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1. Introduction 
 Having seen how case-markers operate type-logically, we next investigate how they operate 
semantically.  Specifically, we expand Loglish to include case-marking, which requires us to expand 
type theory and lambda-calculus so that it contains case-markers.  

2. Case-Marked Type-Theory 
 We expand type-theory as follows. 

(1) we expand the syntax by adding: 
(a) case-markers, which are encoded by integers; 
(b) case-marked DNPs; 

(2) we expand lambda-calculus by expanding: 
(a) lambda-abstraction αΩ 

so that the input expression α can be any open expression. 
(b) lambda-conversion  

to take into account (a).  
3. Types 

1. Primitive types 
(1) D is a primitive type.  [definite-noun-phrases] 
(2) S is a primitive type. [sentences] 
(3) nothing else is a primitive type. 

2. Case-Markers 
(1) every integer is a case-marker; 
(2) nothing else is a case-marker. 

3. Kinds of Case-Markers 
(1) positive case-markers correspond to functional-roles; 
(2) nullative case-marker corresponds to empty role for CNPs; 
(3) negative case-markers correspond to anaphoric-roles.1 

4. Case-Marked Types 
(1) if θ is a case-marker, then Dθ is a case-marked type;2 
(2) nothing else is a case-marked type.3 

5. Types 
(1) every primitive type is a type; 
(2) every case-marked type is a type; 
(3) if  and  are types, then  is a type; 
(4) nothing else is an type.4 

4. Formation Rules 
1. Variables 
 For each non-marked type , there is an infinite list of variables of type .5  
2. Case-Marking – Basic Scheme 

(1) If  is an expression of type D, and θ is a case-marker, then 
θ 

is an expression of type Dθ.6 
(2) Nothing else is an expression of type Dθ. 

                                                   
1 Which are involved in pronoun-binding; see Chapter 7 [Pronouns]. 
2 The Greek letter ‘θ’ (theta) is nice and compact, and glyphically contains both minus and zero.  It is also suggestive 
of theta-role (thematic-role), but note that the roles we propose are only analogous to theta-roles such as agent, 
patient, and goal. 
3 We could expand case-marking to other types, but for the moment we concentrate on this limited application. 
4 For the time being, we disregard type-multiplication, which we return to in Chapter 6 [Quantification Re-Imagined].   
5 We don't have a dedicated class of variables for marked-types; rather, we use expanded abstraction to take care of 
this; in particular, although a complex expression such as ‘1’ is not technically a variable, it behaves like a variable 
ranging over case-marked entities. 
6 Brackets are often dropped, as is customary with logical-punctuation marks. 
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The basic idea is that, whereas an expression of type D denotes an entity in the domain, an 
expression of type D1 denotes a marked-entity, which we can imagine simply to be an entity-
plus-marker – which is to say an entity with a marker attached to it (like a post-it).  For example, 
if ‘J’ denotes Jay, then ‘J1’ denotes Jay-plus-marker-1.7   
3. Lambda-Abstraction (HUGELY Expanded) 
 In order to write expressions involving the new types, we need to expand the syntax for 
lambda-abstraction.  Recall that our original formulation of lambda-abstraction involves the 
following formation rule. 

if α is a variable of type  

and β is an expression of type  

then λα:β is a an expression of type  

The expanded formation rule goes as follows. 

if α is an open expression 8 of type  

and β is an expression of type  

then λ:α:β 9 is a an expression of type  

Note that this is very powerful; the input expression α can be any open expression, even a 
lambda-abstract!   
4. Case-Marking – Expanded Scheme 
 Expanded lambda-abstraction allows us to write more complex case-marked expressions 
according to the following shorthand definitions. 

ν:βθ       λνθ:β 
Here, ν is a variable of type D, and β is any expression.  So, supposing β is an expression of type 
, λνθ:β is an expression of type Dθ.     

The most common use of this shortcut involves one-place predicates, as in the following 
instance.  First, note that we have the following lambda-simplification principle,10 

  P  P 
from which we obtain: 

P1  P1 
  λ1P 

Notice that P1 has type D1S.  But then we can write expressions such as the following. 
λP1∀P 

which is short for 
λ:λ1P:∀P 

which has type (D1S)S. 

                                                   
7 Mathematically, the latter can be thought of as an ordered-pair consisting of Jay and the number 1. 
8 By an open expression we mean an expression with at least one variable free in that expression. 
9 Punctuation varies according to the example.  We use periods as well as colons, and often we drop these 
punctuation-marks altogether.  Very important point –  the resulting lambda-abstract need not denote a function, 
although it does denote a relation.  See later section on lambda-conversion and its restrictions. 
10 This is logically true; it says, in effect that to be P is to be an  such that  is P. 
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5. Lambda-Conversion 
 Given the new class of lambda-abstracts, we must revise the rule of lambda-conversion, 
which is done as follows, after reviewing the original form. 

1. Original Form 

λνσ    [σ/ν] 

ν is any variable of any type; 
 is any expression of any type; 
σ is any expression such that type(σ)  type(ν); 
ν is free for σ in ; 
[σ/ν] results from substituting σ for each occurrence of ν  

that is free in . 

2. Expanded Form 

λα:βα[σ/ν]    β[σ/ν] 

α is any open expression of any type; 
β is any expression of any type; 
σ is any expression such that type(σ)  type(ν); 
ν is free for σ in α; ν is free for σ in β; 
α[σ/ν] results from substituting σ for each occurrence of ν  

that is free in α; 
β[σ/ν] results from substituting σ for each occurrence of ν  

that is free in β. 

Key Proviso:11 
for any  and ,  
 if α[/ν]  α[/ν] 
 then β[/ν]  β[/ν]. 

3. Cancellation Principle [Individuation of Case-Marked Items] 
 In light of the key proviso, and in light of our account of case-marked 
items, we include the following axiom of cancellation for case-marked items. 

if αθ  βθ, then αβ 
This is not true by logic alone, so it must be included as a fundamental 
principle, which is critical to the application of expanded lambda-conversion. 
Thinking about this contrapositively, we have the following consequence. 

Suppose you have distinct unmarked items α and β [αβ]; suppose you mark 
them both with marker θ; then the resulting marked-items are also distinct.  
Putting markers on distinct objects cannot result in a single object. 

