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ABSTRACT

We introduce delft, a factoid question answering system which
combines the nuance and depth of knowledge graph question an-
swering approaches with the broader coverage of free-text. delft
builds a free-text knowledge graph from Wikipedia, with entities
as nodes and sentences in which entities co-occur as edges. For
each question, delft finds the subgraph linking question entity
nodes to candidates using text sentences as edges, creating a dense
and high coverage semantic graph. A novel graph neural network
reasons over the free-text graph—combining evidence on the nodes
via information along edge sentences—to select a final answer. Ex-
periments on three question answering datasets show delft can
answer entity-rich questions better than machine reading based
models, bert-based answer ranking andmemory networks. delft’s
advantage comes from both the high coverage of its free-text knowl-
edge graph—more than double that of dbpedia relations—and the
novel graph neural network which reasons on the rich but noisy
free-text evidence.
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1 INTRODUCTION

Factoid question answering [19? ? , qa], which asks precise facts
about entities, is a long-standing problem in natural language pro-
cessing (nlp) and information retrieval (ir). A preponderance of
knowledge graphs (kg) such as Freebase [3], dbpedia [26], yago [?
], and Wikidata [? ] have been fruitfully applied to factoid qa over
knowledge graphs (kgqa) [? ? , inter alia]. A typical kgqa task is
to search for entities or entity attributes from a kg. For example,
given the question “who was the last emperor of China”, the model
identifies emperors of China and then reasons to determine which
emperor is the last and find the answer, Puyi.

kgqa approaches solve the problem by either parsing questions
into executable logical form [6, 24] or aligning questions to sub-
structures of a knowledge graph [41, 42]. Whether these approaches
work depends on the underlying kg: they are effective when the
knowledge graphs have high coverage on the relations targeted
by the questions, which is often not the case: Obtaining relation
data is costly and requires expert knowledge to design the relation
schema and type systems [30]. For example, Google’s Knowledge
Vault has 570M entities, fourteen times more than Freebase, but
only has 35K relation types: similar to Freebase [3, 13].

In the real world, human knowledge is often tested through
competitions like Quizbowl [5] or Jeopardy! [16]. In these settings,
the question clues are complex, diverse, and linguistically rich,
most of which are unlikely to be covered by the well-formatted
closed form relations in knowledge graphs, and are often phrased
obliquely, making existing kgqa methods brittle. Figure 1 shows
a real world factoid qa example. The relations in the question are
complex and defy categorization into kg relationships. For example,
the relation “depict”—much less “paint a cityscape of”—from the
first question sentence “Vermeer painted a series of cityscapes of
this Dutch city” is not a frequent kg relation.

One possible solution to sparse coverage is machine reading (mr),
which finds an answer directly from unstructured text [8]. Because
it extracts answers from paragraphs and documents—pre-given or
retrieved [10, 32, 44]—mr has much broader coverage [28]. How-
ever, current mr datasets mainly evaluate on reasoning within a
single paragraph [? ]; existing mr models focus on extracting from
single evidence. Synthesizing multiple pieces of evidence to answer
complex questions remains an on-going research topic [? ? ].
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To build a qa system that can answer real-world, complex factoid
questions using unstructured text, we propose delft: Deciphering
Entity Links from Free Text. delft constructs a free-text knowl-
edge graph from Wikipedia, with entities (Wikipedia page titles) as
nodes, and—instead of depending on pre-defined relations—delft
uses free-text sentences as edges. This subgraph are the nodes rel-
evant to the question, grounded to text by connecting question
entities to candidate answer entities with extracted free-text sen-
tences as evidence edges. The constructed graph supports complex
modeling over its graph structures and also benefits from the high
coverage of free-text evidence.

Unlike existing knowledge graphs, in which the relations be-
tween entities are well-defined, delft leverages informative, di-
verse, but noisy relations using a novel graph neural network (gnn).
Each edge in our graph is associated with multiple sentences that
give explain how entities interact with each other. delft uses the
gnn to distinguish the useful evidence information from unrelated
text and aggregates multiple evidence from both text and the graph
structure to answer the question.

We evaluate delft on three question answering datasets: qbLink,
qanta, and Triviaqa. delft outperforms machine reading based
model [9], bert-based answer ranking [12], and a bert-based mem-
ory network approach [39] that uses the same evidence but no
graph structure, with significant margins. Its accuracy improves
on more complex questions and when dense evidence is available,
while mr cannot take advantage of additional evidence.

Ablation reveals the importance of each model component: node
representation, edge representation, and evidence combination.
Our graph visualization and case studies further illustrate that our
model could aggregate multiple pieces of evidence to make a more
reliable prediction.1

2 TASK DEFINITION

The problem we consider is general factoid question answering [2,
4, 6, 19, inter alia], in which the system answers natural language
questions using facts, i.e., entities or attributes from knowledge
graphs. Factoid qa is both widely studied in academia and a prac-
tical tool used by commercial search engines and conversational
assistants. However, there is a discrepancy between the widely
studied factoid qa academic benchmarks and real applications: the
benchmarks are often designed for the existing relations in knowl-
edge graphs [2, 4], while in reality, minimal kg coverage preculdes
broader deployment.

For example, WebQuestions [2] are written by crowdworkers
targeting a triple in Freebase; lc-quad [? ] targets Wikidata and
dbpedia: the questions are guaranteed to be covered by the kg rela-
tions. However, although the entities in your favorite kg are rich,
the recall of closed-form relations is often limited. For example, in
Figure 1, the answer Delft is an entity in Wikipedia and Freebase,
but the relation “painting the view of” appears in neither DBpe-
dia nor Freebase and is unlikely to be covered in other knowledge
graphs. The relationships between complicated, multi-faceted enti-
ties defy trite categorization in closed-form tuples; depending on

1The code, data, full free-text knowledge graph, and question grounded subgraph is at
delft.qanta.org.

a knowledge graph to provide all the possible relationships limits
the potential of kgqa systems.

We focus on a more realistic setting: open domain factoid ques-
tion answering, whose questions are designed to test human knowl-
edge and include ineffable links between concepts [21]. The datasets
in our evaluation are solvable by humans using knowledge about
real world entities; delft should also be able to find the answer
entity without relying on explicit closed form relations.

Figure 1 shows an example question. The question has multiple
Question Entity Nodes (left side of graph), and links the question
entities to Candidate Entity Nodes (right). Intuitively, to find the an-
swer, the system needs to first extract multiple clues from different
pieces of question. Our proposed delft constructs a high coverage
Free-Text Knowledge Graph by harvesting natural language sen-
tences in the corpus as graph edges and grounds each question into
its related subgraph (Section 3). Then, to model over the fruitful
but noisy graph, it uses a gnn to distinguish useful evidence from
noise and then aggregates them to make the prediction (Section 4).

3 FREE-TEXT GRAPH CONSTRUCTION

Answering real world factoid questions with current knowledge
graphs falters when kg relations lack coverage; we instead use a free-
text kg to resolve the coverage issue. One attempt to incorporate
free-text corpus is to use Open Information Extraction [? , openie]
to extract relations from natural language sentences as graph edges.
However openie approaches favor precision over recall, and heavily
rely on well defined semantics, falling prey to the same narrow
scope that makes traditional kg approaches powerful. Instead, we
build the knowledge graph directly from free-text corpus, represent
indirect usings sentences which contain the two entities (endpoints
of the edge) as indirect relations. We leave the qamodel (which only
needs to output an answer entity) to figure out which sentences
contain the information to answer the question, eliminating the
intermediate information extraction step.

This section first discusses the construction of a free-text knowl-
edge graph and then grounding questions to it.

3.1 Graph Construction

The free-text knowledge graph uses the same nodes 𝑉 as exist-
ing knowledge graphs: entities and their attributes, which can be
directly inherited from existing knowledge graphs. The Evidence
Edges 𝐸, instead of closed-form relations, are harvested natural
language sentences from a corpus.

Entity Nodes. The graph inherits Wikipedia entities as the nodes
𝑉 (of course, entities from other corpora could be used). To represent
the node, we use the first sentence of the corresponding document
as its node gloss.

Free-Text Edges. The Evidence Edges between nodes are sen-
tences that pairs of entities in Wikipedia co-occur (again, other
corpora such as ClueWeb [? ] could be used). For specificity, let
us find the edges that could link entities 𝑎 and 𝑏. First, we need to
knowwhere entities appear. Both 𝑎 and 𝑏 have their ownWikipedia
pages—but that does not give us enough information to find where
the entities appear together. TagMe [15] finds entities mentioned in
free text; we apply it to Wikipedia pages. Given the entity linker’s

delft.qanta.org
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The Little Street is a 
painting by the Dutch 
painter …

Delft is a city in the 
province of South 
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Amsterdam is the 
Netherlands’ capital …

Question: Vermeer painted a series of cityscapes of this Dutch city, including The 
Little Street. This city highly influenced the Dutch Golden Age in various aspects. 
Answer: Delft

… is one of only three … paintings of views of …

… is exhibited at the …

…was recognized during his lifetime in … 

… played a highly influential role in the …
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Figure 1: An example question grounded free-text knowledge graph in delft. The graph has both question entity nodes (left

side) and candidate entity nodes (right side), and use natural language sentences fromWikipedia for both nodes and edges.

output, we collect the following sentences as potential edges: (1)
sentences in 𝑎’s Wikipedia page that mention 𝑏, (2) sentences in 𝑏’s
page that mention 𝑎, and (3) sentences (anywhere) that mention
both 𝑎 and 𝑏.

3.2 Question Grounding

Now that we have described the general components of our graph,
we next ground a natural language question to a subgraph of the
kg. We then find an answer candidate in this subgraph.

Specifically, for each question, we ground the full free-text knowl-
edge graph into a question-related subgraph (Figure 1): a bipartite
graph with Question Entity Nodes (e.g., Dutch Golden Age) on the
left joined to Candidate Entity Nodes on the right (e.g., Delft) via
Evidence Edge (e.g., “Delft played a highly influential role in the
Dutch Golden Age”).

Question Entity Nodes. delft starts with identifying the entities
in question X𝑞 as the Question Entity Nodes 𝑉𝑞 = {𝑣𝑖 | 𝑣𝑖 ∈ X𝑞}.
In Figure 1, for instance, Vermeer, The Little Street and Dutch
Golden Age appear in the question; these Question Entity Nodes
populate the left side of delft’s grounded graph. We use TagMe to
identify question entities.

Candidate Entity Nodes. Next, our goal is to find Candidate Entity
Nodes. In our free-text kg, Candidate Entity Nodes are the entities
with connections to the entities related to the question. For example,
Delft occurs in the Wikipedia page associated with Question Entity
Node Vermeer and thus becomes a Candidate Entity Node. The goal
of this step is to build a set likely to contain—has high coverage
of—the answer entity.

We populate the Candidate Entity Node 𝑉𝑎 based on the fol-
lowing two approaches. First, we link entities contained in the

Wikipedia pages of the Question Entity Nodes to generate Candi-
date Entity Nodes. To improve Candidate Entity Node recall, we
next retrieve entities: after presenting the question text as a query
to an ir engine (ElasticSearch [18]), the entities in the top retrieved
Wikipedia pages also become Candidate Entity Nodes.

These two approaches reflect different ways entities are men-
tioned in free text. Direct mentions discovered by entity linking
tools are straightforward and often correspond to the clear seman-
tic information encoded in Wikipedia (“In 1607, Khurram became
engaged to Arjumand Banu Begum, who is also known as Mumtaz
Mahal”). However, sometimes relationships are more thematic and
are not mentioned directly; these are captured by ir systems (“She
was a recognizable figure in academia, usually wearing a distinc-
tive cape and carrying a walking-stick” describes Margaret Mead
without named entities). Together, these two approaches have good
recall of the Candidate Entity Node set 𝑉𝑎 (Table 3).

Evidence Edges. delft needs edges as evidence signals to know
which Candidate Entity Node to select. The edges connect Ques-
tion Entity Nodes 𝑉𝑞 to Candidate Entity Nodes 𝑉𝑎 with natural
language. In Figure 1, the Wikipedia sentence “Vermeer was rec-
ognized during his lifetime in Delft” connects the Question Entity
Node Vermeer to the Candidate Entity Node Delft. Given two enti-
ties, we directly find the Evidence Edges connecting them from the
free-text knowledge graph.

Final Graph. Formally, for each question, our final graph of delft
𝐺 = (𝑉 , 𝐸) includes the follows: Nodes 𝑉 include Question Entity
Nodes𝑉𝑞 and Candidate Entity Nodes𝑉𝑎 ; Evidence Edges 𝐸 connect
the nodes: each edge 𝑒 contains Wikipedia sentence(s) S(𝑘), 𝑘 =

1, . . . , 𝐾 linking the nodes.
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3.3 Question Graph Pruning

The graph grounding ensures high coverage of nodes and edges.
However, if the subgraph is too big it slows training and infer-
ence. delft prunes the graph with a simple filter to remove weak,
spurious clues and to improve computational efficiency.

Candidate Entity Node Filter. We treat the Candidate Entity Nodes
filtering as a ranking problem: given input Candidate Entity Nodes
and question, score each connected Evidence Edge with a relevance
score. During inference, the nodes with top-𝐾 highest scores are
kept (we choose the highest Evidence Edge score as the node rel-
evance score), while the rest are pruned. delft fine-tunes bert
as the filter model.2 To be specific, for each connected Evidence
Edge, we concatenate the question and sentence, along with the
Candidate Entity Node gloss as the node context into bert:
[CLS] Question [SEP] Edge Sent [SEP] Node Gloss [SEP]

We apply an affine layer and sigmoid activation on the last layer’s
[CLS] representation to produce scalar value.

During training, for each question, we use Evidence Edge con-
nected to the answer node as positive training example, and random
sample 10 negative Evidence Edges as negative examples. To keep
the delft’s gnn training efficient, we keep the top twenty nodes
for training set. For more comprehensive recall, development and
test keep the top fifty nodes. If the answer node is not kept, delft
cannot answer the question.

Edge Sentence Filter. Since there is no direct supervision signal
for which edge sentences are useful, we use tfidf [? ] to filter
sentences. For all sentences S in Evidence Edge 𝑒 ∈ 𝐸, we compute
each sentence’s tfidf cosine similarity to the question, and choose
the top five sentences for each Evidence Edge.

4 FREE-TEXT GRAPH MODELING

Given the question X𝑞 and the grounded free-text graph 𝐺 from
Section 3, the goal is to find the correct answer node from the Can-
didate Entity Nodes. Recently several gnn based approaches [11? ]
answer questions by modeling the knowledge graph. Unlike pre-
vious approaches that represent graph nodes and edges as fixed
embeddings, delft adopts a gnn to find the answer using a free-text
knowledge graph. We make the following motivating observations:

Graph Connectivity. The correct Candidate Entity Node usually
has many connections to Question Entity Nodes. For example, in
Figure 1, the correct Candidate Entity Node Delft connects to all
three question Question Entity Nodes. Thus, a correct Candidate
Entity Node should aggregate information from multiple Question
Entity Nodes.

Edge Relevance. The Evidence Edges with sentences “closer” to
the question are likely to be more helpful to answering. For example,
in Figure 1, the Question Entity Node The Little Street has two
edges to Candidate Entity Nodes Delft and Amsterdam, but the
Evidence Edge with sentence “The Little Street is one of only
three paintings of views of Delft” is more similar to the question.
The model needs to prioritize Evidence Edges that are similar to
the question.

2For efficiency, We use tfidf filtering (top 1000 Evidence Edges are kept) before bert.

