FRmIG: 10384 A = BRI
2 B, 23120090153689 UDC

B r3

m Lt ¥ M’ X

BAR ARG FER T R H
RBRAMASR

Research on Compiler Design and its Key Technologies for
Embedded Systems

PR A

HESHIMS B K H H &R
%

£ V&M - BHEE RS
WIIEXXBEl : 2015 &£ 3 A
W EAHF R - 2015 &£ 5 A
PRIRFARE
Zrpgs by o= E I
PP 5] A






BiIXRFEZFMILFE AR

ANESZ AN SRANLE ZINTE T, ML 5E I TR o
ANERCGE S LA NS AR DR RN TR, 29753
DU 2 07 U RAAR B, JFRRF AN (JE TR AW AR RS

BITE GAAT) Do

T AL SN ) PR ()
FIBFTCRR, 3RAF ( ) PR (ZH) 2 B B S = 1 B
g, f£ ( ) Sk S . (FHAE LA B3G5 WS RE

SRR 1 3 A SRSGH0 5 4R, AT BT WA, BT LU

. )

FIAN (%4):
F H H






B TAFEFARCEERUE A AR

AN AR T TR AR (e N BRI [ 257 26 49 AT St 725
ERURE P B AN U 22 08 3, I 1R 8 BT ] Bl R R HLMIE 2L AL
W CEIRUPT RN B T/ » VAR SCHEN T T B T A
HAE PE A B A Bl A N R R TR SR 2 AL SO 2 [ i A
it = S A7 V8 SO S BT B P AT R R S K S AR SO A R 2
G AR, SR FHRCED S 4 Blelc Hoe Uy o & B R 22 6 1 3

AR AL SR T

( ) 1o IR IR & o o B E W IR AR 00,
T ¥ A HEE, WEREH R

( )20 AR, & BB

B EAINAES AT “ V7 BUR BN AR . RIS
PiE C2e JE TR AR E 2R = B e I 2 A0 30, REFTTRARE
L T 5 AL SCRPN R I AR S LA B AT 1, BOA
AT, YIEH R )

N

X8

FUAN (584) -
£ H H






B

m =

IR R G AL HE 2518 % R R E e 28, HAR /A A B @ A1, I,
IR TR GG 225 R T R AN R SR G R 755K, B 2 d i
M D5 2RI AR RLIIR AN TR G R 25, RT3 ) 2 ) 7 SR B h 45
BERT RN 2 B8 0 8 MR, RN TR G R RCR K i i H AR A5 2
FHTTER, RSOk % FTR SRR BEZE (ASIPS) (14 PR35 HE ). &t
T+ Cache g PR HEAG S RN X 20 A% 5 25 R 82 55 5 T 14 B0 R SEBREAT B 72

TE ] 4 1 258 10 R B R BB FEREIEAT AR5, B SO B Je A ASIPS 45 520 B
TF 0 4 28 VT L ) S R I R s B 4 ) RS S I R 2R R AS T (9 7592, 4
= Cache S, fifih “fEh5” MBI, BOURE RN 2 g B T RS
(RSB AN IS T il R, B A R B AS TS 7 520 AR ST RIHT A 8 BRI -

(1) FEHERXS ASIPs [ E [0 g 15 25 10H R 5 . BEXT— 3K BA AU 42
Fo) FLAE W A PRGNS 8 A7 b B 28 1 FL 9 JE i dr il ANSI C Zmf2iE 5, LA
GCC #ikas NHLAl, HEAT Y B 4% N AR IRAF Y e SiEvEM B Y& 0F, Fgm ik
R JE v B ARER SO (MDD 55 b B2 B R 22 S e e S, Wi — & &
5T [ PR G 1R 25

(2) $EHEET Markov BERL T s TN 75 . did 2 P42 dilin I (CFG)
TR Markov 152, S M RE T IR IE 45 A A% G B s A % 240 S it An
¥ Markov P25 2 0 nT (K 00 530, JE I S 1R 2 B AS (KR A 00N, 5 oS
HITII o SO, THRFRT T AR (NF), BA3EE#k A3\ Cache BRI 2R .

