Appendix

A The Formal Definition and Derivation of EFO-1 Query Family

A.1 First Order Queries, A Self-Contained Guide
The First-Order (FO) query is a very expressive family of logical queries given by the following
definitions.

The first-order logic handles the set of variables Vars = {z1,...,2,} and set of functions
{fi,.-es fm}- We say f is a function of arity k > 0 if f has k inputs. Functions of arity 0 are
called constants. Then we give the formal definition of terms.

Definition 1 (T'erms). The set of terms is defined inductively as follows:
* Vars C Terms.
o Ift1,...,ty € Terms and f is a k-ary function, then f(t1,...,t;) € Terms.

* Nothing else in T'erms.

In first-order logic we also have the predicates { P, ..., P;}. The predicate P is of arity k£ when
it takes k terms as the input. Each predicate indicates whether the specific type of relation exists
amongst its inputs by returning True of False. We note that a predicate of arity 0 is a proposition of
the propositional logic. Then we give the formal definition of the first-order formula.

Definition 2 (First-Order Formula). The set of Formulas can be defined inductively as follows:

o Ifty,...,tx, € Terms and P is a k-ary predicate, then P(t1, ..., tx) € Formulas. (Atomic
formulas).

e If € Formulas and ¢ € Formulas, then

- —¢ € Formulas,
- ¢ Ny € Formulas,
- ¢ VY € Formulas,

where A\, V, and — are connectives. We note that in some definition, one may consider the
logical implication connective =—> . However, our definition is complete since implication
can be represented by \,V, and —.

e If p € Formulas and x € Vars, then

— dx.¢ € Formulas,
- Vx.ip € Formulas,

where ¥ and 3 are the universal and the existential quantifiers, respectively.

A first order formula can be converted to various normal forms. The key idea of normal form is that
the derived formula is logically equivalent to the original formula. In formally, the prenex normal
form is to move all the quantifiers before in the front. Here we give the formal definition of the prenex
normal form.

Definition 3 (Prenex Normal Form). The prenex normal form of a formula is derived by executing
the following six conversions until there is nothing to do.

» Convert ~(Vz.¢) to Jx.(—¢);
* Convert —(3z.¢) to Vx.(—¢);
» Convert (VYx.¢) N toVz.(p A1),
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o Convert (Vx.¢) V ¢ to V. (¢ V 1),
o Convert (3x.¢) A to Jx.(dp AN ),
» Convert (3x.¢) V4 to x.(p V),

where ¢, € Formula.

Then we can give rise to the formal definition of the first-order query over the knowledge graph by
considering the following first-order formula in the prenex normal form form [17]:

F =0y, ... Oym.f(@1, ey Try Y1, oovs Yy P, O), (1)

where [J is either the existential quantifier 3 or the universal quantifier V, f is the first-order formula
with logical connectives (A, V, —), predicates p € P, and constant object o € O. {z1,...,z,} are
n > 0 free logical variables and {y1, ...y } are m quantified logical variables. In the knowledge
graph, the predicate p € P is related to the specific relation r. p(a, b) is True if and only if the entity
a, b has the relation r.

The answer set Ap of F' contains n-tuples of objects A = (aq,...,a,) € Ap, such that, any
instantiation of F' by considering the assignment of free variables x; = a;,1 <7 < n is true if and
only if (a1, ...,a,) € Ap.

A.2 EFO-1 Queries on KG

We consider a knowledge graph G = (€, R), where £ is the set of entities and R is the set of
relation triples. Then we formally list the conditions that narrow FO queries down to Existential First
Order Query with the single free variable (EFO-1 queries). Our conditions follow what have been
considered in [13} 13, 12, 10} F|including:

(1) only existential quantifiers [J = 3,

(2) predicates induced by relations: prej(ahead, Grai1) = True <= (head, rel, tail) € R, and

(3) single free logical variable in each query.

(4) Exists a feasible topological ordering determined by predicate is O < y1 < + -+ < Yy, < &,
(p(a,b) € F gives a partial ordering of a < b), and we require that for Vy;,i = 1...m, at
least one of the followings is true:

e dpe P, 3t,1 <t<i, st p(y,y;) € F
e dpe PoeO, st ploy;) €F
Similarly, at least one of the following must be true:
* dJpe P 3j,i<j<m, st py,y;) €F
* dpe P, st p(y;,x) € F

Based on (1), one can conduct Skolemization [17] by replacing all existentially quantified logical
variables by corresponding Skolem functions. The intuition of Skolemization is to replacement of Jy
by a concrete choice function computing y from all the arguments y depends on. The chosen function
is also known as the Skolem function. Specifically, in the context of knowledge graph a Skolem
function is induced from the predicate p by producing all entities that satisfy p given the known entity.
In this paper, we also use the term “projection” to indicate the Skolem function following [[16} [15].

By (2), all Skolem functions are equivalent to the forward and backward relations in G. According
to (3), there will be only one target node. Then by (4), guaranteed by the topological ordering and
following requirements, we will obtain a tree of operators (OpsTree) , whose root represents the
target variable and leaves are the known entities, i.e., anchor nodes. An example of EFO-1 query is
shown in Figure[I]

Though some work [[15] claimed to consider the “first-order query” and represent them in the OpsTree,
they actually considers the EFO-1 queries that formally derived in this paper. Our formal derivation
of EFO-1 queries from the first-order queries shows that there are still gaps towards the truly first
order queries. Thus, we still have a long way to achieve the logical completeness.

8This family is also called by Skolem set logic in [13].
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B The LISP-like Grammar for EFO-1 Query Types

Here we present the LISP-like grammar for the EFO-1 query types. The string generated by our
grammar is called an EFO-1 formula. Each EFO-1 formula is a set of nested arguments segmented
by parentheses. The first argument indicates the specific operator and the other arguments (if any)
are the operands of the specific operator. Our grammar is context free and the preliminary version
considers the [e,p,1,u,n] operators.

Grammar 1: EF0-1
Formula = Intersection|Union|Projection|Negation
Intersection := (i,Formula,Formula)
Union := (u,Formula,Formula)
Negation := (n,Formula)
Projection := (p,Formulal|Entity)
Entity := (e)

where | is the pipe symbol to indicate multiple available replacement.

In our implementation, we follow the assumption of bounded negation, where the Negation only
appears in one of the operands of intersection. Then, the grammar is modified into

Grammar 2: EF0-1 with the bounded negation

Formula := Intersection|Union|Projection
Intersection := (i,Formula,Formula|Negation)
Union = (u,Formula,Formula)

Negation = (n,Formula)

Projection = (p,Formula|Entity)

Entity 1= (e)

Moreover, the LISP-like grammar is flexible enough and can be extended by other operators. For
example, the following grammar supports multilUD and bounded negation.