6. Important Note on Subscripts 
 In reading expressions in the expanded lambda-calculus, one must be very careful about 
reading subscripts.  For example, in an expression such as 

λ2λ1R 
the input expression is 

2 

is not a variable, but rather a complex expression containing the variable ‘’.  This use of 
subscripting is very different from the meta-linguistic use, which treats subscripting as purely 
graphical.12   

                                                   
11 Without this proviso, lambda-conversion yields contradictory computations.  For example, consider the following 
abstract involving exponentiation,  

:2:3  
If we ignore the proviso, then lambda-conversion yields the following unfortunate results. 

:2:34  :2:3 22   23  8 
:2:34  :2:3 (–2)2   (–2)3  –8 

12 For example, one can define variables by the following inductive definition. 
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 Our use of subscripts is rather akin to the use of superscripts in arithmetic.  For example, 
2 

is not a variable, but a complex expression containing the variable ‘’.  In particular, the symbol 
‘2’ is categorimatic, not merely decorative. 

 Nor is the subscript merely a way of restricting the range of the variable ‘’.  Nevertheless, 
one can use complex expressions as quasi-variables, illustrated as follows. 

complex 
expression 

quasi-variable 
ranging over 

2 squares of numbers 

2 entity-label pairs 

〈,〉 ordered-pairs 

The key advantage of using quasi-variables rather than sortal-variables is that quasi-variables 
have structural parts that can be individually manipulated. 

5. Translating English into Loglish – Simple Examples 
 Our new-improved (expanded) version of Loglish, which includes case-marking and expanded 
lambda-abstraction, is considerably richer than our previous version of Loglish.  In particular, it 
enables us to make finer distinctions in the lexicon, as illustrated in the following sample lexicon. 

1.  Lexicon 

 Morpheme Type Translation Gloss 

1.  every C[(DS)S] λP0 λQ ∀(PQ)  

2.  not, does-not SS X X  

3.  be [COP] C(D1S) P0:P1  

4.  +θ DDθ λ.θ  

5.  woman C 
[ D0S] 

λ0 W  is a woman 

6.  kind λ0 K  is kind 

7.  respect D2(D1S) λ2λ1 R  respects  

8.  recommend D2(D3(D1S)) λ2z3λ1 R  recommends  to z 

9.  Jay, Kay, Elle D J, K, L Jay, Kay, Elle 

                                                   
(1) the letter ‘’ is a variable; 
(2) if a string σ is a variable, then σ followed by a prime is a variable; 
(3) nothing else is a variable. 

One then can define subscripting as shorthand for number of prime symbols.  For example: 
(1) 0   
(2) 1  ′ 
(3) 2  ′′ 
 etc. 
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2. Example Trees  
1. Jay is kind. 

Jay +1 is kind 

J .1 P0:P1 λ0K 

J1 λ1K 

KJ 

2. Jay respects Kay. 

Jay +1 respects Kay +2 

J .1 

21R 

K .2 

J1 

K2 

1RK 

RJK 

3. Jay is not kind. 

Jay +1 is not kind 

J .1 

P0:P1 

XX λ0K 

J1 

λ0K 

λ1K 

KJ 
 
Jay +1 is not kind 

J .1 P0:P1 XX 

λ0K 

J1 

P0:1P 

λ1K 

KJ 

4. Jay does not respect Kay. 

Jay +1 does-not respect Kay +2 

J .1 

XX 

21R 

K .2 

J1 

K2 

1RK 

1 RK 

RJK 

5. Jay recommends Kay to Elle. 

Jay +1 recommends Kay +2 to Elle 

J .1 

λ2z3λ1R 

K .2 .3 L 

J1 

K2 

L3 z3λ1RK 

λ1RKL 

RJKL 
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6. every woman is kind. 

every woman +1 is kind 

λP0 λQ ∀{PQ} 0W 

.1 

λ1K 

λQ ∀{WQ} 

λQ1 ∀{WQ} 

∀{WK} 

7. Jay respects every kind woman. 

Jay+1 respects every kind woman +2 

J1 

21R 
21R 

λP0 λQ ∀{PQ} 

λ0K λ0W 

.2 

λ0(K  W) 

λQ ∀{ K  W . Q } 

λQ2 ∀{ K  W . Q } 

1 ∀{ K  W . R } 

∀{ K  W . RJ } 

6. Genitive Nouns 
 Recall that a genitive-noun is a relational noun that subcategorizes for a genitive argument, 
examples of which include: 

mother, father, brother, sister, friend, … 

As noted in Chapter 4, genitive-nouns are type-categorized as follows. 

GENITIVE-NOUN D6C  D6(D0S) 

By way of applying semantic flesh to this syntactic skeleton, we propose to translate genitive-nouns 
as follows. 

mother 

D6(D0S) 

λ6λ0 M  is a mother of  

brother λ6λ0 B  is a brother of  

friend λ6λ0 F  is a friend of  

Note that we treat genitive-nouns as inherently indefinite, as indicated by the word ‘a’ in the gloss.  
The following is an example analysis. 

8. Jay is Kay's brother. 

Jay+1 is Kay 's brother 

J1 

P0:P1 

K .6 

60B K6 

0BK 

1BK 

BJK 

Notice in particular that this reads the sentence as saying that Jay is a brother of Kay, and therefore is 
not committed to how many brothers Kay has.   

 Sometimes, however, we do mean to convey such a commitment.  In order to achieve this 
grammatically, we propose to employ an unpronounced morpheme DEF, which is synonymous with 
‘the’, the two being characterized as follows. 
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DEF 
CD  (D0S)D P:P 

the 

This is illustrated in the following.  
9. Jay is Kay's father. 

Jay+1 is [ID] Kay 's father DEF +2 

J1 

λ2λ1[] 

K .6 

60F 

P0 P 

.2 

K6 

0FK 

FK 

FK2 

λ1 [   FK ] 

J  FK 

Notice that ‘is’ is understood as the is-of-identity, which is a transitive-verb, whose direct-object is 
‘Kay's father’, which accordingly must be marked accusative. 

 Whereas the previous sentence could be understood as indefinite, the following sentence is a bit 
more recalcitrant.  Notice in particular that our current analysis cannot interpret ‘father’ as indefinite 
in this example, as seen in the following attempted tree. 

