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In questo quaderno de “La Nuova Critica” viene presentata una 

serie articolata e mirata di papers che si sono venuti raggrumando, 

in modo diverso, a partire da alcuni lavori presentati in occasione 

dello svolgimento di una Conferenza Internazionale dal titolo “Sci-

entific Models and a Comprehensive Picture of Reality”, che ha 

avuto luogo in Helsinki nei giorni 21 e 22 Maggio 2016 sotto l’egida 

della “Finnish Society for Natural Philosophy” in collaborazione 

con “The Physics Foundations Society”. Il quaderno è stato curato 

da Tuomo Suntola ed Avril Styrman. 
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The Workshop program and links to the presentations can be downloaded at 
http://www.protsv.fi/lfs/luennot/2016_Workshop/Program.pdf.   

http://www.protsv.fi/lfs/luennot/2016_Workshop/Program.pdf


 



 





































a.  Can we call this a prediction? A prediction precedes observational 

checks. It is commonly assumed that the discovery of the MBR was first 

made in 1965. This is historically not true. The background had already 

been detected by McKeller in 1941, but its significance had not been 

realized. McKellar had found that in the spectra of some galactic stars, 



upper levels in certain molecules had been populated, which could hap-
pen if there were a radiation bath around. Using the relative population 

densities McKellar had estimated the temperature of the radiation bath 

to be 2.3 K. This was not too far off from the present-day value of 2.73K. 

b.  The temperature of the relic radiation cannot be determined by the early 

universe calculations. The estimate 5K of Alpher and Hermann was 

guesswork rather than any theoretical calculation. Indeed, on later occa-
sions Gamow himself had guesstimated the temperature variously at val-

ues between 7K to 50 K. 

c.  The concept of a radiation background in the universe did not originate 

with Alpher and Herman. There had been other previous predictions of 

a radiation background with temperature of  3K by Eddington and oth-
ers. These predictions had used starlight as the basis. Recently, Jean-

Claude Pecker, Chandra Wickramasinghe and I have repeated Edding-
ton’s calculation to show that based on the recent stellar data, the radia-

tion of all stars in the Galaxy, if thermalized, produces a temperature of 

around 4 degrees absolute.  

d.  In 1955 Bondi, Gold and Hoyle had shown that if all helium were made 

in stars in the steady state universe, the resulting radiation on thermali-

zation would have a temperature 2.8 K. 

  











So the expectations on both sides may be summarized thus: 

Particle physicist: Since the big bang is a well-established paradigm and 

secure as a theory of cosmology let me try my speculations of very high 

energy particle physics in this background… 

Cosmologist: Since particle physicists know what they are talking about, 

let me apply their well worked out theories to test my speculations of the 

very early universe. 

Fact is that both sides are using speculations only! 
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http://www.protsv.fi/lfs/luennot/2016_Workshop/3-Barbour_Origin_of_time.pdf
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When the objects of an inquiry, in any department, have principles, con-

ditions, or elements, it is through acquaintance with these that 

knowledge, that is to say scientific knowledge, is attained. For we do not 

think that we know a thing until we are acquainted with its primary con-

ditions or first principles, and have carried our analysis as far as its sim-

plest elements. Aristotle, Physics, bk. 1, ch. 1. 

If a thing can be done adequately by means of one, it is superfluous to 

do it by means of several. Thomas Aquinas [7, p. 129] 

It is vain to do with more what can be done with fewer. William of Ock-

ham, as quoted in Russell [8, p. 472] 

We are to admit no more causes of natural things than such as are both 

true and sufficient to explain their appearances. To this purpose the phi-

losophers say that Nature does nothing in vain, and more is in vain when 

less will serve; for Nature is pleased with simplicity, and affects not the 

pomp of superfluous causes. Isaac Newton [9, bk. 3, Rule I]  



…if everything in some science can be interpreted without assuming this 
or that hypothetical entity, there is no ground for assuming it. Russell [8, 

p. 472] 

In scientific thought we adopt the simplest theory which will explain all 

the facts under consideration and enable us to predict new facts of the 

same kind. J.B.S Halldane, Science and Theology as Art-Forms, 1927. 