Grammar 3: Extended EFO-1 with the bounded negation

Formula := Intersection|Union|Projection|Difference
|[Multi-Intersection|Multi-Union|Multi-Difference

Difference := (d,Formula,Formula)

Intersection = (i,Formula,Formula)

Union = (u,Formula,Formula)

Negation = (n,Formula)

Projection = (p,FormulalEntity)

Entity = (e)

Multi-Intersection :

Multi-Union

Multi-Difference
Multi-I-Operands
Multi-U-Operands

Multi-D-Operands

(I,Multi-I-Operands)
(U,Multi-U-Operands)

= (D,Multi-D-Operands)

(Formula|Negation) ,Multi-I-Operands
| (Formula|Negation) ,Formula
Formula,Multi-U-Operands

| Formula,Formula
Formula,Multi-D-Operands
|Formula,Formula

Based on the formal description above, we are able to discuss the combinatorial space of EFO-1
queries as well as various normal forms with different choice of operators.

15



Table 11: The operators that are considered in the grammar of EFO-1 formula.

Operator  Input Output Explanation

e Entity id e; Set S = {e;} Create a singleton set
from one entity

P Entity set S and projec- SetT = {Proj(e):e € S}  Project a set of enti-

tion function Proj ties to another set of

entities

i Entity sets S7 and So SetT =51 N85, Take the intersection
of two sets

u Entity sets S; and So SetT =5, U8, Take the union of two
sets

n Entity set S SetT =5 Take the complement
of one set against all
entities

d Entity sets S7 and So SetT = S; — S, Take the set differ-
ence of S and Ss

I Entity sets S1,.52,...,5, SetT =N}_,Sk Take the intersection
of nsets. n > 2

U Entity sets S, .52,...,5, SetT =U}_,Sk Take the union of n
sets. n > 2

D Entity sets S1, .52,...,.5, SetT =57 —S5; —---— 5, Take the difference of

multiple sets

B.1 Justification of Operators

Here we present the precise definitions of the operators that are considered in our grammars in the
Table [T} The operators can be directly used in the sampling process in Section[3.3] The operator e is
also known as the anchor node in this paper.

B.2 Generate EFO-1 Formulas

We employ the depth-first search based algorithm to iterate through the Grammar 2. The generated
formula can be considered as a binary tree. The generation process terminates when the number of
Projection p and Negation n reaches the threshold. The termination threshold is not consistent to the
grouping criteria in the Table 2| which only considers the Projection operator. For the generation, we
consider the negation additionally in order to avoid the endless generation of negations.

C Transformation to Disjunctive Normal Form

Transforming the EFO-1 queries to DNF is more complicated than EPFO queries considered in [16]],
even with the straight forward [e,p,i,u,n] operators. Notably, the order of some operators must
not be changed for EFO-1 queries, such as i & p’lorn & ﬂ Here we list the procedures to transform
general EFO-1 queries with [e,p,i,u,n] to a DNF

1. De Morgan’s Law If the operand of a negation operator is intersection or union, switch the
positions of negation and intersection/union with De Morgan’s law.

2. Negation cancellation If the operand of a negation operator is another negation, remove those
two negation operators.

3. p-u switch If the operand of a projection operator is an union, switch the position of union and
projection. The projection operator should be duplicated while switching.

4. i-u switch If one of the operands of an intersection operator is an union, We apply AN (BUC') =
(AN B)U (AU Q) to switch the union operator and the intersection operator.

°f(AN B) C f(A) N f(B), where f is the projection function and A and B are sets.
107(A) C f(A) where f is the projection function, - is the negation operator and A is a set.
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The first two procedures make the negation operator lower than union and intersection operator and
the last two procedures make the union higher than the intersection operator. We follow those 4
procedures until no more changes happens. In this way, we get a DNF of the original formula. Since
some operators cannot be switched, the DNF of EFO-1 query types may not ensure all intersection
operators right below the unions. But for the DNF of first order logical formulas, all conjunctions are
right below the disjunctions, see Example[I] We note that this type of queries has not been discussed
so far in the current literature.

Example 1. Considering the DNF of EFO-1 queries
f1(f2(A) N f3(B)) U f1(C) (2)

where f; is the projection functions and ABC are sets. The query type can be presented by
(u, (p, (i, (p, (e)), (p,(e)))), (p, (e)). We note that This EFO-1 query can be re-written
as the first order formula with the single free variable o and the existential quantified variable (3.

7a3Bp1(B, a) Apa(A, B) Aps(B, B)] V pa(C, a), 3)

where p; are the corresponding predicates from projection function f;, i = 1,...,5. Though the
EFO-1 query has intersection as the input of f1, we still call this query a DNF.

We note that the DNF transformation will exponentially increase the complexity of the queries
because of the step 4 [13].

D Example of Different Normal Forms

An example is also presented to show the difference of different normal forms in the Table[T2] We
note that the example contains 5 anchor nodes to reveal all the features though in EFO-1-QA dataset,
sampled data only contains no more than 3 anchor nodes.
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Table 12: An example for different normal forms, operator systems and an example.

Normal Forms  Operator System  EFO-1 Formula Example (indented for clearance)

(i,, @, p,E)),
(p, (i, @, (p,))),
Original [e,p,i,u,n] (p,(e))))),
(u, (p, (e)),

(p,(p,(e)))))
(i, (, @, (P, ),
(p, G, (@, (p, ),
DM [e,p,i,n] (p,(e))))),
(n, (i, (n,(p,(e))),

(n, (p, (p, ()N
(I,(n,(p,(e))g,
(p, (i, (n,(p,))),
DM+ [e,p,I,n] (p,(e)))),
(n, (i, (n,(p,())),
(n,(p, (p, ()
(u, (i, (1, E, (@, (p, (p,(e)))),
(p,(p,(e)))),
(n, (p,(e)))),
(p,(e))),
(i,E, @, @, P, (p,E))),
(p,(p,(e)))),
(n,(p,(e)))),

(P, (p, (e
(i, (d, (p,(d,(p,(e)),
(P, (),
Original + d [e,p,i,u,d] (p,(e))),
(u, (p, (e)),

(p, (p,(e)))))
(u, (1,(d, (d, (p,(p,(e))),

(p,(p,(e)))),
(p,(e))),
(p,(e))),
(i,(d,@, (, @, E)),
(p, (p,(e)))),
(p,(e))),

(p,(p,(e)))))
(U, (1, (0, (p,(e))),

(n, (p, (p,(e)))),

(p,(e)),

P, (P, ),
(I,(n,(p,(e))),

(n, (p, (p, )N,

(p,(p,))),

(p, (p,(e)))))
(U, (4, (d, (I,(p,(e)),

(p,(p,(e)))),
(p,(e)))
(p, (P, )N,
(4, (@, (I, @, @, E)),
(p,(p,(e)))),
(p,(e)))

() (P, (63))))
W, @, &5 &)),

(p,(p,e)))),
(p,(e)),
(p, (P, )N,
(D, (I, (p, (p,(e))),
(p, (p, ),
(p,(e)),
@, @, E@NN

DNF [e,p,i,u,n]

DNF +d [e,p,i,u,d]

DNF + IU [e,p,I,U,n]

DNF+IUd [e,p,I,U,d]

DNF+IUD le,p,I,U,D]

E JSON Serialization of Grounded Queries

Compared to LISP-like description of the query types, the serialization of the grounded queries
should also keep the grounded relations and entities. We employ the JSON format to store the query
structure and the instantiation. For each query, we maintain two key value pairs. The first key is o,
which indicates the operator and has the string object from e,p,i,u,n,d,I,U,D. The second key
is a, which indicates the arguments as a list object. For the grounded projection operator, the first
argument is the corresponding relation id and the second argument is another JSON string of its input.
For the grounded entity operator, the only argument is the corresponding entity id. For other logical
or set operators, their arguments are the strings for the inputs in the JSON format.

