :- end_count(X,N,UT,R)-Out.
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Juobodobotoboodiod

D1 J0oooooobood

/*

#define WATCHDOG_CYCLE 5
#define PRIMARY_TIMEOUT 10
#define BACKUP_TIMEOUT 30
*/

:— inline:

1"

#define WATCHDOG_CYCLE 30
#define PRIMARY_TIMEOUT 30
#define BACKUP_TIMEOUT 90

:— module watchdog.

distribution(Primary,Backup) :-
current_node(N,Num),
(N =0, Num > 2 ->
( util:alarm_timer(AlarmS),
(AlarmS = normal(Alarm) ->
(fork_watchdog(1l,Num,Primary0,Backup0,Alarm) @ lower_priority,

connect(Primary0,Primary,"Primary Site Group : ")
@ lower_priority,
connect (Backup0O, Backup ,"Backup Site Group : ")

@ lower_priority
)

otherwise;
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true -> (message("Alarm Timer not available !\n"),
Primary = [], Backup = [])
)
);
otherwise;
true ->( message("There are not enough nodes to FTS\n"),
Primary = [], Backup = [])).

fork_watchdog(N,M,Streaml,Stream2,Alarm) :- N < M,
inline:"}0=makeint (WATCHDOG_CYCLE) ;" : [WATCHDOG_CYCLE-int] |
pre_watchdog(S) @ node(N),
Alarm = [set_alarm(WATCHDOG_CYCLE,TIMEOUT) |Alarmi],
wait_watchdog_ready(~ (N+1),M,Streaml,Stream2,Alarml,S,TIMEOUT).
fork_watchdog(N,M,Streaml,Stream2,Alarm) :- N >= M |
Streaml = [], Stream2 = [], Alarm = [].

wait_watchdog_ready(N,M,Streaml,Stream2,Alarm,S,alarmed) :-
fork_watchdog(N,M,Streaml,Stream2,Alarm) .

wait_watchdog_ready(N,M,Streaml,Stream2,Alarm,normal(S),R) :-
Streaml = [S|Stream3],
fork_watchdog(lN,M,Stream2,Stream3,Alarm) .

connect (ToWatchdog,Result,Message) :-
connect_watchdog(ToWatchdog,Result0,A,A,0,N),
(Result0 = [Topl|Resultl] ->
( Top = [shrink(L)|Topil],
Result = [Topl|Resulti],
connect_test(L,L1),
message (Message,L1) )).
connect_test([N|List],L) :- integer(N) |
L = [N," "|L1],
connect_test(List,L1).
connect_test([],L) := L = ["\n"].

connect_watchdog([SO|Streams], Result ,Former,Latter,K,N) :-
SO0 = {Former,S1,Next},
Result = [S1|Resultil],
connect_watchdog(Streams, Resultl, Next, Latter,”(K+1),N).
connect_watchdog([],Result,Former,Latter,K,N) :-

Result = [],
Former = Latter,
K = N.

% ______________________________________________________________

%hh%%  Preliminary status
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pre_watchdog(S) :-
S = normal(S1),
pre_watchdog0(S1).

pre_watchdogO({Former,S,Latter}) :-
watchdog_start(S,Former,Latter).

%hhhY%  Watchdog Initiation
% (1) loop back test and shrink
watchdog_start (S, [shrink(X) |Former1] ,Latter) :-

% message ("Shrink [",[N,"]\n"]1),

current_node(N,_),
X = [N|Y],
Latter = [shrink(Y) |Formeri].
% (2) shrink top
watchdog_start ([shrink(X)|S],Former,Latter) :-
current_node(N,_),