10. Kay's father is kind. 

Kay 's father +1 is kind 

K .6 

60F 

.1 

1K 

K6 

0FK 

 

 

Notice, in particular, that ‘Kay's father’, which has type C [D0S], does not combine with +1, which 
has type DD1. Rather, in order to rehabilitate this sentence, our current grammatical framework 
requires that we insert DEF after ‘father’, which leads to the following analysis.13 

11. Kay's father is kind. 

Kay 's father DEF +1 is kind 

K .6 

60F 

P0 P 

.1 

1K 

K6 

0FK 

FK 

[FK]1 

K[FK] 

7. Function-Signs 
 First-Order Logic postulates a class of operators called function-signs, which include one-place 
function-signs, which have type DD.  The archetypes of this category come from mathematics, which 
employs all manner of function-signs, including: 

addition, multiplication, square-root, … 

                                                   
13 See later chapter on indefinite noun-phrases for an alternative account that does not require DEF. 
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Notice, however, that natural-language readings of these expressions all involve genitive-nouns and 
definite-articles, as follows. 

the sum of…, the product of…, the square-root of… 

 Nevertheless, the key idea in logical pedagogy, both in mathematics and in philosophy, is that 
the logic of function-signs need not be based on the logic of ‘the’.  Thus, for example, in their classic 
logic textbook, Kalish and Montague (1964) offer two chapters on ‘the’.  The first one treats ‘the’ so 
that it disappears inside function-signs, just like in math.  The later one treats ‘the’ as an autonomous 
morpheme, as a description-operator.   

 We officially follow the latter treatment, but at the same time, we avail ourselves of the former 
treatment, by way of abbreviations.  In particular, we adopt the following abbreviation.14 

G(α)  G[,α] 

Moreover, we often utilize a technique of pre-combining DEF with genitive-nouns, as illustrated in the 
following derivation. 

mother-DEF 

mother DEF 

60M P0 P 

6M 
6:M() 

This technique is employed in the following two examples. 
12. every man's mother is kind.15 

every man 's mother-DEF +1 is kind 

P0 Q {PQ} M0 

.6 

6:M() 

.1 

1K 

Q {M  Q} 

Q6 {M  Q} 

Q {M  Q[M()]} 

Q1 {M  Q[M()]} 

{M  K[M()]} 

13. Jay respects every man's mother. 

Jay+1 respects every man 's mother-DEF +2 

J1 

21R 
21R 

P0 Q {PQ} M0 

.6 

6:M() 

.2 

Q {M  Q} 

Q6 {M  Q} 

Q {M  Q[M()]} 

Q2 {M  Q[M()]} 

1 {M  R[,M()]} 

{M  R[J,M()]} 

8. Combining Genitive Nouns with ‘the’ 
 As noted in the previous section, many genitive-nouns – including ‘mother’ and ‘father’ – are 
often implicitly definite, in which case they in effect have type D6D.  Other times, however, these 
nouns are explicitly prefixed by ‘the’, as in the following example. 

                                                   
14 Our informal convention is to use a small-caps letter for the function-sign and a full-caps letter for the predicate. 
15 Recall (Chapter 4) that apostrophe-s is a clitic – in this example, even though apostrophe-s morphologically 
attaches to ‘man’, it does not syntactically attach to ‘man’, but instead attaches to the NP ‘every man’.   
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14. the mother of every virtuous person 

Notice that the above sentence is ambiguous, according to how we parse ‘the’.  Does it modify 
‘mother’?  Or does it modify ‘mother of every virtuous person’?  The following trees illustrate the 
two parsings. 

Reading 1 
the mother of every virtuous-person 

P0 P 60M 

.6 

λP0 λQ ∀{P→Q} 0V 

6 M 
6 M() 

λQ ∀{V → Q} 

λQ6 ∀{V → Q} 

λQ ∀{ V → Q[M()] } 

Notice that this reading can be conveyed without an overt definite-description in the final formula; it 
can be expressed in first-order logic without descriptions.  By contrast, the second reading requires 
description-logic. 

Reading 2 
the mother of every virtuous-person 

P0 P 

60M 

.6 

λP0 λQ ∀{P→Q} 0V 

λQ ∀{P→Q} 

λQ6 ∀{P→Q} 

0 {V  M} 

 { V  M } 

Notice, however, that this reading is considerably less plausible than the first reading.  In particular, it 
suggests that there is a person who mothers every virtuous person.16 

9. Genitive versus Possessive 
 In many languages, including English, the possessive-construction behaves syntactically just 
like the genitive-construction.  For example, in English, they both have two forms – ‘of’ and 
apostrophe-s.  But semantically, possessive and genitive are quite different.  Consider the difference 
between the following. 

my mother [ genitive ] 
my dog [ possessive ] 

The relation between me and my mother is categorically different from the relation between me and 
my dog.  In the case of genitive ‘my’, the relation is internal to the noun; in the case of possessive 
‘my’, the relation is external to the noun, being rather possession. 

my mother  a person who mothers me 
my dog  a dog that I possess 

 Note carefully, however, that possession is very broadly understood to include various forms of 
ownership and assignment.  For example, suppose we are at a horse race, and you ask me 

which horse is yours? 
I might say 

my horse is Secretariat.17 

What sort of ownership is this?  Do I legally own Secretariat?  Am I invested in Secretariat?  It depends 
upon what one means by ‘invested in’.  Perhaps I have a legal stake in him; perhaps I have placed a 
wager on him; perhaps I am a fan who is emotionally invested in him.  Another way that Secretariat 

                                                   
16 There is indeed a third reading that reads the article ‘the’ twice!  According to this reading, the phrase denotes the 
person who is the [not just a] mother of every person.  
17 Secretariat (1970-1989), known to his friends as Big Red, is almost universally believed to be the greatest racehorse 
of all time, and he is also widely believed to be one of the greatest athletes of all time.  And no, I don't bet on horses, 
noting Mark Twain's remark that horse-sense is what horses have in virtue of which they don't bet on people.  
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might be "mine" is that he has been assigned to me for some purpose; perhaps I am assigned to write 
a story about him; perhaps I am assigned to take care of him. 

 The notion of assignment is further illustrated as follows.  Suppose I host a dinner and ask my 
guests to raise their glasses for a toast, I am not asking them to raise glasses they legally own.  I do not 
ask my guests to bring their own dinnerware!  Rather, I am asking each guest to raise the glass assigned 
to him/her. 

 By way of analyzing possessive, we propose a morpheme POSSESSIVE, which is variously spelled 
‘of’ and apostrophe-s, and which is categorially rendered as follows. 

