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TCAS

Traffic Collision Avoidance System

Traffic Advisory ~ Resolution Advisory
(a warning to look for traffic (a command to climb or descend
— no action required) immediately to avoid a collision)

Intruder
Aircraft

e

. Collision Area
Warning Area
. Caution Area



TCAS

Traffic Collision Avoidance System

int Cur_Vertical _Sep; // SgEE|EME

bool High_Confidence; // BIERESENE

bool Two_of Three_Reports_Valid; // =HIRERESZEDFRHER
int Own_Tracked Alt; /! NS E

int Own_Tracked Alt Rate; // BHNEERE

int Other_Tracked Alt; // NHERISE

int Alt_Layer_Value; /! SEEHR

int Up_Separation; // BELEBINTZERE

int Down_Separation; // BTN ZERE

int Other_RAC; // NHE RN ILEE

int Other_Capability; // WA YILESEERESB TCAS BN
int Climb_Inhibit; // EEHNHEIEF

// Resolution Advisory

#define UNRESOLVED 0@ // PAEROEREILEIN
#define UPWARD RA 1 // XA @ ik E

#define DOWNWARD RA 2 // BN ek



A=

E Elﬂ“ ﬁt

o| E AR ERFE = ANl 9 A& B9 . Fault = Error — Failure
& Fault —EFREERBREF
O REIRERBREENITRA SEE4& Fault
C IEEME SR E— IR

(Structure Coverage)




Zhat

1ZHRE (CFG) IR T ZiE
RS EEN—MMAI(

o Z& = Nodes F Edges (Paths)

o UISREE?

=158

g]

FINL = B BB

g%, NBE

X

| public roots(double a, double b, double ) [ .

|doubleqbb4ac|

g>0&&al=0

// code for two roots

// code for one root

// code for no roots

return

!



IBOES

Statement Coverage

BE&EEMTEY

if( High_Confidence && // A
Own_Tracked Alt Rate <= 600 && // B
Cur_Vertical _Sep > 600 ) // C

Confidence Alt Rate Vertical Sep

ts 1 500 700 T T T




PTRES

Branch Coverage

22T THER True X False 0%

if( High_Confidence && // A
Own_Tracked Alt Rate <= 600 && // B
Cur_Vertical _Sep > 600 ) // C

Confidence Alt Rate Vertical Sep
ts 1 500 700

_|
_|
_|

to 0 500 700 F T T




Demo

LCOV - code coverage report

Current view: top level Coverage Total Hit
Test: TCAS Coverage Lines: 79.7 % 69 55
Test Date: 2026-08-23 20:36:31 Functions: 88.9 % 9 8

Branches: [[NEGSEEE 48 21

T
i -EE_IEIIEEEIIEIIEEEIIEI
tc

as/ | 79.7 % 69 55 21 88.9%

Generated by: LCOV version 2.5-0



PTRES

Branch Coverage

B ER T FAIERN True X False 773% (see tcas.c.gcov)
branch 0 taken 1

if( High_Confidence && // A branch 1 taken 1
Own_Tracked Alt Rate <= 600 && // B branch 2 taken 0
Cur_Vertical_Sep > 600 ) // C branch 3 taken 1

Confidence Alt Rate Vertical Sep
ts 1 500 700 T T T
to 0 500 700 F T T

J BEELIFRELEXTE R (CIESRIEEKIE)
B ENERIFGEMN CFG FREEIEFIRID




PTRES A

Branch Coverage V \f
- L B False
Bm T FIER True 7732 H False 773% y {
if( High_Confidence && // A C False
Own_Tracked Alt Rate <= 600 && // B . .
Cur_Vertical_Sep > 600 ) // C / \
True False
Confidence Alt Rate Vertical Sep C
t 1 500 /700 T T
to 0 500 /700 F T T
t3 1 700 700 T F T
ty 1 500 500 T T F

P LEAYZ 2 100% B9 Branch Coverage
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FxHES

