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A Forward/Reverse API Translator for Real-Time Operating System
Based on a Model-Driven Approach
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(Byeong-Ryul Park - Ji Chan Maeng * Jong-Bum Lee - Minsoo Ryu - Hyun-Sik Ahn - Gu-Min Jeong)

Abstract - This paper presents an automated API translator for embedded software development based on a
model-driven approach. Since MDA(Model Driven Architecture) provides little support for the development of embedded
software, we propose a new approach containing its advantages. First, we define 'generic APIs’ which do not depend on
any RTOS’s but provide most of typical RTOS services. We can describe RTOS-related behaviors of target application
using these generic APIs in a CIC(Common Intermediate Code). Then, we propose a transformation tool for translating
between a CIC using generic APIs and a C-code for specific RTOS. The proposed API translator converts them using
XML transformation rule which is defined outside. It indicates that an API translator extends to other RTOS’s by
modifying or adding the transformation rule. From the experiment, we validate the proposed method.

Key Words : API Y8 7) MDA(Model Driven Architecture), § ¥ 3 RTOS, g4uids 2= /g

.M B2 (Real-Time Operating System)”} S.7Ht},
HA e dFNAE 2 7g AZEYY TS
st=go] Aol Wr e Wt AZTE o] AL Ed Rose [8], Rhapsody [9] @ Tau [10] T3 Z& v}kst
EFstr Adg Aoz vy A HYYa, ofF s o

o CASE(Computer-Aided Software Engineering) E%°] A}
7%t 42 (Model-Driven Approach) WHH 2 o] 83 AXE 453 gt A= o] EES o83y 8 2o
ol AL wyo] Fgsigith nestel AdAE 54 = g wEy AFoR HF AEE YU AT o)
dojet 2xEAd F&HHA G F4 BdS FEebH I EE A EREFAY SHAE o7 ¥ JHEHAe
g 2d¢ FA 343, o] a5 AFstd Ed o8 A AbgE7) die] dMdE AzZEdE Adsted AEst
4 Jbse mee ovgan (-2 g, odg wd o) A e
HhogE e BAA, 584 2 §XRS SN B B =RME dHts AZEd ARs A5 2d 7]
JHES AFT g AE gEe AAEn AsstE AE Bl disty Je
MDAModel Driven Architecture) = AXZEoje] A7 gt B dF= HOPES (Hopes of Parallel Embedded
2 B3 1 FeAL AT 98 Ax B 1B Software) ZRAE AAE9 dF-Folv} [11-13]. AW

(Object Management Group)el 2l A<tHAG [3-7]. = of di& 7% AL ofd AT [14]llA Ak At [14]e]
A, @4 ¢ MDAE F2 ul4ol EJB, Microsoft NET % A REHAQY Ay, AY 2 & B =AM XMLE
CORBA & B FAE 9o mESoiolr] & gy o] &3] 2t ol F wgoR o] rEIEE 8

Auigtal gWge o &3] o|F RTOST &L=

= axEde] ue] @ Aol mersth e oW A
Uz Azgel ANZAR AFE AL S aFEAS @ ¥ MANE ALT S Ao
82 37 BE QuHE BANNE AN LHAEE oo AE et 2ol 4

ARt = mEde  EHF g RTOS APTE
Z[:

Ae H#7] 9 e
of #ate] 71t 4 Pl A APL 3719 g 49 43
TORNAA, EGR  BEXE BT T2 s 2 72t} A Hoz 5 ARS Wy FT AT

E-mail : gm1004@kookmin.ac kr

+ L ® A:ERAS BT IO BLEL
o @ R WBAS BTHEDFE LN HLBE i -
o T B A Tl el TEE 5« 11 2. Generic APIZ 0|88 RE J|ut 2= Eglof 7y
§ L@ &:ERAS BTN &E - L
B R 20074 TH 300 A #<A RTOSEL NSl AT i e A=
RAFET 20074 97 21H AM FEZRIPE NI 5 JUESF o 7HA Au2E

MDAO| Z|utst AAIZE M APl g/ 7|0 Het 2247



BHRBWRIE 568 125 2007%F 128

A @, WEy B,
< T API HEHE
£4

Agd} ¢ ZYgEo F&7o0]
A YEE FA43 AA Generic API'E A}
POSIX ®3F 1003.1-2004 [15]& 7Iwte=m M2 #dE e

3F

APIEZ|E] 1§ A3, &2 H]d APIE® RTOSS AA
Ho 2 Y gle APIES AASYY. POSIX ¥F APl
© Hsd 715S 7 APIE| Hol EA). dF Eo,
printf(), fprintfO$} sprintf)= 29 o] H+ ghaAlo] th
E ¥ 2T 2¥9g 99832 e APIESY] Wi s
9] PRINT() APIZ BoE 4 v} o]&2A HH Generic
APIE& RTOS7} Al&Fde Mula O§L FHeE EH3
3, oo YIEHA Eokst HAIZE BoFE F7H3le] & ¢ A
£33 AFHAT. ¥ 12 Generic APIES I B E HoF3
ik