OF, 'S, [POSSESSIVE]  DC  D(D0S) λλ0  possesses  18 

 Next we note that, just like genitive-nouns, possessive-modified nouns can be definite or 
indefinite.  For example, the following provides an analysis according to which the sentence is non-
committal about how many dogs Kay owns. 

15. Cassius is Kay's dog [indefinite reading] 

Cassius +1 is Kay 's [POSS] dog 

C1 

P0:P1 

K 0 

0D 0K 

0{K  D} 

1{K  D} 

KC  DC 

Note also that, according to this analysis, to be Kay's dog is to be (1) a dog, and (2) Kay's.  So we can 
also say the following. 

16. Cassius is Kay's 

Cassius +1 is Kay 's [POSS] 

C1 

P0:P1 

K 0 

0K 

1K 

KC 

Contrast this to the following, which treats apostrophe-s as genitive. 

Cassius +1 is Kay 's [GEN] 

C1 

P0:P1 

K .6 

? 

? 

? 

 The following is another example that is non-committal about how many dogs Kay owns. 

                                                   
18 The predicate  is taken to be a new logical term of Loglish, although it does not have a fixed 
denotation.  
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17. every dog of Kay is barking 

every dog of [POSS] Kay +1 is barking 

λP0 λQ ∀{P→Q} 

λ0D 

0 K 

λ.1 

λ1B 

0K 

0{D  K} 

λQ ∀{ K & D .→ Q } 

λQ1 ∀{ K & D .→ Q } 

∀{ K & D . B } 

We next observe that ‘dog of Kay’ is semantically-equivalent to ‘Kay's dog’, but not syntactically-
equivalent.  For example, the following tree parallels the above tree, but the sentence is generally 
regarded as syntactically ill-formed.  The grammatical principle it allegedly violates is the Double-
Determiner Rule, the affiliated idea being that ‘every’ and ‘Kay's’ are both determiners. 

18. every Kay's dog is barking 

every Kay 's [POSS] dog +1 is barking 

λP0 λQ ∀{P→Q} 

K 0 

λ0D 

λ.1 

λ1B 

0K 

0{K & D} 

λQ ∀{ K & D .→ Q } 

λQ1 ∀{ K & D .→ Q } 

∀{ K & D .→ B } 

Whereas the previous example is not committed to how many dogs Kay owns, the following example 
involves DEF, and accordingly is committed to Kay owning exactly one dog. 

19. Kay's dog belongs to Kay [definite reading] 

Kay 's [POSS] dog DEF +1 belongs-to19 Kay  +2 

K 0 

0D 

P0P 

.1 

21 

K .2 

0K K2 

0(K & D) 

1K 

(K & D) 

(K & D)1 

[K, (K & D)] 

Note that, if we replace the unpronounced DEF morpheme by ‘the’, and place ‘the’ as well as we can, 
we obtain the following analogous derivation. 

                                                   
19 We propose to read ‘belongs to’ as a phrasal-verb that is the converse of ‘owns’ or ‘possesses’. 
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20.  the Kay's dog belongs to Kay 

the Kay 's [POSS] dog +1 belongs-to Kay  +2 

P0P 

K 0 

0D 

.1 

21 

K .2 

0K K2 

0(K & D) 

1K 

(K & D) 

(K & D)1 

[K, (K & D)] 

Once again, we have a phrase whose meaning is straightforwardly computed, but one that is 
syntactically inadmissible.  One again the Double-Determiner-Rule is violated, since both ‘the’ and 
‘Kay's’ syntactically behave as determiners. 

10. Passive Verb Forms 
 The distinction between active-voice and passive-voice is illustrated in the following. 

Jay respects Kay active voice 

Kay is respected by Jay passive voice 

Rather than follow a transformational route, according to which the latter is obtained from the former 
via an separately hypothesized transformation, which is both ad hoc and anathema to compositional 
semantics, we propose to treat ‘ed’ and ‘by’ as grammatically/semantically autonomous morphemes.  
Not only is this more in keeping with the spirit of compositional semantics, it explains a wider variety 
of occurrences of passive-verb forms, including di-transitive verbs and phrases in which passive verb 
forms behave like adjectives. 

 First, we propose the following categorial analysis.20   

ed [PASS] [D2(D1S)][D5C] λ : λ2λ1R : λ5λ0R 

by [+5] DD5 .5 

Notice that ‘ed’ converts a transitive verb, which is a special kind of two-place predicate, into a 
different kind of two-place predicate, one that subcategorizes for an argument marked by ‘by’.  The 
latter is moreover understood in this context to be a case-marker.  In this instance, the case is called 
perlative, which is encoded by the integer 5.   

 Notice also that the semantic rendering (translation) of ‘ed’ involves a quite complex lambda-
abstract, which in particular has a lambda-abstract as an input.  Examples below will clarify how it 
functions semantically. 

21. Jay is respected by Kay. 

Jay +1 is  respect ed by Kay 

J .1 

P0:P1 

21R λ : λ2λ1R : λ5λ0R .5 K 

J1 

λ5λ0R K5 

λ0RK 

λ1RK 

RKJ 

                                                   
20 The suffix ‘ed’ is also used in English to produce participles, past tense, and perfect aspect.  Note also that, since 
‘by’ behaves syntactically like a preposition, it probably should be understood as taking an accusative argument, and 
accordingly has type D2D5, but we pursue a simpler account at the moment. 
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Notice that bold-face-R is a proper-expression, short for ‘respects’, whereas normal-R is a predicate-
variable, which is bound by the outermost lambda.  Then ‘respected’ is obtained from its parts via 
function-application, which involves expanded lambda-conversion. 

λ:α:βα[σ/ν]  β[σ/ν] 
The trick to using this rule of inference is to identify the various components.  In this particular 
application, we have the following. 

α λ2λ1R 

β λ5λ0R 
ν R 
σ R 

So, to obtain the output result, all we have to do is substitute ‘R’ for ‘R’ in β, which yields: 
λ5λ0R 

 Our account of the passive-morpheme works equally well with di-transitive verbs such as 
‘recommend’ and ‘introduce’, so long as we take advantage of type-logical resources. 

22. Jay is introduced by Kay to Elle. 

Jay  +1 is  introduce ed by Kay to Elle 

J .1 

P0:P1 

231I λ : λ2λ1R : λ5λ0R .5 K .3 L 

J1 

3λ5λ0I K5 

L3 λ3λ0IK 

λ0IKL 

λ1IKL 

IKJL 

Notice that ‘introduce’ does not combine with ‘ed’ by function-application (modus ponens), but by 
way of a more complex composition technique (inference), which is presented in Appendix 3. 
 Our account also shows how passive-VPs behave as adjectives. 

