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w S Nas g (gl Lo aelgd il Byl yd S g S sl )l A g wyp VA

dodle .Y
(‘Investigations into logical deduction”) «‘_5_22# obd b s $u&m 95 laa 53 0 J:.f
3,500, A S 4 e iz SlLe 35,8 e 1934 Jl 5 4 S
Sliws 45 05 o Ol lie ) 5 (55 (G, Gentzen, 1964) &S e o)Ll ) Splzd
0313 DL oy sty (65 iy o s 4y izl Aol g3 5 SIS alul et Sl
e 3 e |y e I e o1 el T8 D15 65 S
S8 43 ol Sl 5 el Ll 0525 (8l Ol 5 il Soale e
a8 5 e 0sls Ol (glad gw)ﬂkcm\ﬁ,a:;l ©y <l 5l S«
Vo Sl 55 o 5 Ll sl ol ) o8 & el 035 oy (5la S5
delgd ol W\AU@ (structural rules) (s bl delsd | Wapl o5 LS o lil ghel 8 o
S Ol ol ply s el Sl SaS 0Ly Sl iy WOT pb Sl S 4 S 0les
)03 3y el g g g0 058 koS

«(operational rules) (s S Jas dels3 (4l

(structural rules) g Lo del 48 (O

3550 b dsl e Gl s S L sddeslinal Mol Sy b5 5
b IS o 5 257 o oA o eilae b S late o prd s
Lol ey e Sl 8 Olge b dllds () 52 S Wsd o el V3 v © A (Ble
S Lt Gl 5 bome s S S Al Culg el a5l oo oL
e S 31 P a3 SIS BASOl (6,8 Jae Aol 85 45 e ks (65 Jar el 3
S bl BS s izl = Shs ol g edle syl gl
IS8 1 il S g o2 g 5l glazdy a8 gl & ctites plind
el s a8 wab e ool el 1y s Sy pl (Al s Sy pl dly a5 s
35 ol Ol bl 4 Jrabiny Jlis

5 GAI) 0dol g5 5l Dl Baly A3 dalp sy sk ) s 4
ﬁw@:wo;;f«sa,fowLihs@\,ww\@)godum,wu@uu
L g o5 (58 e el bl B dlate ol leils 0Ly (lan Hacking)
L1 ol Spteaal 5 sy ST9UIL e ol f a8 03 28 s (bl el B 5
1l 5 (IS glaadl 5o (s 3 S ol S LS el S8 e


http://www.sid.ir

D oS 5 IS5 e
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(I Las ol 3 600 (6 S Jas delp s 55 5d e
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Ll Kos

L8 . glaal Jetle bl del 3 Sl a8 Cd Azims (Peacocke) SIS,
5 R G S Jo8 JlB ok s p o By il Sl 5o (608 65
Al ot e e sty S5y AE 5 ol S (hine S e ol ol Calg 03 5 355
Ly g0 5 S S o Al B il gy (late ol 5 IS D5 e g ) 53

siboee akil ndls s LB Sl el Dl il ey oy 55 ebdim e &5 8
SIS S & il s S PVl A L O S

JY il (g U L) ple (51 525 .Y

by S il L) ) Dpd a8 S s Vool sl Olge 0 X5 A S
doms 5 Oladie Obe bl Aol eSOl Fosles 5 (asl bdse b 51 (slas sasms
2ol pl 53 5 s 4t X G A &S el bime ol w0 XA &g ol s il
IVl Slodia O 3 oS g o 55 paze (sl (68 lamsi S sladVod
(Gabbay, 1981: 6) 5 5 dal = J e 3 S IVl G 5 nd go 5 51 glagls S

slaaly o S el il ol laad gldal, X 5 A Obe daly &0 4 o
O Cow S 5,03 35y Jalys &Sl cdls X 5 A Obe izl daly Ol ol |,
el assame il B e s s Al gl (Gl Ll
S5 IS L oo a5 18 b IS w550 Jptl b (ilaie 1) (5.5 Joe
Codls gl sl Gl b L S50 Lelse nl ks s o op) s 5
b e IV (gl gla S50 1y cpsley sl 028 (Paoli, 2002: 6-7)