Question Entity 
Node Update

h(0)
q
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<latexit sha1_base64="1rWbH58Uca+O4Md177y4dityo4s=">AAAB7nicbZDLSgMxFIbP1Futt1GXboJFcCFl4kaXA27ciBXsBdphyKSZNjSTGZOMUIY+hBsXirj1edy581FMLwtt/SHw8f/nkHNOlAmujed9OaWV1bX1jfJmZWt7Z3fP3T9o6jRXlDVoKlLVjohmgkvWMNwI1s4UI0kkWCsaXk3y1iNTmqfy3owyFiSkL3nMKTHWajXD4iHE49CtejVvKrQMeA5V3725/QaAeuh+dnspzRMmDRVE6w72MhMURBlOBRtXurlmGaFD0mcdi5IkTAfFdNwxOrFOD8Wpsk8aNHV/dxQk0XqURLYyIWagF7OJ+V/WyU18GRRcZrlhks4+inOBTIomu6MeV4waMbJAqOJ2VkQHRBFq7IUq9gh4ceVlaJ7XsFfDd7jqn8FMZTiCYzgFDBfgwzXUoQEUhvAEL/DqZM6z8+a8z0pLzrznEP7I+fgBiqiRIQ==</latexit><latexit sha1_base64="2GWsEgtcgV5b1quBF6ndnccWpJU=">AAAB7nicbZDLSgMxFIbP1Futt1GXboJFcCFl4kbBTcGNG7GCvWA7DJlM2oZmMmOSEcrQh3DjQhG3Po87V76K6WWhrT8EPv7/HHLOCVPBtfG8L6ewtLyyulZcL21sbm3vuLt7DZ1kirI6TUSiWiHRTHDJ6oYbwVqpYiQOBWuGg8tx3nxkSvNE3plhyvyY9CTvckqMtZqNIH8I8Chwy17FmwgtAp5Buepe33xfRPe1wP3sRAnNYiYNFUTrNvZS4+dEGU4FG5U6mWYpoQPSY22LksRM+/lk3BE6sk6EuomyTxo0cX935CTWehiHtjImpq/ns7H5X9bOTPfcz7lMM8MknX7UzQQyCRrvjiKuGDViaIFQxe2siPaJItTYC5XsEfD8yovQOK1gr4Jvcbl6AlMV4QAO4RgwnEEVrqAGdaAwgCd4gVcndZ6dN+d9WlpwZj378EfOxw/V5pIZ</latexit><latexit sha1_base64="2GWsEgtcgV5b1quBF6ndnccWpJU=">AAAB7nicbZDLSgMxFIbP1Futt1GXboJFcCFl4kbBTcGNG7GCvWA7DJlM2oZmMmOSEcrQh3DjQhG3Po87V76K6WWhrT8EPv7/HHLOCVPBtfG8L6ewtLyyulZcL21sbm3vuLt7DZ1kirI6TUSiWiHRTHDJ6oYbwVqpYiQOBWuGg8tx3nxkSvNE3plhyvyY9CTvckqMtZqNIH8I8Chwy17FmwgtAp5Buepe33xfRPe1wP3sRAnNYiYNFUTrNvZS4+dEGU4FG5U6mWYpoQPSY22LksRM+/lk3BE6sk6EuomyTxo0cX935CTWehiHtjImpq/ns7H5X9bOTPfcz7lMM8MknX7UzQQyCRrvjiKuGDViaIFQxe2siPaJItTYC5XsEfD8yovQOK1gr4Jvcbl6AlMV4QAO4RgwnEEVrqAGdaAwgCd4gVcndZ6dN+d9WlpwZj378EfOxw/V5pIZ</latexit><latexit sha1_base64="hpxtDOuUE5npwdDTiyDcNPhU1GI=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeHWRsuAjWUE8wHJcextJsmSvb1zd08IR36EjYUitv4eO/+Nm+QKjT4YeLw3w8y8KJXCWN//8kpr6xubW+Xtys7u3v5B9fCobZJMc2zxRCa6GzGDUihsWWEldlONLI4kdqLJzdzvPKI2IlH3dppiELOREkPBmXVSpx3mDyGdhdWaX/cXIH8JLUgNCjTD6md/kPAsRmW5ZMb0qJ/aIGfaCi5xVulnBlPGJ2yEPUcVi9EE+eLcGTlzyoAME+1KWbJQf07kLDZmGkeuM2Z2bFa9ufif18vs8DrIhUozi4ovFw0zSWxC5r+TgdDIrZw6wrgW7lbCx0wzbl1CFRcCXX35L2lf1qlfp3e01rgo4ijDCZzCOVC4ggbcQhNawGECT/ACr17qPXtv3vuyteQVM8fwC97HNx5Rj1U=</latexit>

Vq2
<latexit sha1_base64="NSArU5lnlBAC7h5ZNPgHdrHQlMM=">AAAB7nicbZC7SgNBFIbPeo3xtmppMxgECwm7abQM2NiIEcwFkmWZnUySIbOz68xZISx5CBsLRWx9Hjs7H8XJpdDEHwY+/v8c5pwTpVIY9LwvZ2V1bX1js7BV3N7Z3dt3Dw4bJsk043WWyES3Imq4FIrXUaDkrVRzGkeSN6Ph1SRvPnJtRKLucZTyIKZ9JXqCUbRWsxHmD2FlHLolr+xNRZbBn0Op6t7cfgNALXQ/O92EZTFXyCQ1pu17KQY51SiY5ONiJzM8pWxI+7xtUdGYmyCfjjsmp9bpkl6i7VNIpu7vjpzGxoziyFbGFAdmMZuY/2XtDHuXQS5UmiFXbPZRL5MEEzLZnXSF5gzlyAJlWthZCRtQTRnaCxXtEfzFlZehUSn7Xtm/80vVc5ipAMdwAmfgwwVU4RpqUAcGQ3iCF3h1UufZeXPeZ6UrzrznCP7I+fgBjC2RIg==</latexit><latexit sha1_base64="yhs7j3xXWN546YUPs7EoyY4z2Jo=">AAAB7nicbZDLSsNAFIZP6q3WW9Slm8EiuJCSdFPBTcGNG7GCvWAbwmQyaYdOJnFmIpTQh3DjQhG3Po87V76K08tCW38Y+Pj/c5hzTpByprTjfFmFldW19Y3iZmlre2d3z94/aKkkk4Q2ScIT2QmwopwJ2tRMc9pJJcVxwGk7GF5O8vYjlYol4k6PUurFuC9YxAjWxmq3/PzBr459u+xUnKnQMrhzKNft65vvi/C+4dufvTAhWUyFJhwr1XWdVHs5lpoRTselXqZoiskQ92nXoMAxVV4+HXeMTowToiiR5gmNpu7vjhzHSo3iwFTGWA/UYjYx/8u6mY7OvZyJNNNUkNlHUcaRTtBkdxQySYnmIwOYSGZmRWSAJSbaXKhkjuAurrwMrWrFdSrurVuun8FMRTiCYzgFF2pQhytoQBMIDOEJXuDVSq1n6816n5UWrHnPIfyR9fED12uSGg==</latexit><latexit sha1_base64="yhs7j3xXWN546YUPs7EoyY4z2Jo=">AAAB7nicbZDLSsNAFIZP6q3WW9Slm8EiuJCSdFPBTcGNG7GCvWAbwmQyaYdOJnFmIpTQh3DjQhG3Po87V76K08tCW38Y+Pj/c5hzTpByprTjfFmFldW19Y3iZmlre2d3z94/aKkkk4Q2ScIT2QmwopwJ2tRMc9pJJcVxwGk7GF5O8vYjlYol4k6PUurFuC9YxAjWxmq3/PzBr459u+xUnKnQMrhzKNft65vvi/C+4dufvTAhWUyFJhwr1XWdVHs5lpoRTselXqZoiskQ92nXoMAxVV4+HXeMTowToiiR5gmNpu7vjhzHSo3iwFTGWA/UYjYx/8u6mY7OvZyJNNNUkNlHUcaRTtBkdxQySYnmIwOYSGZmRWSAJSbaXKhkjuAurrwMrWrFdSrurVuun8FMRTiCYzgFF2pQhytoQBMIDOEJXuDVSq1n6816n5UWrHnPIfyR9fED12uSGg==</latexit><latexit sha1_base64="nFISfUnlz4Hz3gAk71Bfll+zcR8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFz0WvHisYD+gDWGz3bRLN5u4OxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777ZQ2Nre2d8q7lb39g8Oj6vFJxySZZrzNEpnoXkgNl0LxNgqUvJdqTuNQ8m44uZ373SeujUjUA05T7sd0pEQkGEUrdTtB/hg0ZkG15tbdBcg68QpSgwKtoPo1GCYsi7lCJqkxfc9N0c+pRsEkn1UGmeEpZRM64n1LFY258fPFuTNyYZUhiRJtSyFZqL8nchobM41D2xlTHJtVby7+5/UzjG78XKg0Q67YclGUSYIJmf9OhkJzhnJqCWVa2FsJG1NNGdqEKjYEb/XlddJp1D237t17teZVEUcZzuAcLsGDa2jCHbSgDQwm8Ayv8Oakzovz7nwsW0tOMXMKf+B8/gAf1o9W</latexit>

Vq2
<latexit sha1_base64="NSArU5lnlBAC7h5ZNPgHdrHQlMM=">AAAB7nicbZC7SgNBFIbPeo3xtmppMxgECwm7abQM2NiIEcwFkmWZnUySIbOz68xZISx5CBsLRWx9Hjs7H8XJpdDEHwY+/v8c5pwTpVIY9LwvZ2V1bX1js7BV3N7Z3dt3Dw4bJsk043WWyES3Imq4FIrXUaDkrVRzGkeSN6Ph1SRvPnJtRKLucZTyIKZ9JXqCUbRWsxHmD2FlHLolr+xNRZbBn0Op6t7cfgNALXQ/O92EZTFXyCQ1pu17KQY51SiY5ONiJzM8pWxI+7xtUdGYmyCfjjsmp9bpkl6i7VNIpu7vjpzGxoziyFbGFAdmMZuY/2XtDHuXQS5UmiFXbPZRL5MEEzLZnXSF5gzlyAJlWthZCRtQTRnaCxXtEfzFlZehUSn7Xtm/80vVc5ipAMdwAmfgwwVU4RpqUAcGQ3iCF3h1UufZeXPeZ6UrzrznCP7I+fgBjC2RIg==</latexit><latexit sha1_base64="yhs7j3xXWN546YUPs7EoyY4z2Jo=">AAAB7nicbZDLSsNAFIZP6q3WW9Slm8EiuJCSdFPBTcGNG7GCvWAbwmQyaYdOJnFmIpTQh3DjQhG3Po87V76K08tCW38Y+Pj/c5hzTpByprTjfFmFldW19Y3iZmlre2d3z94/aKkkk4Q2ScIT2QmwopwJ2tRMc9pJJcVxwGk7GF5O8vYjlYol4k6PUurFuC9YxAjWxmq3/PzBr459u+xUnKnQMrhzKNft65vvi/C+4dufvTAhWUyFJhwr1XWdVHs5lpoRTselXqZoiskQ92nXoMAxVV4+HXeMTowToiiR5gmNpu7vjhzHSo3iwFTGWA/UYjYx/8u6mY7OvZyJNNNUkNlHUcaRTtBkdxQySYnmIwOYSGZmRWSAJSbaXKhkjuAurrwMrWrFdSrurVuun8FMRTiCYzgFF2pQhytoQBMIDOEJXuDVSq1n6816n5UWrHnPIfyR9fED12uSGg==</latexit><latexit sha1_base64="yhs7j3xXWN546YUPs7EoyY4z2Jo=">AAAB7nicbZDLSsNAFIZP6q3WW9Slm8EiuJCSdFPBTcGNG7GCvWAbwmQyaYdOJnFmIpTQh3DjQhG3Po87V76K08tCW38Y+Pj/c5hzTpByprTjfFmFldW19Y3iZmlre2d3z94/aKkkk4Q2ScIT2QmwopwJ2tRMc9pJJcVxwGk7GF5O8vYjlYol4k6PUurFuC9YxAjWxmq3/PzBr459u+xUnKnQMrhzKNft65vvi/C+4dufvTAhWUyFJhwr1XWdVHs5lpoRTselXqZoiskQ92nXoMAxVV4+HXeMTowToiiR5gmNpu7vjhzHSo3iwFTGWA/UYjYx/8u6mY7OvZyJNNNUkNlHUcaRTtBkdxQySYnmIwOYSGZmRWSAJSbaXKhkjuAurrwMrWrFdSrurVuun8FMRTiCYzgFF2pQhytoQBMIDOEJXuDVSq1n6816n5UWrHnPIfyR9fED12uSGg==</latexit><latexit sha1_base64="nFISfUnlz4Hz3gAk71Bfll+zcR8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFz0WvHisYD+gDWGz3bRLN5u4OxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777ZQ2Nre2d8q7lb39g8Oj6vFJxySZZrzNEpnoXkgNl0LxNgqUvJdqTuNQ8m44uZ373SeujUjUA05T7sd0pEQkGEUrdTtB/hg0ZkG15tbdBcg68QpSgwKtoPo1GCYsi7lCJqkxfc9N0c+pRsEkn1UGmeEpZRM64n1LFY258fPFuTNyYZUhiRJtSyFZqL8nchobM41D2xlTHJtVby7+5/UzjG78XKg0Q67YclGUSYIJmf9OhkJzhnJqCWVa2FsJG1NNGdqEKjYEb/XlddJp1D237t17teZVEUcZzuAcLsGDa2jCHbSgDQwm8Ayv8Oakzovz7nwsW0tOMXMKf+B8/gAf1o9W</latexit>

Va1<latexit sha1_base64="ruEwuU976y3q/+OIfWLMoWif5iI=">AAAB7nicbZDLSgMxFIbP1FutVasu3QSL4ELKxI0uK25cVrAXaIchk2ba0EwyJBmhDH0GceNCEbc+jzt3PorpZaGtPwQ+/v8ccs6JUsGN9f0vr7C2vrG5Vdwu7ZR39/YrB4ctozJNWZMqoXQnIoYJLlnTcitYJ9WMJJFg7Wh0M83bD0wbruS9HacsSMhA8phTYp3VboU5CfEkrFT9mj8TWgW8gGq9/Hj9DQCNsPLZ6yuaJUxaKogxXeynNsiJtpwKNin1MsNSQkdkwLoOJUmYCfLZuBN06pw+ipV2T1o0c3935CQxZpxErjIhdmiWs6n5X9bNbHwV5FymmWWSzj+KM4GsQtPdUZ9rRq0YOyBUczcrokOiCbXuQiV3BLy88iq0LmrYr+E7XK2fw1xFOIYTOAMMl1CHW2hAEyiM4Ale4NVLvWfvzXuflxa8Rc8R/JH38QOzIpFB</latexit><latexit sha1_base64="i69Gm98wtf4dIhAdAtbBuB709Ho=">AAAB7nicbZDLSgMxFIbP1FutVce6dBMsggspEze6rLhxWcFeoB2GTJppQzOZIckIZegziBsXirj1edyIr+ETmF4W2vpD4OP/zyHnnDAVXBvP+3IKa+sbm1vF7dJOeXdv3z2otHSSKcqaNBGJ6oREM8ElaxpuBOukipE4FKwdjq6nefueKc0TeWfGKfNjMpA84pQYa7VbQU4CPAncqlfzZkKrgBdQrZcfrr4rn7oRuB+9fkKzmElDBdG6i73U+DlRhlPBJqVepllK6IgMWNeiJDHTfj4bd4JOrNNHUaLskwbN3N8dOYm1HsehrYyJGerlbGr+l3UzE136OZdpZpik84+iTCCToOnuqM8Vo0aMLRCquJ0V0SFRhBp7oZI9Al5eeRVa5zXs1fAtrtbPYK4iHMExnAKGC6jDDTSgCRRG8AjP8OKkzpPz6rzNSwvOoucQ/sh5/wGb95Kv</latexit><latexit sha1_base64="i69Gm98wtf4dIhAdAtbBuB709Ho=">AAAB7nicbZDLSgMxFIbP1FutVce6dBMsggspEze6rLhxWcFeoB2GTJppQzOZIckIZegziBsXirj1edyIr+ETmF4W2vpD4OP/zyHnnDAVXBvP+3IKa+sbm1vF7dJOeXdv3z2otHSSKcqaNBGJ6oREM8ElaxpuBOukipE4FKwdjq6nefueKc0TeWfGKfNjMpA84pQYa7VbQU4CPAncqlfzZkKrgBdQrZcfrr4rn7oRuB+9fkKzmElDBdG6i73U+DlRhlPBJqVepllK6IgMWNeiJDHTfj4bd4JOrNNHUaLskwbN3N8dOYm1HsehrYyJGerlbGr+l3UzE136OZdpZpik84+iTCCToOnuqM8Vo0aMLRCquJ0V0SFRhBp7oZI9Al5eeRVa5zXs1fAtrtbPYK4iHMExnAKGC6jDDTSgCRRG8AjP8OKkzpPz6rzNSwvOoucQ/sh5/wGb95Kv</latexit><latexit sha1_base64="EqtK8czdwIX4buabwx6sgRohjmE=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeHWRsuAjWUE8wHJccxtNsmSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5USqFsb7/7ZU2Nre2d8q7lb39g8Oj6vFJ2ySZZrzFEpnoboSGS6F4yworeTfVHONI8k40uZv7nSeujUjUo52mPIhxpMRQMLRO6rTDHEM6C6s1v+4vQNYJLUgNCjTD6ld/kLAs5soyicb0qJ/aIEdtBZN8VulnhqfIJjjiPUcVxtwE+eLcGblwyoAME+1KWbJQf0/kGBszjSPXGaMdm1VvLv7n9TI7vA1yodLMcsWWi4aZJDYh89/JQGjOrJw6gkwLdythY9TIrEuo4kKgqy+vk/Z1nfp1+kBrjasijjKcwTlcAoUbaMA9NKEFDCbwDK/w5qXei/fufSxbS14xcwp/4H3+AAXhj0U=</latexit>