message("Leader [",[N,"]J\n"]),

X = [N|Y],
Latter = [shrink(Y) |Latteril],
(Former = [shrink(P) |Formeri] ->
(P =11,
watchdog_leader(S,X,Formerl,Latterl)
) ).
% (3) GC
watchdog_start (S, [gc|Formerl] ,Latter) :-
current_node(N,_),
system_control:gc(BEFORE,AFTER),
(wait (AFTER) ->
message("GC on [",[N,"] ",BEFORE," >> " ,AFTER,"\n"]),
Latter = [gcl|Llatterl],
watchdog_start(S,Formerl,Latterl)).
watchdog_start ([worsttime(R) |S],Former,Latter) :-
current_node(N,_),
system_control:gc(BEFORE,AFTER),
(wait (AFTER) ->
message("GC on [",[N,"] ",BEFORE," >> " ,AFTER,"\n"]),
Latter = [gcl|Llatterl],
(Former = [gc|Former1] ->
R =0,
watchdog_start(S,Formerl,Latterl)
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) ).
hhhhh Watchdog Leader Ready
watchdog_leader(TopGoal, [N|Member], Former,Latter) :-
TopGoal = {Type,Module,Method,Arguments,Log,PBSignal,Interruptl},
inline:"%0=makeint (WATCHDOG_CYCLE) ;
%1=makeint (BACKUP_TIMEQOUT) ;":
[WATCHDOG_CYCLE-int ,BACKUP_TIMEOUT-int] |
weight (Member,0,M),
generic:new(merge,Raise0,Raise),
exgoal:call_goal(Type,Module,Method, Arguments,Log,
GSignal ,Raise0,end,SC),
(Type = primary ->
( util:alarm_timer (AlarmS),
(AlarmS = normal(Alarm0O) ->
(Alarm0 = [set_alarm(WATCHDOG_CYCLE,Cycle) |Alarm],
watchdog_primary(SC,Cycle,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Member,M,M) @ lower_priority

)
otherwise;
true ->
(message("Alarm Timer not available !'\n"),
Latter = [])
) )

Type = backup ->
( util:alarm_timer (AlarmS),
(AlarmS = normal(Alarm0) ->
(Alarm0 = [set_alarm(BACKUP_TIMEOUT,Cycle) |Alarm],
watchdog_backup( SC,Cycle,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Member ,M,M) @ lower_priority

);
otherwise;
true ->

(message("Alarm Timer not available !\n"),
Latter = [1)
) ) ).
otherwise.
watchdog_leader(TopGoal,Member,Former,Latter) :-
Latter = [].

weight ([_|Member] ,K,M) :-weight(Member,” (K+1),M).

weight ([1,K,M) :- M = K.

lto oo e b koo oo oo oo o o lo o o To o loTo To To o To To fofofofo /oo~ Primary Site Leader

% (1) going in patrol cycle

watchdog_primary(SC,alarmed,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total) -

129



util:times (BEGIN),
( ( integer(BEGIN),
inline:"/0=makeint (PRIMARY_TIMEOQUT) ;" : [PRIMARY_TIMEQUT-int] ) ->
( Latter = [pingl|Latteri],
Alarm = [set_alarm(PRIMARY_TIMEOUT,TIMEOUT) |Alarmi],
watchdog_primary_patrol(SC,BEGIN,PBSignal,GSignal,Raise,Interrupt,
Former,Latterl,Alarml,Nodes,Weight,Total,TIMEOUT)
) ).
alternatively.
% (2) a goal is forwarded
watchdog_primary(SC,C,PBSignal,GSignal,Raisel,Interrupt,
[Goal|Former] ,Latter,Alarm,Nodes,Weight,Total) :-
watchdog_primary_1(SC,C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,Goal).
% (3) a goal is raised from children
watchdog_primary(SC, C,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total) :-
Raise = [GoallRaisel] |
(% (5.1) there is no extra nodes
Nodes = [1 ->
( Latter = [Goall|Latteri],
watchdog_primary(SC,C,PBSignal,GSignal,Raisel, Interrupt,
Former,Latterl,Alarm,Nodes,Weight,Total) );
% (5.2) there are some available nodes
Nodes = [N|Nodesi] ->
( watchdog_primary_expand(SC,C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodesl,Weight,Total,
Goal,N) )).