As quoted in McAllister [10, p. 105] 

It can scarcely be denied that the supreme goal of all theory is to make 

the irreducible basic elements as simple and as few as possible without 

having to surrender the adequate representation of a single datum of ex-

perience. Einstein [11, p. 165] 

…different, conflicting theories are consistent with the data; ...Given 

that the theories differ precisely in what they say about the unobserva-

ble... a challenge to realism emerges: the choice of which theory to be-

lieve is underdetermined by the data. Chakravartty [12] 



If one considers the history ...what one typically finds is a regular turn-
over of older theories in favour of newer ones, as scientific knowledge 

develops. From the point of view of the present, most past theories must 

be considered false; indeed, this will be true from the point of view of 



most times. Therefore, ... surely theories at any given time will ulti-
mately be replaced and regarded as false from some future perspective. 

Thus, current theories are also false. Chakravartty [12] 













(a) The Relativity Principle was postulated in Special Relativity. 

(b) Special Relativity was extended into General Relativity. 

(c) General Relativity was extended into FLRW. 

(d) The Relativity Principle contradicts absolute simultaneity. 



(e) Cosmology requires cosmic time which requires absolute simultaneity 
and thus contradicts the Relativity Principle. 

(f) Escaping the contradiction requires either rejecting the Relativity Princi-

ple or rejecting cosmic time. 

(g) Neither can be done. Rejecting the Relativity Principle would mean 

breaking the backbone of GR and thus also FLRW. Rejecting cosmic 

time would render FLRW useless. 



(a) The Relativity Principle entails eternalism. 

(b) Eternalism leaves the direction of time open. 

(c) Therefore GR needs an anchor for the direction of time. 

 



(d) Entropy is now the commonly accepted anchor. 

(e) Entropy that is applicable as the anchor is that of total entropy of a TSU).  

(f) The concept of total entropy of a TSU whose parts exist simultaneously, 

entails absolute simultaneity. 

(g) Total entropy thus contradicts the Relativity Principle. 

(h) Therefore, entropy cannot function as an intelligible anchor for the direc-

tion of time in the context of GR. 











The weaknesses of a theory often do not appear if the theory confronted 

with the facts as seen from its own perspective, but may only appear if 

facts as seen from the perspective of an alternative theory are allowed. 

Hoyningen-Huene [64, p. 10] 

 



1 For congenial formulations, see Quine [1, p. 11] and Cameron [2, p. 250]. 

2 Economy has also been called Ockham’s razor and the principle of parsi-

mony.  

3 The weight of metaphysical commitments of a theory is determined by the 

number of different types (or kinds) of metaphysical entities, and quantities 

of each type. Both the number of kinds of entities and the quantity of entities 

of each kind need to be counted, for one can compensate the other (cf. Nolan 

[4]). 

4 According to Sider [31, p. 230], Quine’s [1] ideological commitments are “as 

much commitments to metaphysics as are ontological commitments.” 

5 E.g. Planck [16, pp. 33-4] and Feyerabend [17, pp. 193-4] [18] warn about 

the dangers of dogmatism. See also Narlikar, this volume. 

6 Aliseda and Gilles [21, pp. 466-7] propose “that philosophers of science have 

to develop not only a theory of the growth of science, but also a theory of the 

appraisal of scientific hypotheses. ...we need a theory of the appraisal of sci-

entific hypotheses which does not involve detailed considerations of how 

those hypotheses are discovered.” Economy is a suggestion of exactly this 

kind of a ‘theory’ or a criterion of fitness. 

7 Niiniluoto (personal communication, 21.5.2016) confirms that he accepts the 

idea that the similarity approach is first applied in picking out theories with 

the most accurate predictions, and after this the aesthetic features such as sim-

plicity are evaluated. 

8 These remarks conform to Snyder [32] and Whewell [33, pp. 83-96]. 

9 For the basic structure of DU, see Suntola [34] and this volume, and Suntola 

et al. [35]. See Suntola [36, p. 125] for comparison of the postulates.  

10 This test is analogous to Chou et al. [37], where the difference in heights of 

the clocks was less than 1 meter, and the resulting difference in their velocities 

less than 10 meters per second. 

11 See Suntola [38, pp. 12, 55-7, 283-4, 301, 313] and this volume, §4. 

12 As in this test we are dealing with differences in the state of gravitation, 

Schwarzschildian metrics is applied. If we were dealing only with differences 

in velocity in a fixed state of gravitation, Lorentz transformations would suf-

fice. 

13 See Suntola [38, pp. 36-9, 73-4] and this volume, §4. 



14 Lehti [38] notes that Einstein [41, pp. 98-9] in no way indicates that he has 
given a suggestion about the structure of the Universe which is incompatible 

with his own Relativity Principle. 