18



F Grounding Query Types with Meaningful Negation

When grounding the query types, we can barely require the query to be valid: for example, a query
like "Find one that has won the Oscar but not the Turing award.’ is valid while the but not the Turing
award’ part is meaningless since there’s actually no one who wins both the Oscar and the Turing
award. Therefore, a better alternative should be *Find one who wins the Oscar but not the Golden
Globe.’ in consideration of this reason. With the bounded negation assumption, and for the sake
of simplicity, we may only consider the case of (i, (subqueryl), (n, subquery?2)) to illustrate our
sampling method: we need to finish the sampling in the subqeuery1 first, then we randomly select an
entity in the answer set of subquery1 and require the subquery?2 to exclude it if possible.

This sampling method creates more realistic grounded queries and those grounded queries are
apparently harder in our experiments since those negation queries must be understood by the model
to get the correct answer set.

G Dataset Format

We organize our dataset conceptually into two tables. The first table stores the information about
query types, the columns of which include different normal forms of the formula in LISP-language,
the formula ID, and other statistics. The second table is to store the information of the grounded
queries with columns for easy and hard answer set, JSON string for different normal forms and the
formula ID that indicating the query type. Those two tables can be joined by the formula ID. In our
practice, we split the second table by the formula ID and store each sub-table in a file named by the
formula ID. The data sample is also provided with the supplementary materials.

H The Choice of Normal Forms

Here we explain the reasons why we choose those normal forms and in Table[3] The key difference is
the way we model the union operator: DM form replace union with intersection and negation while
DNF form requires union operator only appear at the root of the OpsTree, which create two basic
types of forms. The original form is also kept for the purpose of comparison. Then we face the choice
of IU/iu and the choice of d/D/n, which can make six combinations in total.

In DNF forms, the combination [e,p,i,u,D] are filtered out for it lacks practical meaning. More
importantly, it is either the same as [e,p,I,U,D] or the same as [e,p,i,u,d] when the number of
anchor node is restricted to be no more than three.

In DM forms, the difference is not allowed as it violates the hypothesis of bounded negation. The
choice of I/1 offers us two variants: DM and DM+1.

In original forms, we only offer the choice of d/n to avoid complex transformation and keep the
queries as ‘original’ as possible.

In total: five DNF forms, two DM forms, and two original forms makes nine forms we listed in
Table[3]

I Implementation Details of NewLook

Some details of NewLook is not fully covered in the original paper [[12] while the released versiorE]
is not suitable to justify the combinatorial generalizability. Here we list several details of our
implementation of NewLook.

Group Division In the released version, the connectivity tensor 7 is generated by entire graph.
Accessing the entire graph contradicts the Open Word Assumption. In our reproduction, we

"https://github.com/lihuiliullh/NewLook
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Table 13: Review of existing CQA models, where * means the DNF is required and T means the
bounded negation must be assumed. For EmQL, the difference operator is claimed to be available,
however, it does not indicate how to train this operator as intersection and union.

COA Model Support Operators Support  Support
. EPFO EFO-1
e p i I uw U n d D
GQE [10] v /v /X X X X X /F X
Q2B [16] o/ /XXX XX/ X
EmQL [19] S O/ VX / oX o Xx O x v af
BiQE [11]] v O/ /XXX XX/ X
HypE [6] v o/ /XX XXX /E X
BetaE [15] AN A SN SEARY SN 4 v
CQD (1] v /X vV oXx X X X / X
LogicE [13] AR A SN S ANY SN 4 VE
NewLook[12] v v vV V X X X / J/ /* vt

Table 14: Number of different query types of [e,p,i,u,n] system.

Original DM DM+l DNF DNF+IU

Original 0 57 132 15 90
DM 57 0 75 148 256
DM+ 132 75 0 223 181
DNF 15 148 223 0 84
DNF+IU 90 256 181 84 0

only use the training edges to avoid leaking the information of unseen edges and the number
of group is set to 200.

Intersection The origin mathematical formulas have been proven to be impractical since z; will be
infinity when z,,, = z,,,, and we fix this problem by adding a small value € = 0.01 in the
denominator.

Difference The update method of x has not been shown, so we implement this by intuition: (x,,, ); =
1l ((Eul)j:l, (xui)j:O> Yi=2,...,k.

Loss function The value of hyper-parameter A is not provided, so we set it to 0.02.

MLP The hyperparameter of MLP is not given, so we let all MLP be a two-layer network with
hidden dimension as 1,600 and ReLLU activation.

J Short Review of Existing CQA Models

We compared the details of different CQA models in Table[T3] We can see that most of the CQA
models support the EPFO queries but only three CQA models support EFO-1 query.

K The Normal Forms in [e,p,i,u,n] System

To justify the impact of normal forms, we select the query types that has different EFO-1 formula
representation when two normal forms are fixed. The number of the query types that are picked given
two normal forms are shown in the Table

L. Additional Experimental Results

Here we list detailed experiment results and add some discussions on them. Due to the large number
of the query types, we group and report the queries by the maximum projection length and number of
anchor nodes in Table |7} ??, and ??. These three tables are the results on FB15k-237, FB15k, NELL,
correspondingly .
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Our analysis mainly focus on FB15k-237 shown in Tablg7] but FB15k and NELL also shows similar
phenomena.

Impact of the Max Projection Length. It shows a clear descending trend of performance as the
query depth increases in all models. NewLook [12] call this phenomenon “cascading error” as
error propagates in each projection operation. In fact, projection plays a pivotal role in all CQA
models. For example, CQD [1]] only trains queries of type (p, (e)) and uses logical t-norms to
represent union and intersection. Beta [[15] doubles training steps for query types only containing
projection. Moreover, the operator of anchor entity is always projection: as queries like (u, (e) , (e))
or (i, (e), (e)) are not allowed, which makes projection be indispensable. For all reasons above,
we believe the modeling of projection operation is the fundamental factor to final results.

