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Abstract: Foreign Function Interface (FFI) is a fundamental method to invoke interfaces provided in other
programming languages. Focusing on huge amount of manual coding required when using FFI, an Automatic Foreign
function Interface Generation (AFIG) method was proposed. The reverse source code analysis technique based on abstract
syntax tree was employed by AFIG to accurately retrieve the multilingual intermediate representation from library binaries, in
which function interface information was uniformly described. Based on the representation, the multilingual conversion rule
matrix could be utilized by different platform code generators to automatically generate FFI codes for various platforms
without handcrafting. To further reduce generation time usage, a dependency analysis-based task aggregation strategy was
proposed, by which tasks with dependencies were consolidated as monolithic ones. Hence, blocking and deadlocks were
efficiently eliminated, and load balancing and scalability on multi-core systems were achieved, accordingly. Experimental
results indicate that AFIG achieves a reduction of 98. 14% for FFI developing codes and 41. 95% for testing codes compared
to manual coding method; under the same task, AFIG further reduces development cost by 61.27% compared to SWIG
(Simplified Wrapper and Interface Generator). And the code generation efficiency of AFIG increases linearly with the
increase of computing resources.
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Fig. 1 Invocation across programming languages based on FFI
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Fig. 2 Development process of adapting foreign interface to

language interfaces of software system
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Fig. 5 Source codes and annotation results
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G—FR JNA Ctypes cgo
int int c_int C. int
char byte c_wchar C. char
short short c_short C. short
long long c_long C. long
long long long c_longlong C. longlong
unsigned char  char c_ubyte C. uchar
unsigned short  short c_ushort C. ushort
unsigned int int c_uint C. uint
unsigned long  long c_ulong C. ulong
int* Pointer c_int_p *C. int
char* String/byte[ ] c_char_p *C. char
void* Pointer c_void_p unsafe. Poniter

MR RN F 2 PRI 1 (JNA S6 409 ) .

HsiE 6] Gi—F/R AFIG_LIIR ; FFT4% 75 W] FFI ce;
1) <AFIG_LIIR> ::= {<function declaration> |
2) <function declaration> : : = <type> <identifier>
(" <param list> DI
3) <type> ::="int' | 'char’ | 'float’ | 'int *' | "void’ | -+
4) <param _list> : := <param> |',’ <param>| | &
5) <param> ::= <type> <identifier> <io type>
6) <iotype> ::="in"| ‘out’ | 'in&out’
7) <identifier> : := <letter> {<letter or digit>§
8) <letter> ::="a’"|'b" |-+ 12" | 'A" | -+ |'Z’
9) <letter or digit> : : = <letter> | <digit>
10) <digit> ::="0"1"1"1--- 19’
11) <FFI cc> : := 'public interface’ <identifier>’1{’
{<FFI declaration>} '’
12) <FFI declaration> : := jna(<type>, <io type>)<identifier>
(" <FFI param list> ")’ "3’
13) <FFI param list> : := <FFI param>{’,’ <FFI param>}| | &

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

14) <FFI param> : : = <jna(<type>,<io type>)> <identifier>
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conversion,
AR 2 FFLEE T (ONA T AU B3 5 Java 16 BLAUAS .
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ZEE L FFT3E 10 S50 SRS ) param conversion ; iENEE|
FFLH% A AR 58 /R) FFT calls Ff FRTH% G 354808 Java 26
#y E@{Jﬁﬁ%lﬁ/ﬂ output conversion;
1) <function> : := < header> ' {’<param conversion> ' ;’
<FFI call> " ;'<output conversion> ';’
"return’ <identifier> "3’ '}’
2) <header> : := <access modifier> <return type><identifier>
"(" <params> ")’
3) <access modifier> : := 'public’ | 'private’ | 'protected’
4) <return type> : := <type> | 'void’
5) <type> ::="'int' | 'float’ | "double’ | 'char’ | 'String’ | -+
6) <jnatype> ::='int’' | 'byte’ | 'byte[ ]" | 'Pointer’ | -+
7) <params> ::= <java_type(<FFI param list>)> | &
8) <FFI call> : := <identifier> '=’
invoke (<FFI declaration>, <identifier>) ';’
9) <param conversion> : := {<jna type> <identifier> "=’
construct(<jna type>, <params>) '3’ |
10) <output conversion>: : = {<type> <identifier> '=’
construct(<type>,<params>) ';'}

3.2.3 RAARE

Pl 8 f 7 1A A Bl AR T AR R o AR A B A
G R TR & A A 8 — F s A DA i 5 - U R
T A BRI £ EATUE PE -5 50 A, doe 20 HH AR R ST S RS
A GE RIS 5 A, JF T8 SDK. Hrp g —3k
ARFRIN AR 5 ST 58— 3Ros 5 PR (1 e 460G 2 5 FFTHE 0N
T SCR A AR Qi e 0 o B0 2R 3 75 AR 5 S C I ACAE
205 g R T AR SE SO T 3 R GEIE 5 B dfidAs =X