15 See e.g. Rietdijk [43], Putnam [44], Peterson and Silberstein [45] and Saun-

ders [46] for proofs. The fusion of eternalism and partial determinism —or 

indeterminism— implies some version of branching space-time (Belnap 

[47]). If branching space-time is evaded by selecting total determinism —also 

called causal determinism— the question boils down to whether total deter-

minism is plausible after all, as it is e.g. incompatible with free will. 

16 This definition is congenial with e.g. Dummett [49, p. 73-4] and Putnam [44, 

p. 240]. 

17 See e.g. Broad [50, pp. 59-60] and Deasy [51, p. 2075]. 

18 See Sider [52, p. 261]. Merricks’ [53, p. 105] critique of the growing-block 

theory applies also to the moving spotlight theory. 

19 See Suntola [38, §§1.2.5, 3.3.1, pp. 254-6], [36, pp 186-7], this volume, §4. 

20 The following was inspired by Sipilä [56]. 

21 The standard interpretation since the 1930’s has been that galaxies and plan-

etary systems do not expand but the Universe as a whole expands (de Sitter 

[57]). The expansion is explained by Hubble flow between galaxies or galaxy 

groups (de Sitter [58]). 

22 See e.g. Gough [59] and Bahcall et al. [60]. 

23 Emiliani [61, p. 543] notes that there was water in Mars more than 3 billion 

years ago. 

24 See e.g. Kusky [62, p. 238] and Le Bihan and Fukuyama [63, p. 344]. In terms 
of DU, ‘3.85 billion years ago’ is translated as ‘when the 4-radius of the Uni-

verse was 3.85 billion light years smaller’. 

25 Lunine [65, p. 162] notes that the Earth should have been frozen for the first 

three billion years due to the faint Sun but that geological findings suggest 

that the temperature of the seas was much higher 3.4 billion years ago than 

today. 

26 See Suntola, [38, §§7.3.3, 7.4.2] and this volume §4, for the effect of the ex-

pansion of space on Earth to Moon distance, and the compatibility of DU’s 

predicted expansion with coral fossil data. 

27 Pierre-Simon Laplace, Mécanique Céleste 1, 1799-1825. 

28 See Suntola [36, pp. 175-6] and this volume, §4. 
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reference 2,64E+25 MeV dim. 7 base 2,0

(-3,-4) (-3,-3) (-2,-4) (-3,-2) (-2,-3)

particle energy N -2,000 -1,750 -1,667 -1,500 -1,417

Y(11020) 11019,00 474 474,02

Y(2S) 10023,26 475 474,98

9057,20 476

10921,0 477

Khi b1(1P) 9892,78 478 478,00

Khi b2(1P) 9912,21 478 477,98

Y(10860) 10865,00 478 478,02

Khi bo(1P) 9859,44 479 479,00



Bottom Charmed Strange Nucleons

reference= 2,6E+25 MeV dim. 7 base 2 (a,b) (-3,0) (-3,1) (1,-4) (-3,2) (1,-3) (2,-4) (-3,3) (1,-2) (2,-3) (3,-4) (-2,3) (-1,2) (3,-3) (-2,4) (-1,3) (0,2) (-1,4) (3,-1)

(-2,-4) (-3,-2) (-2,-3) (-1,-4) (-3,-1) (-2,-2) (-1,-3) (0,-4) (-2,-1) (-1,-2) (0,-3) (-2,0) (-1,-1) (0,-2) (-2,1) (-1,0) (0,-1) (-2,2) (-1,1) (-3,4) (1,-1) (2,-2) (0,1) (1,0) (2,-1) (3,-2) (1,1) (2,0) (0,3) (1,2)

Particle E (MeV) N -1,667 -1,500 -1,417 -1,333 -1,250 -1,167 -1,083 -1,000 -0,917 -0,833 -0,750 -0,667 -0,583 -0,500 -0,417 -0,333 -0,250 -0,167 -0,083 0,000 0,083 0,167 0,250 0,333 0,417 0,500 0,583 0,667 0,750 0,833