% (4) termination
watchdog_primary(end,C,PBSignal,GSignal,[], Interrupt,
Former,lLatter,Alarm,Nodes,Total,Total) :-
Interrupt = [terminate], Latter = [],
(Former = [] -> Alarm = [], PBSignal = [] ;
otherwise;
Former = [Goal|Formeri] ->
( watchdog_primary_1(end,C,PBSignal,GSignal, [],Interrupt,
Formerl,Latter,Alarm,Nodes,Total,Total,Goal) )).

YANAA
h (2.1) a goal is forwarded
watchdog_primary_1(SC,C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,Goal) :-
Goal = goal(Type,Module,Method,Arguments,Log) |
% (2.1.1) a goal is executed on this node
(Nodes = [] —>
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( on_transition(Type,GSignal),
generic:new(merge,{Raisel,Raise2},Raise),
exgoal:call_goal(Type,Module,Method, Arguments,Log,

GSignal,Raise2,SC,SC1),
watchdog_primary(SC1,C,PBSignal,GSignal,Raise, Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total) );
% (2.1.2) a goal is forwarded to new node with a new watchdog
Nodes = [N|Nodesi] ->
( watchdog_primary_expand(SC,C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodesl,Weight,Total,
Goal,N) )).
% (2.2) neighbor node is shrinked
watchdog_primary_1(SC,C,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,Goal) :-
Goal = shrink(N) |
watchdog_primary(SC,C,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm, [N|Nodes],”(Weight+1) ,Total).

on_transition(backup, GSignal) :- GSignal = [rebirth].
on_transition(primary,GSignal).
on_transition(original,_ ).

on_transition(primary,GType,GSignal) :- on_transition(GType,GSignal).
on_transition(backup ,_,_).
on_transition(original,_,_).

watchdog_primary_expand(SC,C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodesl,Weight,Total,Goal,N) :-
% message ("Expand [",[N,"]J\n"]),

generic:new(merge,{Former,End},Formerl),

watchdog(primary,Goal,Next,Latter,N,End) @ node(N),

watchdog_primary(SC,C,PBSignal,GSignal,Raisel,Interrupt,
Formerl,Next,Alarm,Nodesl,~ (Weight-1),Total).

%h% on Patrol
% (1) fault
watchdog_primary_patrol(SC,BEGIN,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,alarmed) :-
message ("FAULT was detected on PRIMARY SITE!'\n"),
PBSignal = [fault], GSignal = [fault], Latter = [fault],
Alarm = [].
alternatively.
% (2) terminate patrol
watchdog_primary_patrol(SC,BEGIN,PBSignal,GSignal,Raise, Interrupt,
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Former,Latter,Alarm,Nodes,Weight,Total,TIMEOUT) =
Former = [pingl|Formeri],
inline:"/0=makeint (WATCHDOG_CYCLE) ;" : [WATCHDOG_CYCLE-int] |
util:times(END),
PBSignal = [alive|PBSignall],
message ("PRIMARY SITE is ALIVE ! : ", [~ (END-BEGIN),"\n"]),
Alarm = [set_alarm(WATCHDOG_CYCLE,Cycle) |Alarmi],
watchdog_primary(SC,Cycle,PBSignall,GSignal,Raise,Interrupt,
Formerl,Latter,Alarml,Nodes,Weight,Total) .
alternatively.
% (3) a goal is forwarded
watchdog_primary_patrol(SC,BEGIN,PBSignal,GSignal,Raisel,Interrupt,
[Goall|Former],Latter,Alarm,Nodes,Weight,Total,T0) :-
watchdog_primary_patrol_1(SC,BEGIN,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,TD,Goal).
% (4) a goal is raised
watchdog_primary_patrol(SC,BEGIN,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,T0) :-
Raise = [Goal|Raisel] |
( % (4.1) there is no extra nodes
Nodes = [] ->
( Latter = [Goal|Latterl],
watchdog_primary_patrol(SC,BEGIN,PBSignal,GSignal,Raisel,
Interrupt,Former,Latterl,Alarm,Nodes,
Weight,Total,TQ) ) ;
% (4.2) there are some available nodes
Nodes = [N|Nodesi] ->
(
watchdog_primary_patrol_expand(SC,BEGIN,PBSignal,GSignal,Raisel,
Interrupt,Former,Latter,Alarm,
Nodes1,Weight,Total,T0,Goal,N))).

