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Al>stra ct . Five recent practically efficient methods {or solvin g t he rnaximwn clique
problem are bf-ieBy described and compared on randomly generated graphs.

Ke, word, 4 11d pA nuu: Graph. clique. algorithm.

l. INTROD UCTION

Let G = (V, E) denote a graph wi th vertex set V = {VI, V2, " . ,v.. } and edge
set E = {el,e2, ' " . en } (see Berge [41 for basic definitions). A set C C Vof
vert ices is a clique if any two of t hem are adjacent, i.e., if th ey are the end poi nts
of a n edge of E. A set S C F of vertices is a. s t a ble (o r independent) set if any
two of t hem are not adjacent . A set T C V of vertices is a transversal lor vertex
cover ) if any edge of E contains at least one ve rtex of T . Clearly, a clique of G is- -a stable set of the com p le men ta r y graph G = (V. E) of G . in which a. pair of
vertices is joined by an edge if and only if it is not so in G . Moreover. any minimal
tra nsversa l T of G is the ve rtex complement of a maximal s t a hle se t S of G (to
which no vertex ca n be added without losing stability) i.e.. a vertex belongs to T
if a nd only if it does not belong to S .
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\ chque C (or s ta ble set S) IS maxiunuu If It he dl" la r~e I pOS!>ILI':

number o f vr r llt' The clique number ..J(G ) of G [res pec t.iv..ly, the e t abil i t y
uu u rb e r o(G) of G) LS eq ual to t he ca rdi nali ty of maximum cl iq ue [ respee tively

;\ m xtmum ta ble se t}. So finding a m a xim um cliq ue is t an tamount to finding
rnaxunu m ~ t aLI~ se t o r 1\ mi ni mum t ransversal In t he co m ple m en tary gr aph A

[ver tex] colorin g of a graph G is an assign ment of colors to the v..r t ices of G such
tha t no t wo adjacen t ve rt ices get the same co lor. The ca rd in a lit y of a colo ri ng In

the minimum number of colors is ca lled th e chromatic number 'l( C) of G For
every graph .. (Gl < 1(G) holds.

F ind ing maximum cliq ues o r s t ab le se ts, o r m in im um transversals are classical
problems in a pplied g raph theory. They have many ap p lica t ions in va rious fields.
e.g., experimen ta l design: infor m a t ion retr ie val sys tems; s ign a l t ransm ission ana ly­
sis: computer vision: sociologica l s t ruc tu res: econo my (see [::1a nd [8) for refe ren ces ).
Before discussing so lu t io n techniques let us men tion two more recent applications
of t he maximum st able set and minimum tra nsversa l p roblems.

T he FOTe!t plan n ang problem. studied by Barahona. \Veintrau b and E pste in
[31. cons ists in de fini n g cu t t ing patterns for a forest that respect t he habitat of
wild life. Th is implies la rge zones should not be cu t at the sa me time . Scenic
be au ty may also be a reason for such dispersion co ns train ts. The forest is fi rs t
par tit ioned in to units . The decision variables specify whether cu t t ing is per form ed
in a unit o r not in a. given t ime period. If it takes place , it is re q uire d that no
timbe r cu ttin g be ca rr ied o u t in neighboring units in the sa me period . A gra ph G
tha t has o ne ver tex per unit end per period is then constructed. This g raph h as
edges bet ween any two vertices that represent the sa me p eriod in neighboring units
as well as edges be tween any two vertices in the sa me unit. A managing alter na ti ve
co rrespo nds to a set of verti ces. such that there is no edge between any t wo of t hern ,
i.e. to a s ta ble se t of G. Finding the largest number of units which may be cu t in
t he perio ds co ns idered is a maximum st a ble set problem.

