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Uniform computability verified in a mathematically strong system and
semi-intuitionistic provability for existence sentences
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We show that for any existence sentences of some syntactical form, the

solution is uniformly computable in the sense of primitive recursive functionals in all finite types
and its verification can be carried out_in the classical arithmetic containing arithmetical
comprehension axiom in all finite types if and only if the existence sentence is provable in
semi-intuitionistic finite-type arithmetic containing the numerical double negation shift scheme
restricted to Sigma02 formulas with function parameters and the axiom schema of countable choice for
numbers.

In addition, we analyze the interrelation between the semi-intuitionistic system mentioned above and
other semi-intuitionistic systems considered in constructive reverse mathematics.



M X C—19,. F—19—1, Z2—19,

1. WFERHMA YW DO R
BFEOTEHOLE 1T &2 2To
X IR LT, SMEEM-TMY DFET D]
EWHBELTEY, OS2 ML 5D
fEDFIEE LIRS 2T (FETHEH] LIF
XN 5. HERAOET: & FHR FTREECIE 1960
FERLBERESRE LR EEGRO EE
DETHY, FhE ERRATREM) KON —
BREHRFTREME ] &0 S BLRIS N » T % i’
B9 5. #ERMEFITBWCEZOFEHO 2
TIZBW TR 2 HER O A DBBD BN 5.
FEIZ, W@ OB TRO LN D HIESZDIE
1 B Y 7 HE G 0 B TR AR o0 FEAE Rl LB O
ERIIHERRR R TITER O b7z, D7
W, EEOBFTIAEH S A FETEO I
ISR CITRE S e b b H 5.
—J5, FHEATREE S CILEE OO EE A
FHRTREMEOB SN L EEET D, B, 17
TEEBITFHR fT RS T B 1T 5 £/ Bk
ORBTHY, [FME2HZT X Do5ME%
7R Y N—ERICEHE TE 0G0 A
L 70D, MERRIECT: L IRERIS, 8% OB
TiEH SN D FEEEEO HIIE LR E %
TREFMETIEIRZNLDHLEL HDHZ LN
HMHENTWDS., F£72, ZHE TOEEDHE
DFTHEEOFRERIITEPER D B 2 &2
BEREFR L LTHELATWS., DX, #
P CRE CE A HFEEEHDOIFE AL
IEEHRE AR OB C(—RR)FE TREThH
D, WIAERPECE CHEA CE R WEAETH
DIF L A EIEFRE TREHFE O B C(—HR)F
HA[ETIIRVWOTHD. 2B, b bk
BT 1980 FARLARE R = < J8 /| L 7= iy &
XN D BFREBH/ONIE T 0 77 20 dh
. WEF IR AE & 89 72 (G B 1 B LA
RO EcHrome e L, &E
ZAEHT 5 DI EN O T AFLGR) & R
XD, WEROWEFIRIZBNTHEMEL 2D
AR E LTIV AT EE D
IRIE—RR R E R TR IS E T A b DT
Hoto. —J5, WETIIRRAN L T
N5, BEElEREEEMERO EToMHT
e BT TV .

2. WMHEOHM

AT CREIZIR 7238 Y, #EREs: & A A
REFOMICITEEZBAREH 2 Z & BR
BN T, ARBFZED B IE, MR
B D EEEHE O A REME & B R AT RE
BECBIT DFEEHOMO — G E Al
HOMOBZRERETHZ L THD.

3. WOk

ARFZED 726> D EF 72 FEIE, W7 E
WTHWLHN TV D TERAE R Z W THERK
I B D A TEE B O FEH FTREME & &t
AR IS BT DFEE B O O — Bk
HAREME O M E 2@ BRIk L, fEHGE D
FEEZAVWTHEOREBEFHNDL LWV G
DTHD. FiZ, BEEEZRWEICESIAER

CK—19 (Jtm@)

& AT ER BRI I S <ARR D BIR & A D B
D—EKTFIETH D EEFIR & FEIXN D FE
Hin FIESCHEHB ERSHERINERNDZ O
FHREER AT ABRICHERN Th 284 &
FHA[EEMEMRIN & M N B REfAGR 1B %2
AV