% (3.1) a goal is forwarded
watchdog_primary_patrol_1(SC,BEGIN,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,TO,Goal) :-
Goal = goal(Type,Module,Method,Arguments,Log) |
on_transition(Type,GSignal),
generic:new(merge,{Raisel,Raise2},Raise),
exgoal:call_goal(Type,Module,Method,Arguments,Log,
GSignal,Raise2,SC,SC1),
watchdog_primary_patrol(SC1,BEGIN,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,TO) .
% (3.2) neighbor node is shrinked
watchdog_primary_patrol_1(SC,BEGIN,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,TD,Goal) =
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Goal = shrink(N) |
watchdog_primary_patrol(SC,BEGIN,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm, [N|Nodes],”(Weight+1),Total,TO).

watchdog_primary_patrol_expand(SC,BEGIN,PBSignal,GSignal,Raisel, Interrupt,
Former,Latter,Alarm,Nodesl,Weight,Total,TO,
Goal,N) :-

% message ("Expand [", [N,"]J\n"]),

generic:new(merge,{Former,End},Formerl),

watchdog(primary,Goal,Next,Latter ,N,End) @ node(N),

watchdog_primary_patrol(SC,BEGIN,PBSignal,GSignal,Raisel,Interrupt,
Formerl,Next,Alarm,Nodesl,” (Weight-1),Total,TQ).

hhhh% Backup Site Leader
% (1) Signal arrived
watchdog_backup(SC,C,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total) :-
PBSignal = [Sig|PBSignalll, atom(Sig) |
(% (1.1) regular report arrived from the primary site
Sig = alive,
inline:"},0=makeint (BACKUP_TIMEQOUT) ;": [BACKUP_TIMEOUT-int] ->
( Alarm = [set_alarm(BACKUP_TIMEOUT,Cycle) |Alarml],
watchdog_backup(SC,Cycle,PBSignall,GSignal,Raise,Interrupt,
Former,Latter,Alarml,Nodes,Weight,Total) ) ;
% (1.2) fault is informed
Sig = fault,
inline:"%0=makeint (WATCHDOG_CYCLE) ;" : [WATCHDOG_CYCLE-int] ->
( message("FAULT was informed to BACKUP!\n"),
message ("BACKUP change to PRIMARY !!! "),
Latter = [rebirth(R)|Latteri],
watchdog_backup_rebirth(SC,C,R,GSignal,Raise,Interrupt,
Former,Latterl,Alarm,Nodes,Weight,Total) )).
alternatively.
% (2) timeout for regular reports
watchdog_backup(SC,alarmed,PBSignal,GSignal ,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total) :-
message ("TIMEOUT on BACKUP!\n"),
message ("BACKUP change to PRIMARY !!! "),
Latter = [rebirth(R)|Latteri],
watchdog_backup_rebirth(SC,C,R,GSignal,Raise,Interrupt,
Former,Latter1,Alarm,Nodes,Weight,Total).
alternatively.
% (3) goal is forwarded
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watchdog_backup(SC,C,PBSignal,GSignal,Raisel,Interrupt,
[Goal|Former] ,Latter,Alarm,Nodes,Weight,Total) :-
watchdog_backup_1(SC,C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,Goal).
% (4) a goal is raised
watchdog_backup(SC, C,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total) :-
Raise = [Goall|Raisel] |
(% (4.2) there is no extra nodes
Nodes = [] ->
( Latter = [GoallLatteri],
watchdog_backup(SC,C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latterl,Alarm,Nodes,Weight,Total) ) ;
% (4.1) there are some available nodes
Nodes = [N|Nodesi] ->
(
watchdog_backup_expand(SC, C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodesl,Weight,Total,
Goal,N)
N
% (4) termination
watchdog_backup(end,C,PBSignal,GSignal, [],Interrupt,
Former,Latter,Alarm,Nodes,Total,Total) :-
Interrupt = [terminate], Latter = [],
(Former = [] -> Alarm = [], PBSignal = [] ;
otherwise;
Former = [Goal|Formeri] ->
( watchdog_backup_1(end,C,PBSignal,GSignal, [],Interrupt,
Formerl,Latter,Alarm,Nodes,Total,Total,Goal) )).