•'[on- conver quadrati c programs with non-convex quadratic co ns t ra in ts a rise in
mall)' engineerin g co n tex ts. They may be reformulated as bzlinea r p roqro m s wit h
bilinea r cons t raint s which are easier to solve. In the lat ter , variabl es ca n be par­

rrtioned in to two se ts s uch that any nonlinear term co nt a ins exactly o ne ve rinble
from each se t. Conseq ue nt ly, when any one set of variables is fi xed . a linea r p ro ­

~ ram is ob tained . T his a llo ws so lu t ion through a 9t ne ra li:td Be n ders riao rnpo.m tOfl

approach {e,t.;. Geotlrion {n], Floudas and Viswes warnn [6)). Find inc; the reformu­
la t io n which has the sm a lles t num ber of com pi'cat lfl 9 l'aTlablo . r.e .. o f va ri ables
IJl the smalles t of t he two se ts, ca.n be do ne using t he rc -cccu rr r nce grn ph ,)f The

quad ra tic prournm. This graph has vertices associated with the va nables of t he

quad ra t ic p roa rnm a nd ed ges join ing ver ti ces assoc ia ted With va rmhles :l P P P:'\r I Il C

Jo intly in nne te rm of the object ive fun ctio n o r const rai tus . In prncuce It t .;; ;1:Sl1 ­

alf y pa rs"" an d he nce bas a de nse com ple ment ary gra ph. He use n an d J aumud
1 al ho w that 1 m in im um se t of complicating varinbles co r res ponds 10 ,,\ rnim-n I

t ran ,,"', III o f Th,. co-oeeu rrence graph (or to a In:lX lIlIUTn cliq ue of the cOIOI'I('lllt 't­

1:lT)' r;r:lph of rIll co-occ u r rence c ra ph } llu-refore to lind :\ 'Ian", ftflllf' I I
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, ner al {u dr nc pr r In to", brlin..ar J1 ro~r III , It' , a r..(orlllulatl ,m Willi IIIUli

mum numb ... r o{ com p hcet mg van bl , o n ~ ruu t solve m XIIIlUR} ehque pr obl.. tn
ut d..n ee (raph

The IlH\XII1lUm clique p rob lem is N P ehard And numerou heur i uc or ..xae t • I­
torit hms h Vf:" been proposed to solve it. The exac t algorithms a rp us ually -uum-r­
at ive in natu re . Recent , practically efficient "XI\Ct. algorithms hev e b....n p ropl) I"d
by Ba las a nd Y" {2J, Frideu. Herve and de \Vern [71. C a rraghen 1\nJ Parda los I:.j
end Babe-l an d Tinhc fe r !11 . These algor ithms all allow to so lve large problems.
wit h 400 vertices o r m ore wh en the gra ph G is spa rse . Fin ding a solu tion for J"'Jl ~"

graphs [i.e. , when t he dens ity d , or num ber of edge-s d ivide-d by the number of
vertex pairs . is 80% or more ) appears to be much more di fficult. Fo r .t = 90 '70 only
proble-ms with up to 100 vertices have been reported to have b..e n solved exactly
Recently, Ha nse n a nd Mle dencv ie 1151 have proposed two algo rithms for the max­
unum clique problem in dense graphs (a modification of the C ar r aghan-Pnrdalos
algori thm (J/CP) and the so ca lled "Den"e CLique " DCL algorithm) .

In th is paper , five of those algorithms are briefly described [Sect ion 2) and
com pared (Sect ion 3): Cerr aghan-Pardalos [51 ( C-P); Ba las and Yu 121 (8-1');
Fri den. Her tz and de \Verm [71 ( TA BA R/S)j Modlfi cnrion of Ca rr aghan-Pardalos
(151 ( ~I C P ) end Dense clique 1151 (DC L). The Babel-Tinhofer II J algorithm has
no t been incl uded in the com pa rison as their code was not available to us a nd their
algo rithm is quite close to TABARIS [7).