Xi b* 5945,50 487 487,00

488

489

490

491

Sigma b*+ 5829,00 492 492,01

Sigma b*- 5836,40 492 492,00

Sigma b+ 5807,80 493 493,01

Sigmab- 5815,20 493 493,00

Xi co 2968,00 494 494,01

Xi c+ 2971,40 494 494,00

Xi b- 5790,50 494 494,01

495

496

Lam c+ 2939,30 497 497,00

498

499

Delta 1232,00 500 500,00

Xi c 2645,90 501 499,99

Lam 1115,68 501 501,00

Lam c+ 2628,10 501 501,02 501,98

Lam c+ 2881,53 502 502,02 502,98

Lambda bo 5620,20 502 502,01

503

504

Lam c+ 2595,40 505 505,00

506

Xi - 1321,71 507 507,00

Xi c'+ 2575,60 507 507,00

Xi c'o 2577,90 507 507,00

Sigma- 1197,45 508 508,00

Xi o 1314,86 508 508,01

Xi co 2819,60 508 508,02 508,98

Sigma o 1192,64 509 509,00

Xi c+ 2816,60 509 508,99

Sigma+ 1189,37 510 509,99

Xi co 3079,90 510 510,02

Xi c+ 2789,10 511 511,02

Xi co 2791,80 511 511,01

Xi c+ 3077,00 511 510,99

512

Omega co 3695,20 513 512,99

Sigma c+ 2517,50 513 513,02

Sigmaco 2518,00 513 513,01

Sigma c++ 2518,40 513 513,01

Lam c+ 2286,46 514 513,99

Omega co 2765,90 514 513,99

515

Lam 1405,10 516 516,01

517

Xi - 1535,00 518 518,01

Xi co 2470,88 518 518,02 518,98

Xi o 1531,80 519 519,00

Xi c+ 2467,80 519 519,00

Sigma - 1387,20 520 520,00

Sigma c+ 2452,90 520 520,02 520,98

Sigmaco 2453,76 520 520,02 520,98

Sigma c++ 2454,20 520 520,02 520,98

Lam 1519,50 521 521,00

Omega - 1672,45 521 521,00

Omega co 2695,20 521 521,00

Sigma + 1382,80 521 520,99

Sigma o 1383,70 521 520,99

Proton 938,27 522 522,02

Neutron 939,58 522 522,01



TABLE 2. Baryon rest energies (MeV). 

Ome Xi Sig Del Lam Nucl

1 1672,5 1314,9 1189,4 1232,0 1115,7 938,3

2 2695,2 1321,7 1192,6 1405,1 939,6

3 2765,9 1531,8 1197,5 1519,5

4 3695,2 1535,0 1382,8 2286,5

5 2467,8 1383,7 2595,4

6 2470,9 1387,2 2628,1

7 2575,6 2452,9 2881,5

8 2577,9 2453,8 2939,3

9 2645,9 2454,2 5620,2

10 2789,1 2517,5

11 2791,8 2518,0

12 2816,6 2518,4

13 2819,6 5807,8

14 2968,0 5815,2

15 2971,4 5829,0

16 3077,0 5836,4

17 3079,9

18 5790,5

19 5945,5
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Higgs H Gauge boson gb Bottom mesons bb bc bs mix b

Charmed cc cs c Strange s

Confirmed, not listed yet Light unflavoured ud

reference 2,64E+25 MeV dim. 7 base 2,0
(-3,-4) (-3,-3) (-2,-4) (-3,-2) (-2,-3) (-1,-4) (-3,-1) (-2,-2) (-1,-3) (0,-4) (-2,-1) (-1,-2) (0,-3) (-2,0) (-1,-1) (0,-2) (-2,1) (-1,0) (0,-1) (-2,2) (-1,1) (0,0) (1,-1) (2,-2) (0,1) (1,0) (2,-1) (3,-2) (1,1) (2,0) (0,3) (1,2) (2,1) (3,0) (1,3) (2,2) (3,1) (1,4) (2,3) (3,2) (2,4) (3,3) (3,4)

particle energy N -2,000 -1,750 -1,667 -1,500 -1,417 -1,333 -1,250 -1,167 -1,083 -1,000 -0,917 -0,833 -0,750 -0,667 -0,583 -0,500 -0,417 -0,333 -0,250 -0,167 -0,083 0,000 0,083 0,167 0,250 0,333 0,417 0,500 0,583 0,667 0,750 0,833 0,917 1,000 1,083 1,167 1,250 1,333 1,417 1,500 1,667 1,750 2,000

