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Programming language Ada is the only ISO standard, object-oriented, concurrent, real-time programming language.
It is intended for use in large, long-lived applications where reliability and efficiency are essential and they are almost
concurrent systems. Ada has gone through Ada 83, Ada 95, Ada 2005, and the last version of Ada, known as Ada 2012,
is the world’s premier programming language for engineering safe, secure and reliable software. Ada 2012 has a giant
changes and extensions from Ada 2005, which can support many new features, such as contract-based programming,
increased expressiveness, multicore support, and container enhancements.

In general, Ada is always used to manipulate safety-critical systems, such as commercial and military aircraft avionics,
air traffic control systems, railroad systems, medical devices, and so on. The systems are almost concurrent systems
and they are vital to personal life safety, such that they are allowed any malfunction, otherwise personal life and assets
might suffer catastrophic consequences. However, it is quite difficult to design, understand, test, debug, and maintain
concurrent programs, the reason is that multiple control flow and data flow can exist simultaneously in concurrent
systems, and execution or evaluation of statements are unpredictable and non-deterministic.

For solving the difficulties, only one tool cannot resolve all of difficulties, but rather we should have a set of software
tools. Usually, in the set of software tools, they are not independent on each other. An engineering environment could
integrate them together. Software Engineering Environment (SEE) is an engineering environment that integrates various
tools and provides comprehensive facilities to designing, understanding, testing, debugging and maintaining software
systems. So far, some software engineering tools were developed for Ada programs, however, because Ada 2012 has
large changes and extensions, they hardly support for software engineering activities of Ada 2012. Therefore, the
development of supporting tools that can deal with Ada 2012 is an urgent issue.

In order to support software development activities using Ada 2012, we proposed a software engineering environment
for Ada 2012 programs. For development of SEE for Ada 2012 programs, we analyzed requirements for developing
SEE of Ada 2012. Based on requirements, we designed an SEE for Ada 2012 programs. And then we confirmed core



components of the SEE for Ada 2012 programs. Finally, we proposed methods to develop core components and gave
implementations of them.

This work has following contributions. We proposed a software engineer environment for Ada 2012 programs and
implemented its core components. We designed and implemented a definition-use net generator for Ada 2012 programs,
which can automatically generate DUNs of target Ada 2012 programs. And then we designed and implemented a system
dependence net generator for Ada 2012 programs, which can automatically generate SDNs of the target Ada 2012
programs including new types of program dependences and one interprocedural relation that we found and formally
defined. We also designed and developed a run-time tasking deadlock detector for Ada 2012 programs, which can detect
tasking deadlocks raised by all types of synchronization waiting relations in Ada 2012 programs, and we found some
types of queue operation related tasking deadlocks in Ada 2012 programs. We also showed how to utilize Contract-
based Programming (CBP) with Ada 2012 to solve challenges of future advanced software engineering. We proposed
methods and solutions from five areas, such as security, continuity, reactive-ability, predictability, and anticipatable-
ability. By CBP, we gave algorithms to develop an SSB-based system as a persistent computing system and an ARRS as
an anticipatory system.

Structure of this thesis is as follows. Chapter 1 presents background, motivation, and purpose of this research. Chapter
2 presents a software engineering environment for Ada 2012 programs and gives the core components of software
engineering environment. Chapter 3 presents definition-use nets of Ada 2012 programs. Chapter 4 presents a definition-
use net generator for Ada 2012 programs. Chapter 5 elaborates system dependence nets of Ada 2012 programs. Chapter
6 shows the implementation of system dependence nets generator for Ada 2012 programs. Chapter 7 presents a tasking
deadlock detector for Ada 2012 programs. Chapter 8 discusses contract-based programming for future computing with

Ada 2012. Finally, concluding remarks is given in Chapter 9.