23. Jay respects every woman respected by Kay. 

Jay +1 respects every woman respect ed by Kay +2 

J .1 

21R 
21R 

λP0λQ∀{P→Q} 

0W 

21R 
λ:λ2λ1R: 
λ5λ0R .5 K 

.2 

J1 

λ5λ0R K5 

λ0RK 

0 {W  RK} 

λQ ∀{ W  RK .→ Q } 

λQ2 ∀{ W  RK .→ Q } 

1 ∀{ W  RK .→ R } 

∀{ W  RK .→ RJ } 

Note that ‘respected by Kay’ is a bare-adjective [type C] according to our analysis, so it can be 
conjoined with any phrase of type C. 
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11. Relational versus Inflectional Prepositions 
 In ordinary grammar, the word ‘by’ is simply classified as a preposition without any further 
clarification.  Unfortunately, this classification does not distinguish two completely different semantic-
uses of ‘by’, which might be variously called: 

(1) relational external modifier 

(2) inflectional 21 internal case-marker 

For example, the relational-use of ‘by’ treats it as a two-place operator as follows.22 

by DC   D(D0S)  0B  

The following illustrate. 
24. Kay is by the lake 

Kay +1 is by the lake 

K .1 

P0:P1 

0B 

P0P 0L 

K1 

L 

0B[, L] 

1B[, L] 

B[K, L] 

25. Kay is sitting by the lake 

Kay +1 is sitting by the lake 

K .1 

P0:P1 

0S 

0B 

P0P 0L 

K1 

L 

0B[, L] 

0{S  B[, L]} 

1{S  B[, L]} 

SK  B[K, L] 

This example treats ‘by the lake’ as a bare-adjective.  So to be sitting by the lake is just to be sitting 
and to be by the lake.  The following is quite different. 

26. Kay lives by the lake 

This does not mean: 
Kay lives and is by the lake. 

In other words, ‘by the lake’ does not modify ‘Kay’, but rather modifies ‘lives’, which means it is an 
adverb, whose type is VPVP.  Although the type is clear enough, the semantic analysis is not.  The 
following is the best we can do at the moment. 

27. Kay lives by the lake 

Kay+1 lives by the lake 

K1 

1L 

.P1: 1[[by()](P)]〈〉 A[] 

P1:1[[by(A)](P)]]〈〉 

1[[by(A)](L)]]〈〉 

[by(A)](L)]]〈K〉 

                                                   
21 Here, I use the term ‘inflectional’ to refer to all case-marking schemes.  It makes a great adjective. 
22 It is generally agreed that prepositions generally take accusative arguments in English; we say ‘by him/her’ not ‘by 
he/she’. But we propose to ignore this feature, except when it has direct bearing on the semantics. 
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 As a final example illustrating the difference between relational-by and inflectional-by, consider 
the following example. 

Jay was killed by the lake 

This is ambiguous; its meaning depends upon how we read ‘by’.  According to the relational [locative] 
reading of ‘by’, we have the following analysis. 

who was killed? Jay 

who/what killed Jay? unstated 

where did this event occur? by the lake 

On the other hand, according to the inflectional-reading of ‘by’, we have the following analysis. 

who was killed? Jay 

who/what killed Jay? the lake 23 

where did this event occur? unstated 

 There is an amusing example cited by a number of authors,24 which goes something like the 
following.25 

several people witnessed sex between two cars 

This involves an ambiguity between the locative-use of ‘between’ and the inflectional-use of 
‘between’.  According to the locative-reading of ‘between’, we have the following analysis. 

what happened? a sex act 

who were the participants? unstated 

where did this event occur? between two cars 

On the other hand, according to the inflectional-reading of ‘between’, we have the following analysis. 

what happened? a sex act 

who were the participants? two cars 

where did this event occur? unstated 

12. The Genitive Use of ‘er’ and ‘ee’ 
 As we have seen, ‘ed’ can be used to reconfigure a transitive verb.  Another suffix that 
reconfigures verbs is ‘er’,26 as illustrated in the following examples. 

Kay is Rex's owner Kay is an owner of Rex 
Kay is a dog owner Kay is an owner of a dog 
Kay is a dog lover Kay is a lover of dogs 

The last two examples involve indefinite noun phrases, for which we have no current account.27  On 
the other hand, the first one can be analyzed with our current apparatus, starting with the following 
type-categorization of ‘er’. 

er [GEN] [D2(D1S)][D6(D0S)]  : 21R : 60R  

The following illustrates. 

                                                   
23 Bear in mind that this reading is not very plausible, since we usually do not attribute agency to lakes. 
24 For example, Pinker (1994). 
25 There is a whole book of examples like this – Squad Helps Dog Bite Victim [Columbia Journal], plus a sequel Red 
Tape Holds Up Bridge – which contain actual newspaper headlines! 
26 The morpheme ‘er’ has other uses.  See Section Error! Reference source not found.. 
27 We deal with these elsewhere; see Chapter 8 [Indefinite Noun Phrases]. 
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28. Kay is Rex's owner 

Kay  +1 is  Rex 's own er [GEN] 

K .1 

P0:P1 

R .6 21O  : 21R : 60R 

K1 

R6 60O 

0OR 

1OR 

OKR 

 The ‘er’ suffix has a parallel, or twin, suffix ‘ee’, which traces to French ‘é’ and ‘ée’.28  We can 
expand these suffixes so that any transitive verb Φ admits the affixes ‘er’ and ‘ee’.29  In particular, 
every act of Φ-ing has an agent [i.e., a Φ-er] a patient [i.e., a Φ-ee].  For example, there are advisers, 
and there are advisees.  Although ‘er’ and ‘ee’ are syntactically-parallel, they are semantically quite 
opposite. 