Impact of the Number of Anchor Nodes. A query type with more anchor nodes is not neces-
sarily harder. For example, in depth 2 and 3, queries with 3 anchor nodes have higher scores
than those with 2 anchor nodes. This is partially because of the feature of the intersection: we
find that (I, (p, (e)), (p,(e)), (p, (e))) has much higher score than (I, (p, (e)), (p,(e))),
and all of the three models also report similar results in their own experiments. On the contrary,
U, (p,(e)), (p,(e)), (p,(e))) is harder than (U, (p, (e)), (p, (e))) , and other queries with
U show similar results. This different behaviour is reasonable, as intersection shrinks answer size
while union enlarges it. The averaged answer size of each group is listed in TabldI7}

The Choice of Operators. The NewLook model [12] uses difference to replace negation in its
query representation, which leads to the fact that DNF+IUd and DNF+IUD are the only two forms
that NewLook can fully support. In Table[/} since all possible query types with one anchor node are
1p,2p, 3p, the leading performance of NewLook on those queries illustrates that NewLook model
projection operation better. However, in more complex query types, LogicE outperforms NewLook,
indicating that difference operator D/d might not be a better alternative to negation operator n.
Additionally, the multi operator D performs slightly better than the binary d.

In additional, we also report the detailed performances of EPFO and Negation queries on each
knowledge graph as categorized by Beta [15]], see Table 16-21. We can see from the results that our
benchmark is generally harder and fairer than existing datasets [15]].
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Table 15: Benchmark results(%) on FB15k. The mark { indicates the query groups that previous
datasets have not fully covered. The boldface indicates the best scores. The best scores of the same
model are underlined.

COA . < (# g Mg section chains

MQOdel ggrr;ldl Metric Query type groups (# anchor nodes, max length of Projection chains) AVG.
a2y a3 en eyt eyt c1h el eyl

MRR 51.86 2548 2355  30.24 19.14 17.46 26.69 17.73 1554 17.18

HIT@1 39.09 17.06  15.63  19.75 11.44 10.76 16.66 10.67 9.43 10.46

DM HIT@3 59.20 2740  25.60  35.09 21.01 18.79 31.13 19.45 16.74  18.76

HIT@10 7620 4236  38.82  50.50 34.32 30.53 46.44 31.65 2742 30.30
RA-Oracle 47.46  33.05 3294  33.02 24.65 24.36 29.03 21.55 20.63  21.83

MRR 51.86 2548 2355 30.24 19.14 17.46 26.78 17.78 15.60 17.22
BetaE DM HIT@1 39.09 17.06 15.63 19.75 11.44 10.76 16.77 10.71 9.48 10.51
A HIT@3 59.20 2740 25.60  35.09 21.01 18.79 31.20 19.51 16.81 18.81
HIT@10 76.20 4236 3882  50.50 34.32 30.53 46.51 31.70 27.48 30.35
RA-Oracle  47.46  33.05 3294 33.02 24.65 24.36 29.14 21.59 20.69  21.89
MRR 51.86 2548 2355 388l 21.24 19.47 33.96 20.92 18.45  20.31
DNF HIT@1 39.09 17.06 15.63  25.37 12.50 11.78 20.88 12.25 10.87 12.05
U HIT@3 5920 2740 2560 4548 23.30 20.89 39.69 22.89 19.76  22.10
HIT@10 7620 4236  38.82  65.55 38.67 34.65 60.68 38.33 3344  36.74
RA-Oracle  47.46  33.05 3294  44.67 28.46 28.37 39.64 27.08 26.26 2751
MRR 61.56 29.76 2541 38.00 22.89 20.22 32.90 21.31 1847 2053
HIT@1 49.63  20.51 17.24  25.16 14.05 12.80 20.48 12.92 11.39 12.68
DM HIT@3 69.51 3256 2771 44.89 25.56 21.99 39.10 23.74 20.12 2271
HIT@10 8240 4794 41.17  62.15 40.27 34.76 56.90 37.89 3239 3593
RA-Oracle 58.57 3790 35.18  43.69 29.73 28.38 37.87 26.84 25.31 26.92
MRR 61.56 29.76 2541 38.00 22.89 20.22 32.98 21.33 1849 2055
LogicE DM HIT@1 49.63  20.51 17.24  25.16 14.05 12.80 20.56 12.95 11.40 12.70
4 HIT@3 69.51 3256 2771 44.89 25.56 21.99 39.19 23.77 20.14 2273
HIT@10 8240 4794 41.17  62.15 40.27 34.76 56.98 37.91 32.41 35.96
RA-Oracle 58.57 3790 35.18  43.69 29.73 28.38 37.96 26.88 2533 2695
MRR 61.56 29.76 2541 40.83 2391 21.22 34.92 22.66 19.85  21.89
DNF HIT@1 49.63  20.51 17.24  26.88 14.40 13.15 21.16 13.34 11.86 13.14
+IU HIT@3 69.51 3256 2771 48.51 26.74 23.10 41.63 25.20 21.54 2417
HIT@10 8240 4794 41.17 6744 42.82 37.19 62.16 41.37 3575  39.33
RA-Oracle 58.57 3790 35.18 47.36 31.56 30.37 40.79 29.16 2791  29.38
MRR 58.82 3093 26.12 4049 22.07 20.69 30.15 19.22 1848  19.80
DNF HIT@1 46.87 22.02 17.88  28.02 13.55 13.09 17.64 11.16 11.22 1196
+IUd HIT@3 66.32 3376 2859  46.29 24.24 22.37 35.06 20.97 19.92  21.58
HIT@10 80.51 48.54  42.01 65.33 38.99 35.60 55.62 35.23 3270 35.28
RA-Oracle  55.31 39.14  36.06 45.99 29.05 29.39 35.25 24.82 25.88  26.57

NewLook
MRR 58.82 3093 26.12 40.49 22.07 20.69 30.42 19.35 18.51 19.87
DNF HIT@1 46.87 22.02 17.88  28.02 13.55 13.09 17.73 11.21 11.23 11.99
+IUD HIT@3 66.32 3376 2859 46.29 24.24 22.37 35.48 21.14 19.94  21.66

HIT@10 80.51 48.54 4201  65.33 38.99 35.60 56.27 35.56 3276 35.44
RA-Oracle  55.31 39.14  36.06 45.99 29.05 29.39 35.54 24.99 2592 26.66
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Table 16: Benchmark results(%) on NELL. The mark { indicates the query groups that previous
datasets have not fully covered. The boldface indicates the best scores. The best scores of the same
model are underlined.

