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Galen’s Logic for Medical Diagnosis
after Malatesta’s Review: a Development

Arturo Graziano Grappone

1. Summary

Galen, an ancient roman doctor, has given power logical
inferences for medical diagnosis by introduction of new

polyadic connectives. Malatesta and others have developed

. 2 .

modernely these achievements. To manage easily them we
present directely in polyadic form a formal theory for standard
sentence logic.

2. A Formal Theory S for Standard Sentence Logic

2.1 Language

3
2.1.1 0, [l,a,b,c, ... are sentences.
2.1.2 if a4, ..., o, are sentences then [a,...a,] and a,...0, are

sentences.
2.1.3 Any sentence can only be built by 2.1.1 and 2.1.2.
2.1.4 ‘>’ means ‘hence’.

2.2  Axiom

22.1 ()

1
{42}, {4.3}
2
{4.4}, Chapt. VIII

()’ denotes the void expression. To semplify logical calculus rules it has been
introduced, exactly as Indians introduced the zero in numerical calculus.
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2.3 Inferences4

23.1 (..[...0...]..0C . [oy]..) ~ G..l.ooog.l )
232 (...[og]..oC. [...0...]..) » G..l..oog.l 1))

233 ] - |

234 [...0...]...q4... - Y PR o SR PO o SO
235 og.l[0. ] - Y AN RO o U PO
23.6 ...04...0... - ¢ SN« SP

237 ...0...04... - I o SN o SN

238 ... - ([...]]

2.4 Deduction Metatheorem for Sentence Logic

5
241  [a,...0, [o,]] - Opy ovey Oy > O,

2.5 Abreviations

25.1 Na, is [o,]’

2.52 Ir}al...an is )

253 Aa,.. is [[o]...[o, I
254 ﬁsalaz...an is [[OLI]OLZ...OLn]Q

255 Bea,o,0s...a, 0, is [[o]oul[on]os].. [[a, ]a,]”

Assume that two °...” in corresponding places have the same meaning.
5
To prove it see {4.5}, Chapt. 1, § 1.4.

6
‘Na.,’ is the negation of ‘o’

7 n
‘Va,...a,’ is the n-adic tautology.

8 n
‘Aa,...a,’ is the n-adic logic sum.

9
See Malatesta’s converse sequence implication. {4.1} pp. 13

10
See Malatesta’s converse chain implication. {4.1} pp. 22
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2.5.6 gsalaz...an is [OLIOLZ...[OLn]]”

25.7 Ceolytyaty...0, 0, is [ [cn]lloules]]...[o, [0, ]]"

2.5.8 lgal...an is [ozl...OLn]I3

259 Ea,..q, is [[ot,...o, ][0, ]...[oy, 111"

2.5.10 Fa,...a, is o]

2.5.11 Go,...a, is [o,]

2.5.12 Pnlozl...ozn is o,

2.5.13 7&1...% is o

2.5.14 Jncozlaz...an is [[o[o,]...[a,]][[e ], . . [on,]]. .. [
[o, 1], 1]

2.5.15 Jniozlaz...ozn is [[[oy][a,]...[a, ][0y [on]. . . [on, T11
[, Jon,. .. [ ]1....[[et, [ty e, ]

2.5.16 Iréozl...ozn is Otl...OLn”

2.5.17 Zsalaz...an is OLIOLZ...[OLn]]S

11
See Malatesta’s sequence implication. {4.1} pp. 12

12

See Malatesta’s chain implication. {4.1} pp. 21
13 n
‘Da.,,...a,’ is the n-adic logic sum of negations.

See Malatesta’s polyadic equivalence (all arguments are equivalent among
them). {4.1} pp. 24
1

See Galen’s complete battle (one and only one of its arguments is true). {4.3}
pp- 85-90

16
See Gellius’ incomplete battle (one at most of its arguments is true). {4.3}

pp- 85-90
]7 3 n 9 . . .
Ka,...o,’ is the n-adic logic product.