%h (3.1) goal is forwarded
watchdog_backup_1(SC,C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,Goal) :-
Goal = goal(Type,Module,Method,Arguments,Log) |
(Nodes = [] ->
( generic:new(merge,{Raisel,Raise2},Raise),
exgoal:call_goal(Type,Module,Method,Arguments,Log,
GSignal,Raise2,SC,SC1),
watchdog_backup(SC1,C,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total) ) ;
Nodes = [N|Nodesi] ->
(
watchdog_backup_expand(SC, C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodesl,Weight,Total,
Goal,N) M.
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% (3.2) neighbor node is shrinked
watchdog_backup_1(SC,C,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,Goal) :-
Goal = shrink(N) |
watchdog_backup(SC,C,PBSignal,GSignal,Raise,Interrupt,
Former,Latter,Alarm, [N|Nodes],” (Weight+1) ,Total).

watchdog_backup_expand(SC, C,PBSignal,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodesl,Weight,Total,Goal,N) :-
% message ("Expand [",[N,"]I\n"]),
generic:new(merge,{Former,End},Formerl),
watchdog(backup,Goal,Next,Latter,N,End) @ node(N),
watchdog_backup(SC,C,PBSignal ,GSignal,Raisel,Interrupt,
Formerl,Next,Alarm,Nodesl,” (Weight-1),Total).

% =-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=- New goal is forwarded with watchdog!
watchdog(Type,Goal,Former,Latter ,N,End) :-
Goal = goal(GType,Module,Method,Arguments,Log) |
generic:new(merge,Raise0,Raise),
exgoal:call_goal (GType,Module,Method,Arguments,Log,
GSignal,Raise0,end,SC),
watchdog(SC,GSignal ,Raise,Former,Latter,N,Type,End) .
otherwise.
watchdog(Type,Goal ,Former,Latter ,N,End) :-
illegal_goal(Goal,N),
Former = Latter,
End = [shrink(N)].

WhhhhhhY general watchdog (common use for primary/backup)
watchdog(SC,GSignal,Raise, [Goal|Former] ,Latter,N,Type,End) :-
watchdog_1(SC,GSignal,Raise,Former,Latter,N,Type,End,Goal).
alternatively.
% (6) a goal is raised
watchdog(SC,GSignal, [Goal|Raise] ,Former,Latter,N,Type,End) :-
Latter = [Goall|Latteri],
watchdog(SC,GSignal,Raise,Former,Latterl,N,Type,End).
% (7) goals terminated under it, then shrink
watchdog(end,GSignal, [],Former,Latter,N,Type,End) :-
shrink (End,N),
% GSignal = [],
Former = Latter.
% (8) termination forced
watchdog(SC,GSignal, [1, []1,Latter,N,Type,End) :-
% GSignal = [],
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Latter = [], shrink(End,N).