E: 1 Generic RTOS APIs (& 787H).
Table 1 Generic RTOS APIs (78 APIs in total).

ask | FORK, THREAD CREATE,
as THREAD_MUTEX_LOCK .. (21 7)
RealTime | MQ_SEND, MQ RECEIVE, SEM_POST,
A" M | M WAIT, SHM_OPEN .. (157))
Network | SOCK_ACCEPT, SOCK_SEND., ... (97
Memory | MALLOC, FREE, ... (47})
. OPEN, CLOSE, READ, WRITE, TELL,
e CHDIR, MKDIR PRINT... (187})
Device | SELECT, IOCTL, POLL (37})
Others | CTIME, GETTIMER, RAND, .. (871)
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MALLOC(buf ptr, buf size, type _cast);
FREE(bl;If f ptr);

finclude <stdlib.h>
buf pir = (type_castymalloc(buf size)
ttinclude <stdlib.h>
Sree(buf ptr)
—
<PATTERN name="MALLOC0">
<API name="MALLOC” ret="0" cast="0" param=“3">
<RULE dir="INCLUDE" in=“1">stdlib.h</RULE>
<RULE dir="REPLACE>@VAR[0] = (@VAR[2])malloc(@VAR[1])</RULE>
</API>
<API name="FREE” ret=0" cast="0" param—"“1">
<RULE dir="INCLUDE” in—=*1">stdlib.h</RULE>
<RULE dir="REPLACE>free{@VAR[0))</RULE>
</API>
</PATTERN>
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Fig. 1 Description of pattern, symbol and transformation rule
using XML in forward transformation.
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Table 2 Directives of transformation rule.

INCLUDE o7l e gdg e
DECLARE Foxl WHg Aaddc
INITIALIZE | o4 2713 2=8 443
REPLACE FoA FRoZ i gl
INSERT Foijzl FEg A3t
FINALIZE Folxl 288 FEE 443
DELETE Folzl FEg abA
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Fig. 2 Block diagram of AP| translator.
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Fig 3 Code transformation for different RTOS's using the
proposed API translator.
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#include <pthread h> #include <pthreadh>  /INCLUDE
#include <unistd h> #include <unistd.h> Y/ INCLUDE
pthread_tpth_inc; pthread_tpth_inc; // DECLARE
pthread_tpth_dec; pthread_(pth_dec; //DECLARE

pthread create(&pth inc, NULL, inc_run, NULL), || péhread_create(&pth inc,NULL, inc_run, NULL);
sleep(1); sleep(1);
pthread_creato(dpth_dec, NULL, dec_run, NULLY; | | pthread_create(8pth_dec, NULL, dec_run, NULL),

pthread_join(pth_inec, {void*)&status); pthread_join(pth_inc, (void*)&status);
pdlmd |_join(pth_dec, (void*)&status); pdn-ezd l_join(pth_dec, (void*)&status);

(A) Task code in LINUX. ‘ ’(c) RTOS-specific code in VPOS 2.0

/ task_main.CIC

THREAD_CREATE(&pth_inc, NULL, inc un, NULL);
SLEEP(1);
THREAD_CREATE(&pth_dec, NULL, dec_mun, NULL);

THREAD_JOIN(pth_inc, (void*)éstatus);
THREAD_JOIN(pth_dec, (void*)&status),

{B) Common Intermediate Code

% 4 AP HED|E O|88 2E HE
Fig 4 Code translation using an API| translator.
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{Trans-PL} parsing transpi input owtput
{Trans-PL] parsing transgi xwl
{Trans-P1] parsing task code
[88] : ./input/task main.CIC
{81) 1 Jinpwt/yask increase.CIC
{821 @ Jinputstask_decresse.CIC
[Trans-PL} transform
{Trans-PI} make output file
188] : ,/output/task_main.c
{81 : ./outpui/task increase.c
182] : . /foutput/tssk_gecrease.c
{Trans-PL] destroy ail
SUCLRSS
[root@localnost ReviransPIl#

% lock -1 pthresd -D USE MUTEX
{root@localhost output]# ./mutex lock
initisl value of shaved data: ¢

task fncresse: Lock mutex.

increase: 1

task, decrease: lock multex,

increase: X

increase: 3

toacrease: 4

incresse: 3

task increase: unlock nutex.
decrease: 4

‘decrease: 3

 decrpase: ¥

a3l 5 7|3t oid el AZRIAL
Fig 5 Snapshot of synchronization example.
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