Condition Coverage

BEE I FMAY True T False BYE

if( High_Confidence && // A

Own_Tracked_Alt_Rate <= 600 && // B

Cur_Vertical _Sep > 600 ) // C

Confidence Alt Rate Vertical Sep
t 1 500 700 T T T
t3 0 700 500 F F F

j 535531"37?75: C 1|:| = E’]%_LEQX1E




FxHES

Condition Coverage

BET T KHRY True # False BUE
if( High_Confidence && // A
Own_Tracked Alt Rate <= 600 && // B
Cur_Vertical _Sep > 600 ) // C

Confidence Alt Rate

Vertical Sep

1 500 700

700 700

0 500 700
1
1

500 500

—~ |||

B
T
-
E
T

M| || - He
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=HHEES

Compound Condition Coverage

B&E N DFRERFRE 2N MEVEAS

if( High_Confidence && // A
Own_Tracked Alt Rate <= 600 && // B
Cur_Vertical _Sep > 600 ) // C

Confidence Alt Rate Vertical Sep
ty 1 500 700 T T T
to 0 500 700 F T T
ts 1 700 700 T F T
ts 1 500 500 T T F
ts 1 700 500 T F T
ts 0 500 500 F T T
ty 0 700 700 F F F
ts 0 700 500 F F T




ERRER S

Modified Condition Decision Coverage (MC/DC)

S RERMUTEMHEOER (R HEONE SBE MR EORE)

if( High_Confidence && // A
Own_Tracked Alt Rate <= 600 && // B
Cur_Vertical _Sep > 600 ) // C

Confidence Alt Rate Vertical Sep
ts 1 500 700

700 700
500 500

M| || - He

B
T
-
E
T

to 0 500 700
1
1

—~ |||




BEURRFHES

Modified Condition Decision Coverage (MC/DC)

FPFEMU2FENERR (FEHENSESHNETFIEERNE)

if( High_Confidence && // A

Own_Tracked_Alt_Rate <= 600 && // B

Cur_Vertical _Sep > 600 ) // C

Confidence Alt Rate Vertical Sep B C
ty 1 500 700 T T T
tz 0 500 700 F T T
t3 1 700 700 T F T
ty 1 500 500 T T F

ERFMGF A NESHENTHIEERINE




BEURRFHES

Modified Condition Decision Coverage (MC/DC)

FPFEMU2FENERR (FEHENSESHNETFIEERNE)

if( High_Confidence && // A

Own_Tracked_Alt_Rate <= 600 && // B

Cur_Vertical _Sep > 600 ) // C

Confidence Alt Rate Vertical Sep B C
ty 1 500 700 T T T
to 0 500 700 F T T
t3 1 700 700 T F T
ty 1 500 500 T T F

KA B NESEENAIES RV




BEURRFHES

Modified Condition Decision Coverage (MC/DC)

FPFEMU2FENERR (FEHENSESHNETFIEERNE)

if( High_Confidence && // A

Own_Tracked_Alt_Rate <= 600 && // B

Cur_Vertical _Sep > 600 ) // C

Confidence Alt Rate Vertical Sep B C
ty 1 500 700 T T T
to 0 500 700 F T T
t3 1 700 700 T F T
ty 1 500 500 T T F

R FME C HESHETHIEERINE




ERRER S

Modified Condition Decision Coverage (MC/DC)

S RERMUTEMHEOER (R HEONE SBE MR EORE)

if( High_Confidence && // A

Own_Tracked_Alt_Rate <= 600 && // B

Cur_Vertical _Sep > 600 ) // C

Confidence Alt Rate Vertical Sep B C
ts 0 700 500 F F F
to 1 /700 500 T F F
ts 1 500 500 T T F
ty 1 500 700 T T T

1Xi# & MC/DC 137
Unique-Cause MC/DC &

Masking MC/DC



Quiz

BEATHIRIDIRITHRIESURES M EE (MC/DC) Bl

if ( enabled &&

((tcas_equipped && intent_not_known) ||
ltcas_equipped)

151

N
7T

20



Quiz

15N MR # R BB URSRFMHEE (MC/DC) BRI A BIS

Al

if ( enabled &&
((tcas_equipped && intent_not_known) ||
ltcas_equipped)

enabled tcas_equipped intent_not_know Iltcas_equipped
t T T T F True
to F T T F False
t3 T T F F False
ty T F F T True

21



ERRE RS

Modified Condition Decision Coverage (MC/DC)

@ MC/DC 2R Z R BEHENEE R ENNNTNES

e = (DO-178B/C). jSZE (ISO 26262).