% (1) patrol
watchdog_1(SC,GSignal,Raise,Former,Latter,N,Type,End,Goal) :-
Goal = ping | watchdog(SC,GSignal,Raise,Former,Latter,N,Type,End).
% (2) a goal is forwarded
watchdog_1(SC,GSignal ,Raisel,Former,Latter,N,Type,End,Goal) :-
Goal = goal(GType,Module,Method,Arguments,Log) |
on_transition(Type,GType,GSignal),
generic:new(merge,{Raisel,Raise2},Raise),
exgoal:call_goal (GType,Module,Method,Arguments,Log,
GSignal,Raise2,SC,SC1),
watchdog(SC1,GSignal,Raise,Former,Latter,N,Type,End) .
% (3) neighbor shrinked
watchdog_l(SC,GSignal,Raise,Former,Latter,N,Type,End,Goal) =
Goal = shrink(K) |
Latter = [Goal|Latterl],
watchdog(SC,GSignal,Raise,Former,Latterl,N,Type,End) .
% (4) rebirth informed
watchdog_1(SC,GSignal,Raise,Former,Latter,N,Type,End,Goal) :-
Goal = rebirth(R) |
R = [{N,Ack}|RR],
Latter = [rebirth(RR)|Latteril],

message ("REBIRTH (1) [",[N,"I\n"1),

watchdog_rebirth(SC,GSignal,Raise,Former,Latterl,N,Type,End,Ack).
% (5) fault informed
watchdog_l(SC,GSignal,Raise,Former,Latter,N,Type,End,Goal) =
Goal = fault | shrink(End,N), GSignal = [fault], Latter = [fault].

shrink(End,N) :-
% message ("Shrink [",[N,"]J\n"]1),
End = [shrink(N)].

%%%% REBIRTH
% Wait until finishing to sweep out all goals on the fly.
% (1) goal is forwarded
watchdog_backup_rebirth(SC,C,R,GSignal,Raisel,Interrupt,
[Goal|Former] ,Latter,Alarm,Nodes,Weight,Total) :-
watchdog_backup_rebirth_1(SC,C,R,GSignal,Raisel,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,Goal).

watchdog_backup_rebirth_1(SC,C,R,GSignal ,Raisel,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,Goal) =
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Goal = goal(Type,Module,Method,Arguments,Log) |
generic:new(merge,{Raisel,Raise2},Raise),
exgoal:call_goal(Type,Module,Method, Arguments,Log,

GSignal,Raise2,SC,SC1),
watchdog_backup_rebirth(SC1,C,R,GSignal ,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total).
% (2) neighbor node is shrinked
watchdog_backup_rebirth_1(SC,C,R,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,Goal) :-
Goal = shrink(N) |
watchdog_backup_rebirth(SC,C,R,GSignal,Raise,Interrupt,
Former,Latter,Alarm, [N|Nodes],”(Weight+1) ,Total).
watchdog_backup_rebirth_1(SC,C,R,GSignal,Raise,Interrupt,
Former,Latter,Alarm,Nodes,Weight,Total,Goal) :-

Goal = rebirth(RT) |
RT = [1,
send_ack(R,R1),

((wait (R1),
inline:"%,0=makeint (WATCHDOG_CYCLE) ;" : [WATCHDOG_CYCLE-int]) ->

( GSignal = [rebirth|GSignalll,
Interrupt = [fault],
deadend(DeadEnd) ,
Alarm = [set_alarm(WATCHDOG_CYCLE,C1)|Alarmi],
watchdog_primary(SC,C1,DeadEnd,GSignall,Raise, _,
Former,Latter,Alarml,Nodes,Weight,Total)

send_ack([{N,Ack}|L],R) :- Ack = 0, send_ack(L,R).
send_ack([],R) :- R = 0.

watchdog_rebirth(SC,GSignal,Raise,Former,Latter,N,Type,End,Ack) :-
wait (Ack) |

message ("REBIRTH (2) [",[N,"]I\n"]1),
GSignal = [rebirth|GSignalll,
rebirth(Type,NewType),

watchdog(SC,GSignall,Raise,Former,Latter,N,NewType,End).

deadend([alive|DeadEnd]) :-
message ("ALIVE\n"),

deadend (DeadEnd) .
deadend([fault]|_]) :-
message("!!! FAULT !!!'\n"),
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unix:exit(-1).
deadend([]).

rebirth(primary,NewType) :- Newtype = backup.
rebirth(backup ,NewType) :- NewType = primary.
rebirth(original,NewType) :- NewType = original.

