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Abstract—Selecting the right time budget for a search query
is challenging because a proper balance between the search
latency, quality and efficiency has to be maintained. State-of-
the-art approaches leverage a centralized sample index at the
aggregator to select the Index Serving Nodes (ISNs) to maintain
quality and responsiveness. In this paper, we propose Cottage,
a coordinated framework between the aggregator and ISNs for
latency and quality optimization in web search. Cottage has two
separate neural network models at each ISN to predict the quality
contribution and latency, respectively. Then, these prediction
results are sent back to the aggregator for latency and quality
optimizations. The key task is integration of the predictions at
the aggregator in determining an optimal dynamic time budget
for identifying slow and low quality ISNs to improve latency
and search efficiency. Our experiments on the Solr search engine
prove that Cottage can reduce the average query latency by 54%
and achieve a good P@10 search quality of 0.947.

Index Terms—distributed search, time budget, search quality,
search latency, search efficiency

I. INTRODUCTION

In distributed search, the index is partitioned into a few

shards and each index shard is hosted by an Index Serving

Node (ISN) [1]. A search request arrives at the aggregator,

which then broadcasts the query to all the ISNs in order to

gather every shard’s top relevant documents. With exhaustive

search, the aggregator has to wait for all ISN responses and

return the top-K ranked results to the client. This wastes

system resources [2], [3] and significantly degrades a search

engine’s response time because the aggregator has to wait for

the response from the slowest ISN [4], [5].

To reduce the tail latency, aggregation polices [4] rank the

ISNs based on the query’s response times and optimize the

ISN cutoff parameters for a set of queries. They generally

assume a stable request pattern during a short time period and

consider all the ISN responses during the period irrespective

of their quality contributions. Selective search [3], [6], on the

other hand, improves the epoch-based aggregation polices with

a query-specific ISN cutoff based on its quality contribution.

It leverages the individual query’s information and a Central

Sample Index (CSI) [2] at the aggregator to rank ISNs.

However, it is difficult to make an accurate prediction of the

quality contribution based on a sample index, hence it often

results in a second cutoff prediction [6].

In this paper, we propose Cottage (i.e., coordinated time

budget assignment), a coordinated framework integrating the

prediction and decision making at both the aggregator and

the ISNs on a per-query basis. An ISN’s quality and latency

estimations are conducted independently at each ISN server,

where there is more complete information of the sharded

index. Two separate neural network models with distinct query

features are developed at the ISN for quality and latency

prediction. An ISN’s quality means the number of documents

it contributes to the top-K client-side search results, whereas

its latency means the time taken to process the query at the

particular ISN including local queuing. Having each ISN to

predict its quality and latency concurrently leads to a much

more scalable design. But we recognize that the overall query

latency and quality determination needs a global view of

the responses from all the ISNs. Thus, we gather the ISN

prediction results at the aggregator and design a centralized

optimization algorithm to determine the time budget for the

query. In addition, we incorporate a frequency boosting tech-

nique to accommodate slow ISNs that contribute highly to the

overall quality.

Cottage is implemented on the Solr search engine. Exper-

imental results on two representative query traces prove that

Cottage yields a 2.41 times shorter average query latency when

searching 2.67 times fewer documents than exhaustive search.

At the same time, we achieve a good P@10 search quality

[7] of 0.947 (out of 1). Both these results are much superior

compared to CSI based Rank-S [3] or Taily [5]. Our major

contributions in this paper are the following:

• We propose a coordinated framework between the aggre-

gator and ISNs to improve search engine’s query-specific

latency and quality while improving the search efficiency.

• Two neural network models with distinct query features

are developed to predict each ISN’s quality and latency.

• We design an algorithm to assign a dynamic time bud-

get for each search query, considering both quality and

latency predictions by the individual ISNs.

II. MOTIVATION

An intuitive approach to improve the web search’s response

time is to set up a time budget and only wait for the responses

that come back before that time [4]. In Fig. 1 (a), we plot

the quality and latency result for the query “Canada” on a

Solr search engine with 16 ISNs. In exhaustive search, with

100% P@10 precision the time budget for the search request

has to be at least 28ms such that the slowest ISN-1 can

return its results before the deadline. Epoch-based aggregation

policies [4] find a cutoff parameter that produces an optimal
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