Higgs 126600,0 459 H 459,00

Zo 91188,00 471 GB 470,02 470,98

472

473

Y(11020) 11019,00 474 BB 474,02

Y(2S) 10023,26 475 BB 474,98

9057,20 476

10921,0 477

Khi b1(1P) 9892,78 478 BB 478,00

Khi b2(1P) 9912,21 478 BB 477,98

Y(10860) 10865,00 478 BB 478,02

Khi bo(1P) 9859,44 479 BB 479,00

W+ 80399,00 479 GB 479,00

480

481

482

483

X(10650) 10650,00 484 BB 484,00

X(10610) 10610,00 485 BB 485,00

Y(4S) 10579,40 486 BB 485,99

Khi bo 10539,00 487 BB 487,00

B*s 5415,40 487 BS V 486,98

488

Z 4430,00 489 489,00

Bos 5366,30 489 BS PS 488,99

Y(1S) 9460,30 490 BB V 490,01

B* 5325,10 491 B V 491,00

Y(3S) 10355,20 492 BB 491,99

B*s2(5840) 5839,70 492 BS 491,99

Bs1(5830) 5829,40 492 BS 492,01

Bo 5279,50 493 B PS 493,01

B+ 5279,17 493 B PS 493,01

X 4361,00 493 493,02 493,98

Khi b2(2P) 10268,65 494 BB 494,00

Khi b1(2P) 10255,46 494 BB 494,01 494,98

Khi bo(2P) 10232,50 495 BB 495,00

B2*(5747) 5743,00 496 B 496,02 496,98

B1(5721) 5723,40 497 B 497,01

Bc 6277,00 498 BC PS 498,01

hc(1P) 3525,42 499 CC 499,02 499,98

X(3872) 3871,56 500 CC 500,00

X(4260) 4263,00 500 CC 499,99

Ypsilon 4260,00 500 500,00

Ypsilon 4664,00 501 501,01

Khi c1(1P) 3510,66 501 CC 500,99

X 4664,00 501 CC 501,01

502

503

Khi cx 3467,00 504 CC 504,00

505

506 506

f2(2340) 2339,00 507 LU 507,01 507,98

D*s2(2573) 2572,60 507 CS 507,02 507,98

Psi(3770) 3772,92 507 CC 507,00

Psi(4160) 4153,00 507 CC 507,00

Khi co(1P) 3414,75 508 CC 508,01

D*s+ 2112,30 509 CS V 509,01

J/Psi(1S) 3096,92 509 CC V 509,00

D*so(2317) 2317,80 510 CS 510,00

Do*(2400) 2318,00 510 C 510,00

Ds1(2536) 2535,29 511 CS 511,02

f2(2300) 2297,00 512 LU 512,01

Phio(1710) 1720,00 513 LU 513,01

Rho(1700) 1720,00 513 LU 513,01

Pi2(1880) 1895,00 513 LU 512,99

Psi(2S) 3686,09 513 CC 513,02 513,98

K*(1680) 1717,00 514 S 513,99

Psi(4040) 4039,00 515 CC 514,02 514,98

K1 (1410) 1414,00 515 S 514,99

f1(1285) 1281,80 515 LU 515,02

Psi(4415) 4421,00 516 CC 516,00

Eta'(958) 957,78 517 LU PS 516,99

Eta c(2S) 3637,00 517 CC 517,01

f2(1270) 1275,10 517 LU 516,99

K1(1270) 1272,00 517 S 517,02 517,98

K1(1400) 1403,00 517 S 516,99

D+ 1869,60 517 C 516,02 516,98

Do 1864,80 517 C 517,01

Rho3(1690) 1688,80 518 LU 518,01

K4*(2045) 2045,00 518 S 518,00

Eta c(1S) 2980,30 519 CC PS 519,02 519,98

Phi3(1850) 1854,00 519 LU 518,99

Ds1(2460) 2459,50 520 CS 519,99

D2*o(2460) 2462,80 520 C 519,02 519,98

D2*+(2460) 2460,10 520 C 519,99

Ome(782) 782,65 520 LU V 520,00

f2'(1525) 1525,00 520 LU 520,00

Phi(1680) 1680,00 520 LU 519,99

Pi2(1670) 1672,40 521 LU 521,00

Ome(1650) 1670,00 521 LU 521,01

Ome3(1670) 1667,00 522 LU 522,00

f4(2050) 2018,00 522 LU 521,99

Rho(770) 775,49 522 LU V 522,02 522,98

Khi c2(1P) 3556,20 523 CC 523,01

D*+(2010) 2010,25 523 C 522,99

Pi1(1600) 1662,00 523 LU 522,99

f2(2010) 2011,00 523 LU 522,99

D*o(2007) 2006,96 523 C 523,01

fo(1500) 1505,00 524 LU 523,99

a4(2040) 2001,00 524 LU 524,00

D1(2420) 2422,00 524 C 524,00

K2(1820) 1816,00 525 S 524,02 524,98

Pi(1800) 1816,00 525 LU 524,98

Phi(1020) 1019,46 526 LU V 526,00