A——
illegal_goal(Goal,N) :-
klicio:klicio([stdout(normal(Out))]),
variable:wrap(Goal, G),
join(" is forwarded to node(",[N,")\n"],R),
Qut = [fwrite("Illegal goal "),
putwt (G) ,fwrite(R) ,nl,fflush(_)].

message(S) :-
klicio:klicio([stdout(normal(Out))]),
Out = [fwrite(S),fflush(_)].

message (S,X) :-
klicio:klicio([stdout(normal(Out))]),
join(s,X,String),
Out = [fwrite(String),fflush(_)].

join(S, [XIY],R) :-
(string(X,_,_) -> X = 81 ;
integer (X) -> integer_to_string(X,S1)
),
generic:join(S,S1,52),
join(s2,Y,R).
join(S,[1,R) :- R = S.

integer_to_string(I,S) :-
deci_1list(I,[],IL,0,N),
generic:new(string,S,IL,8).

deci_list(X,T,XL,N,M) :- X < 10 |
XL = ["(X + #"0")IT], N = M.
deci_list(X,T,XL,N,M) :- X >= 10 |
Mod := (X mod 10)+ #"0",
X1 X / 10,
deci_list (X1, [Mod|T],XL,~(N+1),M).
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D.2 OJO00Oo0oOobooooo

:— module copy.

copy(Goal0,Goall,Goal2)+In :-
generic:new(merge,In,Out),
unbound (GoalO,Goal),
copy_term0(Goal,Goall,Goal2)+0ut.

copy_termO({_,_,Goall},Goall,Goal2)+T :- /* unbound */
arbitrator(Goal,Goall,Goal2)+T.
copy_termO({Goal} ,Goall,Goal2)+T :-
copy_term(Goal,Goall,Goal2)+T.

copy_term(Goal,Goall,Goal2)+T :- atomic(Goal) |
Goall = Goal, Goal2 = Goal.
copy_term([Car|Cdr] ,Listl,List2)+T :-
copy(Car,Carl,Car2)+T,
copy(Cdr,Cdrl,Cdr2)+T,
Listl = [Carl|Cdrl], List2 = [Car2|Cdr2].
copy_term(Goal,Goall,Goal2)+T :- vector(Goal,L) |
new_vector(Gi,L),
new_vector(G2,L),
copy_vargs(Goal,G1,G2,0,L,Goall,Goal2)+T.
copy_term(Goal,Goall,Goal2)+T :- string(Goal,_,_) |
Goall = Goal, Goal2 = Goal.
otherwise.
copy_term(Goal,Goall,Goal2)+T :- functor(Goal,Func,Arity) |
new_functor(Gl,Func,Arity),
new_functor(G2,Func,Arity),
copy_args(Goal,G1,G2,1,Arity,Goall,Goal2)+T.

copy_args(Goal,G1,G2,N,Arity,Goall,Goal2)+T :- N =< Arity |
arg(N,Goal,Arg),
copy(Arg,Argl,Arg2)+T,
setarg(N,G1,Argl,Gol),
setarg(N,G2,Arg2,Go2),
copy_args (Goal,Gol,Go2,” (N+1) ,Arity,Goall,Goal2)+T.
otherwise.
copy_args(Goal,G1,G2,N,Arity,Goall,Goal2)+T :-
Gl = Goall, G2 = Goal2.

copy_vargs(Goal,G1,G2,N,Size,Goall,Goal2)+T :- N < Size,

vector_element (Goal,N,Elem) |
copy(Elem,Eleml,Elem2)+T,
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set_vector_element(G1,N,_,Eleml,Gol),
set_vector_element (G2,N,_,Elem2,Go2),
copy_vargs(Goal,Gol,Go2, " (N+1),Size,Goall,Goal2)+T.
otherwise.
copy_vargs(Goal,G1,G2,N,Size,Goall,Goal2)+T :-
Gl = Goall, G2 = Goal2.