http://www.sid.ir

S Siis oS ol ol ol 51 e sl gl Sy ple sla Sis 6ol0Sel
w |y ke sl bl aSepl Osd gl e i) Jltle Sy e 4 Lo ple
s 350 L3l s &y ol oS (55 o delp OV S LS oy il
2y Wl w01 03 @ (ol ilate ol G SaS 0Ly &) i il
oA SIS sl 53 a5 L as e Jpwl 5 (55 Jes el ol b
Cord g 3 bpo 8 sl sl Sy lls IVl Coale L5 S
SXFA Lafy ol Sle w0 k)8 o 355 4 Nzl S g0 del Bl 5l lad ge
Sl 2ol B Bl i egee sla S5ty o ol bz a5
2 Sl ol (6, S Slatin kil ES s W Sy ol 34S0Ly
del i s i bl Ol ke s S Jes L 0l5 o o5 0T bl ol sl
ruﬁb Cows 5 olate ke St & ol

(generic properties) oLs Sl S5y o ol o io;.:;f Sl-Masl 4 a5 L
as S s ol 4 (specific properties) ol sla S35 5 okl delsd |
Tl TS Jas Aol by a5 Sladie 53 ilie 5l S Jus 35
.(Read, 2012: 42)

O3S (5 s lw acled Y
as S (Semantical Investigations) _Slo—w sla ingis QLS (i o5 prazin
o daslss caed aslsl 3 53500 o (Sl ezl daly JS gl S50 )
sl el S el Aol 5l dns e e 5 SISl lend e
Aty el S ans s o atis @ |-w Sy 30 4 4S Mali e @ 5y (S| s (relation binary)

(Gabbay, 1981: 7) (13 Aal 2 o313 e 5 s folsl 53 Lol o) el 5 Lol 5
@)  ARA

(b) if oF4¢ then ¢, o'y
(c) if ¢ CH¢ and ¢ C then ¢} ¢ (cut rule)

(L) L cledde Ols S 5 e el rlaal da ) saes Ol « |—>) skl
%:...é_? ‘(reﬂex1v1ty) w&.@\ g_,.;]?m L QLL:.:M\ b L"’;}:’.) U'L‘ ol oS u.”!'—n:r-ﬂ
" (Read, 2012: 42) * .l sl “(cut) oy 3 (weakening (monotonicity))
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WY oS 5 5 S5e o

;5'9]” N Cm‘ BE) LS)LI}LM’ J.G\j.; d\j& @ b odeB )LG-?.' J’-’-L‘J L;QSL’U%
—ixa5 (interchange) sl-al> o 5 5l Ll e oS (Gentzen, 1969: 84) S
.(contraction) ool s «(thinning)

AR RAtRN ¢

ol ol ol S ad oLl Sl Bl s S 5 Sl Gy O3S
ol 4 Ol by e Slois s 51 S als i ALl s
Gl il Jol 5 sl Sleacpl ol Ko ol 4 kb S Sleacy
s QLA 1y o) ol i 3890 oY 545+ 4l .(Von and Gottfried, 1976: 58)
2 UGl ad, Sl 4 g L ogS gl ol e e sl Ll
{(Hacking, 1979: 293) ol 4l 3iss Ll5 8 5 o ols i) 4 23850 Ll
ole a ol Glan ol 5l plinal SamSOly s a4 oSl okl saels
e Lol gl 0 AFA o WL Solg j gland;y e gladd, ol s 558
g & Sl 03,5553 s lodsls Oy 4 1 oSl 306 0328 oSl
foybge ol SIS 1y Sl 50l ) s 355 e s sl oles
53 tle it iy e glasy Olus ol a8 b s beans; Olus
Ve LG AFAAFA) Sleacyl b s s sl & ulg s Al 25550 ks
Syl o ol (first-root proof search) Ols ,» s aly, -l =Yl &
.(Negri and Plato, 2008: 28)

il sasB VY
Olsie a5 01 058 i 5 SISl ( (Sl & ol (63,150 dhor ) Cinns 303
S et osls 0 4 SSUS sloe a5 iles S e (gl dusls
Ols2e OS5 (dilution) (J&) o le (Hacking, 1979) -.Sa 5 (Gabbay, 1981: 7)
S S sl pl den J e (ol 3525 b biles S @ | (thinning) « s S 53 )
b o (S adl s e oy 2 (6l et aedie S 05 8 ] s
el 03,5 = e PVl Do (52 1 Jool