18
The negation of Malatesta’s sequence implication.
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2.5.18 an1a2a3...an_la

2.5.19 ﬁsalaz...an is [a,]a,...q,

n .
2.5.20 Mco,0,0,...0,, 40, 18 [[[oy]o,][[on]an]...

n . 22
2.5.21 Xa,...q, is [oy]...[o,]
2522 Oa,...a, is 17
24

3. Proofs of Polyadic inferences in 8

a 18 [[oy[on]][ay[os]]. ..

n k n-k 25
3.1 Gso,...0.Ka,...0p CsOy,y...0,, forn=2, 1<k<n

3.1.1 (O

3.1.2 ([

3.1.3 [[oy...oq0, ... [o,]]

3.14 [la,...[a]]lo...0p00,,...[on,]]
3.1.5 [lay...[o,]loy...oulloy, ... [o,]1]]
3.1.6  [o...[a]], 0y...04 - [0y, ...[o,]]

n
317 GCsoy...0,0...0p- [0 ...[0,]]

k
3.1.8  Coaty...o Kat,...0 o [0 ... [00,]]

n k n-k
3.1.9 Gsa,...a,.Ka,...0p- G0y g...00

19
The negation of Malatesta’s chain implication.
20

2.3.8
2.3.3

234
2.3.8
2.4.1

2.5.6
2.5.16
2.5.6

The negation of Malatesta’s converse sequence implication.

21

The negation of Malatesta’s converse chain implication.

2 n
‘Xa,...a,’ is the n-adic logic product of negations.

23 n
‘Oq,,...q,’ is the n-adic contradiction.

24
{4.4}, Chapt. VIII
25

Polyadic modus ponendo ponens.
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n n-k k 26
3.2 Gso,...0,,,N G0y y...0,~ NKa, ..oy, forn=2, 1<k<n

32.1 ()

322 [[1] 2.3.8

323 [[oy,,...[a,]o...0] 2.3.3

324 [log..lo,]log,,...[o, o, .. .op] 2.3.4

325 [loy...[o,llog,, .. .[o,]oy. . .ou] 2.3.4

32.6 [la...[ot, 1[0k, .. [0, 11T ... 1] 2.3.8

32.7 [oy...[oy ], ([0, ... Lo, 1T -[0t .. ] 2.4.1

n

3.2.8 Csoy...0,[[04 ... [o,]T]-[0. ..oy ] 2.5.6

32.9 Cat,...a, N0y, ... [o, ]1-[at;...o] 2.5.1
-k

3.2.10 Csat,...00, N Cocry, .04 o[t ...0L] 2.5.6
&

3.2.11 Csat,...0, N Coory, .04 -N(aL, .00 2.5.1
-k k

3.2.12 &al...ozn,NnCsoLkH...oanNKozl...ozk 2.5.16

1 nl 27
3.3 Jia,...0,,0u0 X0 .. .04 0y ...O, forn=2, 1<ksn

33.1 ()

332 [0 [0 238

333 [[oy]...[]...[ayJoy[Nlet, .. [1... Lo, oy o 1. . [lety ... ...
[ Jo[11. .. [ty ... []....c, 00 [, 1] 233

334 [loy]...[oyl...[oyJog1loy ... [oy].. . [o,Jog Lo, 1. . . [[oy . ...
Oy...[o, Joy[]]. .. [[oy].. . [oy].. a0 lla,ll]  2.3.4

335 [loyl...[ogl...[oyJoglloy]. . [oy  Jlogy ] . . [oy ] TToy .. . [oy]
ooy Jogllog ] foy oy 1. - [o 00 [loy ] ooy [, ]
oyllog].. . [og o] Loy 1. . [loy ] [og]. . .onoul o ]
N (o7 | Ko P PO (o | | 2.3.5

26

Polyadic modus tollendo tollens.
27

Polyadic modus ponendo tollens I.
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3.3.6 [[lloy]...[og]...[oy, 1 Toy Loy . . . [oy [0y ] - - Loy, T [e,
Loyl Loy oy lloy . Loy Jlog - - [oy 101 [ Loy ..
(O PR [ | (o | (o % PN (o 70 | Ko 72 PN (o 1 | PO 1 | Ko 10 P [0 7
oy oylloy ] foy 1oy, 1. [y, 1] 2.3.8
337 [llloy]...[og]. ..oy, 1o .. [oy]. . .[o, 0] .. [[oy]. ..oy . . [a,]]
NN | [ 2% NSO e 7% P e A (o 4% | Ko 2% PN [0 #0 | e P2 P [ S |
2.3.2
3.3.8 [lloy]...[oy]...[oy, )10y ... [oy]. .. [o, 1. . . [[oy]. ..oy .. [, 1]
ellog] oyl ol ogslon Loy oy, ] - Lo,
2.4.1

n
339 Jia,...oq...0,0u-[0]. . oy I[oy .. [a,] 2.5.15

-1
3.3.10 Jniozl...ak...an,aanXa]...ozk_lozkﬂ...an 2.5.21

n n-1 28
3.4 Jeoy...0,00 X0y ...04 O .. .0, forn=2, 1<ksn

341 (0

3.4.2  [[1...[000...1m 2.3.8

343 [oy...[]...[oJogl[o 1. . . [[oy]. ..o . . [oy, Joy 1] . . [[oy ] . .[]