COA — -
MQUdel gé)rrrrnnal Metric Query type groups (# anchor nodes, max length of Projection chains) AVG.
Ly 1y a3y @y eyt eyt @1 @t @yt
MRR 2875  10.01 9.96  13.06 8.95 8.85 8.94 8.71 8.85 8.93
HIT@1 20.41 5.87 6.15 8.25 5.35 5.47 5.23 5.39 5.60 5.58
DM HIT@3 3179 1053 1028  14.29 9.38 9.22 9.47 9.11 9.31 9.38
HIT@10 4528 1771 17.16 2241 1590 1525 1607 1498 1500 1527
RA-Oracle 2459 1463 1542 1427 1271 1287 1098 1163 1216  12.08
MRR 2875  10.01 9.96  13.06 8.95 8.85 8.97 8.73 8.86 8.94
Betak DM HIT@1 2041 5.87 6.15 8.25 5.35 5.47 5.25 5.40 5.60 5.59
i HIT@3 3179 1053 1028  14.29 9.38 9.22 9.53 9.12 9.31 9.39
HIT@10 4528 1771 17.16 2241 1590 1525 1610 1501 1503 1529
RA-Oracle 2459 14.63 1542 1427 1271 1287 1100 1165 1216  12.09
MRR 2875  10.01 996 14.84 1006  10.02 1055 1027 1064 1058
DNF HIT@1 20.41 5.87 6.15 9.22 5.96 6.13 5.99 6.25 6.63 6.52
+IU HIT@3 3179 1053 1028 1621 1051 1046 1127 1076 1119 1112
HIT@10 4528 1771 17.16 2584  18.02 1745 1934 1790 1827 1832
RA-Oracle 2459  14.63 1542 1747 1469 1489 1378 1439 1530 1498
MRR 3523 1353 1375 1616 1140 1135 1106 1075 1105 1113
HIT@1 2574  8.62 892 1032 7.20 7.52 6.44 6.82 7.36 7.26
DM HIT@3 4027 1428 1473 1785 1216 1202 1197 1145 1179  11.89
HIT@10 5328 23.05 22.80 2752 1924 1852 1997  18.09  17.94 1838
RA-Oracle  30.69 19.62 2032 1894 1633 1616 1441 1477 1523 1525
MRR 3523 1353 1375 1616 1140 1135 1107 1075 1106 11.14
LogicE DM HIT@1 2574 862 892 1032 7.20 7.52 6.49 6.84 7.37 7.27
" HIT@3 4027 1428 1473 1785 1216 1202 1195 1144 1180 11.89
HIT@10 5328 23.05 22.80 2752 1924 1852 1996 1810 1795 18.39
RA-Oracle  30.69 19.62 2032 1894 1633 1616 1440 1477 1523 1526
MRR 3523 1353 1375  18.19 1294  13.00 1240 1248 1322  13.07
DNF HIT@1 2574 862 892 1145 8.05 8.42 6.98 7.71 8.57 8.31
+IU HIT@3 4027 1428 1473 2013 1390 1386 1341 1333 1416 14.01
HIT@10 5328 2305 22.80 31.35 2215 21.61 2301 2149 2194 22.04
RA-Oracle  30.69 19.62 2032 22.08 18.84 1887 16.62 1755 18.75 18.39
MRR 3359 1206 1142 1655 1030  10.52 9.50 891  10.08 9.88
DNF HIT@1 2478 712 679 1059 6.22 6.47 533 5.28 6.25 6.04
TIUd HIT@3 37.19 1273 1200 1800  10.82 1099  10.00 931 1053 1035
HIT@10 51.89 21,72 2031 2847 1798 1812 17.63 1570 1724  17.10
RA-Oracle 2950 18.03 17.76 1927 1507 1585 1221 1250 1476  14.15
NewLook
MRR 3359 1206 1142 1655 1030  10.52 9.53 8.94  10.09 9.90
DNF HIT@1 2478 712 679 1059 6.22 6.47 5.34 5.29 6.26 6.04
+IUD HIT@3 37.19 1273 1200 18.00 1082 1099  10.05 934 1054 1036
HIT@10 51.89 2172 2031 2847 1798 1812 17.68 1575 1725 1713
RA-Oracle 2950 18.03 17.76 1927 1507 1585 1224 1253 1476 14.16
Table 17: Average number of answers of queries.
uery type groups (# anchor nodes, max length of Projection chains
Knowledge Graph Query type groups ( i g ) )
rLH @2 1,3 21 22 &3 G 32 G3
FB15k-237 322 1756 2344 1237 1849 22.61 13.16 17.60 21.22
FB15k 4.09 20.07 2426 1534 2042 2402 1538 19.37 23.02
NELL 3.13 2054 2223 16.66 22.08 2287 19.22 21.18 22.84

23



Table 18: Benchmark results(%) on EPFO queries of FB15k-237.

I(\:/IQOdAe 1 }I;I(())rrrrnnal Metric (# anchor nodes, max length of projection chains) AVG.
(1,1 (1,2) (1,3) 2,1 2,2) 2,3) 3.1 (3.2) (3.,3)

MRR 18.79 9.72 9.64 1551 10.00 878 1505  11.09 9.33 9.98

HIT@1 10.63 4.63 4.68 9.53 5.39 4.44 9.71 6.60 5.16 5.63

DM HIT@3 20.37 9.61 9.44 1697 1035 8.88 1652 11.67 9.58 10.35

HIT@10 36.19 1980 1938  27.44 1896 1696 2545 19.72 17.23 18.30

RA-Oracle 1438 1440 1699 1600 1347 13.66 15.11 1299 1257 1293

MRR 18.79 9.72 9.64 1551 10.00 878 1519 11.12 9.37  10.02

BetaE DM HIT@1 10.63 4.63 4.68 9.53 5.39 4.44 9.92 6.62 5.20 5.66
i HIT@3 20.37 9.61 9.44 1697 1035 888 1658 11.72 9.64  10.40

HIT@10 36.19 1980 1938  27.44 1896 1696 2552  19.77  17.29 18.35

RA-Oracle  14.38  14.40 16.99 16.00  13.47 13.66 1532 13.03 12.63 12.98

MRR 18.79 9.72 9.64 1797 11.35 9.77  19.11 13.41 11.05 11.81

DNF HIT@1 10.63 4.63 4.68 10.59 5.96 485 11.85 7.72 5.99 6.50

U HIT@3 20.37 9.61 9.44 1943 11.59 9.82 20.86 14.01 11.29  12.17

HIT@10 36.19  19.80 1938  33.10 21.84 19.08 33.62 2446 20.70 22.01

RA-Oracle  14.38 1440 1699  20.17 15.98 15.81 21.34  16.90 15.79 16.23

MRR 20.71 10.70  10.18 19.49 12.16  10.35 19.07 1350  11.16 12.00

HIT@1 11.66 5.20 5.25 12.07 6.68 556 1238 8.03 6.34 6.91

DM HIT@3 23.02  10.66 996 2136 12,62 1055 20.65 1432 1155 12.53

HIT@10 39.81  21.25 1948 3459 2286 1951 3251 2413 2043 2186

RA-Oracle  15.64 1527 17.28  21.13 1649 1582  20.77 16.62 1537 15.94

MRR 20.71 10.70  10.18 19.49  12.16 1035 19.13 1352 11.17 12.02

LogicE DM HIT@1 11.66 5.20 5.25 12.07 6.68 556 1242 8.04 6.34 6.91
I HIT@3 23.02  10.66 996 2136 12,62 1055  20.81 1434 11.58 12.56