Ifo by then 9" |y
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5 (S s S el sl 3 bl e pn s 058 15
sl IVl
HFA
HAFG
.'.H|-G cutd

C.».w\ Q)j&w‘MLs‘w)uLM?‘)JOJ\FBJ\ QL:.’

I'—-8~% X A4-A
raA-ao,A

cut

ol 2 b a8 5 S & e hauptsatz) Ol e b glands (b 3455 b me Sl e oS
ol Sy W 55 de B sl sy 5 e IS 1y e 3 S mlmnad s caad
O DU Gl Sl sy Sladla o S U ol 4 e Glate Gl 1 4l cnl s
(Martin-Lof, 1970: 68) Y - )ls slaslS & 0155 s & 305 Syt ol 50k 5] 423
35 o L2l (Dragalin, 1988: 87) -J&1,5 5 (Schwichtenberg, 1977: 77) & iz sl
Oals Ol g s N sdes 08 Gland,y Cle 5 Sepl 4 axg L gk
& o s ol Shs U5 e |y hauptsatzy azs Sl Vil 5ds bl
" (Pfenning, 2000: 84) ol O1 31 e baazy o (658 3l o S 5,51 Sl

SRy

53 ISl e 4SS e oL (contraction)\iubl.,&l Olye b5 Shsa0oxrs
:(Gentzen, 1969: 84) > 5. Bl et b Oledia aL

AAT - @ [ - @A A
——— in the antecedent ———— inthe succedent
AT—-0 —-0A

Gl 1y ol 51 LSS 0l e Al ol 1SS Jse b Sladie p3 SToeaels ol o Ly
Jge b 53 01 31 (SC Ol o 3L ods 1SS ami 0> Jg0p S )so an s 53 S
Vol ole sl 1 S505 Olye a1y ool 55 5 Ol 3,8 ol a5,
‘(Read, 2012: 43) sl 03 S Ols &5
IfX, 4, A, Y} Cthen X, 4, Y} C
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WY oS3 9 5 S s oo
bl sl Ks oy

s5ms 5 6,5 gl G S T Sl SISl S s o el e o Olin
23 a8 saze Jgn b b a1y IVl i) (65 15 s antls 10 Ol 4 S a8 Wl
sy IVl 55 e sb 4 dsgemme la Sy oS Lol Gl s ol v S L
e sl el o35 2 b Todome PVl sl 5 b Sy cal ol dalys
Olye & Ui & Sl aepommn Sla S 5l abralr 5 S0 Sl Sis
o> (Timothy J. Smiley) Jlaw! cproa 35l Clom 4 (bl sla S5y Sos
B Cm\ FIC e 4 (‘entailment and deducibility’) «L;ﬁ,gcm\ B r\;l:.ﬂl» Jio
wHs b o Jeol il Lo 8 Lles 5 o Jol s 4 2 sk 4
Lrls S Jos Aol Sl b pleaad &S S o o)Ll pge (S5 s 4 g5 O
058 bl del B dan el el ails Ol (g5 401 .(Smiley, 1958) Al Lol
05 el 3 sltle sl Shs s IS b 4 il 505 8ol 4 5Dl 4
[(associativity) (g S .5 .0
X, A),Y FCifX, (A, Y)}C
:(permutation) ‘jle-«gle- A
IfX,A,B,Y FCthen X, B,A, Y} C
:(premiserepetition) bl..sl .V
IfX,A, YFCthenX, A, A, Y }C