] 2.3.3

344 [oy...[ogl...[og,Jogllog ] [[oy]. ..o . . [oy, Jog ] . . [[oy]. ..
[oy]...o0ul[o,1]] 2.3.4

3.45 [oy...[logl...[oyJoglloy]. . .[og  Jlog, ] . . [oy, 11 [[oy . ..
Oy...[o, Joylloy]. . . [og Mo ). Loy, 101 Loy .. [oy]. ..o,
oylloy]...[oy  Jlog, 1. .[o,1]] 2.3.5

3.4.6 [[lloy]...[og]...[oy, 1 Toylloy]. . . [oy  Jlogy .- Loy, 01T [y
Loyl Loy oy lloy . Loy Jlog - - [oy 11 [ ey .
(O PR o8 | (o | (o % PN (o 70 | Ko 72 PN (o 1 | PO 1 | K 10 P [0 7
oy ogllog ] Toy 1oy, 1. . [oy, 111 2.3.8

28
Polyadic modus ponendo tollens II.
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347 [lloy...[oygl. o ]1...[loy]...0y...[ay 1. .. [[o, ] Loyl ..t ]

Joylloy].. . [oy  Jloy .. . [o,11] 2.3.2
3.4.8 [loy...[oy]...[a,]]...[[o]...0p...[a,]]...[[oy]...[o]. ..o, 1],
oyeloy ] oy oy, ] (o] 2.4.1

n
3.49 Jea,...04...0,00-[04]. . [oy ][0y ]. . [oy,] 2.5.14

-1
3.4.10 Jncozl...ak...an,aanXal...ak_lak+1...an 2.5.21

n n-1 29
3.5 Jeoy...0, X0O.. .04 Oy q...0L, -0, forn=2, 1<k<n

351 (0

3.5.2  [I-...00...1m 2.3.8

353 [oy...[og]...[on M. .. [oy  Jloy ] . . Loy, [oyd]. . . [[oy]. ..
Oy...[o, Jloy]. . oy dlog, 1. . Lo 0] . [loy ] oy ...
o, lon]. . foy 1oy, 1. [1loy]] 2.3.3

354 [oy...[logl...[oylloy]. . . [oy  Jlog, 1. . . [oyl[ogd]. . . [[oy . ..
Oy...[o, lloy]. . fog oy, 1. . Loyl logd]. . [loy .. [oy]. ..
alon]. Lo Jlog]. . [o,l[og]] 2.3.5

3.5.5 [lloy...[ogl...[oy,]1TEoy 1. . [y Jl0gy ] - Loy, d Loy . [ [e,
| I T Ko | | e P (e P2 | o7 PO [ [ [ 78 | I | N Koy PO |
oyl...o o] foy  Jloy . [oy, I [oy ] 2.3.8

3.5.6 [[loy...[ogl...[o, 1. .. [[oy]...oy...[o, 1] . . [[oy]. . . [oy]. ..o, ]

o] foy Jloy .. [o, 1oy ]] 2.3.2
3.5.7 [loy...[oyl...[a,]]...[[o]...op...[a,]]. .. [[oy]. . . [oy]. ..o, ],
[o,].. . [oy [0y 1. . . [o, ]~y 2.4.1

n
3.5.8 Jeo,...04...0 [0 ]. . [oy  I[oy .. . [a,]m0p 2.5.14

-1
359 Jncozl...ozk...an,nonl...ozk_lakﬂ...oan oy, 2.5.21

9
Polyadic modus tollendo ponens.
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n k n-k 30
3.6 Aa,...q,, Xo,...0- AOy,,...0,, forn=2,1<k<n

3.6.1
3.6.2
3.6.3

3.6.4
3.6.5
3.6.6

3.6.7
3.6.8
3.6.9

0

([1] 2.3.8
[0 ]....[adloy, ... [ot, 1] 2.3.3
[[let,]...[oy, 11ler, 1. . [ ][, 1. .. [at, 1] 2.3.4
e ]...[oy JIle .. ol [oy, .. o, 1111 2.3.8
Lot Lou, 11, Loy ] foglo [log, 1. Loy 1T 2.4.1
Aaty...ou [0y ]...[oyl o ([0, 1. Loy, 1] 2.5.3
Ao,y Xou, .o [, 1ol 1] 2.5.21
Anal .0, )k(al . .akﬁriz\kakﬂ o0, 253
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