Va1<latexit sha1_base64="ruEwuU976y3q/+OIfWLMoWif5iI=">AAAB7nicbZDLSgMxFIbP1FutVasu3QSL4ELKxI0uK25cVrAXaIchk2ba0EwyJBmhDH0GceNCEbc+jzt3PorpZaGtPwQ+/v8ccs6JUsGN9f0vr7C2vrG5Vdwu7ZR39/YrB4ctozJNWZMqoXQnIoYJLlnTcitYJ9WMJJFg7Wh0M83bD0wbruS9HacsSMhA8phTYp3VboU5CfEkrFT9mj8TWgW8gGq9/Hj9DQCNsPLZ6yuaJUxaKogxXeynNsiJtpwKNin1MsNSQkdkwLoOJUmYCfLZuBN06pw+ipV2T1o0c3935CQxZpxErjIhdmiWs6n5X9bNbHwV5FymmWWSzj+KM4GsQtPdUZ9rRq0YOyBUczcrokOiCbXuQiV3BLy88iq0LmrYr+E7XK2fw1xFOIYTOAMMl1CHW2hAEyiM4Ale4NVLvWfvzXuflxa8Rc8R/JH38QOzIpFB</latexit><latexit sha1_base64="i69Gm98wtf4dIhAdAtbBuB709Ho=">AAAB7nicbZDLSgMxFIbP1FutVce6dBMsggspEze6rLhxWcFeoB2GTJppQzOZIckIZegziBsXirj1edyIr+ETmF4W2vpD4OP/zyHnnDAVXBvP+3IKa+sbm1vF7dJOeXdv3z2otHSSKcqaNBGJ6oREM8ElaxpuBOukipE4FKwdjq6nefueKc0TeWfGKfNjMpA84pQYa7VbQU4CPAncqlfzZkKrgBdQrZcfrr4rn7oRuB+9fkKzmElDBdG6i73U+DlRhlPBJqVepllK6IgMWNeiJDHTfj4bd4JOrNNHUaLskwbN3N8dOYm1HsehrYyJGerlbGr+l3UzE136OZdpZpik84+iTCCToOnuqM8Vo0aMLRCquJ0V0SFRhBp7oZI9Al5eeRVa5zXs1fAtrtbPYK4iHMExnAKGC6jDDTSgCRRG8AjP8OKkzpPz6rzNSwvOoucQ/sh5/wGb95Kv</latexit><latexit sha1_base64="i69Gm98wtf4dIhAdAtbBuB709Ho=">AAAB7nicbZDLSgMxFIbP1FutVce6dBMsggspEze6rLhxWcFeoB2GTJppQzOZIckIZegziBsXirj1edyIr+ETmF4W2vpD4OP/zyHnnDAVXBvP+3IKa+sbm1vF7dJOeXdv3z2otHSSKcqaNBGJ6oREM8ElaxpuBOukipE4FKwdjq6nefueKc0TeWfGKfNjMpA84pQYa7VbQU4CPAncqlfzZkKrgBdQrZcfrr4rn7oRuB+9fkKzmElDBdG6i73U+DlRhlPBJqVepllK6IgMWNeiJDHTfj4bd4JOrNNHUaLskwbN3N8dOYm1HsehrYyJGerlbGr+l3UzE136OZdpZpik84+iTCCToOnuqM8Vo0aMLRCquJ0V0SFRhBp7oZI9Al5eeRVa5zXs1fAtrtbPYK4iHMExnAKGC6jDDTSgCRRG8AjP8OKkzpPz6rzNSwvOoucQ/sh5/wGb95Kv</latexit><latexit sha1_base64="EqtK8czdwIX4buabwx6sgRohjmE=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeHWRsuAjWUE8wHJccxtNsmSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5USqFsb7/7ZU2Nre2d8q7lb39g8Oj6vFJ2ySZZrzFEpnoboSGS6F4yworeTfVHONI8k40uZv7nSeujUjUo52mPIhxpMRQMLRO6rTDHEM6C6s1v+4vQNYJLUgNCjTD6ld/kLAs5soyicb0qJ/aIEdtBZN8VulnhqfIJjjiPUcVxtwE+eLcGblwyoAME+1KWbJQf0/kGBszjSPXGaMdm1VvLv7n9TI7vA1yodLMcsWWi4aZJDYh89/JQGjOrJw6gkwLdythY9TIrEuo4kKgqy+vk/Z1nfp1+kBrjasijjKcwTlcAoUbaMA9NKEFDCbwDK/w5qXei/fufSxbS14xcwp/4H3+AAXhj0U=</latexit>
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FFNh(l�1)
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<latexit sha1_base64="0pk5AlDx2K2H4lUB0KR/5dCLfmc=">AAAB83icbVC7TgJBFL3rE/GFWtJMJCZYSHZptCSxscREHgmsZHaYhQmzs+s8TMiG37Cx0Bgt/Qe/wc4PsXcWKBQ8yU1Ozrk3994TJJwp7bpfzsrq2vrGZm4rv72zu7dfODhsqthIQhsk5rFsB1hRzgRtaKY5bSeS4ijgtBWMLjO/dU+lYrG40eOE+hEeCBYygrWVusPe3W1a5mfe6STfK5TcijsFWibenJRqxe+3DwCo9wqf3X5MTESFJhwr1fHcRPsplpoRTif5rlE0wWSEB7RjqcARVX46vXmCTqzSR2EsbQmNpurviRRHSo2jwHZGWA/VopeJ/3kdo8MLP2UiMZoKMlsUGo50jLIAUJ9JSjQfW4KJZPZWRIZYYqJtTFkI3uLLy6RZrXhuxbu2aVRhhhwU4RjK4ME51OAK6tAAAgk8wBM8O8Z5dF6c11nrijOfOYI/cN5/ABsik0Y=</latexit><latexit sha1_base64="EM5cx1m+bR/w8nh9gizvozlKBZ4=">AAAB83icbVC7TgJBFL2LL8QXakkzkZhgIdml0ZLExhITeSSwktlhFibMzi4zsyZkwx9Y21hojJZ+gIU/YeeH2DsLFAqe5CYn59ybe+/xIs6Utu0vK7Oyura+kd3MbW3v7O7l9w8aKowloXUS8lC2PKwoZ4LWNdOctiJJceBx2vSGF6nfvKVSsVBc63FE3QD3BfMZwdpInUF3dJOU+KlzMsl180W7bE+BlokzJ8Vq4fv13bv7qHXzn51eSOKACk04Vqrt2JF2Eyw1I5xOcp1Y0QiTIe7TtqECB1S5yfTmCTo2Sg/5oTQlNJqqvycSHCg1DjzTGWA9UIteKv7ntWPtn7sJE1GsqSCzRX7MkQ5RGgDqMUmJ5mNDMJHM3IrIAEtMtIkpDcFZfHmZNCplxy47VyaNCsyQhQIcQQkcOIMqXEIN6kAggnt4hCcrth6sZ+tl1pqx5jOH8AfW2w9L75Tq</latexit><latexit sha1_base64="EM5cx1m+bR/w8nh9gizvozlKBZ4=">AAAB83icbVC7TgJBFL2LL8QXakkzkZhgIdml0ZLExhITeSSwktlhFibMzi4zsyZkwx9Y21hojJZ+gIU/YeeH2DsLFAqe5CYn59ybe+/xIs6Utu0vK7Oyura+kd3MbW3v7O7l9w8aKowloXUS8lC2PKwoZ4LWNdOctiJJceBx2vSGF6nfvKVSsVBc63FE3QD3BfMZwdpInUF3dJOU+KlzMsl180W7bE+BlokzJ8Vq4fv13bv7qHXzn51eSOKACk04Vqrt2JF2Eyw1I5xOcp1Y0QiTIe7TtqECB1S5yfTmCTo2Sg/5oTQlNJqqvycSHCg1DjzTGWA9UIteKv7ntWPtn7sJE1GsqSCzRX7MkQ5RGgDqMUmJ5mNDMJHM3IrIAEtMtIkpDcFZfHmZNCplxy47VyaNCsyQhQIcQQkcOIMqXEIN6kAggnt4hCcrth6sZ+tl1pqx5jOH8AfW2w9L75Tq</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0Klqvyj+OU0Fg2oB7kxUFvh+GJk=">AAAB6HicbZDNSgMxFIXv1L9aq45u3QSLUBeWGTe6FNy4rGB/oB1LJr3ThmYyY5IRytDXcONCEZ/InW9jpu1CWw8EPs5JuDcnTAXXxvO+ndLG5tb2Tnm3slfdPzh0j6ptnWSKYYslIlHdkGoUXGLLcCOwmyqkcSiwE05ui7zzjErzRD6YaYpBTEeSR5xRY63+ePD0mNfFhX8+qwzcmtfw5iLr4C+hBks1B+5Xf5iwLEZpmKBa93wvNUFOleFM4KzSzzSmlE3oCHsWJY1RB/l85xk5s86QRImyRxoyd3+/yGms9TQO7c2YmrFezQrzv6yXmeg6yLlMM4OSLQZFmSAmIUUBZMgVMiOmFihT3O5K2JgqyoytqSjBX/3yOrQvG77X8O89KMMJnEIdfLiCG7iDJrSAQQov8AbvTua8Oh+LukrOsrdj+CPn8wc+749H</latexit><latexit sha1_base64="0Klqvyj+OU0Fg2oB7kxUFvh+GJk=">AAAB6HicbZDNSgMxFIXv1L9aq45u3QSLUBeWGTe6FNy4rGB/oB1LJr3ThmYyY5IRytDXcONCEZ/InW9jpu1CWw8EPs5JuDcnTAXXxvO+ndLG5tb2Tnm3slfdPzh0j6ptnWSKYYslIlHdkGoUXGLLcCOwmyqkcSiwE05ui7zzjErzRD6YaYpBTEeSR5xRY63+ePD0mNfFhX8+qwzcmtfw5iLr4C+hBks1B+5Xf5iwLEZpmKBa93wvNUFOleFM4KzSzzSmlE3oCHsWJY1RB/l85xk5s86QRImyRxoyd3+/yGms9TQO7c2YmrFezQrzv6yXmeg6yLlMM4OSLQZFmSAmIUUBZMgVMiOmFihT3O5K2JgqyoytqSjBX/3yOrQvG77X8O89KMMJnEIdfLiCG7iDJrSAQQov8AbvTua8Oh+LukrOsrdj+CPn8wc+749H</latexit><latexit sha1_base64="Il+C21Ib7fPRa0F/qseaVubEWo4=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzHBQnJHoyWJjSUmAiZwkr1lgA17e+fungm58DdsLDTG1j9j579xD65Q8CWTvLw3k5l5QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJYthikYjUfUA1Ci6xZbgReB8rpGEgsBNMrjO/84RK80jemWmMfkhHkg85o8ZKvXH/8SGtigvvfFbqlytuzZ2DrBIvJxXI0eyXv3qDiCUhSsME1brrubHxU6oMZwJnpV6iMaZsQkfYtVTSELWfzm+ekTOrDMgwUrakIXP190RKQ62nYWA7Q2rGetnLxP+8bmKGV37KZZwYlGyxaJgIYiKSBUAGXCEzYmoJZYrbWwkbU0WZsTFlIXjLL6+Sdr3muTXv1q006nkcRTiBU6iCB5fQgBtoQgsYxPAMr/DmJM6L8+58LFoLTj5zDH/gfP4Ac86QkQ==</latexit><latexit sha1_base64="Il+C21Ib7fPRa0F/qseaVubEWo4=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzHBQnJHoyWJjSUmAiZwkr1lgA17e+fungm58DdsLDTG1j9j579xD65Q8CWTvLw3k5l5QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJYthikYjUfUA1Ci6xZbgReB8rpGEgsBNMrjO/84RK80jemWmMfkhHkg85o8ZKvXH/8SGtigvvfFbqlytuzZ2DrBIvJxXI0eyXv3qDiCUhSsME1brrubHxU6oMZwJnpV6iMaZsQkfYtVTSELWfzm+ekTOrDMgwUrakIXP190RKQ62nYWA7Q2rGetnLxP+8bmKGV37KZZwYlGyxaJgIYiKSBUAGXCEzYmoJZYrbWwkbU0WZsTFlIXjLL6+Sdr3muTXv1q006nkcRTiBU6iCB5fQgBtoQgsYxPAMr/DmJM6L8+58LFoLTj5zDH/gfP4Ac86QkQ==</latexit><latexit sha1_base64="EM5cx1m+bR/w8nh9gizvozlKBZ4=">AAAB83icbVC7TgJBFL2LL8QXakkzkZhgIdml0ZLExhITeSSwktlhFibMzi4zsyZkwx9Y21hojJZ+gIU/YeeH2DsLFAqe5CYn59ybe+/xIs6Utu0vK7Oyura+kd3MbW3v7O7l9w8aKowloXUS8lC2PKwoZ4LWNdOctiJJceBx2vSGF6nfvKVSsVBc63FE3QD3BfMZwdpInUF3dJOU+KlzMsl180W7bE+BlokzJ8Vq4fv13bv7qHXzn51eSOKACk04Vqrt2JF2Eyw1I5xOcp1Y0QiTIe7TtqECB1S5yfTmCTo2Sg/5oTQlNJqqvycSHCg1DjzTGWA9UIteKv7ntWPtn7sJE1GsqSCzRX7MkQ5RGgDqMUmJ5mNDMJHM3IrIAEtMtIkpDcFZfHmZNCplxy47VyaNCsyQhQIcQQkcOIMqXEIN6kAggnt4hCcrth6sZ+tl1pqx5jOH8AfW2w9L75Tq</latexit><latexit sha1_base64="EM5cx1m+bR/w8nh9gizvozlKBZ4=">AAAB83icbVC7TgJBFL2LL8QXakkzkZhgIdml0ZLExhITeSSwktlhFibMzi4zsyZkwx9Y21hojJZ+gIU/YeeH2DsLFAqe5CYn59ybe+/xIs6Utu0vK7Oyura+kd3MbW3v7O7l9w8aKowloXUS8lC2PKwoZ4LWNdOctiJJceBx2vSGF6nfvKVSsVBc63FE3QD3BfMZwdpInUF3dJOU+KlzMsl180W7bE+BlokzJ8Vq4fv13bv7qHXzn51eSOKACk04Vqrt2JF2Eyw1I5xOcp1Y0QiTIe7TtqECB1S5yfTmCTo2Sg/5oTQlNJqqvycSHCg1DjzTGWA9UIteKv7ntWPtn7sJE1GsqSCzRX7MkQ5RGgDqMUmJ5mNDMJHM3IrIAEtMtIkpDcFZfHmZNCplxy47VyaNCsyQhQIcQQkcOIMqXEIN6kAggnt4hCcrth6sZ+tl1pqx5jOH8AfW2w9L75Tq</latexit><latexit sha1_base64="EM5cx1m+bR/w8nh9gizvozlKBZ4=">AAAB83icbVC7TgJBFL2LL8QXakkzkZhgIdml0ZLExhITeSSwktlhFibMzi4zsyZkwx9Y21hojJZ+gIU/YeeH2DsLFAqe5CYn59ybe+/xIs6Utu0vK7Oyura+kd3MbW3v7O7l9w8aKowloXUS8lC2PKwoZ4LWNdOctiJJceBx2vSGF6nfvKVSsVBc63FE3QD3BfMZwdpInUF3dJOU+KlzMsl180W7bE+BlokzJ8Vq4fv13bv7qHXzn51eSOKACk04Vqrt2JF2Eyw1I5xOcp1Y0QiTIe7TtqECB1S5yfTmCTo2Sg/5oTQlNJqqvycSHCg1DjzTGWA9UIteKv7ntWPtn7sJE1GsqSCzRX7MkQ5RGgDqMUmJ5mNDMJHM3IrIAEtMtIkpDcFZfHmZNCplxy47VyaNCsyQhQIcQQkcOIMqXEIN6kAggnt4hCcrth6sZ+tl1pqx5jOH8AfW2w9L75Tq</latexit><latexit sha1_base64="EM5cx1m+bR/w8nh9gizvozlKBZ4=">AAAB83icbVC7TgJBFL2LL8QXakkzkZhgIdml0ZLExhITeSSwktlhFibMzi4zsyZkwx9Y21hojJZ+gIU/YeeH2DsLFAqe5CYn59ybe+/xIs6Utu0vK7Oyura+kd3MbW3v7O7l9w8aKowloXUS8lC2PKwoZ4LWNdOctiJJceBx2vSGF6nfvKVSsVBc63FE3QD3BfMZwdpInUF3dJOU+KlzMsl180W7bE+BlokzJ8Vq4fv13bv7qHXzn51eSOKACk04Vqrt2JF2Eyw1I5xOcp1Y0QiTIe7TtqECB1S5yfTmCTo2Sg/5oTQlNJqqvycSHCg1DjzTGWA9UIteKv7ntWPtn7sJE1GsqSCzRX7MkQ5RGgDqMUmJ5mNDMJHM3IrIAEtMtIkpDcFZfHmZNCplxy47VyaNCsyQhQIcQQkcOIMqXEIN6kAggnt4hCcrth6sZ+tl1pqx5jOH8AfW2w9L75Tq</latexit><latexit sha1_base64="Il+C21Ib7fPRa0F/qseaVubEWo4=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzHBQnJHoyWJjSUmAiZwkr1lgA17e+fungm58DdsLDTG1j9j579xD65Q8CWTvLw3k5l5QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJYthikYjUfUA1Ci6xZbgReB8rpGEgsBNMrjO/84RK80jemWmMfkhHkg85o8ZKvXH/8SGtigvvfFbqlytuzZ2DrBIvJxXI0eyXv3qDiCUhSsME1brrubHxU6oMZwJnpV6iMaZsQkfYtVTSELWfzm+ekTOrDMgwUrakIXP190RKQ62nYWA7Q2rGetnLxP+8bmKGV37KZZwYlGyxaJgIYiKSBUAGXCEzYmoJZYrbWwkbU0WZsTFlIXjLL6+Sdr3muTXv1q006nkcRTiBU6iCB5fQgBtoQgsYxPAMr/DmJM6L8+58LFoLTj5zDH/gfP4Ac86QkQ==</latexit>