4. WFFERRSE:

(1) ZEH1Z, AFORITHEICBNT, X
O Y ZEHE T 5 (RRERITAR OEKT) s
IR — TR PR X NFEIE L, 200N IE
L fRZH 2 TW\WDZ LI E—KEEHE TR
BFITx LT 2 W BFEOKBERRIZEBWT
FEH SN D | VIO BEERIE, FOFETEEEN
1 B B W8 O AR ICB W CRE S
HIElEBRBLZEETHZEEWALMNC
L7-. —HF T, fHEAEHRFICBVLTL, 5
ZATHEFRFREDPELLMELEZ TS Z
EOFERHIIECERICE LT IEEN TS
THdHID, ERROBMAITFEAIERFICH
B TEAE E T DR O —KEEF R AT REME D T
L& LTiEeeHEnLrIiclbins. —F,
I E TOWEFEIICBWT, HILHREK
DRIy & BB DI 1T IE— AR AT RE
BFITx T 2 W EUCFE O KRR TIEA+
DI HOO, BIFHNEABZ /AEIZE TR
RThONEBBELZE TS THDZ LD
nTni. 2%, Lito#Esicsnc IE
BRHRENELLMEH52TND] ZEDIE
Bl % FAT9 DK% %2 ONEICHEF NG
ANEZETH OO IEZEITEHE T hE
BEFT BT DA BB O iR O — Bk 35 AT RE
ORI ERRED L5ICB 25T
H5.

F T, RTINS Y EEET S (5
B 5L T AR SR D TR C) FUAA T IR ) 72 — RREHE
FHRENDGFEL, ZNNELLfEE 52 Tn
5 E MR NN 2 G T i R
WASRICBWTEEH SN | & & LRk
B O FEPIRRICBIT 5 OFEECEDFE
A BEME D BRI~ Z LT, kA
MizpimEA L LML EN D2 2 TOFEE
EEIZx LT, EROBEW TORO R
FLATBEMEIE, MERKPO B O BRI
HEY 7 MEP:

vV xAKx) -> 1V x Alx)
DOIEFIZHVWH THD V7~ 02 “EHLE
VT MNEHEEAREBRRABENZTEON
2 B T 5% m B AN AR SR IS B 1T D RER AT
BRI L > THESIToNnDZ L2 RLT.

(2) BFZERRE (1) 2Bk E 2, v/~ 02 " HA&
BV 7 NRELE G O EE B T R A BRI
R OGP 7258 X 2 iEAT U7z, MR o
FEACITEBERAEREREINERO LT
cExrZenMbNTRY, TOD, H#
B O B R R & U C BB 5% m
BRERZNAVOND ZEN R TH 5.
—JF, EBlEREEENERICET XA T
VT 4 RO IR NS, v~



02 “HEEY 7 MEFRITES SR
KRR TITFEHTE RN R TITHN5.
FOIS, Vv 02 _ELEEY T NEEE
a O EE S R AR RN RICB T 5 REH
ALREME LIS R BRI B U D RERA AT REME X
D HEICHWE D ICEDbR S, &51T, il
BINIAZRTIIAFLE L TR LN DN EB
TFRE PSR TIEREH S N2 WHITR S iz
MHEFHECESEY Y NEHIZEE RO
M O FH A5 BRAR 23 A pk i 18 505 o SCR©
BEIZE BTV, DFY, v/~ 02 &
WEY 7 NEHEZ & o B 28w R
RROGRBEHO LRI 2D Z L IXF A
REBFIZB T D FTEEBEO MO — &G Al
REME & WA B IS BT D & D FERH "] REME
DEBRNRENIZEDLDONERID Z LI
SIS+ 5. ZnEEE x, E#FHIL Ulrich
Kohlenbach K& @IFEHFIEE LT, 550
BAEY 7 MR & AR SO SCRT
Ao T2 imBR B o M o f A R
RAFT-. Hro, “EEEY 7 MRBEAHE
AR O ZHE A ER & OEE R L IE
fEIZ D VW FERIZEEL, VY~ 02 =
BEOREYY MNREEDRZENLL DY 512550
U< 01 ZEBEEY T MR L YR,
R« BT AR, CEAERERE O
O _EAREMOBOMAEHBEREFEL <
fiEfr L7z, 2L C, BEflFEHR—BEEMNAR L
OEBLER EREINERICB T 2 RO
PR oD R o0 AR AL BAFR & SE IR L
7o, FRIC, BB EREREENAR L, AR
WABRbHEY V'~ 02 “EEHEEYV 7 MNE
BTy 7~ 01 e AR L8N S D 53,
T RELDRIRAFRN 2T LY 7'~ 02 _EEE
7 MNREEIEY < 01 JEHEEE G ITE
H S 7o & S FEFE TR i ks R &