62304). EEKE (EN 50128) =

o HY "BTRHEFETNIRIREGS
7w M T X Specification NB &

R

-

. (IEC 61508).

/EN
%J7 (IEC

V" NEKAE—TERRE L
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BEURRFHES

Modified Condition Decision Coverage (MC/DC)

@ {B5% B MC/DC RIEKE—F “MitE 5"

if( A && (B || C) )

011

001 -/I

010

—

—

111

- & MC/DC B9

~ 100

110

3511
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BEURRFHES

Modified Condition Decision Coverage (MC/DC)
@ {B3% & MC/DC RAHEHKE—T "Mt E 5"

if( A && (B || C) ) // EWESCIND A XNOR (B || C)
"Bk M TEAMEEBRNSEEN True, RNEIRTZERA False

KRS, TEE—AEAR A R

A M H B FH A~
# MC/DC %3

>
v

AAAAOOOO
—_ [ 2 O O 1 -~ 0O O

C
0
1 0
0 0
1 0
0 0
1 1
0 1
1 1

- | = 1O O 0O O
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ERRE RS

Modified Condition Decision Coverage (MC/DC)

@ ARARBEZER LAY

if( A &

001

000

(B || C) )

_}I

010

/

"B FREFRIE MC/IDC BETEES

// IEFESEINA A & (B && C)

pected 0

actual = |

110 expected = 0
actual = |

- 100 AT, 32 MC/DC BZ=H
T3 P 1B €2 BE fh 42 1% ER A

25



ERRER S

Modified Condition Decision Coverage (MC/DC)

@ ARAREZEFEY "WE" RiZEFHKiL MC/DC BELSEE

// if( A && (B || C) // 1EMEIN A & (B & C)

1R

#HEX B || C BY MC/DC B=

k WHEXN A& S B MC/DC BE
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ERRER S

Modified Condition Decision Coverage (MC/DC)

@ AERAREZRAMET "NE" FiEFXK1L MC/DC ZETEEE

// if( A && (B || C) ) // EMSEIINA A & (B && C)
bool S =B || C
if (A && S)

0 0 1 0 0

0 1 0 0 0

1 0 0 0 0

1 1 1 1 1

(BIXPONNA B B H A X RIGRIATVRY MC/DC B &
"WE" FEEILE ZRMKBHIE#HE MC/DC, (BHEY "BEEMIXEEN" B9 M




/
RIEEE
All Path Coverage
2 & ChERFIA FTBERYHATES 12
o #XJ CFG BB R

. T unbounded loops BIFEEAANAI1T
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AERBFBIEEE

Boundary Interior Path Coverage

RIEMHRIPTE AT RERS 12

2232472

2232627242

2326282742

* FIFEZNBENEMRAAETTREAR

* AAREZTRIMITIFERRE
(Loop Boundary Coverage)

29



B REES

Basis Path Coverage

2 &AL ESTZ

. L){—/\*EEQ% 3837 (linearly independent) BYE

AEEEERZIBET CFG R E]

o ERIRIZAVEN= (upper bound) = CFG HY
E|E Z2Z (cyclomatic complexity)

V(G)=E-N+2P =4

30



/
EAREES
Basis Path Coverage
2 &=V PRIHI K1
o NBEREARBRIT—FMHAN, %

/|\

2/DEE—%KZG 5038

HE1E

\

12223245

122234523345

1222326272245

12223962827 4-5

©0C

@
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Compound Boundary

Condition Interior Path
Generally Impractical

Practical

Basis Path

Branch Condition

A4

* BT FRIBERTENX

|
\ 4
Statement



REEEAHI BN

Reaching specific code can be very hard

L BlE R R Rt AR e R E T aTHIE =
HI{AS (e.g., due to defensive programming)

// require
need_upward_RA = Non_Crossing Biased Climb() &&
Own_Below _Threat();

// require
need_downward_RA = Non_Crossing_Biased_Descend() &&
Own_Above Threat();

if (need_upward_RA && need_downward_RA)
alt_sep = UNRESOLVED;