A A5 S SDK
D
[ CErawmmn ) @ (Cmazmn ) |
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T
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Fig. 8 Working principle of AFIG code generator
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DI I & 0] 76N T i FRTATE 00 N R AN 10

955 A LA TR S AT T, A g A T A
JCIM TR HE S ) 18 1 BT A A C D, Lo 326 T A A 5 A e
ARAG PEAT R4, 00 PR TT & 8 76 FH I AS & A 30 FRLAY A
JHSEH W NAF SR SRR

556 4L B SR AR RS | 3E B AR A 5 R A T A R R
R T MR R, I A 27 G 0K 8% 2847 D1 ik
TAE,

Z - 5 M AR R O R G5 5 T 6 288, AEAH
P FR S T X 42 AT It AR , IR It o 3R 145 R &R
GLIF KL WD T FRTHF &5 000 A8 b 48 K88 4 19 T
fEi .
3.3 ETRBERZESTHESEESSHHHERE

AFIG A4 A sk 7 587 T FFLAH DG A A i 1) fig
1 AR T5 B4 M B SN R B0 IR A RS = (B, AFIG (1)
S VLR S AR R TAE Rt Sz B & . R, 75 5 5T Al
HZ A BEER R A IATIATAE 55 Ab B, SR, o TR
Z A AEARIS, Q] A S50FE Z2 4 0 b 43 Tl A GRS A AT 55 2
B ik FFLARAS A il add A2 i — A a3 Pk, s ok 4 7
AFIG WIPEREEL A EX BB W, fJ it — L TR/ EER
LA RE , LLd I & 3 S5 R s )

fEGE 1Y 2 AT TR 5 R FH RS 10 55 10 0 O =80
1155 B 5 AT L 4 B L o BRI, FEAF AE AR AR O R 1Y
{E55H , ELHENGAT 55 W07 22 A0 45 AN TR T3 AZ 0 ] R S B0
FEA B S5 R ) A, SR I RRARGZ AT 850R . W 9 BT, ki o
W R) A, AR SR H B AR 56 R AT AT 55 R A 5 th a3
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Fig. 9 Dependency analysis-based
task aggregation acceleration method
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S B0 5 S5 AR AR ) P A B AT 434, AR A o3 B i AR AR
A DG ZR KL 44 G e AROH8 R DG B9 4T: 55 A6t 22 RIS A
KARS A AT WA SO C R A AUHS i BURAE A TG
KAES B, Hod S A TR BT 556 5 77 2T 3
H A O 0C R M ACRS R B, I AS R AT 55 2 R A7 AR AR

VR BE AR A AT 5542 B BAF Th (9 4T 55 2 57 43 TS B AS [R] £ Ab
T FR BT RAZ L DA G — 3R o A UG 25 R4
i AR A AR TSR D AT A B . M2 T AR ey Sb
T RIS 5 ACS A sAS B EME D7 2O A0 BB AT Y L B
AR AR RS T B R A LB 5 U 45 3 5 A v 647 4R
BT U, 38 5 R IO T G 3R A0 B 1A 55 TR A S s
AT LK SR8 EE 1R 345 Az A AH B0 ST Y B — R A B 45
AR AT A AR T T A O, LASEBITRAT KR AR B, I
PE R AR A B AR T RR

Hok 1 FETHRIOCR TN 55 IR RS

WA SHEREOHTREAIES S;

Wl R OCAE S5 4R A IRIE AR 554565 B

1) while SAH% do

2) WA AT 55 265 A AR C AT 55465 B

3) XSRS LASS BT 4 L 1 B BUR Py K R AR

F B P e BoRc:

4)  for REBFBik=1, 2, ---, K

5) if p, PEFHAEEEAS S AY then

6) for BT 5 p MMM R Bep,

7) if pea, then

8) s Liengin(a)1 = {p HAA AT

9) elseif p eb, then

10) ¥ Dyngih()+1 ~ {pﬂ , P/;HH:?AA T

11) M BHEERp,

12) elseif p eP then

13) W @i = 1y pIUFHRA AT
14) AU HER A A p HIRAL S
15) else

16) i Bty = Ip HEAB
17) return A, B

BUAL, AR 2 4% B sk 3 A, R R AR AT A O
BB A A RSB 5 0 2 A T 52 B AR B b R AT SR 3 ], a5
At SR AR A O AT 5 AR B, AR UE R RT3 A% 0
HIAE 55 T . SR R S 38 2 A (0 Z2 8l s s S5 4T
55 BAR, v B IEAT O S b b BB ) S E AR T
AFIG ARG A it . HAARPEREZE RIE L 4. 4715

