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1 int dig10(int n){

int result = 1:

n=n/10:

while(n =0){
result++;
n=nf10;

}

return result;

(¥ e T (R o IRV o QY AR (W

(a)

1 int dig10(int n){
2 intresult = 1;
3 While(n>0){

4 if(n<10) return result;
5 if(n<100) return result+1:
&) if(n<1000) return result+2;
7 if(n<10000) return result+3;
8 n=n,/10000:
9 result+=4:
10 j
11 return result:
12}
(b)

(I 2 155710 i T S D VR

Fig.2 Computing the digits of a non-negative decimal number
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path2: (11,,/10>0) A (1n,,/100<20);
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path8: (1,5/10>>0) A (12,5/100 000 000<20) ;
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BA DL FEE A
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(result, =1) N\ (resulty,’ =result, +1) ;
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result,” =result,’,
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A Gy, =100 N\ Gryy <<100) 3 195 45 25 4 1 A% IR
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3.1 EIGMRFEFE

A SCHY S5 AR 7 56 spellib i AR 12 AT
AREL: — 2 HE T U B A TR V8 I v L SR e Ak
A A [F] S RE Y BB & (LA T FRIZ S s BB &
H—RRBEES A FE A R E = 1 C+ 4l Fortran 7
ARRAS) s R RO R libe S P2 FR T AR
BICAT ARz R RBUERE G R R G . =R TH
1 libe 52 B0 4 51 K. dietlibe™ | glibe® 1 Open-
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RASIRVE AR P D04 T AT A 1 X /S Bl g SCAF M
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(DA,

ABMERFR Y ) 2S48 BT R . IXRRVE 7 2l
ASORT T SCA R B A 7 A ROR
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AT AZEANSE I R TE A0 1 0 15 250 AS I b B o4
JPHIFRIRAF 2 PR AR ST I V50 VA 2 46 Bl v 1 1
T YR AU AR BRI el AR S AR RS S
e AR g LLVM IR,

(I AMEF 54,

AR A TGP 2 5. e T SR
RS AR A AT — A B A e 2 Bk A 31| 1 75 45 4
FITAE BT HAT » PRI AR S 7 1 w4 6 9 o g 75 g
A HE B AR A TR SR PRSI .

(D EAFHHET .

S ng ] LR HE e A 2 S O A R 191
AR & 19 75 BAE A X RO A EE R HE T O R S el AR
LLVM Hh[alif 5 s AR Bk iy o

) ¥l v ) B 4t

Bt for JE¥ B while P4 T SN B 46, 5l H
WA FER goto 1ER M 4 UL AR FIE R . XA
TIRYE i) b — 45— 4 A S el s 78 e i 4 i
B MHITIR A S KA MR,

(O PEFMBEA] I, X — P PR A AR, 3K F
ST RS LA (Al i [E) 7 AR, e AT
PIPATEREE . B4 v DA A2 7 53 T3 AT, T L
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3.2 LRSI

8 SCEP BiiE speLib 4 B ok 50 S5
PRl g0k 45 R UE W] SCEP J7 ik iyl Sk, H A
RIS A TAF AR 1) 5 02 Kiefer 8 A2 Y
LLReVE-DYNAMIC!", [H Jt 5 5 o %6 £ % T. 2 X
speLib IIREE A C+ +HiE T LAY — IS R B LA K fir
A REGHATIE SCRE R IR, STt R PR TR
A BIESS RBE I B AT T L8R 4 e PE Al SCEP
AL

Sz d F] SCEP #1 LLReVE-DYNAMIC 43 51| %
speLib ) pRECHEA T RE 7 S8 AN PR IE , GE it 1Y) S5 56 45
REIEMER 1 PR, —RKRBESTEESHREN
Fortran pREFN C+ + R4k, SCEP X} g — 25 R $019
RS R S RS P A 150 X Rk, H
oKL B S A 132 XF. T LLReVE-DY-
NAMIC A3 4H¢ Fortran 2 77 (19 58 PR 5600 , B o
ZTHX R EEE Ay C+ + R U =2 R B4
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2o B RGIETT S PRS0 , 5 45 0] 0 F— 2k
R £ P B RO L 7 2 R S A 126 % %

T URRBUIE S RO FIE SR N SE M A 123
Xt

®1 AHATENRIESER

Table 1 Verification results of two methods

RSO S A For 1y B TS % b
F 3] R HARCIRL (Y/N)® et (O KR O
Class LLReVE- LLR&VE- LLReVE- LLReVE-
DYNAMIC SCEP DYNAMIC SCEP DYNAMIC SCEP DYNAMIC SCEP
— KRB ELC C++ C++/Fortran Y N 150 300 126 300
TREBERC C C Y N 150 150 123 132

Note: DProgramming languages; @]Is it nuessary to understand the source code and mark(Y/N) ; @Number of detected functions(pair) ; @ Number of

detected results as equivalent(pair) ; ®First class function collection; ©Second class function collection.