2. PRIII CIPLES O f THE ALG ORITJDI S

A ll algo rit h ms considere d here are based on the Bran ch and Bound (o r Back­

t rack or Recursive programming) technique, where an exhaus t ive sear ch t ree is
co ns t ruc ted. The nodes of this t ree a re associated with subpro b lems induced by

cu rre nt se ts ~': of visi ted and U, of unvisited verti ces . The initial problem corre­
s ponds to the root . T he s ubproblems obtained by bran ching are asso ciated with
the nodes of the tree . The sha pe of the tree depends on the vertex orde ring. If
no furt her bra nc hin g is possible. i.e.. if a lea f in the t ree is obtained . a solu tion is
found and bark t racking ta kes place. after s tor ing this solu tio n if it is be t te r then
the incumbent one. Any lea f with greates t d is ta nce to t he root corresponds to a
maximum clique. Lower and u pper bounds on the size of t he m aximum clique for

the curren t su bproblem may be com p ute-d and used to cu rtail t he enuu.ernuou .
.Mo reover . local feasib ility a nd op t im a lity condit ions a re exploited: vert ices not
adjnceut to a n incl uded o ne are excluded a nd vertices a ll o f wh ose ne ighbors are

incl uded are incl uded too .

Enu me rn t ive algorithm (C- P). Cnrrughnn and P ar .Ialos [5] preseut an -uu­

meret.ive . dept h-fi rs t sea rc h a lgo ri t hm in wh ich a. few si m ple- rests ar t> im pletueur ed
v"ry e tficient ly. T h is aigorithm performs a lexicograp h ic sea rch . i.e .. vertices ore

fin,t ranked f in order of no n-dec re as ing deg rees if the density is greate r or ..qual

o 0.·1 and III an arbu rur y o rder o t he rwise) a nd a lways considered in that o rde r
Inltlallv in d ices o f all va riables are included in .1. list. at depth I. .\ t t his 1I"\"f'1. "' 1(11l
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I, for I = 1.2, , n , co ns is ts in including the It" ve rtex In the h!:lt uno th cu r ren t
c1iqu , mcreesmg the level by l and copying t hese indices in the previous h.lt wtUC1I
correspond to veruces djecen t to the chosen one . This p rocedure 1a iterated 1.0

grea ter nd grea te r dep t hs unt il the condi t ion

dt pth + current li3t nZt - d tp :s: .u %t of curre nt but clique

is sa tis fi ed or the current list becomes em pty (in which case the curren t best clique
size is updated ). Then backt racking takes place . i.e ., the level is red uced by 1 and
the step increased by I (if not ye t a t the end of the current list , in which case
backtracking occurs again ).

Color ing t r ian g u la ted graphs (n . V ). As the maximu m clique problem is
N Pchard the re is no poly nomial algorit hm to solve it fo r arbitra ry graphs. ~ ever­
theless there a re polynomial algorith ms for s pecia l classes of graphs . Perfect graphs
are one of them (reca ll G is perfec t if w(H) = ,(H ) for a ll induced subg raphs H of
G) a nd a special class of pe rfect graphs is the class of t riangulated gra phs (G is tri­
angula ted if every cycle of G of length at least -I has a cord) . The main in gredients
in the Balas and Yu [2J algorithm are : (i ) fi nding a maxim al triangulated induced
subgraph (in O(n+m) ti me) and its maximum clique (le t us denote the ca rdin ality
o f this maximum clique by k ); ( ii) coloring the so-o b ta ined triahgulated graph. i.e. .
finding a maximal e-chromatic induced subgraph (aga in in O{m + n ) time ). In
o t her words. the st ra tegy of this algo rithm consists in finding maximal subg raphs
(s u b pro blems, i.e.. nodes in the se a.rch t ree ) for which the current lo wer bound is
also an upper bou nd, and which can thus be eliminated. Since no upper bou nd on
the value of each sub problem is availa ble, the search s t ra t egy is depth-first .