HIT@10 39.81  21.25 1948 3459 2286 1951 32,62 2416 2045 21.89

RA-Oracle  15.64 1527 17.28  21.13 1649 1582 2079 16.66 1539  15.95

MRR 20.71 1070 10.18  19.79 1259  10.68  20.21 1450 1195 1278

DNF HIT@1 11.66 5.20 525 1190 6.79 5.62 1267 8.44 6.68 7.22

U HIT@3 23.02  10.66 9.96  21.56 13.03 1086 21.97 15.31 12.34 1331

HIT@10 39.81  21.25 1948 36.03 2385 20.27 3548 2630 21.99 2348

RA-Oracle 1564 1527 1728 21.81 17.31 16.55 22.04 18.08 16.64  17.16

MRR 2231 1119 1039 2166 1276 1077 21.76 1474 1195 12.92

DNF HIT@1 13.55 5.62 518  13.74 7.09 585 14.24 8.88 6.84 7.52

NewLook  1yp HIT@3 24.62 1140 1038 23.85 1322 10.83 23.66 1549 1227 1340
HIT@10 40.53  22.18 2047 3748 2366 20.04 3682 26.06 21.66 23.28

RA-Oracle 17.66  16.32 17.79 2411 17.73 1685 24.15 18.63 1692 17.59
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Table 19: Benchmark results(%) on queries with negation of FB15k-237.

CQA Normal Metric (# anchor nodes, max length of projection chains) AVG.
Model Form
2,1 2,2) (2,3) 3,1 3.2) 3.3)
MRR 7.24 6.19 5.84 9.49 7.22 6.47 6.92
HIT@1 2.15 225 2.03 4.14 3.24 2.85 3.04
DM HIT@3 6.47 5.41 5.14 9.72 7.02 6.17 6.66
HIT@10 17.92 13.61 1296  20.26 14.61 13.07 14.12
RA-Oracle 10.26 9.99 10.95 11.21 9.70 10.04 9.99
MRR 7.24 6.19 5.84 9.48 7.22 6.47 6.92
BetaE DM HIT@1 2.15 225 2.03 4.12 3.24 2.85 3.04
" HIT@3 6.47 5.41 5.14 9.73 7.03 6.17 6.67
HIT@10 17.92 13.61 1296  20.26 14.62 13.08 14.12
RA-Oracle 10.26 9.99 10.95 11.20 9.71 10.05 9.99
MRR 7.24 6.19 5.84 10.16 7.78 7.04 7.46
DNE HIT@1 2.15 225 2.03 4.32 3.42 3.04 3.21
U HIT@3 6.47 5.41 5.14 10.36 7.50 6.64 7.12
HIT@10 17.92 13.61 1296  21.92 15.88 14.32 1533
RA-Oracle 10.26 9.99 10.95 12.41 10.78 11.25 11.08
MRR 8.01 6.80 6.28 11.03 8.29 7.42 7.93
DM HIT@1 2.28 248 2.39 4.88 3.77 3.38 3.57
+1 HIT@3 7.44 6.23 5.67 11.54 8.17 7.19 7.76
HIT@10 19.80  14.87 1348 2324 16.81 14.89 16.11
RA-Oracle  10.21 10.18 11.19 13.04 11.02 11.30 11.24
MRR 8.01 6.80 6.28 11.07 8.31 7.44 7.94
LogicE HIT@1 2.28 248 2.39 4.90 3.79 3.39 3.58
DM+I HIT@3 7.44 6.23 5.67 11.59 8.19 722 7.79
HIT@10 19.80 14.87 13.48 23.31 16.85 14.92 16.14
RA-Oracle 10.21 10.18 11.19 13.06 11.04 11.32 11.26
MRR 8.01 6.80 6.28 10.99 8.42 7.58 8.05
DNF HIT@1 2.28 248 2.39 4.70 3.77 341 3.57
U HIT@3 7.44 6.23 5.67 11.37 8.22 7.30 7.82
HIT@10 19.80 14.87 1348 2348 17.18 15.20 16.42
RA-Oracle 10.21 10.18 11.19 12.96 11.23 11.63 11.49
MRR 4.73 4.50 4.38 6.43 5.30 5.00 5.17
DNF HIT@1 0.80 1.48 1.50 2.14 2.08 1.97 1.99
+IUd HIT@3 4.25 3.77 3.71 6.21 4.90 4.54 4.74
HIT@10 12.34 10.01 9.35 14.91 11.06 10.32 10.85
RA-Oracle 4.37 5.90 7.36 6.52 6.63 7.65 7.10
NewLook
MRR 4.73 4.50 4.38 6.50 535 5.02 5.20
DNF HIT@1 0.80 1.48 1.50 2.16 2.10 1.97 2.00
+IUD HIT@3 4.25 3.77 3.71 6.26 4.95 4.56 4.76
HIT@10 12.34 10.01 9.35 15.08 11.18 10.35 10.92
RA-Oracle 4.37 5.90 7.36 6.57 6.67 7.67 7.14
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Table 20: Benchmark results(%) on EPFO queries of FB15k.

I(\:/IQOdAe 1 }I;I(())rrrrnnal Metric (# anchor nodes, max length of projection chains) AVG.
Ly a2 a3 @b @2 @3) G G2 (3

MRR 51.86 2548 2355 3207 2042 18.66 2851 2026 1736 18.97

HIT@1 39.09 17.06 1563 23.82 1337 12.02 2138 13.74 1122 1256

DM HIT@3 5920 2740 2560 3586 2230 20.17 31.63 2224 18.88  20.72

HIT@10 76.20 4236  38.82 47778 3422 3156 4208 3291 29.27 3141

RA-Oracle  47.46  33.05 3294 3380 2561 2521 2944 2342 2208 2336

MRR 51.86 2548 23,55 3207 2042 18.66 2876 2038 17.46  19.07

BetaE DM HIT@1 39.09 17.06 1563 23.82 1337 12.02 21.69 13.85 11.31 12.65
i HIT@3 5920 2740 2560 3586 2230 20.17 31.84 2239 1899  20.83