h(l)
q

<latexit sha1_base64="hrYqH91zswX7+lKDYDwAJzMrqHs=">AAAB8XicbVC7SgNBFL0bXzG+opZpBkWITdhNo2XAxjKCeWCyhtnJbDJkZnadmRXCkr+wsVBEsPIn/AY7P8Te2SSFJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjC4yv3VPlWaRvDbjmPoCDyQLGcHGSjfD3t1tWuank0KveOxW3CnQMvHm5LhW+n77AIB6r/jZ7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7afTiyfoxCp9FEbKljRoqv6eSLHQeiwC2ymwGepFLxP/8zqJCc/9lMk4MVSS2aIw4chEKHsf9ZmixPCxJZgoZm9FZIgVJsaGlIXgLb68TJrViudWvCubRhVmyEMJjqAMHpxBDS6hDg0gIOEBnuDZ0c6j8+K8zlpzznzmEP7Aef8BPByS1A==</latexit><latexit sha1_base64="q9NuDN+oktfc3aq/Z+/JUl0vWFc=">AAAB8XicbVC7TgJBFL2LL8QXakkzkZhgQ3ZptCSxscREHhFWMjvMwoTZ2WVm1oRs+ANLGwuNMbHyCyz8CTs/xN5ZoFDwJDc5Oefe3HuPF3GmtG1/WZmV1bX1jexmbmt7Z3cvv3/QUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3PE/95i2VioXiSo8j6ga4L5jPCNZGuh50RzdJiZ9Mct180S7bU6Bl4sxJsVr4fn337j5q3fxnpxeSOKBCE46Vajt2pN0ES80Ip5NcJ1Y0wmSI+7RtqMABVW4yvXiCjo3SQ34oTQmNpurviQQHSo0Dz3QGWA/UopeK/3ntWPtnbsJEFGsqyGyRH3OkQ5S+j3pMUqL52BBMJDO3IjLAEhNtQkpDcBZfXiaNStmxy86lSaMCM2ShAEdQAgdOoQoXUIM6EBBwD4/wZCnrwXq2XmatGWs+cwh/YL39AGzplHg=</latexit><latexit sha1_base64="q9NuDN+oktfc3aq/Z+/JUl0vWFc=">AAAB8XicbVC7TgJBFL2LL8QXakkzkZhgQ3ZptCSxscREHhFWMjvMwoTZ2WVm1oRs+ANLGwuNMbHyCyz8CTs/xN5ZoFDwJDc5Oefe3HuPF3GmtG1/WZmV1bX1jexmbmt7Z3cvv3/QUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3PE/95i2VioXiSo8j6ga4L5jPCNZGuh50RzdJiZ9Mct180S7bU6Bl4sxJsVr4fn337j5q3fxnpxeSOKBCE46Vajt2pN0ES80Ip5NcJ1Y0wmSI+7RtqMABVW4yvXiCjo3SQ34oTQmNpurviQQHSo0Dz3QGWA/UopeK/3ntWPtnbsJEFGsqyGyRH3OkQ5S+j3pMUqL52BBMJDO3IjLAEhNtQkpDcBZfXiaNStmxy86lSaMCM2ShAEdQAgdOoQoXUIM6EBBwD4/wZCnrwXq2XmatGWs+cwh/YL39AGzplHg=</latexit><latexit sha1_base64="B44tbIlqd9NKJ4o14UOWNmDl8fI=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBiE+7SaBmwsYxgPjA5w95mkizZ2zt394Rw5F/YWChi67+x89+4l1yhiQ8GHu/NMDMviAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28HkOvPbT6g0j+Sdmcboh3Qk+ZAzaqx0P+4/PqQVcTEr9ktlt+rOQVaJl5My5Gj0S1+9QcSSEKVhgmrd9dzY+ClVhjOBs2Iv0RhTNqEj7FoqaYjaT+cXz8i5VQZkGClb0pC5+nsipaHW0zCwnSE1Y73sZeJ/Xjcxwys/5TJODEq2WDRMBDERyd4nA66QGTG1hDLF7a2EjamizNiQshC85ZdXSatW9dyqd+uW67U8jgKcwhlUwINLqMMNNKAJDCQ8wyu8Odp5cd6dj0XrmpPPnMAfOJ8/lMiQHw==</latexit>
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<latexit sha1_base64="gYs49xtlP7svvWbMAA64dPnqeQY=">AAAB/HicbVBNS8NAEJ34WetXtEcvwSLUS0mKoMeCF48V7Ae0MWy223bpZhN2N4WwxL/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjUrnut7WxubW9s1vaK+8fHB4d2yenHRmnApM2jlkseiGShFFO2ooqRnqJICgKGemG09u5350RIWnMH1SWED9CY05HFCNlpMCuTAI9CzQKtJfn+aOuscs8sKtu3V3AWSdeQapQoBXYX4NhjNOIcIUZkrLvuYnyNRKKYkby8iCVJEF4isakbyhHEZG+XhyfOxdGGTqjWJjiylmovyc0iqTMotB0RkhN5Ko3F//z+qka3fia8iRVhOPlolHKHBU78yScIRUEK5YZgrCg5lYHT5BAWJm8yiYEb/XlddJp1D237t1fVZuNIo4SnME51MCDa2jCHbSgDRgyeIZXeLOerBfr3fpYtm5YxUwF/sD6/AHuNJTh</latexit><latexit sha1_base64="gYs49xtlP7svvWbMAA64dPnqeQY=">AAAB/HicbVBNS8NAEJ34WetXtEcvwSLUS0mKoMeCF48V7Ae0MWy223bpZhN2N4WwxL/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjUrnut7WxubW9s1vaK+8fHB4d2yenHRmnApM2jlkseiGShFFO2ooqRnqJICgKGemG09u5350RIWnMH1SWED9CY05HFCNlpMCuTAI9CzQKtJfn+aOuscs8sKtu3V3AWSdeQapQoBXYX4NhjNOIcIUZkrLvuYnyNRKKYkby8iCVJEF4isakbyhHEZG+XhyfOxdGGTqjWJjiylmovyc0iqTMotB0RkhN5Ko3F//z+qka3fia8iRVhOPlolHKHBU78yScIRUEK5YZgrCg5lYHT5BAWJm8yiYEb/XlddJp1D237t1fVZuNIo4SnME51MCDa2jCHbSgDRgyeIZXeLOerBfr3fpYtm5YxUwF/sD6/AHuNJTh</latexit><latexit sha1_base64="gYs49xtlP7svvWbMAA64dPnqeQY=">AAAB/HicbVBNS8NAEJ34WetXtEcvwSLUS0mKoMeCF48V7Ae0MWy223bpZhN2N4WwxL/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjUrnut7WxubW9s1vaK+8fHB4d2yenHRmnApM2jlkseiGShFFO2ooqRnqJICgKGemG09u5350RIWnMH1SWED9CY05HFCNlpMCuTAI9CzQKtJfn+aOuscs8sKtu3V3AWSdeQapQoBXYX4NhjNOIcIUZkrLvuYnyNRKKYkby8iCVJEF4isakbyhHEZG+XhyfOxdGGTqjWJjiylmovyc0iqTMotB0RkhN5Ko3F//z+qka3fia8iRVhOPlolHKHBU78yScIRUEK5YZgrCg5lYHT5BAWJm8yiYEb/XlddJp1D237t1fVZuNIo4SnME51MCDa2jCHbSgDRgyeIZXeLOerBfr3fpYtm5YxUwF/sD6/AHuNJTh</latexit><latexit sha1_base64="gYs49xtlP7svvWbMAA64dPnqeQY=">AAAB/HicbVBNS8NAEJ34WetXtEcvwSLUS0mKoMeCF48V7Ae0MWy223bpZhN2N4WwxL/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjUrnut7WxubW9s1vaK+8fHB4d2yenHRmnApM2jlkseiGShFFO2ooqRnqJICgKGemG09u5350RIWnMH1SWED9CY05HFCNlpMCuTAI9CzQKtJfn+aOuscs8sKtu3V3AWSdeQapQoBXYX4NhjNOIcIUZkrLvuYnyNRKKYkby8iCVJEF4isakbyhHEZG+XhyfOxdGGTqjWJjiylmovyc0iqTMotB0RkhN5Ko3F//z+qka3fia8iRVhOPlolHKHBU78yScIRUEK5YZgrCg5lYHT5BAWJm8yiYEb/XlddJp1D237t1fVZuNIo4SnME51MCDa2jCHbSgDRgyeIZXeLOerBfr3fpYtm5YxUwF/sD6/AHuNJTh</latexit>

h(l�1)
va1
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f l(vq2

e�! va1
)

<latexit sha1_base64="we8m8oquUddI3ckBNdJJCNm9Y9c=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUVEoyVWBiLRB9SGyLHdVqrjhNsp1BZ+QYWfoWFAYRYmdj4G9w2A7Qc6UpH59yre+8JEkalcpxva2V1bX1js7BV3N7Z3du3Dw5bMk4FJk0cs1h0AiQJo5w0FVWMdBJBUBQw0g5Gl1O/PSZC0pjfqElCvAgNOA0pRspIvl0JbzXLymNf3/m6lmW9B0EHQ4WEiO81yaAxkK/dLKv4dsmpOjPAZeLmpARyNHz7q9ePcRoRrjBDUnZdJ1GeRkJRzEhW7KWSJAiP0IB0DeUoItLTs5cyeGqUPgxjYYorOFN/T2gUSTmJAtMZITWUi95U/M/rpiq88DTlSaoIx/NFYcqgiuE0H9ingmDFJoYgLKi5FeIhEggrk2LRhOAuvrxMWrWq61Td67NSvZbHUQDH4ASUgQvOQR1cgQZoAgwewTN4BW/Wk/VivVsf89YVK585An9gff4A3C6exQ==</latexit><latexit sha1_base64="we8m8oquUddI3ckBNdJJCNm9Y9c=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUVEoyVWBiLRB9SGyLHdVqrjhNsp1BZ+QYWfoWFAYRYmdj4G9w2A7Qc6UpH59yre+8JEkalcpxva2V1bX1js7BV3N7Z3du3Dw5bMk4FJk0cs1h0AiQJo5w0FVWMdBJBUBQw0g5Gl1O/PSZC0pjfqElCvAgNOA0pRspIvl0JbzXLymNf3/m6lmW9B0EHQ4WEiO81yaAxkK/dLKv4dsmpOjPAZeLmpARyNHz7q9ePcRoRrjBDUnZdJ1GeRkJRzEhW7KWSJAiP0IB0DeUoItLTs5cyeGqUPgxjYYorOFN/T2gUSTmJAtMZITWUi95U/M/rpiq88DTlSaoIx/NFYcqgiuE0H9ingmDFJoYgLKi5FeIhEggrk2LRhOAuvrxMWrWq61Td67NSvZbHUQDH4ASUgQvOQR1cgQZoAgwewTN4BW/Wk/VivVsf89YVK585An9gff4A3C6exQ==</latexit><latexit sha1_base64="we8m8oquUddI3ckBNdJJCNm9Y9c=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUVEoyVWBiLRB9SGyLHdVqrjhNsp1BZ+QYWfoWFAYRYmdj4G9w2A7Qc6UpH59yre+8JEkalcpxva2V1bX1js7BV3N7Z3du3Dw5bMk4FJk0cs1h0AiQJo5w0FVWMdBJBUBQw0g5Gl1O/PSZC0pjfqElCvAgNOA0pRspIvl0JbzXLymNf3/m6lmW9B0EHQ4WEiO81yaAxkK/dLKv4dsmpOjPAZeLmpARyNHz7q9ePcRoRrjBDUnZdJ1GeRkJRzEhW7KWSJAiP0IB0DeUoItLTs5cyeGqUPgxjYYorOFN/T2gUSTmJAtMZITWUi95U/M/rpiq88DTlSaoIx/NFYcqgiuE0H9ingmDFJoYgLKi5FeIhEggrk2LRhOAuvrxMWrWq61Td67NSvZbHUQDH4ASUgQvOQR1cgQZoAgwewTN4BW/Wk/VivVsf89YVK585An9gff4A3C6exQ==</latexit><latexit sha1_base64="we8m8oquUddI3ckBNdJJCNm9Y9c=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUVEoyVWBiLRB9SGyLHdVqrjhNsp1BZ+QYWfoWFAYRYmdj4G9w2A7Qc6UpH59yre+8JEkalcpxva2V1bX1js7BV3N7Z3du3Dw5bMk4FJk0cs1h0AiQJo5w0FVWMdBJBUBQw0g5Gl1O/PSZC0pjfqElCvAgNOA0pRspIvl0JbzXLymNf3/m6lmW9B0EHQ4WEiO81yaAxkK/dLKv4dsmpOjPAZeLmpARyNHz7q9ePcRoRrjBDUnZdJ1GeRkJRzEhW7KWSJAiP0IB0DeUoItLTs5cyeGqUPgxjYYorOFN/T2gUSTmJAtMZITWUi95U/M/rpiq88DTlSaoIx/NFYcqgiuE0H9ingmDFJoYgLKi5FeIhEggrk2LRhOAuvrxMWrWq61Td67NSvZbHUQDH4ASUgQvOQR1cgQZoAgwewTN4BW/Wk/VivVsf89YVK585An9gff4A3C6exQ==</latexit>

FFN
h(l�1)

vq2
<latexit sha1_base64="DknF/b/gVINcJb4NXaVqyunUjVk=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxCXViSIuiy4MZlBfuANobJdNIOnUzizKRQQ/BX3LhQxK3/4c6/cdJ2oa0HLhzOuZd77/FjRqWy7W+jsLK6tr5R3Cxtbe/s7pn7By0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+6Pr3G+PiZA04ndqEhM3RANOA4qR0pJnHg29dOylD14ty+7TCjt3zrKSZ5btqj2FtUycOSnDHA3P/Or1I5yEhCvMkJRdx46VmyKhKGYkK/USSWKER2hAuppyFBLpptPrM+tUK30riIQurqyp+nsiRaGUk9DXnSFSQ7no5eJ/XjdRwZWbUh4ninA8WxQkzFKRlUdh9akgWLGJJggLqm+18BAJhJUOLA/BWXx5mbRqVceuOrcX5XptHkcRjuEEKuDAJdThBhrQBAyP8Ayv8GY8GS/Gu/Exay0Y85lD+APj8wdX2pRs</latexit><latexit sha1_base64="DknF/b/gVINcJb4NXaVqyunUjVk=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxCXViSIuiy4MZlBfuANobJdNIOnUzizKRQQ/BX3LhQxK3/4c6/cdJ2oa0HLhzOuZd77/FjRqWy7W+jsLK6tr5R3Cxtbe/s7pn7By0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+6Pr3G+PiZA04ndqEhM3RANOA4qR0pJnHg29dOylD14ty+7TCjt3zrKSZ5btqj2FtUycOSnDHA3P/Or1I5yEhCvMkJRdx46VmyKhKGYkK/USSWKER2hAuppyFBLpptPrM+tUK30riIQurqyp+nsiRaGUk9DXnSFSQ7no5eJ/XjdRwZWbUh4ninA8WxQkzFKRlUdh9akgWLGJJggLqm+18BAJhJUOLA/BWXx5mbRqVceuOrcX5XptHkcRjuEEKuDAJdThBhrQBAyP8Ayv8GY8GS/Gu/Exay0Y85lD+APj8wdX2pRs</latexit><latexit sha1_base64="DknF/b/gVINcJb4NXaVqyunUjVk=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxCXViSIuiy4MZlBfuANobJdNIOnUzizKRQQ/BX3LhQxK3/4c6/cdJ2oa0HLhzOuZd77/FjRqWy7W+jsLK6tr5R3Cxtbe/s7pn7By0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+6Pr3G+PiZA04ndqEhM3RANOA4qR0pJnHg29dOylD14ty+7TCjt3zrKSZ5btqj2FtUycOSnDHA3P/Or1I5yEhCvMkJRdx46VmyKhKGYkK/USSWKER2hAuppyFBLpptPrM+tUK30riIQurqyp+nsiRaGUk9DXnSFSQ7no5eJ/XjdRwZWbUh4ninA8WxQkzFKRlUdh9akgWLGJJggLqm+18BAJhJUOLA/BWXx5mbRqVceuOrcX5XptHkcRjuEEKuDAJdThBhrQBAyP8Ayv8GY8GS/Gu/Exay0Y85lD+APj8wdX2pRs</latexit><latexit sha1_base64="DknF/b/gVINcJb4NXaVqyunUjVk=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxCXViSIuiy4MZlBfuANobJdNIOnUzizKRQQ/BX3LhQxK3/4c6/cdJ2oa0HLhzOuZd77/FjRqWy7W+jsLK6tr5R3Cxtbe/s7pn7By0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+6Pr3G+PiZA04ndqEhM3RANOA4qR0pJnHg29dOylD14ty+7TCjt3zrKSZ5btqj2FtUycOSnDHA3P/Or1I5yEhCvMkJRdx46VmyKhKGYkK/USSWKER2hAuppyFBLpptPrM+tUK30riIQurqyp+nsiRaGUk9DXnSFSQ7no5eJ/XjdRwZWbUh4ninA8WxQkzFKRlUdh9akgWLGJJggLqm+18BAJhJUOLA/BWXx5mbRqVceuOrcX5XptHkcRjuEEKuDAJdThBhrQBAyP8Ayv8GY8GS/Gu/Exay0Y85lD+APj8wdX2pRs</latexit>

