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                    Abstract
Developers often search for relevant code examples on the web for their programming tasks. Unfortunately, they face three major problems. First, they frequently need to read and analyse multiple results from the search engines to obtain a satisfactory solution. Second, the search is impaired due to a lexical gap between the query (task description) and the information associated with the solution (e.g., code example). Third, the retrieved solution may not be comprehensible, i.e., the code segment might miss a succinct explanation. To address these three problems, we propose CROKAGE (CrowdKnowledge Answer Generator), a tool that takes the description of a programming task (the query) as input and delivers a comprehensible solution for the task. Our solutions contain not only relevant code examples but also their succinct explanations written by human developers. The search for code examples is modeled as an Information Retrieval (IR) problem. We first leverage the crowd knowledge stored in Stack Overflow to retrieve the candidate answers against a programming task. For this, we use a fine-tuned IR technique, chosen after comparing 11 IR techniques in terms of performance. Then we use a multi-factor relevance mechanism to mitigate the lexical gap problem, and select the top quality answers related to the task. Finally, we perform natural language processing on the top quality answers and deliver the comprehensible solutions containing both code examples and code explanations unlike earlier studies. We evaluate and compare our approach against ten baselines, including the state-of-art. We show that CROKAGE outperforms the ten baselines in suggesting relevant solutions for 902 programming tasks (i.e., queries) of three popular programming languages: Java, Python and PHP. Furthermore, we use 24 programming tasks (queries) to evaluate our solutions with 29 developers and confirm that CROKAGE outperforms the state-of-art tool in terms of relevance of the suggested code examples, benefit of the code explanations and the overall solution quality (code + explanation).
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	https://data.stackexchange.com/stackoverflow/query on July, 2019


	http://tiny.cc/xh3kbz


	https://github.com/muldon/crokage-emse-replication-package


	http://isel.ufu.br:9000/


	https://archive.org/details/stackexchange - dump published in March 2019


	https://bit.ly/1Nt4eMh


	https://stackoverflow.com/questions/9416541


	https://stackoverflow.com/questions/4917877


	the complete list of words is available at: https://bit.ly/2Hjv0tW


	https://stackoverflow.com/questions/7189370


	Despite this limitation was explicitly stated in the CROKAGE web Page (i.e., http://isel.ufu.br:9000/), a significant number of non Java queries were found


	CROKAGE search requires the query to have a minimum of one character and a maximum of 70 characters to run


	We adopt the list provided by Stanford: https://bit.ly/1Nt4eMh


	despite we use a semi-automatic process to filter out queries not related to Java, several still queries remained


	we append to the query “site:stackoverflow.com”


	herein we test the IR techniques using their default parameters. In the case of BM25, the default parameters are: k= 1.2 and b= 0.75


	The simplest form of language model that disconsiders all conditioning context, and estimates each term independently


	Although the title of the Q&A pair alone could represent the query intent, our output is the answer, thus we concatenate the title and body text of the answer in order to match the query with the answers of the candidate pairs


	https://bit.ly/3gevm22


	Our general conclusions are not statistically confirmed for PHP language, despite supported by the four adopted metrics.


	except BIKER, whose behaviour we do not change
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