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A pair of antonyms (A, B) is truth-functional for negation  if the law of excluded-middle holds, that is if  

 
(1)  A is true iff ¬B is true.  

 
The law of excluded-middle does not hold if the statement ¬A  ¬B is possibly true. Binary antonymic 

predications satisfy the law of excluded-middle, while gradable, comparative and superlative predications 
violate it. Here are examples:  

 

(2)  Binary Antonymic Predications The law of excluded-middle holds 

 a. *John is neither alive nor dead.  
 b. *John neither passes nor fails the test.  

 

(3)  Gradable Antonymic Predications The law of excluded-middle does not hold 

 a. Today’s weather is neither cold nor warm.  
 b. 张三不老，也不年轻。 

 

(4)  Comparative Predications The law of excluded-middle does not hold 

 a. Today’s weather is neither warmer nor colder than yesterday’s.  
 b. 张三不是比李四老，也不是比李四年轻。 

 

(5)  Superlative Predications The law of excluded-middle does not hold 

 a. Today’s weather is neither the coldest nor the warmest on record. 
 b. 张三不是最老，也不是最年轻。 

 
In this talk, I develop a trivalent logical calculus which captures antonymic relations. Because of the law of 

excluded-middle we cannot characterize gradable, comparative, superlative predications truth-functionally in 
a bivalent logic. Mainstream formal semantic studies on gradable predicates (Cresswell, 1976; Seuren, 1978; 
von Stechow 1984; Kennedy 2001) have not analyzed gradable predicates with respect to the law of excluded-
middle.  

We assume that adjectives qualify values of descriptive variables such as temperature or age. Descriptive 
variables are nominal, ordinal or continuous in nature. The values of the variable can be normed as real 
numbers of the interval [0, 1] for which the canonical order < is available. For each variable, individuals can be 
rated according to subjective or objective standards:  

 
(6)  EVAL: D  [0, 1] Nominal Variable ‘Existence’:  

Ordinal Variable ‘Legal Status’:  

Continuous Variable ‘Age’:  

0 = dead | 1 = alive 

0 = forbidden | 0.5 = permissible | 1 = obligatory 

0-100 years 

 
Depending on the discourse context, a pair of antonymic predicates (A, B) is mapped on the extreme 

segments of [0, 1]: the positive polarity adjective A on [a, 1], the negative polarity adjective on [0, b].  
 

(7)  EVAL: P  ([0,1]) 

A  [a, 1] 

B  [0, b] (b < a) 

 

A is an adjective of positive polarity (e.g. ‘tall’) 

B is an adjective of negative polarity (e.g. ‘short’) 



There are three truth values that must be distinguished in order to characterize antonymic predicates in a 
truth-functional manner: 1 (true), 0.5 (undecided) and 0 (false).  

 
(8) a. A(j) ‘John is tall’ is  1 (true) if EVAL(j)  EVAL(A) = [a, 1] 

   0.5 (undecided) if EVAL(j)  ]b, a[ 

   0 (false) if EVAL(j)  EVAL(B) = [0, b] 

 b. B(j) ‘John is small’ is  1 (true) if EVAL(j)  EVAL(B) = [0, b] 

   0.5 (undecided) if EVAL(j)  ]b, a[ 

   0 (false) if EVAL(j)  EVAL(A) = [a, 1] 
 

(9) a. COMP-A(j,b) ‘John is taller than Bill’ is  1 (true) if EVAL(j) > EVAL(b) 

   0.5 (undecided) if EVAL(j) = EVAL(b) 

   0 (false) if EVAL(j) < EVAL(b) 

 b. COMP-B(j,b) ‘John is smaller than Bill’ is  1 (true) if EVAL(j) < EVAL(b) 

   0.5 (undecided) if EVAL(j) = EVAL(b) 

   0 (false) if EVAL(j) > EVAL(b) 
 

(10) a. SUP-A(j) ‘John is the tallest’ is 1 (true) if x EVAL(j) > EVAL(x) 

   0.5 (undecided) if x,y EVAL(x) < EVAL(j) < EVAL(y) 

   0 (false) if x EVAL(j) < EVAL(x) 

 b. SUP-B(j) ‘John is the smallest’ is 1 (true) if x EVAL(j) < EVAL(x) 

   0.5 (undecided) if x,y EVAL(x) < EVAL(j) < EVAL(y) 

   0 (false) if x EVAL(j) > EVAL(x) 
 
It is not difficult to check the truth values of negation, conjunction and disjunction for two independent 

predicates A (e.g. ‘tall’, ‘taller’, ‘tallest’) and C (e.g. ‘old’, ‘older’, ‘oldest’).  
 

(11) a. Truth Table for ¬  b. Truth Table for  c. Truth Table for  

        C      C  

  A ¬A    1 0.5 0    1 0.5 0 

  1 0   1 1 0.5 0   1 1 1 1 

  0.5 0.5  A 0.5 0.5 0.5 0  A 0.5 1 0.5 0.5 

  0 1   0 0 0 0   0 1 0.5 0 
 
In logic, the definitions in (8)-(10) define three confidence measures SENT  {0, 0.5, 1}. All three 

confident measures are fully truth-functional. Each confidence measure verifies the following properties. 
 

(12)  The confidence measure g is fully truth-functional iff  

 a. g(¬φ) = 1 – g(φ); Truth-functional for negation 
 b. g(φ  ψ) = min(g(φ), g(ψ)). Truth-functional for conjunction 

 c. g(φ  ψ) = max(g(φ), g(ψ)); Truth-functional for disjunction 
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