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CemelicTBO AMOdaHTOBLIX YPaBHEHUI UMEET BUS,
M(al,...,an,xl,...,xm) = 07

roe M — mHorouneH ¢ uensiMn KoadduumeHTaMm, nepemMeHHble
KOTOPro pasfefieHbl Ha ABE rpynnbl:

> napameTpbl ai, ... ,dn;
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PaccmoTpuM mMHoxecTBO M Takoe, 4TO
<al,...,a,,> eM <:>EIX1...x,,,{/\/l(al,...,a,,,xl,...,xm) = 0}

MHoXecTBa, UMeroLne Takne NPesCcTaBaeHns Ha3blBaloTCs
AMOaHTOBLIMY.
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DPRM-Teopema. [loHaTus nepeqncanmoe MHOXKECTBO 1
ANOGhaHTOBO MHOXECTBO COBMAaJAIOT.

Onpegenenue. MuoxecTso M, COCTOsILLLEE U3 N-OK HATYpasibHbIX
4MCen Ha3bIBAETCA NepPeYnNCINMbIM, €C/IM MOXKHO HanncaTb
nporpammy R, Takyto 4to

(a1,...,an) OCTaHOBKa, ecan (ay,...,a,) € M

BE€4YHasA pa60Ta B NPOTUBHOM Ciiy4Hae

(a1,...,ap) E M <—=3Ix1...xm{M(a1,...,an,x1,...,xXm) = 0}
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An e-mail

Dear Professor,

you are wrong. I am a brilliant young programmer and
last night I wrote a sophisticated program in Java##.
My program solves Hilbert’s tenth problem in the
__positive__ sense. Namely, for every Diophantine
equation given as input, the program will print 1 or O
depending on whether the equation has a solution or

not.
The attachment contains my ingenious program. You can
run it on your favorite Diophantine equations and see

how fast my program works.

Have a fun, Professor!



[NepBbiii war

Teopema (Martin Davis [1950]) Kaxgoe nepeducanmoe
mHoxecTBo M umeet "nodtu guogpaHtoso" npescrasnermne

(a1,...,ap) E M —
AzVy<,3x1 ... xm{P(a1,...,an, X1, ..., Xm,y,2) = 0}.
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Lambek [1961], Melzak [1961], Minsky [1961], Minsky [1967],
Shepherdson u Sturgis [1963]
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S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6

S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
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S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++: S4 S6:R2——: S7; S1 | S9:STOP

HayanbHoe coctosinne S1

HauanbHoe copepxumoe pernctpos R1=a, R2=0



[Mpumep

S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

HavanbHoe coctosiHne S1
HauanbHoe copepxumoe pernctpos R1=a, R2=0

B kakom cnyyae mMawmHa octaHoBUTCA?
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[MpoTokon

[ [T g [ Je+1] ¢t [...] 0]
S1 || s1q | --- | St,e41 | St | --- | S1,0
Sk || Sk, | --- | Ske+1 | Skt | - | Sk
Sm || Smq | --- | Smt+1 | Smyt | --- | Smo0

< 1, ecnn Ha ware t MawwuHa bblna B cocTosiHum k
k.t
’ 0 B npoTuMBHOM cCliy4ae



[MpoTokon

[ [T a . Je+1] ¢t ]...] 0]
Sk || Sk,g | -+ | Sked1 | Skt | oo+ | Sk
Rl | rng| ... | neet | re|--- | 1o
RO\ rog |- fe7t.+1 Fee | -~ | Teo
Rn || rg |- | fnes1 | Mot | oo | Mo

re+ — 3TO COfiepXKNUMOe {-ro perucTpa Ha lware t



[NpoTokon

l g |...[t+1 [t [...[0]
S:k Sk,q Sk,t+1 | Skt Sk,0
Pif roq Fee+1 | fee re,0
Z1 || z1q Z1e41 | Z1t 71,0
Z:g Zp q Zet+1 | 2ot 20,0
Z:,, Zng Znt+1 | Znt 2n,0

1, ecmrgy >0

0 B npoTuBHOM Ciyyae
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S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
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nt+1 =



[Mpumep

S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
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Nnit+1 = ng
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S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

Mer1 =+ Srt
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S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

Nnie+1 =rne+5s7,t+ Ss¢
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S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

NMit+1 =M+ 57t + S8t — Z1,¢S1,t
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S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

Mit+1 =M+ 57t + S8t — 21,651t — Z1,t52,¢
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S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

Mit+1 =M+ 57t + S8t — Z1,¢S1,t — Z1,t52,t — Z1,tS4,t



[Mpumep

S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

nRt+1 =



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

nRt+1 = Nt



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

ntyl = e+ 53t



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t



[Mpumep

S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

S1,t+1 =



[Mpumep

S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢



[Mpumep

S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2t41 =



[Mpumep

S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP

M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t

S3t+1 =



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t

S3,t+1 = Z1,t52,t



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t

S3,t+1 = Z1,t52,t + Z1,tS5.¢



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t

S3,t+1 = Z1,t52,t + Z1,tS5.¢ S4 41 =



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t

S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t

S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t4+1 =



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t

S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢

S6,t+1 =



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢

S6,t+1 = (1 - Z4,t)54,t



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢

So,t+1 = (1 — za,t)Sa,c + 57.¢



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢

Se,t+1 = (1 — zat)sar + s7.¢ 57,641 =



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢

Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

S8,t+1 =



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)51.¢



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)s1,¢ + S8t



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)S1,t + Sg.¢ S0,t+1 =



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)s1,¢ + S8t sot41 = (1 — z1,¢)50¢



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)s1,¢ + S8t sot41 = (1 — z1,¢)50¢

51,0 =



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)s1,¢ + S8t sot41 = (1 — z1,¢)50¢

51,0 =1



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)s1,¢ + S8t sot41 = (1 — z1,¢)50¢

si0=1 S20="""=590=0



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)s1,¢ + S8t sot41 = (1 — z1,¢)50¢

si0=1 S20="""=590=0

rno=



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)s1,¢ + S8t sot41 = (1 — z1,¢)50¢

si0=1 S20="""=590=0

fno=a4a



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)s1,¢ + S8t sot41 = (1 — z1,¢)50¢

si0=1 S20="""=590=0

rno=a no= 0



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t

sie41 = (1 — 22,¢)s6,¢ S2,t41 = Z1,t51,t
S3,t+1 = Z1,t52,t + Z1,tS5.¢ Sat+1 = S3t S5,t+1 = Z1,tS4,¢
Se,t+1 = (1 — zat)sar + s7.¢ S7,t4+41 = 22,t56,t

sgt+1 = (1 — z1,¢)s1,¢ + S8t sot41 = (1 — z1,¢)50¢

si0=1 S20="""=590=0

rno=a no= 0

S9.q = 1



[Mpumep
S1:R1——:; S2; S8 | S4:R1——; S5: S6 | S7:R1++:; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——: S7; S1 | S9:STOP
M+l =M+ 57t + S8t — 21,651t — 21,652t — Z1,¢54,t — Z1,tS5,¢

i+l = ree + 53t — 22,t5,t
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