+
<latexit sha1_base64="2JCiDqVALdTOEttTtQED42gQOho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te87pSr+VxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHbLWMnw==</latexit><latexit sha1_base64="2JCiDqVALdTOEttTtQED42gQOho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te87pSr+VxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHbLWMnw==</latexit><latexit sha1_base64="2JCiDqVALdTOEttTtQED42gQOho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te87pSr+VxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHbLWMnw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="4Cj7GG15ONU4hvpZy7nrxEwlYds=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiCEKZcaNLwY3LFuwD2qFk0jttbCYzJHeEUvoL3LhQxL/lzn9j+lho64HAxzkJufdEmZKWfP/bK2xt7+zuFfdLB+XDo+PKSbll09wIbIpUpaYTcYtKamySJIWdzCBPIoXtaHw/z9vPaKxM9SNNMgwTPtQyloKTsxpX/UrVr/kLsU0IVlCFler9yldvkIo8QU1CcWu7gZ9ROOWGpFA4K/VyixkXYz7ErkPNE7ThdDHojF04Z8Di1LijiS3c3y+mPLF2kkTuZsJpZNezuflf1s0pvg2nUmc5oRbLj+JcMUrZfGs2kAYFqYkDLox0szIx4oYLct2UXAnB+sqb0LquBX4taPhQhDM4h0sI4Abu4AHq0AQBCC/wBu/ek/fqfSzrKnir3k7hj7zPH2Aui1w=</latexit><latexit sha1_base64="4Cj7GG15ONU4hvpZy7nrxEwlYds=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiCEKZcaNLwY3LFuwD2qFk0jttbCYzJHeEUvoL3LhQxL/lzn9j+lho64HAxzkJufdEmZKWfP/bK2xt7+zuFfdLB+XDo+PKSbll09wIbIpUpaYTcYtKamySJIWdzCBPIoXtaHw/z9vPaKxM9SNNMgwTPtQyloKTsxpX/UrVr/kLsU0IVlCFler9yldvkIo8QU1CcWu7gZ9ROOWGpFA4K/VyixkXYz7ErkPNE7ThdDHojF04Z8Di1LijiS3c3y+mPLF2kkTuZsJpZNezuflf1s0pvg2nUmc5oRbLj+JcMUrZfGs2kAYFqYkDLox0szIx4oYLct2UXAnB+sqb0LquBX4taPhQhDM4h0sI4Abu4AHq0AQBCC/wBu/ek/fqfSzrKnir3k7hj7zPH2Aui1w=</latexit><latexit sha1_base64="nVjM39ySTGVmXsoestCcKi54YFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEErSSz0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2t7Z3Svulw4Oj45PyqdnHR2nimGbxSJWvYBqFFxi23AjsJcopFEgsBtM7xZ+9wmV5rF8MLME/YiOJQ85o8ZKrZthueJW3SXIJvFyUoEczWH5azCKWRqhNExQrfuemxg/o8pwJnBeGqQaE8qmdIx9SyWNUPvZ8tA5ubLKiISxsiUNWaq/JzIaaT2LAtsZUTPR695C/M/rpya89TMuk9SgZKtFYSqIicniazLiCpkRM0soU9zeStiEKsqMzaZkQ/DWX94knVrVc6tey600ankcRbiAS7gGD+rQgHtoQhsYIDzDK7w5j86L8+58rFoLTj5zDn/gfP4Aa3WMmw==</latexit><latexit sha1_base64="2JCiDqVALdTOEttTtQED42gQOho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te87pSr+VxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHbLWMnw==</latexit><latexit sha1_base64="2JCiDqVALdTOEttTtQED42gQOho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te87pSr+VxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHbLWMnw==</latexit><latexit sha1_base64="2JCiDqVALdTOEttTtQED42gQOho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te87pSr+VxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHbLWMnw==</latexit><latexit sha1_base64="2JCiDqVALdTOEttTtQED42gQOho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te87pSr+VxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHbLWMnw==</latexit><latexit sha1_base64="2JCiDqVALdTOEttTtQED42gQOho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te87pSr+VxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHbLWMnw==</latexit><latexit sha1_base64="2JCiDqVALdTOEttTtQED42gQOho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te87pSr+VxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHbLWMnw==</latexit>

h(l)
vq2

<latexit sha1_base64="EEF9g0APXl1i60g/QBCI1FyipiA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkpSBF0W3LisYB/QxjCZTtqhk4czk2IJ+RU3LhRx64+482+ctFlo64ELh3Pu5d57vJgzqSzr2yhtbG5t75R3K3v7B4dH5nG1K6NEENohEY9E38OSchbSjmKK034sKA48Tnve9Cb3ezMqJIvCezWPqRPgcch8RrDSkmtWJ246c9NHt5llD2mdX2QV16xZDWsBtE7sgtSgQNs1v4ajiCQBDRXhWMqBbcXKSbFQjHCaVYaJpDEmUzymA01DHFDppIvbM3SulRHyI6ErVGih/p5IcSDlPPB0Z4DVRK56ufifN0iUf+2kLIwTRUOyXOQnHKkI5UGgEROUKD7XBBPB9K2ITLDAROm48hDs1ZfXSbfZsK2GfXdZazWLOMpwCmdQBxuuoAW30IYOEHiCZ3iFNyMzXox342PZWjKKmRP4A+PzB3HKk/o=</latexit><latexit sha1_base64="EEF9g0APXl1i60g/QBCI1FyipiA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkpSBF0W3LisYB/QxjCZTtqhk4czk2IJ+RU3LhRx64+482+ctFlo64ELh3Pu5d57vJgzqSzr2yhtbG5t75R3K3v7B4dH5nG1K6NEENohEY9E38OSchbSjmKK034sKA48Tnve9Cb3ezMqJIvCezWPqRPgcch8RrDSkmtWJ246c9NHt5llD2mdX2QV16xZDWsBtE7sgtSgQNs1v4ajiCQBDRXhWMqBbcXKSbFQjHCaVYaJpDEmUzymA01DHFDppIvbM3SulRHyI6ErVGih/p5IcSDlPPB0Z4DVRK56ufifN0iUf+2kLIwTRUOyXOQnHKkI5UGgEROUKD7XBBPB9K2ITLDAROm48hDs1ZfXSbfZsK2GfXdZazWLOMpwCmdQBxuuoAW30IYOEHiCZ3iFNyMzXox342PZWjKKmRP4A+PzB3HKk/o=</latexit><latexit sha1_base64="EEF9g0APXl1i60g/QBCI1FyipiA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkpSBF0W3LisYB/QxjCZTtqhk4czk2IJ+RU3LhRx64+482+ctFlo64ELh3Pu5d57vJgzqSzr2yhtbG5t75R3K3v7B4dH5nG1K6NEENohEY9E38OSchbSjmKK034sKA48Tnve9Cb3ezMqJIvCezWPqRPgcch8RrDSkmtWJ246c9NHt5llD2mdX2QV16xZDWsBtE7sgtSgQNs1v4ajiCQBDRXhWMqBbcXKSbFQjHCaVYaJpDEmUzymA01DHFDppIvbM3SulRHyI6ErVGih/p5IcSDlPPB0Z4DVRK56ufifN0iUf+2kLIwTRUOyXOQnHKkI5UGgEROUKD7XBBPB9K2ITLDAROm48hDs1ZfXSbfZsK2GfXdZazWLOMpwCmdQBxuuoAW30IYOEHiCZ3iFNyMzXox342PZWjKKmRP4A+PzB3HKk/o=</latexit><latexit sha1_base64="EEF9g0APXl1i60g/QBCI1FyipiA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkpSBF0W3LisYB/QxjCZTtqhk4czk2IJ+RU3LhRx64+482+ctFlo64ELh3Pu5d57vJgzqSzr2yhtbG5t75R3K3v7B4dH5nG1K6NEENohEY9E38OSchbSjmKK034sKA48Tnve9Cb3ezMqJIvCezWPqRPgcch8RrDSkmtWJ246c9NHt5llD2mdX2QV16xZDWsBtE7sgtSgQNs1v4ajiCQBDRXhWMqBbcXKSbFQjHCaVYaJpDEmUzymA01DHFDppIvbM3SulRHyI6ErVGih/p5IcSDlPPB0Z4DVRK56ufifN0iUf+2kLIwTRUOyXOQnHKkI5UGgEROUKD7XBBPB9K2ITLDAROm48hDs1ZfXSbfZsK2GfXdZazWLOMpwCmdQBxuuoAW30IYOEHiCZ3iFNyMzXox342PZWjKKmRP4A+PzB3HKk/o=</latexit>

h(l)
q

<latexit sha1_base64="D9qOkgR+XBoMF1Rl5FjfX7Tjz2s=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeCF48V7Ae0sWy2m3bp7ibuboQS8je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepP73SeqNIvkvZnF1Bd4LFnICDZWGkyG6WP2kNb4RVYeVqpu3Z0DrRKvIFUo0BpWvgajiCSCSkM41rrvubHxU6wMI5xm5UGiaYzJFI9p31KJBdV+Or85Q+dWGaEwUrakQXP190SKhdYzEdhOgc1EL3u5+J/XT0x47adMxomhkiwWhQlHJkJ5AGjEFCWGzyzBRDF7KyITrDAxNqY8BG/55VXSadQ9t+7dXVabjSKOEpzCGdTAgytowi20oA0EYniGV3hzEufFeXc+Fq1rTjFzAn/gfP4AYbGRLw==</latexit><latexit sha1_base64="D9qOkgR+XBoMF1Rl5FjfX7Tjz2s=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeCF48V7Ae0sWy2m3bp7ibuboQS8je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepP73SeqNIvkvZnF1Bd4LFnICDZWGkyG6WP2kNb4RVYeVqpu3Z0DrRKvIFUo0BpWvgajiCSCSkM41rrvubHxU6wMI5xm5UGiaYzJFI9p31KJBdV+Or85Q+dWGaEwUrakQXP190SKhdYzEdhOgc1EL3u5+J/XT0x47adMxomhkiwWhQlHJkJ5AGjEFCWGzyzBRDF7KyITrDAxNqY8BG/55VXSadQ9t+7dXVabjSKOEpzCGdTAgytowi20oA0EYniGV3hzEufFeXc+Fq1rTjFzAn/gfP4AYbGRLw==</latexit><latexit sha1_base64="D9qOkgR+XBoMF1Rl5FjfX7Tjz2s=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeCF48V7Ae0sWy2m3bp7ibuboQS8je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepP73SeqNIvkvZnF1Bd4LFnICDZWGkyG6WP2kNb4RVYeVqpu3Z0DrRKvIFUo0BpWvgajiCSCSkM41rrvubHxU6wMI5xm5UGiaYzJFI9p31KJBdV+Or85Q+dWGaEwUrakQXP190SKhdYzEdhOgc1EL3u5+J/XT0x47adMxomhkiwWhQlHJkJ5AGjEFCWGzyzBRDF7KyITrDAxNqY8BG/55VXSadQ9t+7dXVabjSKOEpzCGdTAgytowi20oA0EYniGV3hzEufFeXc+Fq1rTjFzAn/gfP4AYbGRLw==</latexit><latexit sha1_base64="D9qOkgR+XBoMF1Rl5FjfX7Tjz2s=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeCF48V7Ae0sWy2m3bp7ibuboQS8je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepP73SeqNIvkvZnF1Bd4LFnICDZWGkyG6WP2kNb4RVYeVqpu3Z0DrRKvIFUo0BpWvgajiCSCSkM41rrvubHxU6wMI5xm5UGiaYzJFI9p31KJBdV+Or85Q+dWGaEwUrakQXP190SKhdYzEdhOgc1EL3u5+J/XT0x47adMxomhkiwWhQlHJkJ5AGjEFCWGzyzBRDF7KyITrDAxNqY8BG/55VXSadQ9t+7dXVabjSKOEpzCGdTAgytowi20oA0EYniGV3hzEufFeXc+Fq1rTjFzAn/gfP4AYbGRLw==</latexit>

f l(vq1

e11��! va1
) =

a(l)
e11

FFN
h
h(l)

vq1
; h(l)

e11

i
<latexit sha1_base64="QcOmAxzqSsArigCPb7U5X6hZCZA="></latexit><latexit sha1_base64="QcOmAxzqSsArigCPb7U5X6hZCZA="></latexit><latexit sha1_base64="QcOmAxzqSsArigCPb7U5X6hZCZA="></latexit><latexit sha1_base64="QcOmAxzqSsArigCPb7U5X6hZCZA="></latexit>

a(l)
e21

=

Sigmoid
⇣
h(l)

q · h(l)
e21

⌘
<latexit sha1_base64="HNq9d18rX9E58YeQ0LQ6Ga+60x4="></latexit><latexit sha1_base64="HNq9d18rX9E58YeQ0LQ6Ga+60x4="></latexit><latexit sha1_base64="HNq9d18rX9E58YeQ0LQ6Ga+60x4="></latexit><latexit sha1_base64="HNq9d18rX9E58YeQ0LQ6Ga+60x4="></latexit>

Self Attn
h(0)

g
<latexit sha1_base64="tmtQ9JRxgB+tJ9VOQ6bXjAa+NB0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYD+gjWWz3bRLN5tldyOUkL/hxYMiXv0z3vw3btoctPXBwOO9GWbmBZIzbVz32yltbG5t75R3K3v7B4dH1eOTro4TRWiHxDxW/QBrypmgHcMMp32pKI4CTnvB7Db3e09UaRaLBzOX1I/wRLCQEWysNJyO0kn2mNbdy6wyqtbchrsAWideQWpQoD2qfg3HMUkiKgzhWOuB50rjp1gZRjjNKsNEU4nJDE/owFKBI6r9dHFzhi6sMkZhrGwJgxbq74kUR1rPo8B2RthM9aqXi/95g8SEN37KhEwMFWS5KEw4MjHKA0BjpigxfG4JJorZWxGZYoWJsTHlIXirL6+TbrPhuQ3v/qrWahZxlOEMzqEOHlxDC+6gDR0gIOEZXuHNSZwX5935WLaWnGLmFP7A+fwB9oaQ6Q==</latexit><latexit sha1_base64="tmtQ9JRxgB+tJ9VOQ6bXjAa+NB0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYD+gjWWz3bRLN5tldyOUkL/hxYMiXv0z3vw3btoctPXBwOO9GWbmBZIzbVz32yltbG5t75R3K3v7B4dH1eOTro4TRWiHxDxW/QBrypmgHcMMp32pKI4CTnvB7Db3e09UaRaLBzOX1I/wRLCQEWysNJyO0kn2mNbdy6wyqtbchrsAWideQWpQoD2qfg3HMUkiKgzhWOuB50rjp1gZRjjNKsNEU4nJDE/owFKBI6r9dHFzhi6sMkZhrGwJgxbq74kUR1rPo8B2RthM9aqXi/95g8SEN37KhEwMFWS5KEw4MjHKA0BjpigxfG4JJorZWxGZYoWJsTHlIXirL6+TbrPhuQ3v/qrWahZxlOEMzqEOHlxDC+6gDR0gIOEZXuHNSZwX5935WLaWnGLmFP7A+fwB9oaQ6Q==</latexit><latexit sha1_base64="tmtQ9JRxgB+tJ9VOQ6bXjAa+NB0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYD+gjWWz3bRLN5tldyOUkL/hxYMiXv0z3vw3btoctPXBwOO9GWbmBZIzbVz32yltbG5t75R3K3v7B4dH1eOTro4TRWiHxDxW/QBrypmgHcMMp32pKI4CTnvB7Db3e09UaRaLBzOX1I/wRLCQEWysNJyO0kn2mNbdy6wyqtbchrsAWideQWpQoD2qfg3HMUkiKgzhWOuB50rjp1gZRjjNKsNEU4nJDE/owFKBI6r9dHFzhi6sMkZhrGwJgxbq74kUR1rPo8B2RthM9aqXi/95g8SEN37KhEwMFWS5KEw4MjHKA0BjpigxfG4JJorZWxGZYoWJsTHlIXirL6+TbrPhuQ3v/qrWahZxlOEMzqEOHlxDC+6gDR0gIOEZXuHNSZwX5935WLaWnGLmFP7A+fwB9oaQ6Q==</latexit><latexit sha1_base64="tmtQ9JRxgB+tJ9VOQ6bXjAa+NB0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYD+gjWWz3bRLN5tldyOUkL/hxYMiXv0z3vw3btoctPXBwOO9GWbmBZIzbVz32yltbG5t75R3K3v7B4dH1eOTro4TRWiHxDxW/QBrypmgHcMMp32pKI4CTnvB7Db3e09UaRaLBzOX1I/wRLCQEWysNJyO0kn2mNbdy6wyqtbchrsAWideQWpQoD2qfg3HMUkiKgzhWOuB50rjp1gZRjjNKsNEU4nJDE/owFKBI6r9dHFzhi6sMkZhrGwJgxbq74kUR1rPo8B2RthM9aqXi/95g8SEN37KhEwMFWS5KEw4MjHKA0BjpigxfG4JJorZWxGZYoWJsTHlIXirL6+TbrPhuQ3v/qrWahZxlOEMzqEOHlxDC+6gDR0gIOEZXuHNSZwX5935WLaWnGLmFP7A+fwB9oaQ6Q==</latexit>

h(0)
v<latexit sha1_base64="InRn/OamWVSD2saaAkd8fEbBr2E=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeCF48V7Ae0sWy2m3bp7ibsbgol5G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5QcyZNq777Wxsbm3v7Jb2yvsHh0fHlZPTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9C73uzOqNIvko5nH1Bd4LFnICDZWGkyG6Sx7SmvuVVYeVqpu3V0ArROvIFUo0BpWvgajiCSCSkM41rrvubHxU6wMI5xm5UGiaYzJFI9p31KJBdV+urg5Q5dWGaEwUrakQQv190SKhdZzEdhOgc1Er3q5+J/XT0x466dMxomhkiwXhQlHJkJ5AGjEFCWGzy3BRDF7KyITrDAxNqY8BG/15XXSadQ9t+49XFebjSKOEpzDBdTAgxtowj20oA0EYniGV3hzEufFeXc+lq0bTjFzBn/gfP4ADcmQ+A==</latexit><latexit sha1_base64="InRn/OamWVSD2saaAkd8fEbBr2E=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeCF48V7Ae0sWy2m3bp7ibsbgol5G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5QcyZNq777Wxsbm3v7Jb2yvsHh0fHlZPTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9C73uzOqNIvko5nH1Bd4LFnICDZWGkyG6Sx7SmvuVVYeVqpu3V0ArROvIFUo0BpWvgajiCSCSkM41rrvubHxU6wMI5xm5UGiaYzJFI9p31KJBdV+urg5Q5dWGaEwUrakQQv190SKhdZzEdhOgc1Er3q5+J/XT0x466dMxomhkiwXhQlHJkJ5AGjEFCWGzy3BRDF7KyITrDAxNqY8BG/15XXSadQ9t+49XFebjSKOEpzDBdTAgxtowj20oA0EYniGV3hzEufFeXc+lq0bTjFzBn/gfP4ADcmQ+A==</latexit><latexit sha1_base64="InRn/OamWVSD2saaAkd8fEbBr2E=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeCF48V7Ae0sWy2m3bp7ibsbgol5G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5QcyZNq777Wxsbm3v7Jb2yvsHh0fHlZPTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9C73uzOqNIvko5nH1Bd4LFnICDZWGkyG6Sx7SmvuVVYeVqpu3V0ArROvIFUo0BpWvgajiCSCSkM41rrvubHxU6wMI5xm5UGiaYzJFI9p31KJBdV+urg5Q5dWGaEwUrakQQv190SKhdZzEdhOgc1Er3q5+J/XT0x466dMxomhkiwXhQlHJkJ5AGjEFCWGzy3BRDF7KyITrDAxNqY8BG/15XXSadQ9t+49XFebjSKOEpzDBdTAgxtowj20oA0EYniGV3hzEufFeXc+lq0bTjFzBn/gfP4ADcmQ+A==</latexit><latexit sha1_base64="InRn/OamWVSD2saaAkd8fEbBr2E=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeCF48V7Ae0sWy2m3bp7ibsbgol5G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5QcyZNq777Wxsbm3v7Jb2yvsHh0fHlZPTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9C73uzOqNIvko5nH1Bd4LFnICDZWGkyG6Sx7SmvuVVYeVqpu3V0ArROvIFUo0BpWvgajiCSCSkM41rrvubHxU6wMI5xm5UGiaYzJFI9p31KJBdV+urg5Q5dWGaEwUrakQQv190SKhdZzEdhOgc1Er3q5+J/XT0x466dMxomhkiwXhQlHJkJ5AGjEFCWGzy3BRDF7KyITrDAxNqY8BG/15XXSadQ9t+49XFebjSKOEpzDBdTAgxtowj20oA0EYniGV3hzEufFeXc+lq0bTjFzBn/gfP4ADcmQ+A==</latexit>