b1(1235) 1229,50 527 LU 527,00

Pi1(1400) 1354,00 527 LU 526,99

Phi(2170) 2175,00 527 LU 527,02 527,98

528 528

Eta(1475) 1476,00 529 LU 529,00

ao(1450) 1474,00 529 LU 529,02

D+s 1968,47 529 CS PS 528,99

Eta2(1645) 1617,00 530 LU 530,01

K3*(1780) 1776,00 531 S 530,99

K2(1770) 1773,00 531 S 531,01

Rho(1450) 1465,00 531 LU 531,01

f2(1950) 1944,00 532 LU 532,00

533 533

a2(1320) 1318,30 534 LU 534,00

K*(892)o 895,94 535 S V 535,01

K*(892)+ 891,66 536 S V 536,02 536,98

fo (980) 980,00 537 LU 536,99

K2*+(1430) 1425,60 538 S 538,03

K2*o(1430) 1432,40 538 S 537,98

f1(1420) 1426,40 538 LU 538,02

Ko*(1430) 1425,00 538 538,03

Ko 497,61 539 S PS 539,02 539,98

Eta_o 547,85 539 LU PS 539,01

Eta(1295) 1294,00 539 LU 539,00

540 540

K*(1410) 1414,00 541 541,00

Eta(1405) 1409,80 541 LU 541,03

K+- 493,68 542 S PS 541,99

543 543

544 544

545 545

546 546

547 547

Pion+ 139,57 548 LU PS 548,01

549 549

550 550

551 551

552 552

553 553

554 554

555 555

556 556

Pion o 134,98 557 LU PS 557,01
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 “How complete and unique is the periodicity pattern? Are there other 

decay processes and redshift patterns hidden in known data? Three stud-

ies have been made to look for power inconsistent with the Lehto-Tifft 

equations. No deviations have been detected”. https://williamtifft.word-

press.com/. 
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http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=302&doi=10.11648/j.ijass.s.2014020601.18
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=302&doi=10.11648/j.ijass.s.2014020601.18


 

 



  



 



 







 “The claim for a formal system to be a logic depends, I think, upon its 

having an interpretation according to which it can be seen as aspiring to 

embody canons of valid argument." [11, page 3]. 



 Extensions (e): Modal, Epistemic, Erotetic, . . .  

 Deviations (d): Intuitionistic, Quantum, Many-valued, . . . 

 Inductive (i): Inductive probability logic 

⊆ ⊆ ⊆

φ φ Σ φ
⇒ Σ φ φ ∈



φ Σ φ ∧ Σ φ
φ ∈

∨

φ Σ φ ⇒ Σ φ φ ∈

Σ φ NOT 
PROB Σ ∧ φ

Σ
φ

NOT PROB Σ φ



A: Does it make sense to speak of a logical system as correct or incorrect? 

B: Are there extra-systematic conceptions of validity/logical truth by 

means of which to characterize what it is for a logic to be correct? 

C: Is there one correct system?  

D: Must a logical system aspire to global application, i.e. to represent rea-

soning irrespective of subject-matter, or may a logic be locally correct. 

i.e. correct within a limited area of discourse? 





 A notion of logical inference can be completely characterized by its basic 

combinatorial properties, expressed by structural rules. 

Σ ⇒
Σ

⇒



⇒

⇒

⇒

⇒

⇒

⇒

⇒

⇒ ⇒

⇒

 



⇒ ∩ ∩ ⊆

⇒ ⇒
⇒



⇒

⇒

⇒ ⇒

⇒

 α ⇒ φ α ⇒ φ

α⇒ φ φ

α φ
φ α

α
ψ Θ

 Θ α⇒ φ φ Θ α⇒ ψ

Θ α⇒ φ φ ψ













 

 



 

Σ ∪ φ φ
Σ Σ├ φ

φ Σ
φ φ φ φ φ

Σ ∪ φ φ
Σ Σ ╞φ Σ

φ Σ
╞ φ Σ ∪ φ

 

 

⇒ ⇒
⇒

⇒ ⇒
⇒
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