P A . Z . WV . Z .
JYJ:_M\A_ZQ_?J‘.U@\):SJ;S&J&& uplfml‘_ﬁsﬁjw&p LW‘;}:}
leub@\;ﬁjﬂbﬁgbjasﬁj|ﬁé|um455),.'2& osls Ol o
L. SJ&G._sJS;_é.l;-bLaL')T)'lJi.:o\ijboﬁ)lﬁgy}c;bwﬁ

. - . e s - Yo AR
QWQUMJJMerUJ.ﬁ‘ﬁj ‘el

s 5425 ) ol g
L oaodis 3 Jgo b odels ol 5o Lol os S bl 1y Jge 3 015 o CddS oS Jais
g g IS A
«(substitution) _s.iil- A
if A} B then A [a/b] | B [a/b]

355 b 3lge den il a B 5 A Glad g b 3wl ul ulal
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:(suppression) ololgs A
IfX A} Band [A then X | B
Cowlos S S5l S ple adils 5 6 plsS i sla Sis o Ll
Sho Ll a5 Slodde ool pf 530 s o e 5 S ol sleolgy sael
(Smiley, 1958: 237) (L 55 oo > gl Ly, Sl daes stk
S QTQ\):@ b ke Bao s IVl wledis 31 S ST s @ojle o
S, 6]"U Vol doe s 53 dedie ol Bl 55 S B Cl:.;.:wl Sledie

i Culys Qy j2i dadddlyl (5,5 Jos aclgd ¥
Sleslial b aS' sxe oyl 4tz (building rules) o3l el 3 O 528 (5 S Jos Aol 5
i S eSS L alad s b 50 oS S L pladse B adaes del B
O del b 5 S o e | il Dl (Sl b yme Aol B (655,50 55 50 Lpd o0
Lol o w4 (Inversion principle) ' S5 ls ol 31 eslizal b 3 me 2ol 3 3 b |
sl a0l 4 Sl Glate 3,y ol o3 28 kst 5sb 4 (Gentzen, 1969: 80)
osb 4 5 (Prawitz, 1974) ol oAl (general proof theory) Ola ;o goe 4 a3 | ol
e 0L 53 01 3,18 & gl ) L line OF s 48 Sl o 5l 2w ol Sple L
.(Schroeder-Heister: 2014) > s &

@ Olgn S Jas GGl 5 B me 6l el Bl Oy 4 a8 G i 4l
L sledels o 015 pad s sbe w38 8Ll e w1 S Jose O (558500 s
Shadsed e S b tonk [ gedin Sl 5 S Bl e 4y lalals ¢ 5 mn O
LLES o B @ 1) s 552 OQ\WquHSg;M\ B 5 B me Aol g
4 o (Belnap N. D., 1962) (conservative) WLSJL"M.&L? Jol Ll b ol «(Prior, 1960)
Sl 1y sudsdeme Lyl aw (noncreative) O GV ,8 b 5 &1L S (6 &
.(Hacking, 1979: 296) .S Ll LmeJA; bl ca

S dE1 5 90 Ao O
«(Hacking, 1979: 298) -,.Sa dlis s 55 i 4 (g3l 53 (Christopher Peacocke) SISy
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SV aS 3,8 Jos Ol e 65500l 1y (g5 IVl (g g 455518 50 (g kel
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Lyl g oz g B 5 b yme dolgd o b 3160 ) 545 (sline ilaie 2ol )
(b 555 ol Sl b3, o)
Lal g alate ol 5 (glins sl Lo gazma (goltli Aol 5 (6 S Joe el Y
(b s ) Sl 15 Sy o2 2
Sl i 5 IS Jbt Jl e 53 5 Llsys s Sl 55 Ss) 50 e
23 ol el oS 358 Sl el IS Il slesl Ak w5 4 5 pas ledl Aok
5 plr i Lgame il 5 (65 Joe el 5 WSS e Sl (slas
Al 3 oS 558 U Al Vil Il slesl Al gl bl das o a1l _iae Sl 51 ails
el Il ol e e dle s Sl sl BL) sl b Y Ll s Gl 5 e
wwi ol 52 S SSUS s Ksy opd DU AL 55 ookl el 3l g8 fes
D5 el Ard dw g (JS 55k as Ul5 e 3503 5
«(holistic) <l S S 5 S5, (Al
¢«(dualistic) 6)l<3|}3 558, (o