3.3 WY

LLReVE-DYNAMIC " ZE 4 T2 7 B S50 PR 56 I
I o 25K R 30 Tk Y R e 4 ) s FE AR L, 5 LLReVE-
DYNAMIC A J[A] . SCEP AEE 3Rk 56 1 1 W5 A% 15 114 2 1]
WAL 73 4h s LLREVE-DYNAMIC #& TAE TAEH,
REAZGTCHE H 3h 4 74 5 (Synchronization Point) ,
o PO A AT B A R A RS S AL T T
AR 55 AT HEAT [R] 25 55022 8] 1) 55 4 1 39 ik i
SCEP ANt B0 5e % A iE 17 3L A SE iy L i b B, A
XA 5 T R F  SCEP 77 #: e LLReVE-DYNAMIC
A AT AR A BR A 52 2 5 LS A 31k

SCEP #1 LLReVE-DYNAMIC %} spcLib H — 2%
PR EAEOAIEE X L A 3 B R i B B T B R 5
P01 AT WG eRBCEE B AT BTk, A5 3 55 1 25 2R
AL . A — 2SR AR B 0E P . LLReVE-DYNAM-
IC fBX) 84 %6 2247 W) R AT 45 M 413, 17 SCEP J5
TERERZ IR E] 100 26 I M B0 TIE R s ZERTIE Y 150 XF 28
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A Method for Equivalence Checking of Scientific Programs Based on
State Comparison of Execution Paths

Qu Haipeng, Zhang Minyuan, Han Qingdi, Lin Xijun
(College of Information Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: The computing equivalence checking of scientific programs is an important issue in the field
of scientific computing. Semantics-preserving transformation on scientific programs is quite common in
the process of algorithm improvement, program optimization, and version evolution. The same function
before and after transformation must ensure the equivalence of the calculation process. For this problem,
A state comparison of execution paths method—SCEP is proposed, which determines the equivalence of
calculations through constraint solving and precise comparison of the execution path states of different
program versions in the same input space. SCEP method was compared with the existing methods on the
spcLib test data set composed of multiple library functions. The result shows that SCEP can identify
more equivalent function transformation types, not only for “Fortran-to-Fortran” transformation, but
also for the “Fortran-to-C/C+ +”. SCEP approach helps to provide complete calculation equivalence
guarantee for the optimization and improvement process of scientific codes and the migration process
from Fortran to C/C+-+.

Key words: program equivalence checking; scientific codes; state matching; regression verification; se-

mantics-preserving transformation

REHE & A

(L#5 65 T)

Evaluation of the Effect of Anaerobic Fermentation of Sludge Pretreated with
Ozone in Different Dosages for Methane Production

Wang Taiheng, Chen Caixia, Wang Xudong, Li Xianguo, Zhang Dahai
(College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: The sludge in the secondary sedimentation tank was concentrated and pretreated with differ-
ent doses of ozone to study the methane production capacity of the sludge in the anaerobic fermentation
process. Experiments have proved that ozone pretreatment can promote the release of sludge organic
matter and the utilization of microorganisms to organic matter is improved, thereby enhancing the abili-
ty of anaerobic fermentation to produce methane. The SCOD content of concentrated sludge and the re-
moval rate of SCOD in anaerobic fermentation increased with the increase of ozone dosage. The methane
production is positively correlated with the SCOD removal rate. When the ozone dosage is 0. 24 g/g
TSS, the methane production from the sludge is the largest, which is 1.88 times that of the blank group.
Analyzing the composition of microbial diversity, it was found that the relative abundance of bacteria as-
sociated with the process of methanogenesis increased. The main methanogen in the anaerobic fermenta-
tion process is Methanosaeta. The increase in ozone dose is conducive to the growth of methanogens,
thereby enhancing the methanogenic effect.

Key words: ozone pretreatment; anaerobic fermentation; methane; microbial community
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