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Abstract

A new graph problem is formulated to limit the maximum path length of a general directed

graph when a minimal set of vertices together with their incident edges are removed from the
graph. An optimal algorithm and a heuristic algorithm are proposed and the proposed
heuristic algorithm is shown to be effective through experiments using a collection of graphs
obtained from large sequential circuits. The heuristic algorithm is based on a feedback vertex

set algorithm based on graph reduction.
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level =0
initialize paths
while (level(d) dol
for every path P {
expand it into paths
through all outgoing edges
for each resulting path {
if (terminal node is starting
node) enter in the cycle
set
else if (terminal node is
in the path P) discard it
)
delete all paths whith cover
any cycle found so far
}
increase level
1
Construct and solve
the constraint equation
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Fig. 1. Optimal Algorithm.
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Fig. 2. 5 Graph Reduction Operation.
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initialize queue
while(graph is not empty) {
while(queue not empty) {
pick a node from the queue
and apply an appropriate
operation
}
if graph is not empty {
apply heuristic
selection to delete a node

J8 3. = agad de] e
Fig. 3. QOutline of Graph Reduction Process.
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t} o)+ Shamird) ¢we]&g o7t MygAR] Zlex
# 5E a#Z(flow graph)® A% A & Foh
CA¥- Chengs Agrawal®] =%l & 32& S-2
AzolAe) Ha AR e 2] =72 e
! Cheng¥® Agrawal® =2]3z2e] 3 23 A¥
AA FAE fste] S-aHEE Aoty HEAQl F

[}
=

¥ 32 % BFE %1%
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H O
a =

4 A% k= A g o]g43le] HE Tl
o} AEAQ FHa Af == A dwE A =
E Aol S Bas sln e S8 A7kE 8
Fack4t op/LBE HAse @i HA A
(lowerbound)E vepdrt 2= sz Smith/ Wal-
ford @aE]FE o4l doAu HA AA=
3.1.2 Aol 71&gt s o) 8s) dojAlrt 13207,
$35932, s5378, s9234% wlwA £ 32&5 FH3I=
S-zaze] A9 HHAE 2& 5 Uk ke
$359322] S-msti Tl elRAE ElE(two
way reducible graph)el7] wFolr} o]5 z1z3ze]
7% Rosen dwalE: A &8 & < ¢ stk
GS A" H-g 2183 A9 51320734 s92349] s-L
P ollx] 263} 362 U] Awle] a2 sht A
7} whg Fale] 2tk 592342 734 GS A9 #HE A}
4 3k 55 7B xEF ZE S 7™ ¢ Atk 2
2t 2749 FAeg e Fi A AR A
Fezre AAE) 514233 5158503 Zll= A}
odwelEe FHA ALl 23F g de 5 ok
5384173} 538584¢] #$ fele s BE A
AAE 7 e vk ek GS A= HE ARSRE
A daElEes FHix A% x= AHYE SUN
SparcE AHEsEl] 10 Well 78 4= vt

j
E.t

[

E:d 1. 32 A% x= 4o =37
~ Table 1. Minimum vertex set size.
$-2H%  FF GS | GP SIM| R CA ' oP/LB
sl423 | 74 22 | 22 21 | 31 21 20°
5378 0 179 . 30 | 30 : 30 | 32 . 32 30 _
 s9234 12280 53 | 53 | 53 58 | B3 . 53
. s13207 1869 59 | 59 | 59 69 | 6l 59
| s15850 597 90 92 | 92 137 | 95 = 86"
$36932 1728, 297 297 | 297 297 | na 297
__ 838417 1636 | 374 374 | 374 374 . na na
38584 1452 | 294 305 297 297 na na
olzke AYPAMRE AL daeiFoe] Fatellx] eh

v S-eiEeld Fa A k= AFE T o
of-$- aabE S o 4 3ltd. Rosen®] T4F dxels
L zeEr)l E2% oz R8s o del
H] ®£84YS o 4 ok Cheng® Agrawal®] &
= $5398, 513207, s1423. s15850%9] S-mr#jxe)
7As HAze} 2 Azt 9B sk o714
Q&3 5 259 =FeA 715E A9E 3ty
$lolAl g8 F AHolrh

% 28 AHed SoEE F owwA & g ZEe|
GS A duElEs A oo Ay AkE 2o
Zu}, vhepd A17Re- SUN Sparc 10 Adelld] ARgx}
A7he Vehdck ¥ e Aol A A7k #3 gk

(JNp-
=
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o FoFT} Ad AR e} ox]] o) e o
gz B4 et e 2o «lE &9 1320780}
5158500] H& A& 7HAER o] 7 3 A7)
28 Db 22 o719 471 A A7k A4 e
g 84 o) $384179 S-T1HlEZE 538584
o] S-oelzuch 2w B oXF R zehd F
At A vk @R 2 A ARk 7Rl ) ole
x| e FERrE "y Balslr] oitelr). dakE
£ F A A7 olxe] Sof e B Sleh,

2 2. GS dxz& ¢33 A3t

Table 2 GS Algorlthm S Executlon Time.