4 XBHEERHN

4.1 EWFE

N T VG A SOy 85 AT B0, X AFIG TR 3R S8 R 470
ik, IEXF I C 18 & Bt & Java 1. 8, Python 3. 7 Fl Golang 1. 19
1 3 Fi i R 1 5 A0 H AR AT T AT A E S AN AT

FE VT AR A L AFIG R B, ASCEH T CEF I
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Tab. 3 Dataset information statistics

S SRR RSP E SRR g
SDF 8 106 50
Tesseract 10 169 114

4.2 BIUBEESH

SHAEW AFIG ELA & H AL AR AE | AR SCal ad 2 Fh oy vk
FLES T SWIG  AFIG FIA T4 5 B3 1 5 i fE 17

D) N T4 5 A i AFIG A2 B i FRT AR 56 401 58 i
B WFR 4 Frm, A O] AFIG X Tesseract #1 SDF 3 H #:47
FFA SRS 9 A8 B, 66 A4 i 25 23R 5 N T 40 5 A i 47
e, A FH 58 AR 4 45 21 B8 s A A & 58 W RE BT AR e
W SE B A4 4 7 55 SR B N BT 3 R P b ofe |, 37 25
RRYRTEW RS, th AFIG A Az i1t B v] 58 B4 AT &
A I3 B I A, T SWIG VR A AR s il A0S 5
ML A . 7€ SDF 2 1 525 v, AFIG W] 82> FFLIT & h
98. 14% By IT % 4 5 DL 2 41. 95% o I3 4 1 o, AR T
SWIG, 7€ [F] 24T 55 F W BRANEAR 61. 27% B FF & A, 1 K
FRBE I i e B T 5T A AN 4 1 A ) A

2) K 7 5 UE R AR A A AR 2 0L B A R 18 JaCoCo
(Java Code Coverage) T. HP' 5 Tess4) B9 N T4 5 Wi H 5
AFIG A 00 H dEAT I 36 R L. SR ME S iR,
AFIG A= i 4 A A 322 30 N T3k /K S, HE o8 5000 38 7
R LEmTFAL

F4 TRFRFENRBETARELE BN %
Tab. 4 Code completion comparison among
different development methods unit: %
TFRSE LU TN SE B I AR
SR I - :
SWIG AFIG AT SWIG AFIG
Tesseract 16.97 96. 39 57.98 0 40.78
SDF 27.31 98. 14 68.52 0 41.95
x5 MABZESIT B %
Tab. 5 Test coverage statistics unit: %
T H 44 B p - Ll "
e A I3 PR
Tess4] (N T4 ) 42.4  72.58 43.75 73.17
Tessd](AFIGAEA)  35.6  65.23 42.42 100. 00

4.3 EFEBEAT

AFIG B EREUT

DIF & H T UAESE AR T FRLEEAR R34 404 O
FRE LT AFIG 5E A FRTACHS AL . AR I AFIG A3 A
ST A A R A R T AN R RS
2 BIA i I AFIG [ 3 A= s % 3t 46 3 H T g 58 45 1 3 1 &
GEIEE I, LAV FH AN R B 1 .

2)AFIG $ Ry SEPRAE F=80% . 9286 R AFIG ¥ C I SDF
B 1) 2 g R S UEAT A O, 25 SR 10 R, 18] AFIG
B I AMERE 1 A AL 1T (Line Of Code, LOC) A 318 () SDF
$ O, AFIG 4 i 1Y Java , Python ., Golang % £ & 31 43 51 A
4658.2633.2280 17 (LOC) o VIHRHERRF 51 1 KA 205
TTHCH 20017 (LOC) 4TG0, Fe T A RL1T 29 47. 859 R AW
Tk TAER .

WA, AR SO AFIG 5 HA B0 A BIF 58 101 H 7= A i AR 7= 5k
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Fig. 10 Statistics of AFIG code generation results
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Fig. 12 Generation time comparison of original strategy and

task aggregation with load balancing strategy across various scales

120 : . . . . . . .
100 + ——100f7(LOC) i
—8—500f7(LOC)
a0l —e—1000f7(LOC) |
< —o—2000f7(LOC)
= —A—3000fH(LOC)
% 601 —&—5000fH(LOC) | 1
By
40 F il
20 F il

Bt
13 AR5 A S M R A A LS
AN RASATEC(LOC) N 19 A2 G AL X b
Fig. 13 Generation time comparison of task aggregation with

load balancing strategy with different cores and Line of Code (LOC)
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