(relativistic) ! Jf s D 9 (C

8418 IS 555,00

e AT e s 4 e S A 4 e Sl lae Sy oal ol
Vol o ilate ool OF Lamies (6 5 Jas dels ,odle e Sl a (slias &S 50
SIS g 3l e 0T (glina L6 5 ol a8 s 05 ol 5 3 me Aol 5 40 el 3
55l OF hls &8 plaarsy (6 ndoldl s b 3l bas cpl 3 il g e
SOl & (goltle deld oyg pl b3 (Paoli, 2002 9) Sl Jpam KB s
S oS el iy Al B e Sl st 1 s ol gl S (e
Goslal 2 5 5,5 0 )t e BB ax s S B Lo S,
el B s Ol B ) L3 s il plete 65 Jos (sbas G Ll
.(Wansing,2000).xj|.>daobaﬁ:\ijléijsd»}w:ﬁ})b;?#ﬂb;wul
.J.LI_MALrlgtgblw6\)‘3&}&/5&96‘}&»&\)\5&@‘}4{‘#d\&k
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WY oS 5 305 S5e (o

Glae ol el B a5 (S Jas Aol B 4 op (5356 Gl 53 b IS (gl
sl M\;”é:j@.i

S Kl93 5,555, ¥
el s ool el Sl gl SlS 2 S S Jos 2ol 55555l 2
Sl (6,5 as dsl oS Jlm s cillenal sl ilis $aS0Ly s
el sl O3l 4 ks akax 3l ((lan Hacking) e A alae ol 5 (sl
J= el il e 5 86 el o Sl o el sl oS el sk ol
Ol Sl Glae sb 50 Jpol Lilea (gLl el Bl B Sl A3y sl J sa
(Hacking, 1979: 294) "tzon 3¥ ol (slad s 3 51 S o slad 03

(Negri and Plato, 2008: 183) (¢ lexlew Ols o 4,5 OAS 35 53 5 (6,55 e
s e 3 55 o R oS s 55 a4 4y SIS | (5l el 3 Y5l
) Lns 20050 s il (ki Lo (s _olgias OLds 355) At s3line el 33
Al Jms Sl

&I;w.s.sﬁ”\‘.'\

s, 05d o e Vo 4550 OL3 5 (o5b 50 L5 i 53 4 O3 B cnl s
e 5L OL5 5o band ) ol rlinal daly o 5550 0L 5o e 2ol
ol Gla S35 o8 e Sl a s 3y e cpl 3 (ol Al B 5 055
& (punctuation marks) (s A8l WDl Ale wly o S e esly baad ) 3 5
53 Bt Ol plad Slatine) 5 odiS s (bl el B daes (ol del 5
S laer 5 byo 1 65 Jas 4ol U5 0 538> Sole 4 Nipdp £y 0L
05 53 A-B &5, Jle sl dls 5550 0L Sl W e (bl sl 3
S o oS W o L3 53 (Gl il LB A GIB) LARB jltle (o 5550
3,0, 1440 5 5 (Dosen, 1989) > 5 lem (Dosen) 95 Lol 1y 3 Sy ol
2ol ol dime g5 (Girard, 1995 10) sls &l 3,555l 5l SSGH ok
Aol mn Sl e U5 Glaw 5t e S8 Gl plod 3aSOL (bl

e 5503 S sl
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Aol e s 3 bt deel 3 LT as alies ol g b ey 3L s
G55 oS s 4 sk Jae S ol as Ols 3l b ls (58 (5 8 Joe
s el S s Lol o Jol AT skt ol gl 5 sl 2 o0
sl oo S IV Ay g el andie L ol (6 el el
«(Hacking, 1979:299) s _dkais Col 5§ S o 5 4 iy 105 & (5 S Jos ol 8 )
((ibid: 299, 301,304) " ail (g bl bk shls b (58 Jes el g3 Y
(ibid: 298) 2,138 5b alate Cul g o 5 55 okl Aol 3 Y
e Szl g o @t 4 e SUU G Al p g Aedde a5 L S
S el g (g il
O Ao sl 53 ilaie Sl S53 01 s w5 (58 Jae el 3 S0 0
0 g Ll g oS WLl LB s
o (ol sl (6 S e Aol a5 ST 5 d O Sl 5 1
A dal (a8 gkl b s sl il