}S :liﬂﬂ_ 51473 50378 513207 s15850 .s35932 538417 538584

025 021 06 29 069 358 |64
S5 (04) (030 (0.79) L3I (2.84) (7.49) |(4.75)

2. AR o] Foly]

ot gl zelj4f dmax HIE Fb) St 2 A
oA 2% HA "ab_i] J+ 3 AoflA AR AL
G & Agsisict. AR 9]
7] %’rﬂ% A} Sﬂa :r"?fV] e $lellA de
A A% ke AHiE AMSle] e AlolEe] gl
Yzl 3.2 HollA 7]&dF ¥ =] (back edge) &
e HA-S AR} o A JeiEe] Ha A%
= A ] Ag3le] AR ol
gkt

oA AL dwe]ge] Bz YL oFE3b) #she
2 HellA 713t 24 duelEe) viasigcl, § 32
2 Axie} A3 AAE vlagtt Y duelEew
Qe dmax HEY =7l B3 ool TA¥CE 3=
s4209} 5526004 Axhs Zth 32 s83804 24}
gyelEe] Avbes A g2l At oph 4
o] At} 2t} dmax = 6 o o 2A wpHeg g-
max e Z7|E T A Erpssisdch

Z

4
A
o

LN
-

A

E 3. A HA daelEe v
Table 3. Heuristic algorithm vs. Optimal algori-
thm
_sadx T 44 d=5  d=6 |
__.s420 8(8) (o) 66)
R ) 88 7(7)
$838 | 20(16) 17(15) 16(na)

o] AFA At " 24} dazglEe] dmax Al
AYE & ok tRoE o] AL dwE &
2 S-aEere] FE-S At A A% :
= Aol XA 3] s-adzr) 7] ARE R S
aAEst AR delsz Adu=Ein ® 4% £ S
Yzl W ANAE Hrlsk= o dels ARe BolE
o} W oA E vislr] el S-zEEels] A

¢ gz AW H2 dolE AP 4 x& AFE Foe

gz E
A& oA (incident ed-
2 NF (o] Vo]
2E g ZA dmax?t Z71 web AAE A)3le)
A3 271RE o4 ¢ et

E: 4.5 A7 (d = 6)

Table 4. Execution Time (d = 6).
515850 | 535932
76 189

e gl Fohs =g

338417
106 |

$5378] s9234J 513207

ST sl423
01 04| 08

0.1

i Sec’s -

E 504 o]F S-mEl=el| o4l dae]Eg H4se
AL AHYE HodFoh S-THE $35932404 A= 2
olF 8% Zo|7] 93l A¥ xx 3| @l FH
A A = Ao 7780} 14% 2)eh S-2E)
= 514233 5132079 A9 AR Hold 8= Fol7|
fleled & 100% o1 »xrr} of A=Y & A
2 Zolg 8 Eo)7] Sl S-% 5 zefi=eld AA
ke 42 18 ~ 58 %7} Adde] =g}

E: 5. dmax =7

Table 5. dmax Set size.

D sael= | wFrl | d=4 | d=5 | d=6 | d=7 | d=8 |
sla2z | 2204 | 51 | 48 45 43 | 43 |
. s5378 | 30(53) | 41 | 40 | 39 | 39 | 38
9234 | 533D ' 109 | 99 | 94 | 92 | 88
513207 | 59(33) | 153 | 143 128 | 120 | 120
s15850 | 90(59) | 252 | 240 | 234 | 228 | 221
| 35939 - 297(31) . 415 _ 390 | 365 | 341 | 339
| 38417 374(27) | 766 | 726 | 671 . 556 , 539
V. 2 8

B =78 Al Ee] Qe Yuk ad Tl g
Xeg AA3le] AlolEe] flu A HEe Holr}
Foiz] 7t ol AFEE HAd x=o AL T
sh= TAI9} o] FAIE A% gwlEE sl

Sl A A o) s 29 HeE
2% 24 . o] W] m=x B
ARt a#=e] AH$ w|EgHelnRE & oz FAE
A% 2 A dzAEE lsslgol d¥e Axz
ke gel=e] A9 2 Al A} dwelEe] Ans)
2 odza]Ee] Azl sigich 24 daelEe
E 2o Hgse) AZbdoeg anpgle] giFs
g, & ez A$ 2} gwzlEe] HHAL o
B G5 "Haw g}

ol A= YA 72T AL A% = A
T 23| 84S AFHE sk FHa
A% = A FAE oFF o Aoz 43A gl
Aqt gz 2leMdel] 713 7Rt dyelEe] Ag

=0
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