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On Analysis of Characteristics of Flowgraphs and
State Transition Diagrams by Numbers of Paths

TADAO WAKASUGI

Concerning the flowgraphs and state transition diagrams, a sequence of consecutive links
of L is defined as a path of length L, and the number of paths of length L is described as
Pp,. Path vector {Pr,} means sequence of Py, and the increasing rate of Py, means Py, /Pp.
Path vector {Pyr} is calculated by connection matrixes. Py, represents the characteristics of
flowgraphs and state transition diagrams. For example, P; represents volume of them, Ps
represents the degree of complexity, and the limit of increasing rate represents the difficulty
of path coverage testing. Flowgraphs and state transition diagrams are classified in 3 classes
depending on loops contained. When L increases, (1) if no loop is contained then Pr, becomes
0, (2) if loops have no common node then Py, increases at a rate proportional to a power of
L, and (3) if loops have common nodes then Py, increases at a rate proportional to a expo-
nential of L. To show the usefulness of the concepts of path vector, some samples of program
structure, and the communication protocols are discussed.

Feb. 1999

1. L ®IC

T U7 T LOBMEEDREILDWTIRE { OFF LS
REENTVD, BELEMABELLTAT - A
FEABH B, THIZTOATTLADR) - L% ET
P THEESRER L CWwWWwWEEZ NS, Fuas
T hDBEOER S LTRTREL LT, McCabe®
A rueF v 2 BFEHS. ThEX Q) DL HTY
Yo L) —FOELZIWHEORE L LY, Tus T
LDBBIIRE W,

t BEBERER I VS L P T 4R
WAKASUGI Information Technology Consultant Office

742

FAruvwForB=()rr8) - (/-F)
+2 (1)

XM LAREE LT, FursaetR
V=8 EF R Y FICHELTHREER EPRE
ENTWBS),

INLDIEMIHTIT T LAOWEERTIELS
<, 31D DIBELFIE LB L CVAMOH Y,
BRVETERPRERIN LT — Bk & & BEMTT
FORLEHDEMITIFRALNTWEDY, NDEEE
RIDICHRERERE, WHLR L OBBEILER &
I, T T LOFEEERTICOTHR LT o
FHRE, BRI WL DL OBEISLETHY, ¥
TIOATFGLDA M)y 7 L@EIBHILREDR, FO
TLV—LT—IPLEZEZ) VIR RENT



Vol. 40 No. 2
Flowgraph
(A~(B)
OnG
Path vector

{P.}= {5, 4,2}
Increasing rate vector
{PL*I/PL}=[4/5,1/2}

T =557 RREBBRIOFERD /S AKX 5547 743

Connection matrix

A B C D E F

T Mmoo O W >
[~ I -~ AR~ -}
o O O O O
o O O O - O
S O O O =O
o O O = O O
(=T R~ A = A

H1 A—TFEHLLwTIU-Y 57 L ZOEKATH), {PL}, {Pry1/PL} O—H
Fig. 1 An example of a flowgraph contains no loop, its connection matrix, path
vector {Pr} and increasing rate vector {Pr41/Pr}.

V15 508)

ZIT, Tursa (F2ixSOban) o
270757 (FITREERR) ONSAOKTE
FTIEEEZDL. NAOBICZEDLLEBII/NAH N
VIFAMERHURTBILIZHB. RAHNLVIF
AMRBHEL DL ILFERENRTEYD®, Fursa
DT RCONAEZRBREE THAN— LTHIATRIET
T3 %l bl dhH, LIDoT, NADOHITHER
DFBRLT -~ DESICHRTHIEELS.

LHAL70y 7LV RHNENADE ST
BRizk b, 79V F 0TI A0 E8UIREMn
T 5. Kix, SAOEIFT OS5 ADEEIZE -
TEIABDLEPIZOVTHZEL, NAXRZ MV EWVS
R A RE L, EBRME~ERT5. 2L, &
ZTIR/SA L RBROBBROERIIFIORITIIWT N Y,
TU—7 57 ENRABMOBEROGHIBET S,

T, 2BT/HRANRS PIVOERE ORI L
BHEHWL, SETEH/SARZ bLESF A 70Ty
IR ELDOBREBNR, ABTL—T LINARS b
VOBRIZOWTHIL, 5BET/INANRY VDA
BIZRL, 6BTTLOELSBROBEL RS,

2. XX¢70-957

TU—=F SR ) —FeZFnzoul)rohbi
5. REEBKTIE, /—-FiZ1o0kE V7
REOEBREERT. —H 70l 5008121, V>
ZiEE7 AV (HEERCAREAEEE 2 V—EDR
F—FAVFN) BEL, /J—FREFAPEET R
M OBOFIEERAREERY. U AT
AVEEYIITEL )R TERTZ7O-F 57
b Ll DA, RELTEHIM 7) ICHEVEiEE
Lh. 2OFVREERROEX L -T2 56T
5.