Vool Jl dedze
Lri]a.;ng;_gbﬁg_&.if}L‘b\):é;&&J&ljizﬁ)kfc,é)}gd’y,\mldjlhv\b
ORI N SIS S 9§ ISP JOCCIN R PR SV SNCIIN U I

das o &1 s g lesl ul gl (g s ol Ll et
C“"ﬁé‘ﬁg‘iﬁj@'ﬁ»“sc’“"°M°°|°Ct")‘g;‘**’)uZJ%‘J‘“JJ‘J':}"J’
L aS ool A ol ol e gl L s (Tarski, 1983: 420) (5,5 3 g2 5 ikate
Q_Lul_gj-?a\{;)\x;ﬁ}uolj\dgﬁaﬁ@ﬁ‘«swwgb &\L;ila'.pq,_g\jj

¢ c s . A .-

S Jes sl Oy S w5l 13 IS jsb a4 el e Gl 5 sae a5 (500
L bl aol S aen 40 5 A3l a2l 525 Loy 31 pegd UL (&) Cikae e
3ol a1y (S s 0508 S Ol oS il sl 3 by g gl 51 5
Cio g i Dyso il 53 (6,8 Jes Aol LB s > (Hacking, 1979: 287)
Q:QAL}.:J:W@.JJJ\.»&AS);\)LAJJda}ébz\jé\asd‘:{\jsw\q\jjzﬁjls
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WA oS 5 05 S5e (o

L mhle b a5 Lol iy wd & 5 L e Culsh Scis 1) S Jos dsl
{(Hacking, 1979:299) <3 S Civo 55 Jslre [, o dob sl o oslizal iy a5

J‘Y.J\:,ﬂ\p:la.,\.i»

o e s bl e 8 Jes el Gla S5y s 4 IV £33 dedds
fL:;:.w\sﬁj)ééleé\rLc.S.m@djbﬁlibﬁé\)\:v\ﬁbéjf&w.&\jémm
el 5 b sl daie ol (gl a5 s S e el pl s la p A | (g lsbae 4
Al Jpam 5l Vsans &S ol ol b 55 Slis bl il Jpam BB 5 S oo
Sl Sose 53 S Jes delB Sl b cnl S sd e B8 B s
rv.mt{lgf;a\.xq-\;45@\;.@\;5—&@(;3%}35@\) r;ﬁ(adequacy)

6ty b e 5 1N Y
e ol 355 5l Cmilen (gl goblae 4 ol Slianl 55 5l gl s ik
5SS das e sl ool LJ«i‘Q\Q,ULiSd)@)'LwU@}W@g}:M
u_fjwjt.c,_w\V;_.M:Mp)@juuwilaﬁc,g.\jiajﬂjldﬂ_fjlq-bf;wlém
(Belnap, 1962) Ja> oo e 5 S8l okl

cﬂw\sjd\wj:és’Z.éliwjjw.@mu;jjﬁopjébbsiigw
ST &S ol (51458 WL 0L 5 (Coel 0k il O w0 L iate ol e L )
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22. ‘The introductions represent, as it were, the ‘denifions’ of the symbols concerned, and the

&E

eliminations are no more, in the final analysis, than the consequences of these denitions’
(Gentzen, 1969 a: 80).
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27. ‘However, the weakening and contraction rules in themselves have no proof-theoretical

meaning, as was pointed out by Gentzen (1936: 513-14) already’ (Negri and Plato, 2008: 183).

28. ‘the actual meaning of the words 'and', 'imply', 'or' is wholly in the structural group and

it is not excessive to say that a logic is essentially a set of structural rules’.
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