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Abstract In the process of software development,developers often search for appropriate APIs to complete programming tasks
when encountering programming difficulties. Contextual information and developer portraits play a critical role in effective API
recommendation, but they are largely overlooked. This paper proposes a novel context-aware based API personalized recommen-
dation approach. This approach leverages program static analysis technology (abstract syntax tree) to parse the code file to ex-
tract information to construct the code base and model developer API usage preferences. Then it calculates the semantic simila-
rity between the developer’s current query and the queries in the historical code base,and retrieves top-k similar historical que-
ries. Finally,it leverages the information of query, method name,context and developer API usage preference to re-rank the candi-
date APIs and recommend to developers. MRR, MAP, Hit and NDCG are used to verify the effectiveness of the method in dif-
ferent stages of simulation programming. The experimental results show that the proposed approach outperforms the baseline me-
thod and it is more likely to recommend the APIs that developers want.

Keywords API recommendation,Program static analysis,Context awareness, Developer portraits
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3.1 B sEAbE
3.1.1 BiMiEH AR F F L AR

Java Jy BRI H AL S AL/ ¢ PRI« /7 2Z 16, IF BT LA
MR IE LM AST 1) Javadoe 15 E 3R, RS — A%
WH S EAEE T Java JT IR PR SRR 55 . (HR X 2 ) -
Al e R IR KA AE XTI LT AR SCHUE ST — 2R AR AR R
e at R X L) -, X SRR R ) B A T UE 2 T Y AT Java
J7 e M A R S I E R T 4F, B0 i BE 4k IDE T A
A 3 2E B (L TODO™ F 3k 19 1 B, LA B 8 30k filf i
EWIER), ARSI UE TR & BCF B ST S AT
M), RE 05T AU RS B 2B T Java LA
G ER . HT Java FIEEABEHRELTFRE N REE
B, A SR % BT Java TEAOSHET B XE
B, ¥ Java J7 1k 44 4 B DR i 44 U5 AT 43 % L 0T R 43 i
Ky Java J7 ik 4% APT AT HEF .

# 1 WwE XMW T WA Automation I Indications A

W2 b 1 A AR

Table 1  Defined templates/rules for filtering comments with two
categories of Automation and Indications
Category Temlates/Rules
Automation TODO
Test for”
For test”
bug/Bug/BUG*
For debug”
WARNING:
Indications note/Note/NOTE;

Not implement *
Not been implemented
NOT IMPLEMENTED *
TEST METHOD*
NEVER EVER SAVE THIS REFERENCE *
DL+ 45 R AR R H/NE R 5 — FOE 2R AR

3.1.2 HEAE &R APL 55l 3R IR
HHERBRBBEARERS — AW (BT —4 Java
kg SO MRS REANR LT XER . 8T BRI
B A5 B A SO R A AR T 40 BT B R B v G TR AR LA Y
B 2R S Ak 75 B DL R s R B . B L SR RN A B
W H AR B0 T DR R B S B A APL, B4,
AR SR 5 LB 5 3 PR 2 R ) R 56 14 45 A B (), A
B T if . for,while,break %) . H B A1~ APLFF AT
AR T LR E R AESRE R . W6 44 Java SCHRH 15l
GBS R AE 3 7 G 0 TR R R R R X S E R,
Tk 3 7 R R B R, T Java 4. A IR
HER P Java 50 SLHI1ML, ] Java W44, K4, A NIE
HEREIEN Y Java J7 ik VA DL A SO WG 42 4 77
S5 FAR R G F Ok R SR EE MR APT IR 0T S AE
BN SR B TS, BB B — R RN,
Wi LR R, R — A 211 7 & CHEE AT,
APIs %50 JCA M BG4 . A 8 I B #1015 A
MM EmE 2 o, HhP - ANKEFEFHERR-IEE
AST S B NS PR R AST 15 35 B I 45 58

2 HESCHPERI RS AT R g R

Table 2 Defined encoding table of control nodes and characters

AST Node Type Symbol AST Node Type Symbol
EnhancedForStatement A-ra ThrowStatemen H
I{Statement B:+b SwitchStatement Iee-i
ForStatement Ceeec SynchronizedStatement AR
ReturnStatement D AssertStatement K
BreakStatement E CatchClause L1
WhileStatement Feeef ContinueStatement M
TryStatement G g DoStatement N-+n
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it w415 8 R0 J7 3k 44 05 L BRI L T2 T R #H F BRI
APL, ALY Hit@5 24 0. 674, e 3L 7 19 0. 380
8T 77.37% , R B A ST A 3 MRR@10 24 0. 592, 11
FEET LR 0,295 HE T 100. 81% ., AILAT UL, A SCHEH Y
D7 ¥ BB 2 0T & B TR APT 7548 5 6 5wl A0 AL E

MRR@N= (15

%3 ARSCTEMIENE DT AT APLH#EZE ) MRR, MAP, Hit, NDCG %5

Table 3 MRR,MAP, Hit, NDCG for API recommendation of the proposed approach and baseline method
e RN o Top-5 Top-10

t ] ARSI % T MMRAME/ X END E S MR A%
MRR 0.545 0.282 93. 26 0.551 0.295 86.78
0% MAP 0.457 0.235 94.47 0.518 0.269 92.57
Hit 0.670 0. 380 76.32 0.720 0.480 50. 00
NDCG 0.582 0.312 86. 54 0.603 0.351 71.79
MRR 0.570 0.282 102. 13 0.574 0.295 94.58
20% MAP 0.484 0.235 105. 96 0.541 0.269 101.12
Hit 0. 660 0. 380 73.68 0. 690 0.480 43.75
NDCG 0.597 0.312 91.35 0.610 0.351 73.79
MRR 0.592 0.282 109. 93 0.597 0.295 102. 37
10% MAP 0.495 0.235 110. 64 0.555 0.269 106. 32
Hit 0.670 0. 380 76.32 0.710 0.480 47.92
NDCG 0.615 0.312 97.12 0.630 0.351 79.49
MRR 0.614 0.282 117.73 0.617 0.295 109. 15
60% MAP 0.518 0.235 120. 43 0.573 0.269 113.01
Hit 0. 680 0. 380 78.95 0.700 0.480 45.83
NDCG 0.635 0.312 103.53 0. 644 0.351 83.48
MRR 0.621 0.282 120. 21 0.623 0.295 111.19
80% MAP 0.531 0.235 125.96 0.585 0.269 117.47
Hit 0.690 0. 380 81.58 0.710 0.480 47.92
NDCG 0.643 0.312 106. 09 0.653 0.351 86. 04
MRR 0.588 0.282 108. 65 0.592 0.295 100. 81
Average MAP 0.497 0.235 111.49 0.554 0.269 106. 10
Hit 0.674 0. 380 77.37 0.706 0.480 47.08
NDCG 0.614 0.312 96.92 0.628 0.351 78.92
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