1. Definition
1.1 Confusion Matrix

Confusion Matrix Re-computation
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Observed defective

Observed defect-free

Predicted defective

True Positive (TP)

False Positive (FP)

Predicted defect-free

False Negative (FN)

True Negative (TN)

1.2 Performance Measures

No Measure alias formula
1 FPR f (probability of
pf (p y Fpr—_ PP
(False positive rate) false alarm) ; Type FP+TN
| Error Rate
2 FNR Type Il Error Rate
yp FNR = FN
(False negative rate) TP+FN
3 TNR specificit
p y TNR = TN
(True negative rate TN +FP
4 |ER _ FP+FN
(Error rate) TP+TN +FP+FN
5 Recall TPR (True positive TP
rate), sensitivity, TP+FN
pd (probability of
detection)
6 Precision TP
P=Tp Fp
7 Accuracy _ TP +TN
“TP+TN+FP+FN
8 FMeasure F1 I:1_2><p><r
p+r
9 MCC TP xTN -FPxFN
(Matthews Correlation V(TP +FP)x(TP + FN)x (TN + FP)x (TN + FN)
Coefficient
10 | GMeasure G1 1_2><r><TNR
~ r+TNR




No Measure alias formula

11 | g-mean P ™
mean=+/rxTNR =
9 * TP+FN TN+ FP

12 | bal ; :
aance o=y +(=pd)
V2

_1_,/(07FPR)2+(17r)2
- V2

13 | AUC

14 | Popt

15 | AcC

d (defect density) = — L TEN

TP+TN + FP + FN

2. Re-computation
Equivalent measures:
1) FPR, TNR ( FPR=1-TNR);
2) FNR,r (r=1-FNR);
3) ER, a (a=1-ER)o

Re-compute confusion matrix from given condition combination (pattern extracted from 48
primary studies).

ID | FPR| FNR | ER | p | F1 | TNR | r a d comment
1 N N, N

2 N, N N =1
3 N N, N

4 N N N,

5 N N, N

6 N N, N

7 N, N, N, =5
8 N N N

9 N, VoA

10 VoIV N,

According to section 2.1- 2.10, judge whether each experiment results is the following case:
1) Can be re-computed (checked), then do re-computation.
2) Error (not to do re-compute)

3) Uncertain (Can not be re-computed, unchecked)



Formulas:

pPR=— - P Ep_(_d)«FPR
FP+TN 1-d
PNR=—N PN EN—d*ENR=d*(-n)
TP+FN d
r= P =E:>TP=d*r
TP+FN d
%
D= P TP _TP*p+FP*p=>TP-TP*p=FP*p=>TP= P _pp_Tp*L_p
TP+ FP 1—p D
* Nk *
der=FPTR_ pp_(Zp)¥drr
1-p p

2.1 FPR, FNR, ER
ER = FP + FN = (1-d)*FPR + d*FNR = FPR + d*(FNR-FPR)

. ER-FPR
FNR - FPR

Thus,
FN = d*FNR, FP=(1-d)*FPR, TP=d-FN, TN=1-TP-FN-FP

For d formula, d>0 (ifd =0, it’s a error)

1) If ER-FPR70 and FNR-FPR7#0, then it can be re-computed.

2) If ER-FPRZ0 and FNR-FPR=0, then d=N/0, soit’s a Error.

3) If ER-FPR = 0 and FNR-FPR70, then d=0, soit’s a Error.

4) If ER-FPR = 0 and FNR-FPR =0, then d (0/0) is uncertain, cannot be re-computed in this case,
try case5(FPR, FNR, d) or case6(FPR, ER, d)

2.2 FPR, FNR, a

Because a=1-ER, itis same as casel (FPR, FNR, ER)

2.3 FPR, p, r
FP=(1-d)*FPR. = TP p_gxr
TP+FN  d
TP =TP*r+ FN*r=> FN = 20D _TPAD _ sy
r TP/d
*
PP TP_TP*p+FP*p=>TP-TP*p=FP*p=>TP =" P pp_Tp*(l_p
TP+FP I-p p
% _d)* %
TP=d*r=FPTP_(=*FPR¥D __ jur gar*prd*p* FPR—p*FPR=0
lI-p lI-p
* *
_.4___ P*FPR____ p*FPR

r-r*p+p*FPR r(l-p)+ p*FPR

Thus,

p*FPR

= F ., TP=d*r, FP=(1-d)*FPR, FN=d*(1-r), TN=1-TP-FN-FP
r(l—-p)+p*FPR



For d formula, d>0 (ifd =0, it’s a error)
1) [Ifp*FPR #0, and r*(1-p)+ p*FPR #0, then it can be re-computed.
2) Ifp*FPR #0 and r*(1-p)+ p*FPR=0, then d=N/O, soit’s a Error. (Impossible case)
3) Ifp*FPR=0 and r*(1-p)+p*FPR #0, thend=0, soit’sa Error. Including two cases:
A) P=0and r#0
B) FPR=0andr#0 and p+#1
**note: In coding, don’t need to judge case A) and case B)
4) If p*FPR =0, and r*(1-p)+ p*FPR =0, then d (0/0) is uncertain, cannot be re-computed in this
case, try case7(FPR, r, d) or case8(p, r, d)

24 p,r,a
r=— P TP gy

TP+FN  d
S TP=TP*r+ FN*r=>FN = 20D _TPA-D_ 4, )

r TP/d
%

p=— " S TP=TP*p+FP*p=>TP-TP*p=FP*p=>TP = P o Fp_TP*(L1_]