+h(0)
q

<latexit sha1_base64="C+P/iTLL1bPpGdr80mKRfipxFR4=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahIpSkCHosePFYwX5Am5bNdtMu3Wzi7kYpIf/DiwdFvPpfvPlv3LQ5aOuDgcd7M8zM8yLOlLbtb6uwtr6xuVXcLu3s7u0flA+P2iqMJaEtEvJQdj2sKGeCtjTTnHYjSXHgcdrxpjeZ33mkUrFQ3OtZRN0AjwXzGcHaSIMLNBkmD+kgqdrnaWlYrtg1ew60SpycVCBHc1j+6o9CEgdUaMKxUj3HjrSbYKkZ4TQt9WNFI0ymeEx7hgocUOUm86tTdGaUEfJDaUpoNFd/TyQ4UGoWeKYzwHqilr1M/M/rxdq/dhMmolhTQRaL/JgjHaIsAjRikhLNZ4ZgIpm5FZEJlphoE1QWgrP88ipp12uOXXPuLiuNeh5HEU7gFKrgwBU04Baa0AICEp7hFd6sJ+vFerc+Fq0FK585hj+wPn8AxV6RUg==</latexit><latexit sha1_base64="C+P/iTLL1bPpGdr80mKRfipxFR4=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahIpSkCHosePFYwX5Am5bNdtMu3Wzi7kYpIf/DiwdFvPpfvPlv3LQ5aOuDgcd7M8zM8yLOlLbtb6uwtr6xuVXcLu3s7u0flA+P2iqMJaEtEvJQdj2sKGeCtjTTnHYjSXHgcdrxpjeZ33mkUrFQ3OtZRN0AjwXzGcHaSIMLNBkmD+kgqdrnaWlYrtg1ew60SpycVCBHc1j+6o9CEgdUaMKxUj3HjrSbYKkZ4TQt9WNFI0ymeEx7hgocUOUm86tTdGaUEfJDaUpoNFd/TyQ4UGoWeKYzwHqilr1M/M/rxdq/dhMmolhTQRaL/JgjHaIsAjRikhLNZ4ZgIpm5FZEJlphoE1QWgrP88ipp12uOXXPuLiuNeh5HEU7gFKrgwBU04Baa0AICEp7hFd6sJ+vFerc+Fq0FK585hj+wPn8AxV6RUg==</latexit><latexit sha1_base64="C+P/iTLL1bPpGdr80mKRfipxFR4=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahIpSkCHosePFYwX5Am5bNdtMu3Wzi7kYpIf/DiwdFvPpfvPlv3LQ5aOuDgcd7M8zM8yLOlLbtb6uwtr6xuVXcLu3s7u0flA+P2iqMJaEtEvJQdj2sKGeCtjTTnHYjSXHgcdrxpjeZ33mkUrFQ3OtZRN0AjwXzGcHaSIMLNBkmD+kgqdrnaWlYrtg1ew60SpycVCBHc1j+6o9CEgdUaMKxUj3HjrSbYKkZ4TQt9WNFI0ymeEx7hgocUOUm86tTdGaUEfJDaUpoNFd/TyQ4UGoWeKYzwHqilr1M/M/rxdq/dhMmolhTQRaL/JgjHaIsAjRikhLNZ4ZgIpm5FZEJlphoE1QWgrP88ipp12uOXXPuLiuNeh5HEU7gFKrgwBU04Baa0AICEp7hFd6sJ+vFerc+Fq0FK585hj+wPn8AxV6RUg==</latexit><latexit sha1_base64="C+P/iTLL1bPpGdr80mKRfipxFR4=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahIpSkCHosePFYwX5Am5bNdtMu3Wzi7kYpIf/DiwdFvPpfvPlv3LQ5aOuDgcd7M8zM8yLOlLbtb6uwtr6xuVXcLu3s7u0flA+P2iqMJaEtEvJQdj2sKGeCtjTTnHYjSXHgcdrxpjeZ33mkUrFQ3OtZRN0AjwXzGcHaSIMLNBkmD+kgqdrnaWlYrtg1ew60SpycVCBHc1j+6o9CEgdUaMKxUj3HjrSbYKkZ4TQt9WNFI0ymeEx7hgocUOUm86tTdGaUEfJDaUpoNFd/TyQ4UGoWeKYzwHqilr1M/M/rxdq/dhMmolhTQRaL/JgjHaIsAjRikhLNZ4ZgIpm5FZEJlphoE1QWgrP88ipp12uOXXPuLiuNeh5HEU7gFKrgwBU04Baa0AICEp7hFd6sJ+vFerc+Fq0FK585hj+wPn8AxV6RUg==</latexit>

h(0)
s (k)

<latexit sha1_base64="LQt4SS1C1m4yytofvhTIXAKwwXo=">AAAB+HicbVBNS8NAEJ34WetHox69LBahvZSkCHosePFYwX5AG8Nmu2mXbjZhdyPUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt7WxubW9s1vaK+8fHB5V7OOTropTSWiHxDyW/QArypmgHc00p/1EUhwFnPaC6c3c7z1SqVgs7vUsoV6Ex4KFjGBtJN+uTPxM5Q9ZzanntWm97NtVp+EsgNaJW5AqFGj79tdwFJM0okITjpUauE6ivQxLzQineXmYKppgMsVjOjBU4IgqL1scnqMLo4xQGEtTQqOF+nsiw5FSsygwnRHWE7XqzcX/vEGqw2svYyJJNRVkuShMOdIxmqeARkxSovnMEEwkM7ciMsESE22ymofgrr68TrrNhus03LvLaqtZxFGCMziHGrhwBS24hTZ0gEAKz/AKb9aT9WK9Wx/L1g2rmDmFP7A+fwAabpIA</latexit><latexit sha1_base64="LQt4SS1C1m4yytofvhTIXAKwwXo=">AAAB+HicbVBNS8NAEJ34WetHox69LBahvZSkCHosePFYwX5AG8Nmu2mXbjZhdyPUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt7WxubW9s1vaK+8fHB5V7OOTropTSWiHxDyW/QArypmgHc00p/1EUhwFnPaC6c3c7z1SqVgs7vUsoV6Ex4KFjGBtJN+uTPxM5Q9ZzanntWm97NtVp+EsgNaJW5AqFGj79tdwFJM0okITjpUauE6ivQxLzQineXmYKppgMsVjOjBU4IgqL1scnqMLo4xQGEtTQqOF+nsiw5FSsygwnRHWE7XqzcX/vEGqw2svYyJJNRVkuShMOdIxmqeARkxSovnMEEwkM7ciMsESE22ymofgrr68TrrNhus03LvLaqtZxFGCMziHGrhwBS24hTZ0gEAKz/AKb9aT9WK9Wx/L1g2rmDmFP7A+fwAabpIA</latexit><latexit sha1_base64="LQt4SS1C1m4yytofvhTIXAKwwXo=">AAAB+HicbVBNS8NAEJ34WetHox69LBahvZSkCHosePFYwX5AG8Nmu2mXbjZhdyPUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt7WxubW9s1vaK+8fHB5V7OOTropTSWiHxDyW/QArypmgHc00p/1EUhwFnPaC6c3c7z1SqVgs7vUsoV6Ex4KFjGBtJN+uTPxM5Q9ZzanntWm97NtVp+EsgNaJW5AqFGj79tdwFJM0okITjpUauE6ivQxLzQineXmYKppgMsVjOjBU4IgqL1scnqMLo4xQGEtTQqOF+nsiw5FSsygwnRHWE7XqzcX/vEGqw2svYyJJNRVkuShMOdIxmqeARkxSovnMEEwkM7ciMsESE22ymofgrr68TrrNhus03LvLaqtZxFGCMziHGrhwBS24hTZ0gEAKz/AKb9aT9WK9Wx/L1g2rmDmFP7A+fwAabpIA</latexit><latexit sha1_base64="LQt4SS1C1m4yytofvhTIXAKwwXo=">AAAB+HicbVBNS8NAEJ34WetHox69LBahvZSkCHosePFYwX5AG8Nmu2mXbjZhdyPUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt7WxubW9s1vaK+8fHB5V7OOTropTSWiHxDyW/QArypmgHc00p/1EUhwFnPaC6c3c7z1SqVgs7vUsoV6Ex4KFjGBtJN+uTPxM5Q9ZzanntWm97NtVp+EsgNaJW5AqFGj79tdwFJM0okITjpUauE6ivQxLzQineXmYKppgMsVjOjBU4IgqL1scnqMLo4xQGEtTQqOF+nsiw5FSsygwnRHWE7XqzcX/vEGqw2svYyJJNRVkuShMOdIxmqeARkxSovnMEEwkM7ciMsESE22ymofgrr68TrrNhus03LvLaqtZxFGCMziHGrhwBS24hTZ0gEAKz/AKb9aT9WK9Wx/L1g2rmDmFP7A+fwAabpIA</latexit>

Avg(k)
<latexit sha1_base64="lZFnof1b12ewnJpyoI4BoWGzGsU=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCvZTdIuix4sVjBfsB7VKyabaNzSZLki2Upf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtPG8b6ewsbm1vVPcLe3tHxweuccnLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDf32xOqNJPi0UwTGsR4KFjECDZWat1OhpXxZd8te1VvAbRO/JyUIUej7371BpKkMRWGcKx11/cSE2RYGUY4nZV6qaYJJmM8pF1LBY6pDrLFtTN0YZUBiqSyJQxaqL8nMhxrPY1D2xljM9Kr3lz8z+umJroJMiaS1FBBlouilCMj0fx1NGCKEsOnlmCimL0VkRFWmBgbUMmG4K++vE5atarvVf2Hq3K9lsdRhDM4hwr4cA11uIcGNIHAEzzDK7w50nlx3p2PZWvByWdO4Q+czx+3s46A</latexit><latexit sha1_base64="lZFnof1b12ewnJpyoI4BoWGzGsU=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCvZTdIuix4sVjBfsB7VKyabaNzSZLki2Upf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtPG8b6ewsbm1vVPcLe3tHxweuccnLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDf32xOqNJPi0UwTGsR4KFjECDZWat1OhpXxZd8te1VvAbRO/JyUIUej7371BpKkMRWGcKx11/cSE2RYGUY4nZV6qaYJJmM8pF1LBY6pDrLFtTN0YZUBiqSyJQxaqL8nMhxrPY1D2xljM9Kr3lz8z+umJroJMiaS1FBBlouilCMj0fx1NGCKEsOnlmCimL0VkRFWmBgbUMmG4K++vE5atarvVf2Hq3K9lsdRhDM4hwr4cA11uIcGNIHAEzzDK7w50nlx3p2PZWvByWdO4Q+czx+3s46A</latexit><latexit sha1_base64="lZFnof1b12ewnJpyoI4BoWGzGsU=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCvZTdIuix4sVjBfsB7VKyabaNzSZLki2Upf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtPG8b6ewsbm1vVPcLe3tHxweuccnLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDf32xOqNJPi0UwTGsR4KFjECDZWat1OhpXxZd8te1VvAbRO/JyUIUej7371BpKkMRWGcKx11/cSE2RYGUY4nZV6qaYJJmM8pF1LBY6pDrLFtTN0YZUBiqSyJQxaqL8nMhxrPY1D2xljM9Kr3lz8z+umJroJMiaS1FBBlouilCMj0fx1NGCKEsOnlmCimL0VkRFWmBgbUMmG4K++vE5atarvVf2Hq3K9lsdRhDM4hwr4cA11uIcGNIHAEzzDK7w50nlx3p2PZWvByWdO4Q+czx+3s46A</latexit><latexit sha1_base64="lZFnof1b12ewnJpyoI4BoWGzGsU=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCvZTdIuix4sVjBfsB7VKyabaNzSZLki2Upf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtPG8b6ewsbm1vVPcLe3tHxweuccnLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDf32xOqNJPi0UwTGsR4KFjECDZWat1OhpXxZd8te1VvAbRO/JyUIUej7371BpKkMRWGcKx11/cSE2RYGUY4nZV6qaYJJmM8pF1LBY6pDrLFtTN0YZUBiqSyJQxaqL8nMhxrPY1D2xljM9Kr3lz8z+umJroJMiaS1FBBlouilCMj0fx1NGCKEsOnlmCimL0VkRFWmBgbUMmG4K++vE5atarvVf2Hq3K9lsdRhDM4hwr4cA11uIcGNIHAEzzDK7w50nlx3p2PZWvByWdO4Q+czx+3s46A</latexit>

h(0)
e<latexit sha1_base64="oVN93Hbed6Wq7dDKCDzKjn2E5yM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahXkpSBD0WvHisYD8gjWWznbRLN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1Pa2Nza3invVvb2Dw6PqscnXS1TRaFDJZeqHxINnAnoGGY49BMFJA459MLp7dzvPYHSTIoHM0sgiMlYsIhRYqzkT4YZ5I9Z3b3Mh9Wa23AXwOvEK0gNFWgPq1+DkaRpDMJQTrT2PTcxQUaUYZRDXhmkGhJCp2QMvqWCxKCDbHFyji+sMsKRVLaEwQv190RGYq1ncWg7Y2ImetWbi/95fmqimyBjIkkNCLpcFKUcG4nn/+MRU0ANn1lCqGL2VkwnRBFqbEoVG4K3+vI66TYbntvw7q9qrWYRRxmdoXNURx66Ri10h9qogyiS6Bm9ojfHOC/Ou/OxbC05xcwp+gPn8we7U5DT</latexit><latexit sha1_base64="oVN93Hbed6Wq7dDKCDzKjn2E5yM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahXkpSBD0WvHisYD8gjWWznbRLN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1Pa2Nza3invVvb2Dw6PqscnXS1TRaFDJZeqHxINnAnoGGY49BMFJA459MLp7dzvPYHSTIoHM0sgiMlYsIhRYqzkT4YZ5I9Z3b3Mh9Wa23AXwOvEK0gNFWgPq1+DkaRpDMJQTrT2PTcxQUaUYZRDXhmkGhJCp2QMvqWCxKCDbHFyji+sMsKRVLaEwQv190RGYq1ncWg7Y2ImetWbi/95fmqimyBjIkkNCLpcFKUcG4nn/+MRU0ANn1lCqGL2VkwnRBFqbEoVG4K3+vI66TYbntvw7q9qrWYRRxmdoXNURx66Ri10h9qogyiS6Bm9ojfHOC/Ou/OxbC05xcwp+gPn8we7U5DT</latexit><latexit sha1_base64="oVN93Hbed6Wq7dDKCDzKjn2E5yM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahXkpSBD0WvHisYD8gjWWznbRLN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1Pa2Nza3invVvb2Dw6PqscnXS1TRaFDJZeqHxINnAnoGGY49BMFJA459MLp7dzvPYHSTIoHM0sgiMlYsIhRYqzkT4YZ5I9Z3b3Mh9Wa23AXwOvEK0gNFWgPq1+DkaRpDMJQTrT2PTcxQUaUYZRDXhmkGhJCp2QMvqWCxKCDbHFyji+sMsKRVLaEwQv190RGYq1ncWg7Y2ImetWbi/95fmqimyBjIkkNCLpcFKUcG4nn/+MRU0ANn1lCqGL2VkwnRBFqbEoVG4K3+vI66TYbntvw7q9qrWYRRxmdoXNURx66Ri10h9qogyiS6Bm9ojfHOC/Ou/OxbC05xcwp+gPn8we7U5DT</latexit><latexit sha1_base64="oVN93Hbed6Wq7dDKCDzKjn2E5yM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahXkpSBD0WvHisYD8gjWWznbRLN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1Pa2Nza3invVvb2Dw6PqscnXS1TRaFDJZeqHxINnAnoGGY49BMFJA459MLp7dzvPYHSTIoHM0sgiMlYsIhRYqzkT4YZ5I9Z3b3Mh9Wa23AXwOvEK0gNFWgPq1+DkaRpDMJQTrT2PTcxQUaUYZRDXhmkGhJCp2QMvqWCxKCDbHFyji+sMsKRVLaEwQv190RGYq1ncWg7Y2ImetWbi/95fmqimyBjIkkNCLpcFKUcG4nn/+MRU0ANn1lCqGL2VkwnRBFqbEoVG4K3+vI66TYbntvw7q9qrWYRRxmdoXNURx66Ri10h9qogyiS6Bm9ojfHOC/Ou/OxbC05xcwp+gPn8we7U5DT</latexit>
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a(l)
e11