MXDEBEERRORE

TUr T3 YIS Ada ld. 1970 SEARER D S 1980 ERANTEH F TREFEPIRE O FED S & THEF L
NP, FHF D AT A LA, FE M SLZebk, B2, maekE, . . 5. B, Shka
RIS B 2 ERMMARAR Y AT LD LERICEDNRTE Y, BUERICE > TURERW R R IR
P27 > T bo Ada ld, ISO/IEC EE:FEHE L LT, Ada 1983, Ada 1995, Ada 2005 & - 72 2T HR
T, 20124 12 A, PUIE H OSETRAS AR S, Ada 2012 (ISO/IEC 8652:2012) 2% - 72o Ada 2012 1.
B — Z B, WATE, A7V 2 MBI RVFRTGEA A EHEROMINAE TR T I v IR IS
WEL72) 2, s, BicioL a2 5 3 2 (Contract-based Programming) ¥EE % & A L 72,

Ada Zflio THEBET L EMBMARAA Y AT 2F, FEALE, MO TEHWEEEE RetE2ERT 5, 6t
k. ALV T MY 2T THEY— VTR ESNS Ada 70T I ¥ 7SR RBEICIEDOVWT Ada 7u 7 7 A
ZakEl B%S. R LTE . Ada 20121, 2% { OUETRET L HibkfEL H V. HEkD Ada 70 s T I v
TR =T EA MR R o7z fEo Ty Ada 2012 DFF L WERICHIETE 53Ky — VORI,
ZOIHIZE > TERADOBREIZ L > T b,

Raw3Cid, Ada 2012 7077 A 0%EN B RFREDOV T MY 2 TRHIEEE AW S TR E HE)
ALY =V CTHETH72012, Ada 2012 7027550200V 7 2Ty I v FBRERREL.
TRV —VERIET A I LIZOWT, FEHOMEHIEEZ B L CTRAAREBERERRZSDOTH), 9FR
LR SN TW5,

B1ETIE, AMZEOTER, BN, BLXOMEMFIZOWTHEXRL, 9. 708773 Y755k Ada
2012 OFEEM L ISHIZOWTHBIL 729 2. AWZEOHMWE LT, Ada 2012 70 7 J A OGN B%. #*
SFhREDOV 7 My 2 TREEHE RN FEE ALY -V CIEETELY 7 bV 2Ty V2T ) VT
BISAIRE L, Ada 2012 70277 AOBRWEBUCEDS Y —VERB LZN L ORI FET 5
TLEEDIZ,

FE28TIX, Ada 2012 707 S LAD72DDY T I 2T LYy V=T v ZBREICHL T ZOLEYE,
FURGHE, B%ER M. a7 R ARy -V EHIIL 2.

A Ta 7T A ERRHNT 5720120, F9. ROERWNZEHRE LT, ZHEEITERSN
ECTHHEINLZLERBRLZTNIIVIT v, F3EHTIE, Ada 2012 707 7 AIZBIT2EHOER
BHMEBROERNERCTHL2EHRMH Ay b2, Ada 707 I 2 DOKOERMBH A v bEIRT L L
THICEFR L2e BAAMIZ, Ada 2012 707 5 MBI AL EHE 70— L EF—% 7a—% 58 L
T BROERMHBRZ RV L, HA LMo SN, HECITRXVEMNT A7 T 7L LTE
FHHAY FP2ERLZ. T Ada 2012 7075 20T RTOMEEZZ 5 L. B s RoMKER

YL RAATIIH B 7 1 — 4 v + CFN (Nondeterminisitic Parallel Control Flow Net) % &# L7z, € L C.
CEN 20T, ZHOEFREMHICHET 2 THMIC TNV ET, TNVONFETEROER L %
FH T 5T, PR MIEATRIE 2 MEH & » b DUN (Nondeterminisitic Parallel Definition-Use Net) % %
FL72o 2O Ada2012 707 7 LD20DH LWERM A v &, Ada 2012 DFXTOH LWERICH
B35 ENRTE T,

FAFETIE, Ada 2012 707 8% AL E LCEOEREMMT A v F DUN 2 HEIWIZER T 5 Y —
Vo%ER BIFEEIBHIZ DO W TR 72, DUN Y — Vst L 8L, ISO/IEC ERSIE#ETED bz



ASIS (Ada Semantic Interface Specification, ISO/IEC 15291:2012) 1232\ CTHwvy, ZOIEAEMEIZ, A &
NTWLERHBIBLD Ada 2012 EF NV 717 5 4 (Ada Web Server) 2 W THERE L 72 2@ DUN Ak —
VRS &, Ada 2012 70 7 F DBV TREBRIAAAE T 2 B RO E R IR 2 B 12 ERBLS 2 @ i £ »
M DUN 232 2 E05TE, ZOTFAMERHAEZ LY —VICL B 70T T LGN, ZDT T T4 97K
B2V 7 by 2 7% - RFERICL 57075 LB EMERIHE) 2N TE S,