29. Kay is Rex's adviser 

Kay  +1 is  Rex 's advise er [GEN] 

K .1 

P0:P1 

R .6 21A  : 21R : 60R 

K1 

R6 60A 

0AR 

1AR 

AKR 

30. Kay is Rex's advisee 

Kay  +1 is  Rex 's advise ee [GEN] 

K .1 

P0:P1 

R .6 21A  : 21R : 60R 

K1 

R6 60A 

0AR 

1AR 

ARK 

13. Relative Pronouns 
 Recall that we treat (restrictive) relative pronouns as second-order operators that take predicates 
as input, and deliver bare-adjectives as output, being categorially rendered as follows. 

who (DS)C P:P0 

The following examples illustrate, using three different inflected-forms of ‘who’. 
31. man who is virtuous 

man who +1 is virtuous 

0M 

P:P0 .1 

1V P1:P0 

0V 

0{M  V} 

                                                   
28 Which in French are used to form both passives and participles, pretty much like ‘ed’ and ‘en’ in English.  One 
interesting twist is that both English and French use two auxiliary verbs, ‘be’ and ‘have’, although modern English 
has mostly eliminated ‘be’.  ‘I am arrived’ versus ‘I have arrived’. 
29 There is indeed a French borrow-term, whose exact form is ‘fiancé’, which corresponds to the Anglo-Saxon 
‘betrothed’. 
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32. woman whom Jay respects 

woman who m Jay+1 respects 

0W 

P:P0 .2 J1 21R 

P2:P0 2 RJ 

0RK 

0{W  RK } 

33. man whose mother is kind 

man who se mother-DEF +1 is kind 

0M 

P:P0 .6 

6:M() 

.1 

1K 

P6:P0 

P 0 P[M()] 

P1 0 P[M()] 

0 K[M()] 

0{M  K[M()]} 

14. Simplified Accounts of Who and Copular-Be 
 The computation of ‘whose mother’ from ‘whose’ and ‘mother-DEF’ is fairly tricky. 30  
Fortunately, we can considerably simplify the computation by offering a simplified account of ‘who’. 

 Recall that our original hypothesis is:  

who (DS)(D0S) P:P0  P 0P 

At this point, we can exploit our type-logical machinery, noting the following principles.  

D0D   (DS)(D0S) 
0:  P:P0 

Since the former type-logically entails the latter, the former is expressively at least as powerful.  This 
enables us to simplify our account of ‘who’ as follows. 

who D0D 0: 

This in turn provides a simpler account of the following composition. 

original simplification 

who se mother-DEF +1 is kind 

P:P0 .6 

6:M() 

.1 

1K 

P6:P0 

P 0 P[M()] 

P1 0 P[M()] 

0 K[M()] 
 

who se mother-DEF +1 is kind 

0: .6 

6:M() 

.1 

1K 

0:6 

0:M() 

0 [M()]1 

0 K[M()] 
 

Notice, in particular, that all the compositions on the right are accomplished using function-
composition [transitivity].  

 Recall that, as originally type-rendered, nominative-who and copular-be are inverses of each 
other. 

                                                   
30 See Appendix 3 for the details. 
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who+1 (D1S)(D0S) P1:P0 

be [COP] (D0S)(D1S) P0:P1 

So, we can simplify copular-be just as we simplified ‘who’, as follows.  

be [COP] D1D0 1:0 

Compare the following derivations. 

old new 
is kind 

P0:P1 0K 

1K 
 

is kind 

1:0 0K 

1K 
 

In the first one, ‘is’ combines with ‘kind’ via function-application.  In the second one, ‘is’ combines 
with ‘kind’ via function-composition [transitivity]. 
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B. Appendices 
1. Appendix 1 – Examples of Semantic Trees 

1. Lexicon 

Morpheme Type Translation Gloss 

every C[(DS)S] P0 Q {PQ}  

some C[(DS)S] P0 Q {PQ}  

no C[(DS)S] P0 Q {PQ}  

a CC 31  

the, DEF CD P0 P  

is [COP] C(D1S) P0:P1  

is [ID] D2(D1S) 21[]  

NOM, +1 DD1 .1  

ACC, +2 DD2 .2  

by, +5  DD5 .5  

's, of, +6 DD6 .6  

who 
(DS)C P:P0  

D0D 0: simplified! 

 -ed [PASS] [D2(D1S)](D5C) :21R:50R  abbreviation:  

respects D2(D1S) 21 R  respects  

knows D2(D1S) 21 K  knows  

recommend D2(D3(D1S)) λ2z3λ1 R  recommends  to z 

next-to D2C 20 N  is next to  

woman C 0 W  is a woman 

man C 0 M  is a man 

mother D6C 60 M  is a mother of  32 

father D6C 60 F  is a father of  

friend D6C 60 F  is a friend of  33 

Jay D J Jay 

Kay D K Kay 

                                                   
31 We treat ‘a’ as synonymous with ‘one’, which we deal with in Chapter 9 [Number Words], which treats number-
words as modifier-adjectives [CC].  In simple first-order logic, terms and predicates are all singular in number, so 
for example, dog[α] means that α is a dog.  In other words, ‘a’ is semantically-empty. 
32 It's OK to use ‘M’ for ‘man’ and ‘mother’, since one is monadic and the other is dyadic. 
33 It's OK to use ‘F’ for ‘father’ and ‘friend’, so long as they don't occur in the same example.  More generally, we 
need to develop more precise abbreviations.   
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2. Trees 
1. Jay respects every man who respects Kay. 

Jay+1 respects every man who +1 respects Kay+2 +2 

J1 

21R 
21R 

P0 Q {PQ} 

0M 

0. .1 21R K2 

.2 

0.1 1RK 

0RK 

0{M  RK} 

Q { M  RK . Q } 

Q2 { M  RK . Q } 

1 { M  RK . R } 

{ M  RK . RJ } 

2. every woman [whom] Jay respects is next-to Jay. 

every woman who m Jay+1 respects +1 is next-to Kay 

P0 Q {PQ} 

0W 

0. .2 J1 21R 

.1 

P0.P1 

0N K 

0.2 2 RJ 0NK 

0 RJ 

1NK 

0 {W  RJ} 

Q { W  RJ . Q } 

Q1 { W  RJ . Q } 

{ W  RJ . NK } 

3. Kay's mother is respected by every friend of Kay. 

Kay 's mother DEF +1 is respect ed by every friend of  Kay 

K .6 

6:M() 

.1 

P0.P1 

21R  

.5 

P0Q{PQ} 

60F 

.6 K 

K6 

50R 
50R 

K6 

M(K) 0FK 

M(K)1 

Q  { FK  Q } 

Q5  { FK  Q } 

0  { FK  R } 

1  { FK  R } 

 { FK  R[,M(K)] } 

4. every woman respected by Jay is respected by Kay. 