33



REESOUHAMRUHERISTR

Coverage does not guarantee anything

L NI EFENESIFEAIER o CBEE 71T, MABES IR
o IE@RAT

int Positive RA_Alt Thresh[4];

int ALIM(void) A
// using any value in [0, 3] will reach 100% code coverage
// but still fail to trigger the array out-of-bound access
return Positive RA_Alt_Thresh[Alt_Layer_Valuel;

}

34



IEIIMARISEE

MR A it AR E ZB M E RS NIEBEERER 7
RENNEEERANCERERERSNNILIRE
c ERSHNBEEEEZIZ AR

s TAEN—RBLEREDRE

SER = BN EI Lt

SIFEEERIESRNETH (e.g., 60% as acceptable, 75% as
commendable, 90% as exemplary), MAEE BHIEBXKEX SBER

DR AR ESZINEREZETH, HENIEXER

AR E S AN Z B8 585

SRR, —TRENEBEZENEE

HEFSHNNAL, RS
(cost-effectiveness HYFX 1Y)

B Al R M AR AR & B P
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e A L

INERA] R B MM N = (8]
) Al AN AT B —LEX] 73 (Partition)
O MRS F IR & 4R RE1T VA X 2 2l —#E Gd FMsE
NI NZ IEUEI’JHU\ (homogenous) 1%
. EETFMNERENLRAE—T T 5




SHESvs)

YFRIZF 2 (Equivalent Class) Xl 70 & BB 1N RZ R AR ZIIAIR

« REFMRE

. WERFRTIN T MEHBENTH
- EFRFHOIE. HASKITE, BEN NS
. FABENL

c MERERFEGEBIELITIEALIE

* MAE

3/

it

—

-
®

+ REMEART
+ EMERIS THEENSNE, AR RRIUEEN

s L
RESRKAABNEIZHIV, FRARBINIR
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SHESvs)

Z 2 TCAS BUHINS I

bool High_Confidence; // BIERESERE

True | False

int Cur_Vertical Sep; // SaIEEH|EIE

BN EREIE (700) | AEEZERBIE (500) | IBEE (-1)

int Alt_Layer_Value; /! BERR

BRERO | BR1| BhR2 | B3 | dBAE <0 | FFE(E >3

38



FNLil o

f7 7T BN ZEY, BENRBREMITSHENXAEEE
int Own_Tracked Alt; // BUSE
int Other_Tracked Alt; // NHERIEE

High | Medium | Low 2

Own_Tracked Alt < Other Tracked Alt // i UNRESOLVED 3y UPWARD_RA
Own_Tracked Alt == Other _Tracked Alt // %+ UNRESOLVED
Own_Tracked Alt > Other Tracked Alt // ', UNRESOLVED g DOWNWARD RA

39



AFED

HERIE N BRIBA A RIE RIR R I

// MRTHNEESEANEY 600

if( High_Confidence &&
Own_Tracked Alt Rate < 600 && // should be <= 600
Cur_Vertical Sep > 600 )

Confidence Alt Rate Vertical Sep
ts 1 ? 700

#2d F1E (700) | N8I EME (500) | IEAME (-1) | 5HE (600)

Expected = True, Actual = False

40



AFE D

SAFBRNLIEREREXLREF L EZLINTEIR

(off-by-one error)

void foo(char *xs) {
char buf[15];
memset (buf, @, sizeof(buf))

strncat(buf, s, sizeof(buf)); // should be sizeof(buf) - 1
¥

C EEK#EX char xstrncat(char xdest, const char xsrc, size_t n)
=& src FifEMFAEFHRSZ n TFFAIEMNE dest FRIIERIFRBHNER
(1ZEREA] memset () XF length WAEART—)




GREP

Print lines that match patterns

SYNOPSIS top

grep [OPTION]... PATTERNS [FILE]...
grep [OPTION]... —e PATTERNS ... [FILE]...
grep [OPTION]... —-f PATTERN_FILE ... [FILE]...

DESCRIPTION top

grep searches for patterns in each FILE. In the synopsis's first
form, which is used if no -e or -f options are present, the first
operand PATTERNS is one or more patterns separated by newline
characters, and grep prints each line that matches a pattern.

Typically PATTERNS should be quoted when grep is used in a shell
command.