<latexit sha1_base64="BeXYXsY5rcUO7ctPHm1rUI839vs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BItQQUpWBD0WvHisYGuhjWGznbZLN5uwuymUJf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOlPb9b6e0tr6xuVXeruzs7u0fuIdHbZVkkkKLJjyRnYgo4ExASzPNoZNKIHHE4TEa3878xwlIxRLxoKcpBDEZCjZglGgrha5LQgOhwTjPn0yNn+ehW/Xr/hzeKsEFqaICzdD96vUTmsUgNOVEqS72Ux0YIjWjHPJKL1OQEjomQ+haKkgMKjDzy3PvzCp9b5BIW0J7c/X3hCGxUtM4sp0x0SO17M3E/7xupgc3gWEizTQIulg0yLinE28Wg9dnEqjmU0sIlcze6tERkYRqG1bFhoCXX14l7cs69uv4/qrauCjiKKMTdIpqCKNr1EB3qIlaiKIJekav6M0xzovz7nwsWktOMXOM/sD5/AHvGpMe</latexit><latexit sha1_base64="BeXYXsY5rcUO7ctPHm1rUI839vs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BItQQUpWBD0WvHisYGuhjWGznbZLN5uwuymUJf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOlPb9b6e0tr6xuVXeruzs7u0fuIdHbZVkkkKLJjyRnYgo4ExASzPNoZNKIHHE4TEa3878xwlIxRLxoKcpBDEZCjZglGgrha5LQgOhwTjPn0yNn+ehW/Xr/hzeKsEFqaICzdD96vUTmsUgNOVEqS72Ux0YIjWjHPJKL1OQEjomQ+haKkgMKjDzy3PvzCp9b5BIW0J7c/X3hCGxUtM4sp0x0SO17M3E/7xupgc3gWEizTQIulg0yLinE28Wg9dnEqjmU0sIlcze6tERkYRqG1bFhoCXX14l7cs69uv4/qrauCjiKKMTdIpqCKNr1EB3qIlaiKIJekav6M0xzovz7nwsWktOMXOM/sD5/AHvGpMe</latexit><latexit sha1_base64="BeXYXsY5rcUO7ctPHm1rUI839vs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BItQQUpWBD0WvHisYGuhjWGznbZLN5uwuymUJf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOlPb9b6e0tr6xuVXeruzs7u0fuIdHbZVkkkKLJjyRnYgo4ExASzPNoZNKIHHE4TEa3878xwlIxRLxoKcpBDEZCjZglGgrha5LQgOhwTjPn0yNn+ehW/Xr/hzeKsEFqaICzdD96vUTmsUgNOVEqS72Ux0YIjWjHPJKL1OQEjomQ+haKkgMKjDzy3PvzCp9b5BIW0J7c/X3hCGxUtM4sp0x0SO17M3E/7xupgc3gWEizTQIulg0yLinE28Wg9dnEqjmU0sIlcze6tERkYRqG1bFhoCXX14l7cs69uv4/qrauCjiKKMTdIpqCKNr1EB3qIlaiKIJekav6M0xzovz7nwsWktOMXOM/sD5/AHvGpMe</latexit><latexit sha1_base64="BeXYXsY5rcUO7ctPHm1rUI839vs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BItQQUpWBD0WvHisYGuhjWGznbZLN5uwuymUJf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOlPb9b6e0tr6xuVXeruzs7u0fuIdHbZVkkkKLJjyRnYgo4ExASzPNoZNKIHHE4TEa3878xwlIxRLxoKcpBDEZCjZglGgrha5LQgOhwTjPn0yNn+ehW/Xr/hzeKsEFqaICzdD96vUTmsUgNOVEqS72Ux0YIjWjHPJKL1OQEjomQ+haKkgMKjDzy3PvzCp9b5BIW0J7c/X3hCGxUtM4sp0x0SO17M3E/7xupgc3gWEizTQIulg0yLinE28Wg9dnEqjmU0sIlcze6tERkYRqG1bFhoCXX14l7cs69uv4/qrauCjiKKMTdIpqCKNr1EB3qIlaiKIJekav6M0xzovz7nwsWktOMXOM/sD5/AHvGpMe</latexit>

FFNh
(l�1)
Sk
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Figure 2: Model architecture of delft’s gnn. The left side

shows the initial representation of the network. The right

side illustrates the graph update.
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Node Relevance. In addition to relevant edges, we also use node
information to focus attention on the right Candidate Entity Node.
One aspect is ensuring we get the entity type correct (e.g., not
answering a place like Uluru to a “who” question like “who took
managing control of the Burra Burra mine in 1850?”). For both
Question Entity Node and Candidate Entity Node, we use entity
gloss sentences as node features. For example, the gloss of the
candidate entity node says “Delft is a Dutch city”, which aligns
what the question asks (“this dutch city”). Similarly, a Question
Entity Node whose gloss sentence better matches a question are
more likely to contain the clues for the answer.

Iterative Refinement. Figure 2 illustrates the architecture of delft’s
gnn. A key component of the gnn is that multiple layers ((𝑙) ) refine
the representations of Candidate Entity Nodes, hopefully focusing
on the correct answer.

The first layer learns the initial representation of the nodes and
edges, using their textual features and the relevance to the ques-
tion (Section 4.1). Each successive layer combines this information,
focusing on the Evidence Edges and Candidate Entity Nodes that
can best answer the question (Section 4.2). The final layer scores
the Candidate Entity Nodes to produces an answer (Section 4.3).

4.1 Initial Representations

We start with representations for questions, Question Entity Nodes,
Candidate Entity Nodes, and Evidence Edges (gnn layer 0). These
representations are combined in subsequent layers.

Question and Node Representation. Each question X𝑞 and node
gloss (both Candidate Entity Node and Question Entity Node) X𝑔
is a sequence of word tokens X = (𝑥1, . . . , 𝑥𝑛). Individual word
embeddings (E𝑥1 , . . . , E𝑥𝑛 ) become a sequence representation h(0)𝑞

(h(0)𝑔 ) using a Recurrent neural network (rnn) with a self-attention
(self-attn) layer:

h𝑥𝑢 = rnn
(︁
E𝑥1 , . . . , E𝑥𝑛

)︁
(1)

where 𝑢 is token position of sequenceX. A self-attention layer over
the rnn hidden layer first weights the hidden states by a learnable
weight vector w𝑥

𝑎𝑥𝑢 = softmax
(︁
w𝑥 · h𝑥𝑢

)︁
, (2)

then a final representation ℎ (0)𝑥 is a weighted average of all hidden
states

h(0)𝑥 =
∑︂
𝑢

𝑎𝑥𝑢h𝑥𝑢 . (3)

The node representation h(0)𝑣 of each node 𝑣 ∈ 𝑉 is a sum of
gloss representation h(0)𝑔 and question representation h(0)𝑞 .

h(0)𝑣 = h(0)𝑔 + h(0)𝑞 . (4)

The representation h(0)𝑣 is applied to both question entity nodes
h(0)𝑣𝑞 and candidate answer nodes h(0)𝑣𝑎 .

Edge Representation. Effective Evidence Edges in delft should
point from entities mentioned in the question to the correct Candi-
date Entity Node. We get the representation h(0)𝑒 of edge 𝑒 ∈ 𝐸 by

first embedding each edge sentence 𝑆 (𝑘)’s tokens X𝑠 = (𝑠1, ..., 𝑠𝑛)
into (E𝑠1 , ..., E𝑠𝑛 ), then encoding with a rnn layer:

h𝑠𝑢 = rnn
(︁
E𝑠1 , ..., E𝑠𝑛

)︁
. (5)

Then we fuse the question information into each edge sentence. An
inter attention layer [36] based on the question representation h(0)𝑞

first weights each sentence token position 𝑢

𝑎𝑠𝑢 = softmax
(︂
h𝑠𝑢 · h(0)𝑞

)︂
; (6)

the weight is then combined into the question-aware edge sentence
𝑘’s representation h𝑠 (𝑘):

h(0)𝑠 (𝑘) =
∑︂
𝑢

𝑎𝑠𝑢h𝑠𝑢 . (7)

Now that the edges have focused on the evidence that is useful to
the question, we average all edge sentences’ representations h𝑘𝑠
into a single edge representation

h(0)𝑒 = Avg𝑘
(︂
h(0)𝑠 (𝑘)

)︂
. (8)

4.2 Graph Update

Given the initial representation of the question h(0)𝑞 , nodes h(0)𝑣 ,
and edges h(0)𝑒 , delft’s gnn updates the representations through
stacking multiple layers. It passes the representations from the
question nodes to the candidate nodes by combining multiple ev-
idence edges’ information. After this, the representations of the
candidate nodes in the final layer accumulates information from
the question nodes (𝑣𝑞), the question text (𝑞), the evidence edges
(𝑒𝑖 𝑗 ), and previous candidate representations. These updated node
representations are then used to calculate the answer scores.

For each layer 𝑙 , delft’s gnn first updates the question and edge
representation with a feed forward network (ffn) layer (Represen-
tation Forwarding), then it scores each edge by its relevance to the
question (Edge Scoring), finally passing the information (informa-
tion passing) from the question entity nodes (Question Entity Nodes
Update) to candidate entity nodes (Answer Entity Nodes Update).
We discuss updates going from top to bottom in Figure 2.

Question Entity Nodes Update. Question Entity Nodes’ repre-
sentations h(𝑙)𝑣𝑞 combine the question representation h(𝑙)𝑞 and the

previous layer’s node representation h(𝑙−1)𝑣𝑞 ,

h(𝑙)𝑣𝑞 = ffn
(︂
h(𝑙−1)𝑣𝑞 + h(𝑙)𝑞

)︂
. (9)

Questions and Edges. The representations of questions (𝑞) and
edges (𝑒)—initially represented through their constituent text in
their initial representation—are updated between layer 𝑙 − 1 and
𝑙 through a feedforward network. A question’s single vector is
straightforward,

h(𝑙)𝑞 =ffn
(︂
h(𝑙−1)𝑞

)︂
, (10)

but edges are slightly more complicated because there may be mul-
tiple sentences linking two entities together. Thus, each individual
sentence 𝑘 has its representation updated for layer 𝑙 ,

h(𝑙)𝑠 (𝑘) =ffn
(︂
h(𝑙−1)𝑠 (𝑘)

)︂
, (11)
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and those representations are averaged to update the overall edge
representation,

h(𝑙)𝑒 =Avg𝑘
(︂
h(𝑙)𝑠 (𝑘)

)︂
. (12)

Edge Scoring. Each edge has an edge score 𝑎𝑒 ; higher edge scores
indicate the edge is more useful to answering the question. The
gnn computes an edge score 𝑎𝑒 for each edge representation h(𝑙)𝑒

based on its similarity to this layer’s question representation:

𝑎
(𝑙)
𝑒 =Sigmoid

(︂
h(𝑙)𝑞 · h(𝑙)𝑒

)︂
. (13)

Information Passing. The representation of the edge is not di-
rectly used to score Candidate Entity Nodes. Instead, a representa-
tion is created from both the source Question Entity Node h(𝑙)𝑣𝑞 and

the combined edges h(𝑙)𝑒 concatenated togther, feeds that through
a feed-forward network (to make the dimension consistent with
previous layer and question representation), and weights by the
edge score (𝑎𝑒 , Equation 13),

𝑓 (𝑙)
(︂
𝑣𝑞

𝑒−→ 𝑣𝑎

)︂
= 𝑎

(𝑙)
𝑒 ffn

(︂ [︂
h(𝑙)𝑣𝑞 ; h(𝑙)𝑒

]︂ )︂
. (14)

Candidate Entity Nodes Update. The updated representation for
each Candidate Entity Node combines the previous layer’s Candi-
date Entity Node representation, the question representation, and
the passed information.

h(𝑙)𝑣𝑎 = ffn
(︂
h(𝑙−1)𝑣𝑎⏞⏟⏟⏞
previous

+ h(𝑙)𝑞⏞⏟⏟⏞
question

+
∑︂

𝑣𝑞 ∈𝑉𝑞
𝑓 (𝑙) (𝑣𝑞

𝑒−→ 𝑣𝑎)⏞ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄⏟⏟ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄ ˉ̄⏞
Information Passing

)︂
. (15)

After iterating through several gnn layers, the candidate node
representations aggregate information from the question nodes,
edges, and candidate nodes themselves.

4.3 Answer Scoring

Finally, delft uses a multi-layer perception (mlp) to score the
Candidate Entity Node using the final layer 𝐿’s representations,

𝑝 (𝑣𝑎 ;𝐺) = Sigmoid
(︂
mlp(h(𝐿)𝑣𝑎 )

)︂
. (16)

The gnn is trained using binary cross entropy loss over all Candi-
date Entity Nodes 𝑣𝑎 . At test time, it chooses the answer with the
highest 𝑝 (𝑣𝑎,𝐺).

5 EXPERIMENTS

We evaluate on three datasets with expert-authored (as opposed to
crowd-worker) questions. qbLink [14] is an entity-centric dataset
with human-authored questions. The task is to answer the entity
the question describes. We use the released dataset for evaluation.
qanta [19] is a qa dataset collected from Quizbowl competitions.
Each question is a sequence of sentences providing increased infor-
mation about the answer entity. Triviaqa [22] includes questions
from trivia games and is a benchmark dataset for mr. We use its
unfiltered version, evaluate on its validation set, and split 10% from
its unfiltered training set for model selection. Unlike the other
datasets, Triviaqa is relatively simpler; it mentions fewer entities
per question; as a result delft has lower accuracy.

qbLink qanta Triviaqa

Training 42219 31489 41448
Dev 3276 2211 4620
Test 5984 4089 5970

# Tokens 31.7 ± 9.4 129.2 ± 32.0 16.5 ± 8.6
# Entities 6.8 ± 2.4 21.2 ± 7.3 2.2 ± 1.3

% 1-3 Entities 9.6% 0 86.9%
% 4-6 Entities 36.7% 0 13.1%
% 7-9 Entities 36.5% 0 0
% 10+ Entities 17.1% 100% 0

Table 1: The three expert-authored datasets used for exper-

iments. All are rich in entities, but the qanta dataset espe-

cially frames questions via an answer’s relationshipwith en-

tities mentioned in the question.

Layer Description

All rnn 1 layer Bi-gru, 300 hidden dimen-
sion

All ffn 600 dimension, ReLU activation
mlp 2 layers with 600, 300 dimenstions,

ReLU activation
Attention 600 dimension Bilinear
Self-Attention 600 dimension Linear
Layers 𝐿 = 3

Table 2: Parameters in delft’s gnn.

We focus on questions that are answerable by Wikipedia en-
tities. To adapt Triviaqa into this factoid setting, we filter out all
questions that do not have Wikipedia title as answer. We keep 70%
of the questions, showing good coverage of Wikipedia Entities in
questions. All qbLink and qanta questions have entities tagged by
TagMe. TagMe finds no entities in 11% of Triviaqa questions; we
further exclude these. Table 1 shows the statistics of these three
datasets sand the fraction of questions with entities.

5.1 Question Answering Methods

We compare the following methods:

• qest [? ] is an unsupervised factoid qa system over text.
For fairness, instead of Google results we apply qest on
ir-retrieved Wikipedia documents.

• drqa [9] is a machine reading model for open-domain qa
that retrieves documents and extracts answers.

• docqa [10] improves multi-paragraph machine reading, and
is among the strongest on Triviaqa. Their suggested settings
and pre-trained model on Triviaqa are used.

• bert-entity fine-tunes bert [12] on the question-entity name
pair to rank candidate entities in delft’s graph.

• bert-sent fine-tunes bert on the question-entity gloss se-
quence pair to rank candidate entities in delft’s graph.

• bert-memnn is a memory network [39] using fine-tuned
bert. It uses the same evidence as delft but collapses the
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graph structure (i.e., edge evidence sentences) by concate-
nating all evidence sentences into a memory cell.

• We evaluate our method, delft, with glove embedding [31]
and bert embeddings.

