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Technique for Unit Testing
of Safety Software Verification and Validation

LI Duo, ZHANG Liang-ju, FENG Jun-ting
(Institute of Nuclear and New Energy Technology, Tsinghua University , Beijing 100084, China)

Abstract: The key issue arising from digitalization of the reactor protection system for
nuclear power plant is how to carry out verification and validation (V&V), to
demonstrate and confirm the software that performs reactor safety functions is safe and
reliable. One of the most important processes for software V&.V is unit testing, which
verifies and validates the software coding based on concept design for consistency,
correctness and completeness during software development. The paper shows a
preliminary study on the technique for unit testing of safety software V&.V, focusing on
such aspects as how to confirm test completeness, how to establish test platform, how
to develop test cases and how to carry out unit testing. The technique discussed here
was successfully used in the work of unit testing on safety software of a digital reactor
protection system.
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Fig. 1 Unit testing scheme
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/ * get get 2 out of 3 of three input data,

const

the acceptable value of the resultis 0 or 1,
with the meanings of logic trip or normal,
respectively * /

int get 2 out_of 3(int inDatal, int inData2,
int inData3)

{int mData[ 3];

int reData;

/ * initiate loval parameters with input data * /

mData[ 0 ]=inDatal;

mData[ 1 ]J=inData2;

mDatal 2 ]=inData3;

/ % 2_out_of_3 calculation, if there are no
any pair data are equal among input data,
return ERROR message * /

if ( mDatal0] == mData[1])
reData = mData[ 0 ];
else

R N EVES
if ( mData[1] == mData[2])
reData = mData[1];
else
if ( mData[2] == mData[0] )
reData = mData[ 2 ];
else

return ERROR;

/ * if return value is out of acceptable values,
return ERROR message * /

if (reData == 0 || reData == 1)

return reData;

else

return ERROR;}

T2y AR HE KR T 3, R T 58 B D g
Jo: 1) B IER AL RYIAG AL 3 DA A
mData [0,1,27]32) %f mData [0,1, 2] 14 #
AR B — A, AR WSS (AR A L DA
AF§ R [l 42 & reData, 75 M, & Bl ERROR
(“—17)33) I reData 25 & & 438 (6 R
“07E“1”) AR A L R [ reData, 75 0, 3R
i ERROR(*—1"),

N SEBLRR R get _2_out_of _37 MK, I
VectorCAST T H.4f B ## 37 8 A4 3 55, T
PEABRANT « 1) B &7 I ok E000 S 13 21 5 Al
BEH A get_2_out_of _3. ¢”1E A R £ il
Bl N B g A — B 2) PR “get_2_out_of
_37WA X e R R T T AN i T B
He33) VectorCAST fig B gl A= il 4K g A B, IF:
5 R R B get _2_out_of 37 &, M AT
MK ] 5 40 g 57 5 g B 00 5 9] 5 1 Vector-
CAST Hah#h AT, ic s Wl 45 8 . Fopk i iy
FETAEREAN i I . FEA R 72 7
e, I A 2 3 R I B e (R 3
B 2/37 55 F (0717 L il B A R B
ERROR(*“—17),

T 53 A SR s AR e R 2 5
Bl anlEl 3 B . s B #R e i AR RS R AR R A 4
A3 SR T BB IR R ) e A 43 SRR
FOD) R (2 1T UG R, 3 XA @RE S
A A W 5 A A B T 45 1 (reData= =0
Hl reData==1DEE (D) . BURE) & 1 K.
ML BT 5 AN ] I 4 Y o
IR 73 SR B2 TR 1.



6 A BRAE LA EF IR S AR A P A BT AR 555

R A
AR A A &
mData [0,1,2]

reData=mData[2] | |ifilEl ERROR

reData =0 or
reData=1?

1% [A] reData | | 1% [1] ERROR

B3 AR i A AE A

Fig. 3 Flow diagram of example program
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Table 1 Testing case design for example program

)3 6] W31 43 38
Bs
Data[0] Data[1] Data[ 2] iR [m] @) ® @ reData==0 reData==1
1 0 1 2 —1 F F — — —
2 1 0 1 1 F T T F T
3 2 1 2 —1 F T F F F
A 0 1 1 1 T — T F T
5 0 0 1 0 — — T T F

AT 3R D T 48] 1 0 i oA
Code Coverage for Unit: get 2 out of 3
Coverage Type: level a
Test Case: Aggregate
const ERROR=—1;
/ % get 2 out _of 3 of three input data, the

acceptable value of the result is 0 or 1,
with the meanings of logic trip or normal,
respectively * /

int get_2 out_of 3(int inDatal, int inData2,
int inData3)

{int mData[ 3];
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int reData;
/ * initiate loval parameters with input data * /

10 (T) get 2 out of 3

11 * mData[ 0 ]=inDatal;
12 * mData[ 1 ]=inData2;
13 * mDatal 2 ]=1inData3;

/ % 2_out_of_3 calculation, if there are no any
pair data are equal among input data,
return ERROR message * /

14 (DYEF) i
14.1 (T)(F) mData[0]== mbData[1]))
15 { % reData = mData[0];}
16 I else
if (C

16.1 (T)(F) mData[1] == mData[2]))
17 {* reData = mData[1l];}
138 (TH(F) else

if ((
18.1 (T)(F) mData[2] == mData[0]))
19 { % reData = mData[2];}

else {
111 * return ERROR; }

/ * if return value is out of acceptable values,
return ERROR message * /
113 (D E if ((

113.1 (T)(F) reData= 0 ||

JEFRERLF R CEVES
113.2 (T)H)(F) reData = 1))
114 { % return reData; }
else {
116 * return ERROR; }}
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