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11. Tom tit cac két qua méi cua luan an:

1. Xay dung md hinh t6i wu chung va dé& xuat cach tiép can tdi wu theo k§ nghé
nguoc. Dya trén phan tich, tong hop cac nghién ctu lién quan, luan 4n da xay
dung mo hinh téng thé cho bai toan ti wu phan mém nhung. M6 hinh nay bao
gom hai cach tiép can 1a tbi wu trong k§ nghé xudi va k§ nghé nguoc theo cac giai
doan phat trién phin mém nhung véi cac muc tiéu t6i wu cy thé.

2. Pé xuat, phat trién phuong phap lap lich cac 1énh hop ngit theo thuat toan di
truyén dé toi wu hidu nang va dién ning tiéu thu cho cac kién tric CPU khac nhau.
Cu thé, chung t6i da xay dung cac ham danh gia hiéu ning cho mdi chudi lénh hop
ngir trong mot khdi co ban theo kién tric duong ong 1énh va kién trac siéu vo
hudng; xay dung chuong trinh phan tich cac tép tin hop ngir thanh cac khdi co
ban; cai dat thuat toan di truyén dé tim thir tu thuc hién cac 1énh tt nhat theo muc
tiéu toi wu 13 hiéu niang hay dién ning. So v&i phuong phap lap lich List cua
Tiwari, V., phuong phap 1ap lich dua trén thuat toan di truyén dat két qua tot hon.

3. Dé xuét, phat trién phuong phap méi tdi uu dién ning tiéu thu két hop ca phan
ctg va phan mém h¢ théng nhiing dya trén ki nghé nguoc va tai cau hinh CPU.
Phuong phap nay da dugc chung minh tinh kha thi dya trén phan tich dién nang



tiéu thy cua cac don vi chuc nang trong CPU. V61 cac chuong trinh thir nghiém
cho vi xtr ly MIPS, trung binh di¢n nang tiéu thu tiét kiém duoc 17,74%.

4. Xay dyng cac d6 do, ham danh gia hiéu ning, bo nhd trén biéu d6 16p va dé xuét
phuong phap t6i vu hiéu ning va phuong phéap tdi wu da muc tiéu; dugc thyc hién
tr dong mot phan dya trén DSL va T4. Dé xuit, phét trién phuong phap tdi wu bd
nhé chiém dung dua trén sip xép To-pd. Cac phuong phép t6i vu trong giai doan
thiét ké nay dugc ching toi dé xuat méi va duoc kiém ching bang thuc nghiém.

5. Cai tién phuong phap t6i wu hiéu ning, bd nhd dua trén chuyén d6i mé hinh cua
Anne, K. v6i @& xuat dung DSL, T4. B6 sung thém mot sd phép bién dbi nhu rut
gon kiéu dua liéu, chuyén ddi thudc tinh tinh thanh dong, v.v.; xay dung DSL, T4
dé sinh dic ta tu dong tir mo6 hinh.

6. Cai tién phuong phap loai bo cic biéu thirc con chung dé t6i uu hiéu ning dya trén
thay thé cac biéu thirc trong duong. So vé6i lya chon t6i vu loai bo biéu thirc con
chung trong GCC ban dau, chuong trinh dugc bién dich véi cai tién cia ching t6i

¢6 hiéu nang tt hon.
12. Kha ning ung dung trong thyc tién:

V& mit thuc tién, cac nghién ctru va thyc nghiém trong dé tai c6 thé ap dung dé
t61 wu cho nhiéu 16p bai toan khac nhau nhu: phin mém nhung murc thip cho cac vi xur 1y
AVR, ARM, MIPS, PowerPC, ...; cac phﬁn mém trén dién thoai di dong; cac phﬁn mém
trén cac thiét bi cAm tay nhu Iphone, Ipad; va c6 thé ap dung cho phan mém thong

thuong.
13. Nhirng huéng nghién ctru tiép theo:

Trong giai doan thiét ké, chung toi s& tiép can theo SPE dé nghién ctru cic
phuong phap t6i wu dua trén cac mo hinh dong. Mat khac, ching t6i cling tong hop,
nghién ctru va tich hop cac do do chat luong phan mém khéc vao phuong phép toi wu da
muc tiéu. Trong giai doan lap trinh, ching t6i s€ dua trén co so 1ap lich da CPU cho cac
tién trinh cia hé diéu hanh dé giai quyét bai toan t6i uu trong mdi truong da CPU. Hon
nita, chiing t6i ciing s& nghién ctru cac thuat toan tién hoa dé giam do phuc tap tinh toan
cho cac thuat toan toi wu. Ngoai ra, trong giai doan thyc thi, chiing t6i s& nghién ciru sau

hon dé dua ra phuong phap phéan 16p cho cac chuong trinh trong k¥ thuat JIT.
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11. Summary of the new findings of the thesis:

1. Construct a general optimization model and propose an approach to optimization
in reverse engineering for embedded software. Based on the analysis and synthesis
of relevant studies, this thesis has developed overall model for optimization
problems of embedded software. This model consists of two approaches such as
optimization in the forward engineering and optimization in reverse engineering,
according to the phases of embedded software development, with the specific
optimal objectives.

2. Propose and develop the methods of assembly instructions by the genetic
algorithm to optimize performance and power consumption for different CPU
architectures. We have developed evaluation functions for each chain of assembly
instructions in a basic block under pipeline architecture and super-scalar
architecture; building program analysis an assembly program into basic blocks;
implement genetic algorithms to find the best execution order of an instruction
chain with optimal objective such as performance, power consumption. Compared
with the List scheduling method of Tiwari, V., our method based on genetic
algorithms achieves better results.



3. Propose and develop a new method to optimize power consumption combining
hardware and software of embedded systems based on reverse engineering and re-
configure a CPU. We analyzed the power consumption of functional units in the
CPU to proof this method. With test programs for the MIPS processor, the average
power consumption saving is 17.74%.

4. Construct metrics, evaluation functions of performance and memory on class
diagrams and propose the performance optimization method and the multi-
objective optimization method; our methods are done automatically in part based
on DSL and T4. Propose and develop the optimization method based on memory
usage of topological sort. The new optimization methods proposed in the design
phase are proven by experiments.

5. Improve methods of performance and memory optimization based model
transformation of Anne, K. proposal by using DSL and T4. Adding some types of
transformations such as reduction of data types, converting static members into
dynamic member, etc; Build DSL and T4 to generate automatically the
specification of a model.

6. Improve the method of removing the common expressions to optimize
performance based on replacing equivalent expressions. Compared with the
program compiled with the origin GCC with the option of the common expression
emilination, the program compiled with the GCC associated with our
improvements has better performance.

12. Practical applicability, if any:

The research results in this thesis can be applied to different classes of
optimization problems as follows: low-level embedded software for processors such as
AVR, ARM, MIPS, PowerPC, etc; mobile software; software on handheld devices such
as Iphone, Ipad; and can be applied to PC software.

13. Further research directions, if any:

In the design phase, we will study the SPE approach to optimize on dynamic
model. On the other hand, we will also research and combined metrics of software
quality and optimal objectives for multi-objective optimization. In the implementation
phase, we will reseach instruction scheduling for multi CPU system. Moreover, we will
also study the evolutionary algorithm to reduce the computational complexity of
optimization algorithms. In addition, the execution phase, we will further study the

classification methods of code in the JIT.
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