HIT@10 7620 4236  38.82 47.78 3422 3156 4224 33.04 2938 3151

RA-Oracle  47.46  33.05 3294 3380 2561 25.21 29.74 2355 2219 2346

MRR 51.86 2548 2355 4493 2392 2126 4404 2631 2148 2371

DNF HIT@1 39.09 17.06 1563 3224 1514 1334 31.69 17.14 1340 15.18

U HIT@3 5920 2740 2560 5144  26.11 2291 4979 2888 2322 2584

HIT@10 7620 4236 3882 7036 4148 3692 69.08 44.66 3749  40.66

RA-Oracle 47.46 3305 3294 5128 3196 3044 51.04 3354 2974 31.67

MRR 61.56 29.76 2541 4292 2526 21.77  39.51 2546  21.04 2330

HIT@1 49.63 2051 1724 31.77 16.89 1430  29.03 17.30 13.79  15.61

DM HIT@3 69.51 3256 2771 4883 27.88 2375 4487 2824 23.06 25.68

HIT@10 82.40 4794  41.17 6389 41.68 3638 5937 4132 3519 3824

RA-Oracle 5857 3790 3518 4891 3253 2993 4483 3138 2797  30.02

MRR 61.56 29.76 2541 4292 2526 21.77 39.63 2547 21.05 2331

LogicE DM HIT@1 49.63  20.51 1724 31.77 16.89 1430 29.16  17.32 13.80  15.63
I HIT@3 69.51 3256 2771 4883 27.88 2375 4494 2824 23.07 25.69

HIT@10 82.40 4794 41.17 6389 41.68 3638 5950 4135 3521  38.27

RA-Oracle 5857 3790 3518 4891 3253 2993 4498 3142 2799  30.04

MRR 61.56 29.76 2541 47.17 2696 23.08 4433 2813 2301 2542

DNF HIT@1 49.63  20.51 17.24 3435 17.47 1476  31.62 1842 1455 16.48

U HIT@3 69.51 3256  27.71 5427 2986 25.19 50.68 3122 2515 2801

HIT@10 82.40 4794  41.17 71.83 4592 3954 6946 4754 3982  43.19

RA-Oracle 5857 3790 35.18 5442 3559 3252 51776 3588 3159 33.77

MRR 58.82 3093 2612 52.60 28.84 24.06 50.64 30.87 2451 27.31

DNF HIT@1 46.87 2202 17.88 4051 19.61 1592 38.06 21.24 1622 18.52

NewLook  1yp HIT@3 6632 3376 2859 59.44 31.81 2621 57.66 3430 2681  30.08
HIT@10 80.51 48.54 4201 7589 47.17 40.03 7504 4994 40.86 44.62

RA-Oracle 5531  39.14 36.06 58.44 37.32 3349 57.14 3870 33.14 35.65
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Table 21: Benchmark results(%) on queries with negation of FB15k.

CQA Normal Metric (# anchor nodes, max length of projection chains) AVG.
Model Form
2,1 2,2) (2,3) 3,1 3.2) 3.3)
MRR 26.59 17.23 13.48 25.77 16.36 13.14 15.31
HIT@1 11.62 8.54 6.58 14.29 9.00 7.07 8.29
DM HIT@3 33.56 19.08 14.17 30.88 17.94 13.93 16.73
HIT@10 55.93 3446  27.09 48.63 3097 2498 29.15
RA-Oracle 3146 2321 2150  28.83 20.53 18.73 20.26
MRR 26.59 17.23 13.48 25.78 16.36 13.14 15.32
BetaE DM HIT@1 162 854 658 1431 900 707 829
" HIT@3 33.56 19.08 14.17 30.88 17.94 13.93 16.72
HIT@10 55.93 3446  27.09 48.64 3097 2498 29.15
RA-Oracle  31.46  23.21 2150  28.83 20.53 1872 20.26
MRR 26.59 17.23 13.48 28.92 18.00 14.46 16.79
DNF HIT@1 11.62 8.54 6.58 15.48 9.60 7.53 8.82
U HIT@3 33.56 19.08 14.17 34.64 19.65 15.20 18.23
HIT@10 55.93 3446  27.09 5648 3490  28.11 32.69
RA-Oracle  31.46  23.21 2150  33.95 23.57  21.69 23.21
MRR 28.17 19.34  15.04  29.59 19.06 15.10 17.66
HIT@1 11.94 9.80 7.80 16.20 10.54 8.25 9.65
DM HIT@3 37.01 22.08 1613  36.21 21.30 16.26 19.64
HIT@10 58.66 38.16 29.35 5566 36.02 2870  33.55
RA-Oracle  33.25 2552  23.21 34.38 2438  21.81 23.72
MRR 28.17 19.34 15.04  29.65 19.09 15.12 17.69
LogicE DM HIT@1 11.94 9.80 7.80 16.25 10.57 8.26 9.67
A HIT@3 37.01  22.08 16.13 36.31 21.34 16.29 19.68
HIT@10 58.66 38.16 29.35 5571 36.04 2873 33.57
RA-Oracle 3325  25.52  23.21 34.45 2442 21.82 23.74
MRR 28.17 19.34 15.04  30.22 19.69 15.69 18.24
DNF HIT@1 11.94 9.80 7.80 15.92 10.59 8.33 9.70
U HIT@3 37.01  22.08 16.13 37.10 2194 16.80 20.21
HIT@10 58.66 38.16 29.35 5851 38.03 3039 3533
RA-Oracle 3325 2552 2321 3530 2551 23.07 24.84
MRR 16.28 11.92 9.46 19.90 12.89 10.55 12.05
DNF HIT@1 3.04 4.45 3.67 7.42 5.69 4.66 5.18
+IUd HIT@3 20.00 12.89 9.59  23.76 13.74 10.85 12.79
HIT@10 4420 2673  20.83 4590 2726 2198 25.63
RA-Oracle  21.08 16.65 15.73 24.30 17.30 16.34 17.18
NewLook
MRR 16.28 11.92 9.46 20.30 13.10 10.61 12.18
DNF HIT@1 3.04 4.45 3.67 7.56 5.77 4.68 523
+IUD HIT@3 20.00 12.89 9.59 2438 14.00 10.91 12.96
HIT@10 4420 2673  20.83  46.89 27.76 2212  25.96
RA-Oracle  21.08 16.65 15.73 24.74 17.56 16.43 17.35
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Table 22: Benchmark results(%) on EPFO queries of NELL.
I(\:/IQOdAe 1 }I;I(())rrrrnnal Metric (# anchor nodes, max length of projection chains) AVG.
(1,1 (1,2) (1,3) 2,1 2,2) 2,3) 3.1 (3.2) (3.,3)

MRR 28.75  10.01 996  15.81 10.06 954 1185 10.63 9.90  10.29

HIT@1 20.41 5.87 6.15  10.57 6.34 6.08 7.65 7.14 6.51 6.77

DM HIT@3 3179 1053 1028  17.44  10.69 998 1298 1128 1050  10.93

HIT@10 4528  17.71 17.16 2627 1733 16.14 1999 1738 1639  17.05

RA-Oracle 2459 1463 1542 1646 1404 13.66 13770 13.80 1336  13.64

MRR 28.75  10.01 996 15.81  10.06 9.54 1195 10.64 9.90  10.29

BetaE DM HIT@1 20.41 5.87 6.15  10.57 6.34 6.08 7.76 7.16 6.51 6.78
I HIT@3 31.79 1053 1028 1744 10.69 998 1315 1129 1050  10.94