arbitrator(X,X1,X2)+T :- wait(X) | broadcast(X,X1,X2)+T.
arbitrator(X,X1,X2)+T :- wait(X1) | forward(X1,X,X2,1)+T.
arbitrator(X,X1,X2)+T :- wait(X2) | forward(X2,X,X1,2)+T.
alternatively.
arbitrator(X,X1,X2)+T0 :- wait(T0) |
% If the primary fail,

(TO = [fault]_] -> X = X2;
% If the primary normaly terminate,

TO = [terminate|T] -> arbitrator(X,X1,X2)+_

).

broadcast(X,X1,X2)+T :- atomic(X) | X1 = X, X2 = X.
broadcast ([Ax|Ay],B,C)+T :-
B = [BxIByl, C = [CxlCy],
arbitrator(Ax,Bx,Cx)+T,
arbitrator(Ay,By,Cy)+T.
broadcast(X,X1,X2)+T :- vector(X,L) |
vect_to_list(X,0,L,Elems),
new_vector(V1i,L), new_vector(V2,L),
fillelems(V1,0,L,X1,Varl), fillelems(V2,0,L,X2,Var2),
arbitrator(Elems,Varl,Var2)+T.
broadcast(X,X1,X2)+T :- string(X,_,_) | X1 =X, X2 = X.
otherwise.
broadcast(X,X1,X2)+T :- functor(X,Func,Arity) |
args_list(X,1,Arity)+Args+[],
new_functor(F1,Func,Arity), new_functor(F2,Func,Arity),
fillargs(F1,1,Arity,X1,Varl), fillargs(F2,1,Arity,X2,Var2),
arbitrator(Args,Varl,Var2)+T.

args_list(X,N,Arity)-Args :- N =< Arity |
arg(N,X,Arg),

Args <= Arg,
args_list(X,”(N+1),Arity)-Args.
otherwise.

args_list(X,N,Arity)-Args.

fillargs(F,N,Arity,X,Vars) :- N =< Arity |
setarg(N,F,V,F1), Vars = [V|Varsi1],
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fillargs(F1,” (N+1) ,Arity,X,Vars1).
otherwise.
fillargs(F,N,Arity,X,Vars) :- F = X, Vars = [].

vect_to_list(V,N,M,Elems) :- N < M |
vector_element(V,N,E), Elems = [E|Elems1],
vect_to_list(V,~ (N+1),M,Elemsl).

otherwise.

vect_to_list(V,N,M,Elems) :- Elems = [].

fillelems(V,N,M,X,Vars) :- N < M |
set_vector_element(V,N,Var,Vl), Vars = [Var|Varsi],
fillelems(V1,~ (N+1),M,X,Varsl).

otherwise.

fillelems(V,N,M,X,Vars) :- V = X, Vars .

forward(X1,X,X2,_)+T :- atomic(X1) | X X1.
forward([Bx|Byl,A,C,P)+T :- A = [Ax|Ay]l, C = [CxICy],
forwardl (Bx,Ax,Cx,P)+T, forwardl(By,Ay,Cy,P)+T.

forward(X1,X,X2,P)+T :- vector(Xi,L) |
vect_to_list(X1,0,L,Eleml),
new_vector(V,L), new_vector(V2,L),
fillelems(V,0,L,X,Elems), fillelems(V2,0,L,X2,Elem2),
forwardl(Eleml,Elems,Elem2,P)+T.

forward(X1,X,X2,P)+T :- string(X1,_,_) | X = X1.

otherwise.

forward(X1,X,X2,P)+T :- functor(X1,Func,Arity) |
args_list(X1,1,Arity)+Vari+[],
new_functor(F,Func,Arity), new_functor(F2,Func,Arity),
fillargs(F,1,Arity,X,Vars), fillargs(F2,1,Arity,X2,Var2),
forwardl (Varl,Vars,Var2,P)+T.

forward1(B,A,C,1)+T :- arbitrator(A,B,C)+T.
forward1(C,A,B,2)+T :- arbitrator(4,B,C)+T.
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