H5ETIE, Ada 2012 712 T LIZBT SR ELZH OIRGROTEAWEBITH 5 7 AT 24474 » b
., Ada 707 7 LDWERD Y AT MRAEA v P 2IRT 5 2 & THAITERK L 72 BAMIZ, Ada 2012 7
075 MCBFRLEHETO—, LEF—5 7u—, YRR R, IO LERICE DS W T
LT RN CTOBRERBREZIECHE L. Ada 2012 7025 20 A v b DUN 123DV, THE &3k
THEENLHNZ S 7L LTy AT 2MF 4 v b SDN (System Dependence Net) % €3 L 72 AWFEI2 B\ T,
Ada 7027 5 MBI HHEROEAFERAY Ada 2012 70 75 NICHAET BRI 2 FERR T 5 £ 612, Ada 2012
TUT T LIBWTHEL D 5 5B OH L WIRFEBRZ TICFER L7z, 20 Ada 2012 7075 507200
LV AT 2474 v Md. Ada 2012 DFTRTOF LVERISHINT 5 2 EATE 7,

B 6FHTIZ A 201270575 A% ANNGE LTZED Y AT MR » b SDN 2 HBIIZEK T % Y —
Vo B EIBHIZOWTHRAR72, SDN A%y — v oiket & 8L, E€FMH A~ b DUN 2oV TH
T OBAFBRIZN L TEFNRZROFET VT X203 ZITv. FOIEMEMEZ. A S Tw b EHHE
® Ada 2012 E7 NV 7u 75 A (Ada Web Server) =MW THEGEL7zo 2@ SDN AR Y — V29 &, Ada
2012 70 7 F AIBWTHEERICAAE T 2 ER M ORGFERE B ICEKBT 5 Y A7 2444 v b SDN %4
HIENTE, TOTFANERELEY —NICL D70 7T 050, TA M T8y 7, BHESEHIL PR
W2 DT 574y 7 E HEY T MY TS - RFERICE S 70 ST AR ERERRICME ) S EATE B,

Ada WAT7 075 2, ERCT Yy Fay 728419 5. 2L, B TRWEREM: L ettt 2 2kd
2 FWGHHAAR Y AT 2IE > TRELFHBE L2 5, HT7ETIE, Ada 2012 787 FL2IIBIFLT Y K
Oy 7 D58, @ EBIBIZOWTHBRRIz, AFRICBWT, Ada 707 7 A BT AHEk0Ty Fay o
A% Ada 2012 70 75 K54 L) BRI A MRS 5 L2, Ada 2012 70275 2B WTHEA L) 5 3HH
OF LTy ey 722 BHICER L Ada 780277 20RO Ty Fu v 2y — Va2 RS 5 2 L T,
Ada2012 707 T AD72HOTy Ny 7Y —VEFHZICHE L. 20 Ada2012 7075 AD720D
LTy Fay 2By =iz, Ada 2012 7027 5 AIZBWTHRAEL ) 2T XCOMEOTY Fay 7 %
Mith4 52 ETE 2,

8 FTIE, Ada 2012 TIRMET Z2H LW kRETH 2 WIS T s I I v I FRIE. Thaerboy T
b7z 7 TS B 2 PR 2 IS L CTEBL 9 5 2 2 I W TEZE Litim L 72,

RIZIT, IR TIE, AR TR L AAE F Lo, RS NsiEE R L7,

B, KXo FERNER, B SO E LT, ACM Ada Letters ik (2##). Springer Lecture
Notes (2ifi). Ada User Journal (1#i) 3 & O4Hif) & @ IEEE FRERSH#GmCE (3MH) IZBWTAK
EN. HDVIIAEPRESINT VS,

kD Xz, RaXid, Ada 2012 702752000V 7 27Ty V=7 U IREZIREL, £
DB Ry — VOREET L T RV, EHBEOET V70 75 A THEIMEZHER L. 2D D%
BRiE, VT by 2 7T TFGFICE o TH LWAIREZ R LEKT 2 b D TH b, o T LG CHRAELR
. RS, Wit (T4) O%MERSTHI1IET5 b0 L L7,