5.2 Implementation

Our implementation uses PyTorch [29] and its dgl gnn library.3 We
keep top twenty candidate entity nodes in the training and fifty for
testing; the top five sentences for each edge is kept. The parameters
of delft’s gnn layers are listed in Table 2. For delft-bert, we use
bert output as contextualized embeddings.

For bert-entity and bert-sent, we concatenate the question and
entity name (entity gloss for bert-sent) as the bert input and apply
an affine layer and sigmoid activation to the last bert layer of the
[cls] token; the model outputs a scalar relevance score.

bert-memnn concatenates all evidence sentences and the node
gloss, and combines with the question as the input of bert. Like
bert-entity and bert-sent, an affine layer and sigmoid activation is
applied on bert output to produces the answer score.

drqa retrieves 10 documents and then 10 paragraphs from them;
we use the default setting for training. During inference, we apply
TagMe to each retrieved paragraph and limit the candidate spans
as tagged entities. docqa uses the pre-trained model on Triviaqa-
unfiltered dataset with default configuration applied to our subset.

6 EVALUATION RESULTS

Three experiments evaluate delft’s graph coverage, answer ac-
curacy, and source of effectiveness. Then we visualize the gnn
attention and examine individual examples.

6.1 Graph Coverage

delft’s graph has high coverage (Table 3). Each question is con-
nected to an average of 1500+ candidate nodes; 90% of them can be
answered by the connected nodes. After filtering to 50 candidates,
more than 80% questions are answerable. In comparison, we manu-
ally examined 50 randomly sampled qbLink questions: only 38% of
them are reachable within two hops in the DBpedia graph.

delft’s graph is dense. On average there are five (qbLink) and
twelve (qanta) edges connecting the correct answer nodes to the
question entity nodes. Triviaqa questions have two entities on av-
erage and more than one is connected to the correct answer. Each
edge has eight to fifteen evidence sentences.

The free-text knowledge graph naturally separates the correct
answer by its structure. Compared to incorrect answers (-), the
correct ones (+) are connected by significantly more evidence edges.
The edges also have more evidence sentences.

Aided by free-text evidence, the coverage of the structured graph
is no longer the bottleneck. The free-text knowledge graph pro-
vides enough evidence and frees the potential of structured qa. At
the same time, the rich evidence also inevitably introduces noise.
The next experiment examines whether delft—given the answer
somewhere in the graph—can find the single correct answer.

3https://github.com/dmlc/dgl

6.2 Answer Accuracy

delft outperforms4 all baselines on both full datasets and dataset
subsets based on the number of entities in a question (Table 4).

qest falters on these questions, suggesting that some level of
supervision is required. On more complicated factoid qa datasets
qbLink and qanta, delft improves over drqa, the machine read-
ing baseline. These datasets require reasoning over multiple sen-
tences (either within a long question’s sentence or across multiple
questions); however, drqa is tuned for single sentence questions.
delft—by design—focuses on matching questions’ text with dis-
parate evidence. In the mr benchmark dataset Triviaqa, delft still
beats drqa (albeit on an entity-focused subset). It is also better
than docqa, one of the strongest models on Triviaqa. With our
Free-Text Knowledge Graph, delft better locates necessary evi-
dence sentences via graph structure, while mr only uses retrieved
paragraphs.

bert-entity fares poorly because it only has entity name infor-
mation; even with the help strong pre-trained model, this is too
limited answer complex questions. bert-sent incorporates the gloss
information but lags other methods. delft outperforms both base-
lines, since it combines useful text evidence and kg connections to
answer the question.

Compared to bert-memnn, which uses the same evidence and
bert but without structure, delft’s structured reasoning thrives
on complex questions in qbLink and qanta. On Triviaqa, which has
fewer than two edges per candidate entity node, delft’s accuracy
is close to bert-memnn, as there is not much structure.

As questions have more entities, delft’s relative accuracy in-
creases. In comparison, almost all othermethods’ effectiveness stays
flat, even with more evidence from additional question entities.

6.3 Ablation Study

We ablate both delft’s graph construction and gnn components
to see which components are most useful. We use qbLink dataset
and delft-glove embeddings for these experiments. For each abla-
tion, one component is removed while keeping the other settings
constant.

Graph Ablation. The accuracy grows with more sentences per
edge until reaching diminishing returns at six entities (Figure 3(a)).
Fewer than three sentences significantly decreases accuracy, pre-
maturely removing useful information. It’s more effective to leave
the gnn model to distinguish the signal from the noise. We choose
five sentences per edge.

Because we retrieve entities automatically (rather than relying
on gold annotations), the threshold of the entity linking process can
also be tuned: are more (but noisier) entities better than fewer (but
more confident) entities? Using all tagged entities slightly hurts the
result (Figure 3(b)), since it brings in uninformative entities (e.g.,
linking “name the first woman in space” to “Name”). Filtering too
agressively, however, is also not a good idea, as the accuracy drops
with aggressive thresholds (> 0.2), removing useful connections.
We choose 0.1 as threshold.

4Recall, however, that we exclude questions that with no entities or whose answer is
not an entity.

https://github.com/dmlc/dgl
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qbLink qanta Triviaqa

# Candidate Answer Entities per Question 1607 ± 504 1857 ± 489 1533 ± 934
Answer Recall in All Candidates 92.4% 92.6% 91.5%
Answer Recall after Filtering 87.6% 83.9% 86.4%
Answer Recall within Two Hops along DBpedia Graph* 38% – –

# Edges to Correct Answer Node (+) 5.07 ± 2.17 12.33 ± 5.59 1.87 ± 1.12
# Edges to Candidate Entity Node (-) 2.35 ± 0.99 4.41 ± 2.02 1.21 ± 0.35
# Evidence Sentences per Edge (+) 12.3 ± 11.1 8.83 ± 6.17 15.53 ± 17.52
# Evidence Sentences per Edge (-) 4.67 ± 3.14 4.48 ± 1.88 3.96 ± 3.33

Table 3: Coverage and density of generated free-text entity graph. (+) and (-) mark the statistics on correct answer nodes and

incorrect nodes, respectively. (*) is the result from our manual labeling on 50 qbLink questions.

qbLink qanta Triviaqa

ALL 1-3 4-6 7-9 10+ ALL 10+ ALL 1-3 4-6
qest 0.07 0 0.09 0.09 0 - - - - -
drqa 38.3 35.4 37.5 39.2 39.6 47.4 47.4 40.3 40.1 41.2
docqa - - - - - - - 49.4 49.3 49.8
bert-entity 16.2 16.1 16.3 16.2 16.4 34.2 34.2 25.1 24.5 29.0
bert-sent 34.8 34.7 34.8 34.7 34.6 54.2 54.2 44.5 44.4 45.1
bert-memnn 35.8 32.7 36.1 36.5 34.3 56.1 56.1 51.3 50.9 54.0

delft-glove 54.2 45.5 55.0 56.4 53.2 65.8 65.8 51.3 50.1 59.5
delft-bert 55.1 46.8 55.5 57.1 55.5 66.2 66.2 52.0 50.5 61.1

Table 4: Answer Accuracy (Exact Match) on ALL questions as well as question groups with different numbers of entities: e.g.,

0–3 are questions with fewer than four entities. We omit empty ranges (such as very long, entity-rich Quizbowl questions).

delft has higher accuracy than baselines, particularly on questions with more entities.
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Figure 3: Accuracy of delft on different variations of Free-Text Knowledge Graphs.

To see how senstitive delft is to automatic entity linking, we
manually annotate twenty questions to see the accuracy with per-
fect linking. The accuracy is on par with Tagme linked questions:
both get fifteen right. We would need a larger set to more thor-
oughly examine the role of linker accuracy.

Recall that delft uses not just the entities in the question but
also searches for edges similar to question text. Figure 3(c) shows
the accuracy when retrieving 𝑛 additional entities. The benefits
plataeu after three entities.

Model Ablation. In addition to different data sources and pre-
processing, delft also has several model components. We ablate
these in Table 5. As expected, both node (gloss) and edge evidence
help; each contributes ∼ 10% accuracy. Edge importance scoring,
which controls the weights of the information flow from Question
Entity Node to Candidate Entity Nodes, provides ∼ 3% accuracy.
The input representation is important as well; the self-attention
layer contributes ∼ 2.2% accuracy.
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Ablation Accuracy

No Node Pruning 42.6 -21.4%
No Gloss Representation 49.2 -9.3%
No Edge Evidence Sentence 48.8 -10.0%
No Edge Importance 52.6 -3.0%
No Self Attention Layer 53.0 -2.2%
delft-glove 54.2 –

Table 5: Ablation Study of delft-glove on qbLink (ALL ques-

tions). Each delft variant removes one component and

keeps everything else fixed.
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Score: 0.73

Score: 0.08

Q: Name this person ridiculed for the film Bedtime for Bonzo by incumbent Pat
Brown during an election which he won to become governor of California.

Jerry Brown served as the 34th and 39th

governor of California.

He co-starred in films like Bedtime for Bonzo .

Jerry Brown is the son of Pat Brown.

The election was between Pat Brown and

Ronald Reagan.

Figure 4: An example delft subgraph. The learned edge

weights in gnn are in the brackets.

6.4 Graph Visualization

Figure 4 shows a question with gnn output: the correct Candi-
date Entity Node Ronald Reagan connects to all three Question
Entity Nodes. The edge from Bedtime for Benzo to Reagan is
informative—other Candidate Entity Nodes (e.g., politicians like
Jerry Brown) lack ties to this cinema masterpiece. The gnn model
correctly (weight 0.96) favors this edge. The other edges are less dis-
tinguishable. For example, the edge from Governor of California
to Ronald Reagan and Jerry Brown are both relevant (both were
governors) but unhelpful. Thus, the gnn has similar weights (0.06
and 0.04) for both edges, far less than Bedtime for Bonzo. By
aggregating edges, delft’s gnn selects the correct answer.

6.5 Case Study

To gain more insights into delft model’s behavior, we further
sample some examples from qbLink. Table 6 shows two positive
examples (1 and 2) and two negative examples (3 and 4). delft
succeeds on these cases: with direct evidence sentences, delft
finds the correct answer with high confidence (Example 1) or with
multiple pieces of evidence, delft could aggregate different pieces
together, andmakemore accurate predictions (Example 2). However
some common sources of error include: too few informative entities
in the question (Example 3) or evidence that overlaps too much
between two Candidate Entity Nodes.

7 RELATEDWORK: KNOWLEDGE

REPRESENTATION FOR QA

delft is impossible without the insights of traditional knowledge
bases for question answering and question answering from natural
language, which we combine using graph neural networks. This
section describes how we build on these subfields.

7.1 Knowledge Graph Question Answering

With knowledge graphs (kg) like Freebase [3] and DBpedia [26]
enable question answering using their rich, dependable structure.
This has spurred kg-specific qa datasets on general domain large
scale knowledge graphs: WebQuestions [2], SimpleQuestions [4],
and special-domain kgs, such asWikiMovies [27]. In turn, these new
datasets have prompted special-purpose kgqa algorithms. Some
convert questions to semantic parsing problems and execute the
logical forms on the graph [6, 24, 33, 42]. Others use information
extraction to first extract question related information in kg and
then find the answer [1, 17, 41].

These work well on questions tailored for the underlying kg. For
example, WebQuestions guarantee its questions can be answered
by Freebase [2]. Though modern knowledge graphs have good cov-
erage on entities [40], adding relations takes time and money [30],
often requiring human effort [3] or scraping human-edited struc-
tured resources [26]. These lacunærepresent impede broader use
and adoption.

Like delft, qest [? ] seeks to address this by building a noisy
quasi-kg with nodes and edges, consisting of dynamically retrieved
entity names and relational phrases from raw text. Unlike delft,
this graph is built using existing Open Information Extraction (ie).
Then it answers questions on the extracted graph. Unlike delft,
which is geared toward recall, ie errs toward precision and require
regular, clean text. In contrast, many real-world factoid questions
contain linguistically rich structures, making relation extraction
challenging. We instead directly extract free-text sentences as in-
direct relations between entities, which ensures high coverage of
evidence information to the question.

Similarly, graft-net [37] extends an existing kg with text infor-
mation. It grafts text evidence onto kg nodes but retains the original
kg relations. It then reasons over this graph to answer kg-specific
questions. delft, in contrast, grafts text evidence onto both nodes
and edges to enrich the relationships between nodes, building on
the success of unconstrained “machine reading” qa systems.

7.2 Question Answering over Text

Compared with highly structured kg, unstructured text collections
(e.g., Wikipedia, newswire, or Web scrapes) is cheaper but noisier
for qa [8]. Recent datasets such as squad [32], Triviaqa [22], ms
marco [28] and natural questions [? ] are typically solved via a
coarse search for a passage (if the passage isn’t given) and then
finding a fine-grained span to answer the question.

A rich vein of neural readers match the questions to the given
passages and extract answer spans from them [36, 43, inter alia]. Its
popular solutions include bidaf, which matches the question and
document passages by bi-directional attention flows [36], qanet,
which enriches the local contexts with global self-attention [43],
and pre-training methods such as bert [12] and xlnet [? ].
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id Example Explanation

1(+) Q: This general was the leader of the nationalist side in the civil
war and ruled until his death in 1975. He kept Spain neutral in the
Second World War and is still dead.
A: Francisco Franco P: Francisco Franco

The question directly maps to evidence sentence “After the nationalist
victory in the Spanish Civil War, until his (Francisco Franco) death in
1975”.

2(+) Q: This New England Patriots quarterback was named Super
Bowl MVP. He had three touchdown passes during the game: one
each to Deion Branch, David Givens, and Mike Vrabel.
A: Tom Brady P: Tom Brady

Substantial evidence points to Tom Brady (correct): “Tom Brady plays
for New England Patriots”, and “Tom Brady had touchdown passes
with Deion Branch”. delft aggregates evidence and makes the correct
prediction. Without the graph structure, bert-memnn instead predicts
Stephon Gilmore (Another New England Patriot).

3(-) Q: Name this European nation which was divided into Eastern and
Western regions after World War II.
A: Germany P: Yumen Pass

No informative question entities that would lead to the key evidence
sentence “Germany divides into East Germany and West Germany”.

4(-) Q: Telemachus is the son of this hero, who makes a really long
journey back home after the Trojan War in an epic poem by Homer.
A: Odysseus P: Penelope

delft can’t make right prediction since the wrong candidate Penelope
(Odysseus’s wife) shares most of the extracted evidence sentences with
the correct answer (e.g., their son Telemachus).

Table 6: Four examples from qbLink dataset with delft output. Each example has a question (Q), gold answer (A) and delft

predcition (P), along with an explanation of what happened. The first two are correct (+), while the last two are wrong (-).

The most realistic models are those that also search for a passage:
drqa [9] retrieves documents fromWikipedia and use mr to predict
the top span as the answer, and orca [25] trains the retriever via
an inverse cloze task. Nonetheless, questions mainly answerable
by drqa and orca only require single evidence from the candidate
sets [? ]. delft in contrast searches for edge evidence and nodes
that can answer the question; this subgraph often corresponds to
the same documents found by machine reading models. Ideally, it
would help synthesize information across multiple passages.

Multi-hop qa, where answers require require assembling in-
formation [38? ], is a task to test whether machine reading sys-
tems can synthesize information. hotpotqa [? ] is the multi-hop
qa benchmark: each answer is a text span requiring one or two
hops. Several models [? ? ? ] solve this problem using multiple mr
models to extract multi-hop evidence. While we focus on datasets
with Wikipedia entities as answers, expanding delft to span-based
answers (like hotpotqa) is a natural future direction.

7.3 Graph Networks for qa

delft is not the first to use graph neural networks [23, 34, 35, inter
alia] for question answering. entity-gcn [11], dfgn [? ], and hde [?
] build the entity graph with entity co-reference and co-occurrence
in documents and apply gnn to the graph to rank the top entity as
the answer. cogqa [? ] builds the graph starting with entities from
the question, then expanding the graph using extracted spans from
multiple mr models as candidate span nodes and adopt gnn over
the graph to predict the answer from span nodes. All these methods’
edges are co-reference between entities or binary scores about their
co-occurrence in documents; delft’s primary distinction is using
free-text as graph edges which we then represent and aggregate
via a gnn.

Other methods have learned representations of relationships
between entities. nubbi [7] used an admixture over relationship

prototypes, while Iyyer et al. [20] used neural dictionary learn-
ing for analyzing literature. delft draws on these ideas to find
similarities between passages and questions.

8 THE VIEW BEYOND DELFT

Real-world factoid qa requires answering diverse questions across
domains. Relying on existing knowledge graph relations to answer
these questions often leads to highly accurate but brittle systems:
they suffer from low coverage. To overcome the bottleneck of struc-
ture sparsity in existing knowledge graphs, delft inherits kgqa-
style reasoning with the widely available free-text evidence. delft
builds a high coverage and dense free-text knowledge graph, using
natural language sentences as edges. To answer questions, delft
grounds the question into the related subgraph connecting entities
with free-text graph edges and then uses a graph neural network to
represent, reason, and select the answer using evidence from both
free-text and the graph structure.

Combining natural language and knowledge-rich graphs is a
common problem: e-mail and contact lists, semantic ontologies and
sense disambiguation, and semantic parsing. Future work should
explore whether these approachs are also useful for dialog, language
modeling, or ad hoc search.

More directly for question answering, more fine-grained reason-
ing could help solve the example of Table 6: while both Odysseus
and Penelope have Telemachus as a son, only Odysseus made a
long journey and should thus be the answer. Recognizing specific
properties of nodes either in a traditional kg or in free text could
resolve these issues.
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