FPRIRE L TROERZT 5.

AR . 70— ST7DNRALIER, £ED/—F»5H

BLEED ) —FTHRbIERLZY Y 2OV -
AW, NAXEBRTE) Y OB ESADES
Evw, BES L ONXAOEREY Pp LERT5. F
7z PL+1/PL % P OB LR,

M1o7u—rS5708 P, /—FAD»S/—
FBIfT /A% AsB LET &

e ¥ 1 m/¥A : A>B, B~C, BoD, C—E,

DoF O 5K
e EX2M/8A : AB—-C, A»B—D, B»C—E,
B—»D—F D4 %K
o 33D/ AX  A5BC—E, ABoD—SF®
2K
kb, FEOTO-T I TONRIDEEE T PV
DT {PL} = {5,4,2} LEEL, /SAXRZ P L
Vi,

TO=7 573 EGERSATYTORSNS, EET
FIEER LISRT LI, 70— 57D ) —FO#K
BNBEOFEENXNDOTIN) Y I AT, Ki, j B
FZ/ —Nidb/—F j O IOREERT. i,
FEEVOEWIHIT LR, i & )7 TohMo
TWEWIERRT, 2H)LTE-f75le M &L,
DY) I AD G, jERE my; ERTE, 175
Mx M OFEEIL,

N
Z M4k X Mij (2)
k=1

LY, THRE/-F iR =N jICES2TE
B2 20BHEERT. AL TTE ML 0F
FOAFEIES L ORA0BEEYET.

P iZDWTIEROEERNHIT 5.

FHEL1: 70— 5722o0wT, J—-FO¥E N, 1
DD —FPOMBI) VI DBRKEKE K L35L,
ROKHEY LD,

PL<NxK*~ (3)

GEEA: 12D/ —F2od )y 20BOBRKY K



744 TEHLHEF SRR ICRE

Feb. 1999

O O O O O OO
O - O OO O
OO OO O
O O O O - OO0
O o O N O oo
o0 O QO = OoC
o - O O O OO

1234567891
Path length 0

Path inc. rates

1234567891
Path length 0

a: Bubble sort program, b:

path D—B is added

B2 NTAY-b070-YF7LEOEMTH, {PL}, {Pry1/PL} OF)
Fig. 2 An example of a flowgraph of bubble sort, its connection matrix, path
vector {Pr} and increasing rate vector {Pr41/Pr}.
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Fig. 3 Examples of flowgraphs which have loops without common nodes, and

graphs of their path vector {Pr}.
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Fig. 4 Examples of flowgraphs which have loops with common nodes.
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TU—2 57 OADEEEE S NIRRT/ SAN
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DIEREHBT .

(1) PLd7us a0, P, I37 7 v FOH/,
P OBIMFRIRBRO LIS SR TLEEILON, Z
XY 7a7 5 Lh0EOHEERTIENTES
ZERFNCE o TRL .

(2) 7u—F 5 7FFRIEITNBEIN—TITE-T,
LakDk X2, XKD3ODFATICHETELIL
REERH L 72,

(i) W=7 ORVEEITE, PL—0

(ii) W—TR2EAREDON—THEED ) — N EFHL
HRWVIBAIE, NAKIEZ L 0FBEBRTRHAS
N, ZOWMEORMTEH -1

(iii) 22 EON—=FHEL/—F 2RET2HE
i, AT L oXREFTHEML, F0¥
IR OBMEH - C > 1

(8) /SANRZ MV X BEHMEOGH & LT, Bk
O I ARBETEIDDT AR FA VERLTHE
EibFOr IV OBRBERB LA T VR
Kb 7OQIINVDIDODTTADINANRY M VR
QDA

Lfsld, IRANZ MV EISAHNL VREBE BFED
1), BEZT-BEEET S HEEMRETHTET
H5.
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