every woman respect ed by  Jay +1 is respect ed by Kay 

P0 Q {PQ} 

0W 

21R  .5 J 

.1 

P0:P1 

21R  .5 K 

50R J5 50R K5 

0RJ 0RK 

0{W  RJ} 

1RK 

Q { W  RJ . Q } 

Q1 { W  RJ . Q } 

{ W  RJ . RK } 
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5. every woman who respects Kay respects Kay's mother. 

every woman who +1 respects Kay+2 +1 respects Kay 's mother DEF +2 

P0 Q  
{PQ} 

0W 

0. .1 21R K2 

.1 

21R 

K .6 

6M() 

.2 

0.1 1RK K6 

0RK M(K) 

0{ W & RK } M(K)2 

Q { W & RK . Q } 

1R[,M(K)] Q1 { W & RK . Q } 

{ W & RK . R[,M(K)] } 

6. Jay knows some woman whose mother respects Kay. 

Jay+1 knows some woman who se mother DEF +1 respects Kay +2 +2 

J1 

21K 
21K 

P0 Q 
{P&Q} 

0W 

0. .6 
 

6 M() 

.1 

21R 

K .2 

.2 

0:6 K2 

0:M() 

1RK 0:M()1 

0 R[M(), K] 

0 { W & R[M(), K] } 

Q  { W & R[M(), K] & Q } 

Q2  { W & R[M(), K] & Q } 

1  { W & R[M(), K] & K } 

 { W & R[M(), K] & KJ } 

7. no man's mother respects every woman's father 

no man 's 
mother 

DEF +1 respects every woman 's 
father 

DEF +2 

P0 Q 
{P&Q} 0M 

.6 

6 M() 

.1 
21 

R 

P0 Q 
{PQ} 0W 

.6 

6 F() 

.2 

Q {M & Q} Q  {W  Q} 

Q6 {M & Q} Q6  {W  Q} 

Q { M & Q[M()] } Q  { W  Q[F()] } 

Q1 { M & Q[M()] } 

Q2  { W  Q[F()] } 

1  { W  R[,F()] } 

{ M &  {W  R[,F()]} } 
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8. every man who respects every man is respected by every man. 

every man who +1 respects every man +2 +1 see below 

P0 Q  
{PQ} 

0M 

0. .1 

21R 

P0 Q  
{PQ} M0 

.2 

.1 

1{MR} 

0.1 

Q {M  Q} 

Q2 {M  Q} 

1{M  R} 

 0 {M  R} 

0{ M & {M  R} } 

Q { M & {M  R} . Q } 

Q1 { M & {M  R} . Q } 

{ M & {M  R} . {MR} } 
 

is respect ed by every man 

P0.P1 

21R  

.5 

P0 Q {PQ} M0 

5 0 R 

Q {MQ} 

Q5 {MQ} 

0 {MR} 

1 {MR} 

9. every man [whom] Kay respects is a man respected by Kay. 

every man who m Kay+1 respects +1 see below 

P0 Q {PQ} 

0M 

0. .2 K1 21R 

.1 

1{M  RK} 

0.2 2RK 

0RK 

0{M & RK} 

Q { M & RK . Q } 

Q1 { M & RK . Q } 

{ M & RK .. M  RK } 

 
 

is a man respect ed by Kay 

P0.P1 

 0M 

21R  .5 K 

5 0 R K5 

0 RK 

0{M  RK} 

1{M  RK} 
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10. every friend of every virtuous-person is virtuous. 

Reading 1 [first ‘every’ is wider than second ‘every’ ; less plausible reading] 

every friend of every virtuous-person +1 is virtuous 

P0 Q  
{PQ} 

6 0 F 

.6 

P0 Q  
{PQ} 0V 

.1 

1V 

Q { V  Q } 

Q6 { V   Q } 

0 {V  F} 

Q { {V  F}  Q } 

Q1 { {V  F}  Q } 

{ {V  F}  V } 

Reading 2 [second ‘every’ is wider than first ‘every’ ; more plausible reading] 

every friend of every virtuous-person +1 is virtuous 

P0 O  
{PO} 6 0 F 

.6 

P0 Q  
{PQ} 0V 

.1 

1V 

6 O { F  O } 

Q { V  Q } 

Q6 { V  Q } 

O  { V  { F  O } } 

O1  { V  { F  O } } 

{ V  { F  V } } 

2. Appendix 2  
Adjustments to Derivation Rules for Expanded Lambda-Calculus 
1. The Assumption-Rule 

L α (new)   (new) As 
Here, α has type , and is any open expression every variable of which is new, which is to 
say it does not occur unbound earlier in the derivation. and  is any numeral that is new, 
which is to say it does not occur earlier in the derivation. 

2. Inference Rules 
1. Lambda-Out (λO) [function-application] 

L1 Λ   … 
L2 α   … 

L3 Λα  + L1, L2, λO 

Λ is any lambda-abstract;  
α is any open expression;   
Λα is subject to expanded lambda-conversion. 

α:βα[σ/ν]    β[σ/ν] 
Note the customary meta-logical substitution custom: 

Where  and ' are expressions,  
and ν is a variable that is free in  for ',  
['/ν] is the expression that results when  
' replaces ν in  everywhere ν is free in .  
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2. Lambda-In (λI) [function-generation] 
L1 α   … 
L2 β  + … 

L3 λ:α:β   L1, L2, λI 

α is any open expression; β is any expression. 

3. Derived Rules 
1. Modus Ponens (MP) 

α:β   

α[σ/ν]   

βσ/ν  + 

2. Generalized Modus Ponens (GMP) 

ε1…εk α : β 1…k  

α[σ/ν]   

ε1…εk : βσ/ν 1…k + 

Notice that k can be zero, in which case GMP reduces to MP. 

3. Transitivity (TR) 
:β:γ   

:α:β[σ/ν]   

:α:γ[σ/ν]  + 

4. Generalized Transitivity (GTR) 
ε1…εk β:γ 1…k  

α:β[σ/ν]   

ε1…εk α:γ[σ/ν] 1…k + 

Notice that k can be zero, in which case GTR reduces to TR. 