HIT@10 4528 17.71 17.16 26.27 17.33 16.14 20.05 17.40 16.41 17.06

RA-Oracle 2459 1463 1542 1646 1404 13.66 1382 13.82 1336 13.65

MRR 28.75  10.01 996 1848 1190 11.06 1541 1354 1235 1273

DNF HIT@1 20.41 5.87 6.15  12.02 7.37 6.94 9.66 8.89 7.99 8.24

U HIT@3 31.79 1053 1028 2033 1257 1159 1696 1441 13.10  13.53

HIT@10 4528  17.71 17.16 3141 2085 19.00 26.67 2259 20.77 2145

RA-Oracle 2459 1463 1542 2126 1733 1629 1983 1888  17.61 17.90

MRR 35.23 13.53 13.75 19.42 12.66 12.04 14.99 13.08 12.24 12.75

HIT@]1 25.74 8.62 8.92 1321 8.47 8.13 9.85 9.00 8.41 8.74

DM HIT@3 40.27 1428 1473 21.61 1361 1283 1659 14.09 13.12 13.72

HIT@10 5328 2305 22.80 31.69 20.64 1940 2498 20.83 1946  20.36

RA-Oracle  30.69 19.62 2032 2175 17.89 1697 1871 17.66 1672 17.23

MRR 3523 1353 1375 1942 12,66  12.04 1503 13.09 1225 1276

LogicE DM HIT@1 25.74 8.62 892 1321 8.47 8.13 9.94 9.02 8.42 8.75
I HIT@3 40.27 1428 1473 21.61 1361 1283 1658 14.10 13.14 13.74

HIT@10 5328 2305 22.80 31.69 20.64 1940 2497 20.83 1947  20.36

RA-Oracle  30.69 19.62 2032 21.75 17.89 1697 1874 17.68 1673 17.24

MRR 3523 1353  13.75 2248 1523 1418 1791 1628 1519 15.63

DNE HIT@1 25.74 8.62 8.92 1490 9.88 9.30 11.26 10.81 1013  10.38

U HIT@3 40.27 1428 1473  25.02 1651 1523 19.84 17.61 1637 16.90

HIT@10 53.28 2305 22.80 3742 2550 2342 3098 2678 2478  25.62

RA-Oracle  30.69 19.62 20.32 2645 22.08 2048 2347 22.83 2150 21.89

MRR 3359 1206 1142 22,09 1359 12,16 1773 1470 1321  13.81

DNF HIT@1 24.78 7.12 6.79  14.66 8.62 7.69 1133 9.61 8.65 9.02

NewLook +IUD HIT@3 37.19 12.73 12.00 24.27 14.47 12.79 19.23 15.71 13.95 14.67
HIT@10 51.89  21.72 2031 37.14 2313 2064 3046 2453 2192 23.03

RA-Oracle 2950 18.03 17.76  26.10 20.28 1824 2387 21.10 1928  19.89
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Table 23: Benchmark results(%) on queries with negation of NELL.

CQA Normal Metric (# anchor nodes, max length of projection chains) AVG.
Model Form
2,1 2,2) (2,3) 3,1 3.2) 3.3)
MRR 7.56 7.30 6.57 7.49 7.67 7.47 7.53
HIT@1 3.62 3.86 342 4.02 443 441 436
DM HIT@3 7.98 7.42 6.68 7.72 7.93 7.74 7.79
HIT@10 14.68 13.77 12.30 14.12 13.69 13.18 13.44
RA-Oracle  9.89 1073 1023 962 1046 1058 1047
MRR 7.56 7.30 6.57 7.48 7.69 7.49 7.54
BetaE DM HIT@1 362 386 342 399 445 442 437
" HIT@3 7.98 7.42 6.68 7.72 7.95 7.75 7.80
HIT@10 14.68 13.77 12.30 14.13 13.72 13.20 13.46
RA-Oracle 9.89 10.73 10.23 9.60 10.48 10.60 10.49
MRR 7.56 7.30 6.57 8.12 8.49 8.39 8.34
DNE HIT@1 3.62 3.86 342 4.16 4.82 4.85 4.74
U HIT@3 7.98 7.42 6.68 8.42 8.78 8.68 8.62
HIT@10 14.68 13.77 12.30 15.68 15.36 15.00 15.09
RA-Oracle 9.89 10.73 10.23 10.75 11.96 12.26 11.96
MRR 9.62 9.51 9.05 9.09 9.48 9.50 9.46
HIT@1 4.56 5.30 5.47 4.74 5.64 5.99 5.74
DM HIT@3 10.34 9.98 9.31 9.66 10.01 10.03 9.99
HIT@10 19.20 1713 15.59 17.47 16.61 15.94 16.33
RA-Oracle 1332 13.98 13.48 12.26 13.20 13.26 13.21
MRR 9.62 9.51 9.05 9.09 9.48 9.50 9.47
LogicE DM HIT@1 4.56 5.30 5.47 4.76 5.65 5.99 5.75
4 HIT@3 10.34 9.98 9.31 9.64 10.00 10.04 9.99
HIT@10 19.20 1713 15.59 17.46 16.61 15.95 16.34
RA-Oracle 13.32 13.98 13.48 12.23 13.19 13.26 13.20
MRR 9.62 9.51 9.05 9.65 10.42 10.63 10.43
DNF HIT@1 4.56 5.30 5.47 4.83 6.03 6.51 6.16
U HIT@3 10.34 9.98 9.31 10.19 11.01 11.25 11.02
HIT@10 1920 1713 1559 19.02 18.63 1820 18.34
RA-Oracle  13.32 1398 1348 1320 14.68 1513 14.77
MRR 5.46 5.35 5.08 5.39 5.77 5.98 5.82
DNF HIT@1 2.45 2.62 2.40 233 293 3.10 2.96
+IUd HIT@3 5.46 5.33 5.01 5.38 5.84 6.04 5.88
HIT@10 11.14 10.25 9.71 11.21 10.91 11.09 10.97
RA-Oracle 5.60 7.25 7.87 6.39 7.84 8.81 8.21
NewLook
MRR 546 535 508 544 581 599 585
DNE HIT@1 245 2.62 2.40 235 2.94 3.11 297
+IUD HIT@3 5.46 5.33 5.01 5.45 5.88 6.05 591
HIT@10 11.14 10.25 9.71 11.28 11.00 11.12 11.03
RA-Oracle 5.60 7.25 7.87 6.43 7.89 8.83 8.24
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