57,

(3) FHH ATREMEAT 05T L ATREAL A HR T B
D0 OO BRI 72 FFTEE B OFE &
KBS L, 2 b0 FETEREL
BALMNEREELT-. FORE, 526 TV
L —HFR TR EOZIIHFROTED D
E D O (5 BB A R O B ) JFAAEIR I T
1372 <, DOBRULITFEEHE OO —Hki
B — M RRALE L EHETES
TEMNHBHA L. 2T, —EBRRZEEE A A
B L, FHRE AT REE 2 IS B 1T D EE T H O iR D
—BRFHE RTREME 2 W R I B 3 A T UK
REHAVWTEAT 2 HEIC O W THBRR
L7=. TORER, Bt ed% o0l
LT, 2o 0Bl ExRABEEIARIC
BT BEFAATRENE & ORRIZOWVWT —ED
MENMEONZ. LML, L 5Ex=ZN
5 O RAL 3G AT RE MR AT =70 5F A A e
AR BT D BRN R FEEEOFERIC
FOREBHATEDLDOTH D DDOMAEIT
REFHZICTETE LT, IS HORE
THD.

— 5T, HERREEICK T A FEEEHD

FTEE B O fF O —kREHE FT e 2 — i i 72
FECTHRICEAILT 2 2 LiIdRm S Tk,
ZORALDOZYHITEEICHKR IS X
R DLWV BIERIAMENLE LN
HEDOD—D2EE 2 5.

5. FREEmILE
(WFZERFRAE . WFFEr A M ONEEERSE#
=)

(MEsGEm ) (B 2 1F)

1. Makoto Fujiwara and Ulrich Kohlenbach,
Interrelation between weak fragments of
double negation shift and related
principles, The Journal of Symbolic Logic,

to appear, 2018. (&7 H 0, B E)

2. Makoto Fujiwara, Effective
computability and constructive provability
for existence sentences (Abstract), The
Bulletin of Symbolic Logic, vol 23, no.2, pp.
241-242, 2017. (EFHA V)

(FaxR] Gt 61h)

1. Makoto Fujiwara, Interrelation between
the fragments of logical principles over
intuitionistic arithmetic and analysis, 2018
Chinese Mathematical Logic Conference,
Qiannan Normal University for
Nationalities, Duyun, China, May 13, 2018.
(FAFFaH )

2. Makoto Fujiwara, Reverse mathematics
and uniform provability, Philosophy of
logic and Mathematics Towards
Philosophy of Proofs, Keio University,
Tokyo, Japan, January 13, 2017. (B4 #H)

3. BEEGE, BIFCcB T ATV EAEL Y b
JRERICOVNC, 55 4 [l Lif2 a7
e, BT 7 I U — 7T W, kT, 2017
£1H8H.

4. Makoto Fujiwara, Weak fragments of
double negation shift and related
principles in arithmetic, The 51st
Mathematical Logic Group Meeting
(MLG), Shikino-Yu Gora-Seiunsou,
Hakone-cho, Japan, October 27, 2016.

5. Makoto Fujiwara, Effective
computability and constructive provability
for existence sentences, Workshop on
Mathematical Logic and its Applications,

Kyoto University, Kyoto, Japan,
September 16, 2016.
6. Makoto Fujiwara, Effective

computability and constructive provability



for existence sentences, Logic Colloquium
2016, University of Leeds, Leeds, U.K,,
August 5, 2016. (A V)

(XE) Gt o)

(PESEIA PEHE)
OmiERd G o)
OmfsiRdt Gt o)

(Z Dfth)
R B_N— U
https://www. waseda. jp/inst/wias/other/2
016/04/01/1864/

6. WFIURERE

(D) A RFTE

B 3k (FUJIWARA, Makoto)
FREHERT: - @& - B3
WIEEFE R 20779095

(4) "5t F1#
Ulrich Kohlenbach (KOHLENBACH, Ulrich)
Technische Universitdt Darmstadt,
Department of Mathematics, Professor.