5. Inflectivity (INF) 
P : β DS.  

.θ DDθ  

Pθ : β DθS. + 
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3. Appendix 3 – Examples of Type-Logical Derivations 
1. not kind 

not kind 

PP λ0K 

λ0K 
 

(1)  PP SS 1 Pr  

(2)  0K D0S 2 Pr  

(3)  0 D0 3 As  

(4)  K S 23 2,3,O  

(5)  K S 123 1,4,O  

(6)  0K D0S 123 3,5,I OR: 1,2,TR 

2. is not 

is not 

P0:P1 PP 

P0 1 P 
 

(1)  P0:P1 D0S..D1S 1 Pr 

(2)  PP SS 2 Pr 

(3)  P0 D0S 3 As 

(4)  1 D1 4 As 

(5)  P1 [ 1P] D1S 13 1,3,O 

(6)  P S 134 4,5,O 

(7)  P S 1234 2,6,O 

(8)  1 P D1S 123 4,7,I 

(9)  P0 1 P D0S..D1S 12 3,8,I 

3. does not respect Kay 

does-not respect Kay +2 

PP 

21R 

K .2 

K2 

1RK 

1 RK 
 

(1)  1Rk D1S 1 Pr  

(2)  PP SS 2 Pr  

(3)  1 D1 3 As  

(4)  RK S 13 1,3,O  

(5)  RK S 123 2,4,O  

(6)  1RK D1S 123 3,5,I OR: 1,2,TR 

4. every woman +θ 

every woman +θ 

λP0 λQ ∀{PQ} 0W 

.θ λQ ∀{WQ} 

λQθ ∀{WQ} 
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(1)  Q {WQ} DS.S 1 Pr  

(2)  λ.1 DD1 2 Pr  

(3)  Q1 D1S 3 As  

(4)  1Q D1S 3 3, CC  

(5)   D 4 As  

(6)  1 D1 24 2,5,O  

(7)  Q S 234 4,5,O  

(8)  Q DS 23 5,7,I OR: 2,3,TR 

(9)  {WQ} S 123 1,8,O  

(10)  Q1 {WQ} D1S.S 12 3,9,I OR: 1,2,INF 

5. respects every woman 

respects every woman +2 

21R 
21R λQ2 ∀{W  Q} 

1 ∀{W  R} 
 

(1)  21R D2D1S 1 Pr 

(2)  λQ2 ∀{W  Q} D2S.S 2 Pr 

(3)  1 D1 3 As 

(4)  2R D2S 13 1,3,GMP 

(5)  ∀{W  R} S 123 1,4,O 

(6)  1 ∀{W  R} D1S 12 3,5,I 

6. who +θ 

who +θ 

Q P0 0{PQ} .θ 

Qθ P0 0{PQ} 
 

(1)  Q P0 0{PQ} DS..CC 1 Pr  

(2)  .θ DDθ 2 Pr  

(3)  Qθ [ θQ] DθS 3 As  

(4)  Q DS 23 2,3,TR  

(5)  P0 0{PQ} CC 123 1,4,O  

(6)  Qθ P0 0{PQ} DθS..CC 12 3,5,I OR: 1,2,INF 

7. Jay respects 

Jay+1 respects 

J1 21R 

2 RJ 
 

(1)  21R D2D1S 1 Pr  

(2)  J1 D1 2 Pr  

(3)  2 D2 3 As  

(4)  1R D1S 13 1,3,O  

(5)  RJ S 123 2,4,O  

(6)  2RJ D3D5D0S 12 3,5,I OR: 1,2,GMP 
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8. whom Jay respects 

who m Jay+1 respects 

Q P0 0{ P  Q } .2 J1 21R 

Q2 P0 0{ P  Q } 2 RJ 

P0 0{ P  RJ } 

This is a combination of the previous two inferences. 

9. introduced 

introduce ed 

231I λ:λ2λ1R:λ5λ0R 

3λ5λ0I 
 

(1)  2z31I D2D3D1S 1 Pr 

(2)  λ:λ2λ1R:λ5λ0R D2D1S .. D5D0S 2 Pr 

(3)  z3 D3 3 As 

(4)  21I D2D1S 13 1,3,SMP 

(5)  λ5λ0I D5D0S 123 2,4,TR 

(6)  λ3λ5λ0I D3D5D0S 12 3,5,I 

The substitution of ‘I’ for ‘R’ in line 4 seems like magic, but this is justified 
by the lambda-calculus, based on the following identity. 
 I    I, 
So, ‘I’ results from ‘R’ by substituting ‘I’ for ‘R’. 

10. whose mother-def 

who se mother-DEF 

Q P0 0{PQ} .6 

6.M() Q6 P0 0{PQ} 

Q P0 0{ P  Q[M()] } 
 

(1)  Q6 P0 0{PQ} D6S..CC 1 Pr whose 

(2)  6M() D6D 2 Pr mother-DEF 

(3)  Q [Q] DS 3 As  

(4)  6 Q[M()] D6S 23 2,3,TR  

(5)  0{ P  Q[M()] } CC 123 1,8,O  

(6)  Q 0{ P  Q[M()] } DS..CC 12 3,9,I OR: 1,2,INF 

11. friend Jay has 

friend Jay +1 has [GEN] 

λ6λ0F 

J1 λP6:P1 

λP6:PJ 

λ0FJ 
 

(1)  J1 D1 1 Pr 

(2)  λP6:P1 D6S..D1S 2 Pr 

(3)  P6 D6S 3 As 

(4)  P1 [1P] D1S 23 2,3,O 

(5)  PJ S 123 1,5,O 

(6)  P6:PJ D6S.S 12 3,5,I 
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(1)  λ6λ0F D6D0S 1 Pr 

(2)  λP6:PJ D6S.S 2 Pr 

(3)  0 D0 3 As 

(4)  λ6F D6S 13 1,3,GMP 

(5)  FJ S 123 2,4,O 

(6)  0FJ D0S 12 3,5,I 

12. the mother of every virtuous person 

reading according to which ‘the’ has wide scope 

the mother  of every virtuous person 

P0 P 

60M  λQ6 ∀{V → Q} 

0 {V  M} 

 {V  M} 
 

(1)  60M D6D0S 1 Pr 

(2)   λQ6 ∀{V → Q} D6S.S 2 Pr 

(3)  0 D0 3 As 

(4)  λ6M D6S 13 1,3,GMP 

(5)  {V  M} S 123 2,4,O 

(6)  0 {V  M} D0S 12 3,5,I 

reading according to which ‘every’ has wide scope 

the mother of every virtuous person 

P0 P 60M 

λQ6 ∀{V → Q} 
6 M 
6 M() 

λQ ∀{V → Q[M()]} 
 

(1)  P0 P D0S.D 1 Pr 

(2)  60M D6D0S 2 Pr 

(3)  6 M D6D 12 1,2,TR 
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