A FILE of “=" stands for standard input. If no FILE is given,
recursive searches examine the working directory, and nonrecursive
searches read standard input.

OPTIONS top

Generic Program Information
—-help Output a usage message and exit.

-V, --version
Output the version number of grep and exit.

https://man7.org/linux/man-pages/mani/grep.1.html



https://man7.org/linux/man-pages/man1/grep.1.html

Category Partition

SLIL A SRR s A 8 IR O A\ =[BT A )
o oMMEMHF1T HRIKEEIEILE Z (Categories)
o BTREEXNNAICRMEEE / FZE (Choices)

- Cateqories

Parameters and \

Environment 4|l Categories
_ d
Objects ul

Requirements

N/

Categories

Thomas J. Ostrand and Marc J. Balcer, The Category- Partition Method for Specifying and Generating
Functional Tests, Communications of the ACM, 31(6): 676-686, 1988



Category Partition

9{o]$% Categories F] Choices [G Mk Hixd 152 BARZIIAIR
o MIARBMREM (e.g.,length, type, range, format, ...)
o MIAZIBJANKZA (e.g., relationship between A and B, ...)

o IMBZKY (e.g. file existence, permission, size, ...)

o FEFAVIRZ (e.g., logged in, logged out, ...)



Category Partition
A Simplified Example

SYNOPSIS top

grep [OPTION]... PATTERNS [FILE]...
grep [OPTION]... —e PATTERNS ... [FILE]...
grep [OPTION]... —-f PATTERN_FILE ... [FILE]...

DESCRIPTION top

grep searches for patterns in each FILE. 1In the synopsis's first
form, which is used if no -e or -f options are present, the first
operand PATTERNS is one or more patterns separated by newline
characters, and grep prints each line that matches a pattern.

Typically PATTERNS should be quoted when grep is used in a shell
command.

A FILE of “=" stands for standard input. If no FILE is given,
recursive searches examine the working directory, and nonrecursive
searches read standard input.

OPTIONS top

Generic Program Information
—-help Output a usage message and exit.

-V, --version
Output the version number of grep and exit.



Category Partition
A Simplified Example

Parameter

Category

Choice

Pattern Pattern 3Ej& first operand | -e (regexp) | -f (file)
Pattern £{= one | multiple
Pattern [LEC1TH9 no match | exactly one match | multiple lines
match | match more than one patterns
File File 3\ one file | multiple files | "-" (stdin)
File A& empty | one line | multiple lines | last line has no
trailing newline
File IA7S exist and readable | exist but unreadable | does
not exist | directory
Search Search {23 non-recursive | recursive

MEIXEMANT B AN 3 x2x4x3x4x4x%x2=2304

46



Category Partition
A Simplified Example

Pattern & = first operand
Pattern = = one

Pattern ILEZ{TAN = exactly one match
File @A = one file

File RS = one line

File RS = exist and readable

Search &R

N Category HIE— Choice B A%

(FEH

non—-recursive

— DALY AT R BRI R )

— I HAZRAY Test Case

47



Category Partition
A Simplified Example

Parameter  Category Choice
Pattern Pattern 3Ej& first operand | -e (regexp) | -f (file)
Pattern Z\= one | multiple
Pattern [LEC1TH9 no match | exactly one match | multiple lines
match | match more than one patterns

M BPIEZFELIR (Constraints)

if Pattern PSEE1T A = match more than one patterns
P

then Pattern #{= = multiple

48



Category Partition
EAZNESTIDFES T Category Partition RIFHEBNB AN
RAZBEETA
« AIIARIFIRIR R AR
o ATAR BB EHKRIMIN (function, module, system)
+ FTLAZEBhIRES SR ORI 1
o TRABIRNAZ AR PR AR A —EX VTR

49



L 4

HEM & RSN

o« HEMh
o ETUHEIIT NI
o Mzt EARSCENAYER(F9T 79 (implemented behaviours)
o EEMh
o BTSRRI AR A
o MPWFNTLAERIERGF1T Y (specified behaviours)
o XLpxRENAMNALI
o BEIHTETISIRIARNNL, ZEIMINES
o« REE=RBEWESE. FHITHENAVNE

~