(3) $EH— P T BB OpenMP RSB R E 7 K. X 2 4%
JE o AT 55153 R0 57 85 A 5 1) R PRI IR TS IRAT AR (K01 o e S 7 28 i
(ISR AR, 3R — P T F S VP A ek ORI B U i, DA Vel PR A TR FE T
FOEAN I ] B, N SRR T IR AT 2

BJh, HEIFR T —BEXN LIRSS RS SoCs ) C i F HCC 4k
i, AR B NG AR B A AR BT A (IDE)  J SE56 %5 () WEB-EDA - &5
Fo HCC #it#t AN, W7 35 255 MR 15, J0iE H 4 PRARE i A

Kigy. ARG FEL; ASIPs; AR ; £S5 HE






ABSTRACT

ABSTRACT

There are different system architectures, specific instruction sets and tailored
peripheral controllers in embedded System on Chips (SoCs). Because of the
architectures versatility in embedded SoCs, the compiler development based on
embedded system can't satisfy all the requirements for all the embedded processors.
These result in the lack of embedded compiler and the difficulty of compiler
transplantation and compiler maintenance in embedded system. For improving the
generated codes quality and performance, this thesis discusses the retargetable
compiler based on embedded Application-Specific Instruction-set Processors (ASIPS),
the compiler optimization based on embedded Cache and the static scheduling of
embedded multicore compiler, etc. These studies and practices could guide the quick
porting of retargeting compiler especially for ASIPs and meet the performance
requirements of embedded system.

After introducing the basic knowledge of the compiler and the latest research
theories, this paper discusses special characteristics of ASIPs and the transplant and
retargetting methods for ASIP with compiler extension firstly. And then, the "storage
wall" bottleneck of Cache is described and an effective method to improve the
accuracy of the compiler static prediction is proposed. Finally, based on the
introduction of multi-core embedded processors, the compiler static scheduling
scheme with load balance is put forward to adapt the parallel application of OpenMP.
The innovation points of this paper are mainly embodied in follow:

(1) The High-performance C Compiler (HCC) and its specific extension and
implementation for ASIPs is proposed. HCC compiler is a language C compiler based
on the retargetable GCC compiler. Because of the specialized architectures, the
compiler extension methods are proposed in HCC compiler to quickly implement a
compiler for ASIPs. We extend the identifier and attribute with Abstract Syntax Tree

(AST) for language-specific programming syntax of the compiler front-end, which is



ABSTRACT

the syntax of the extension standard ANSI C. And then, the machine-dependent
classification of assembly generation for the specific embedded SoCs is designed and
implemented. After finishing MD (Machine Description) of the compiler back-end,
the HCC compiler is completed by retargeting GCC compiler for ASIPs.

(2) For improving the average accessing time of memory subsystem by raising
the cache hit rate, the Nodes Frequencies (NF) prediction technigues of
compiler-assisted Markov Parameters Tuning (MPT) are proposed for codes
relocation. Different with the traditional scheme that provide the Fixed Heuristics
Branch Probability (FHBP) to calculate NF for various kinds of programs, the
Markov-based heuristics algorithm combining FHBP and MPT is adopted for
improving program NF prediction to take advantage of the Markov probability matrix
which is modeled from the Control Flow Graph (CFG) of function. It can get the
prediction of branch probabilities more precision for compiler to impove codes
relocation that is very useful to raise the cache hit rate.

(3) This paper proposes the a new static scheduling scheme based on evaluation
function. The scheduling, load balancing, and scheduling overhead are described with
formal methods, and based on definition of loops and the mapping of the
corresponding load functions, a new static scheduling scheme of multi-core compiler
based on evaluation function is put forward in order to solve the load imbalance
problem. This new static scheduling improves the parallel efficiency of the embedded
application, especially for multimedia application with a lot of loops.

Finally, we have developed a retargetable HCC C language compiler and the
Integrated Development Environment (IDE) based on the hardware of a series for
commercial specific instruction set SoCs and the open sources GCC. The compiler is
also integrated into the WEB-EDA platform of our laboratory. According to the
crossing contrasts and tests, conclusion can be drawn that the proposed compiler has
excellent improvement of the generated assembly codes. The compiler has already put

on the market.
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