TP +FP I-p P

a=TP+TN=>TN =a-TP
FP=1-TN-TP—FN =1—-(a-TP)—~(TP+FN)=1-a+TP—-d =1-a—d +d *r

TP=d*r=FP* P —s(-a-d+d*n—"_
lI-p I-p

:>d*r:(l—a)%+d(r—l)%:>dr(l— p)=(-a)p+d(r-1)p

p(-a)

=dr—drp—drp+dp=(1-a)p=>d =
r-2rp+p

Thus,

__PU-8)  Tp—d*r, FN=d*(-r). TN=a-TP, FP=1-TP-FN-TN
r—2rp+p

For d formula, d>0 (ifd =0, it’s a error)
1) Ifp*(1-a) #0, and r-2rp+p*#0, then itcan be re-computed.
2) Ifp*(1-a)#0 and r-2rp+p=0, thend=N/O, soit’sa Error.
3) |Ifp*(1-a)=0 and r-2rp+p #0, thend=0, soit’sa Error. Including two cases:
A) p=0and r#0
B) p7#0anda=1and r-2rp+p#*0
**note: In coding, don’t need to judge case A) and case B)
4) If p*(1-a) =0, and r-2rp+p =0, then d (0/0) is uncertain, cannot be re-computed in this case,
try case8(p, r, d)



2.5 FPR, FNR, d

PN PN EN-—d*FAR
TP+FN  d
PR=— - P rp_(_d)«FPR
FP+TN 1-d
FPR = —"_ — FP*FPR+TN *FPR= FP => TN = "U_FPR) _ FPRU-d)I-FPR) =(1-d)*(1-FPR)
FP+TN FPR FPR

TP=1-TN-FN - FP

No special case, re-compute directly.

2.6 FPR,ER, d

TN =(1-d)*(1-FPR). FP=(1-d)*FPR.

FN=d-TP, TP=1-TN-FN-FP

No special case, re-compute directly.

2.7 FPR, 1, d
TN =(1-d)*(1-FPR), FP=(1-d)*FPR, r=— 0 _TP__qo_ s
TP+FN  d

FN=1-TN-TP - FN
No special case, re-compute directly.
28 p, 1, d
r=— 0 TP tp_gur

TP+FN  d
S TP=TP*r+ FN*r=>FN = 20D _TPA-D_ 4, )

r TP /d
sk

D= TP _TP*p+FP*p=>TP-TP*p=FP*p=>TP= P _pp_Tp*L_p

TP+FP I-p p
Thus,

TP=d*r. FN=d*(-r), pp= 1* _1p. TN=1-TP-FN-FP
p

For FP formula, FP>=0

1) If TP##0, p7#0, then FP>0 (can be re-computed).

2) IfTP=0,p7#0, then FP>0 (can be re-computed). (But it’s impossible case)
3) IfTP#0, p=0, thenit’sa Error (But it’s impossible case)

4) If TP=0, p=0, then FP is uncertain (cannot be re-computed)

**Note: In coding, combine 1) and 2), so only judge p7#0



29 a, F1,d

d=TP+FN=>FN=d-TP
a=TP+TN =>TN =a-TP

P TP

F1:2><p><r:2XTp+|:NXTp+|:p: 2*TP*TP _ 2*TP _ 2*TP
p+r TP N TP TP(TP+FP)+TP(TP+FN) 2TP+FP+FN 2TP+(1-a)
TP+FN TP+FP
:>2*Fl*TP—2TP+F1(1—a):0:>TP:M
2(1-F1)

Thus,

p_Fl0-3)  tN-a-TP. FN=d-TP. FP=1-TP-FN-TN
2(1-F1)

For TP formula, TP>=0

1) [If F1(1-a)*0and (1-F1)70, then TP>0 (can be re-computed).
2) IfF1(1-a)=0and (1-F1)70, then TP=0 (can be re-computed).
3) IfF1(1-a)70and (1-F1)=0 ( F1=1, a-*1), thenit’sa Error.

4) If F1(1-a)=0 and (1-F1)=0, then TP is uncertain, cannot be re-computed in this case.

(thatis to say, a=1and F1=1)
**Note: In coding, combine 1) and 2), so only judge (1-F1)7#0



2.10 p,F1,d

%
Fl= 2P Fspy Fl*r—2m=0=>rQp-F)=Fl*p=>r=— L P _TP
p+r 2p-F1 d
* %
:>TP:d Fl*p
2p-F1
d=TP+FN=>FN=d-TP.
*
p=— 1 TP=TP*p+FP*p=>TP-TP*p=FP*p=>TP="" P o pp_Tp*(l .
TP+FP I-p p
Thus,

p_d*FI*p  EN—d-TP, pp_ TP _1p. FP=1-TP-FN-TN

2p-Fl p

For TP formula, TP>=0, d>0

1)
2)
3)
4)

If d*p*F170 and (2p-F1)70, then TP>0 (can be re-computed).

If d*p*F1=0 and (2p-F1)7=0, then TP=0 (can be re-computed).(Impossible case)

If d*p*F170 and (2p-F1)=0 ( F1=1, a*1), thenit’s a Error.

If d*p*F1=0 and (2p-F1)=0, then TP is uncertain, cannot be re-computed in this case.
(thatistosay, p=0, F1=0)

**Note: In coding, combine 1) and 2), so only judge (2p-F1)7#0

For FP formula, FP>=0

1)
2)
3)
4)

If TP=~0, p7#0, then FP>0 (can be re-computed).

If TP=0, p7~0, then FP>0 (can be re-computed). (But it’s impossible case)
If TP~0, p=0, thenit’sa Error (But it’s impossible case)

If TP=0, p=0, then FP is uncertain (cannot be re-computed)

**Note: In coding, combine 1) and 2), so only judge p7#0