Usin g Tabu Searcb (T A B A R I S) . Glover [10. 11 . 12], has developed a
metaheuris tic for solving difficult combina to ria l op t imiza t io n problems known as
Tab u Search. It comb ines local search procedures with a num ber of ami-cycling
ru les which prevent be ing t rapped in local opt ima. Moreover. exploitation of shor t.
mediu m and long-term memory allow as to guide, intens ify or diversify the sea rch.
It has been successfully applied to the Maximum sa t is fia bility [131. Graph colorin g
[17), Timerabling [16], Neura l ne tworks [18J among ot hers problems. TA BARIS
(T a b u And Branch and bound Applied Repea tedly for Independent Se-ts. Fr iden .
lIertz and de Werra 11J) is an implicit enumera t ion algorithm (fairly similar to the
Balas and Yu algorit hm (2J), which uses at some steps t he Tabu Search technique
for ge ttin g bounds on the st ability number o{H) . This is done by : {i} fiudinc ;'\
la rge s ta ble se t in t he se t of ca ndid a te nodes for inclus io n in the stable set t set o i
u nv is ited nodes t; ( ii) covering as many nodes of that se t as possible with ciinues

Vertices a re orde red in advance according ro non-in creasing dec rees .

Findi lll; S impl icial ve r t ices (1\1C P). ( DCL). ;\ vert ex t - of an :\Thitrar~

J; rtlph r; is called sim p licial if all vertices adjacent to tJ ."\CE' pai rwise ndjaceur .
I. ••. , if the su bg rn ph induced by its neighbors is a rlique. In r.he Balas :lo ud YII l ~l

ah;o r lthm, simplicia l vert .ices are used in findin g a p refect \)rd t' rllll:; of t he \t'C1I(,f'~ ,) j

t il" :'\ lI hl;rap h of r: (:m o r t!I' ri llJ; "\ , , . , , r'., of till' v-n ieos o f r; IS call('.l IH'rft" ,t rf
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for' I , ' ''. t" I!t ~ lI ll p h(l I Ill ('· ( { I' ' '' . 1' " } ». I. t". lI l l; t' ll f" r " ( II I~ lIIa..un . 1
t l\nn( u la t t'd induced '1 uhg r ph . lude..d . ( ; = ( V, E) I:. t il lll(ulat ..d If and «nly II
\ ,,!mtb ., perfect ordering. III 1151 It h s bfO..n proved that all)' " j· It.... wlu ch I

..nuplicml III the com plemenra ry ~ r ph G = (\' E) of a grven grapll (; Lplun~s lu
:\.t I ~t one maxunum cliqu of G . Tills property is p .. plotted If! t\40 0 Algo1lthlllJi

The first one ( JI CP) is 3. va riatio n of the a lgorithm of Carragban nd P rda lce
(51. checking only (or lea ves in the co mpleme nta ry graph. The s..ccnd on.. ( DCL)
det ec rs sys te mat ica lly sim plicia l vertices within small cliques. If there 15 it. sim plicia!
ver t ex in the curre nt subgra ph. then there is only one branch Irom that node in the
se rch t ree: t hus . back t racking at tha t subpro blem is not necessary. If t he re are
no mo re si mplicia l vert ices. t he n a vertex with maximum degree in the subgraph
induced by the cu rrent se t of unvisired'ver t ices is chosen for branching.

3. COMPUTAT IONAL RES ULTS

Com p u ta t iona l experiments have been run on a S un S pare stat ion with random
gra p hs (gene ra ted ac cording to the so called unif orm random graph sctu m e, see e.g.
Gendrea u. Salvail and Soriano IB}). The numbe r of vertices n is chosen as well as
t he p roba bility of presence of an edge (d). Each pair of nodes is then ex ami ned and
becomes an ed ge with probability d (co mparing d with a number d rawn random ly
from a uniform distribution on (0, 1). The same pseudo-random generator as in [51
is used .

In the tab les below. C P U times for the five following methods are compared:
Ca r raghan-P ardalos [15] (C-P); Balas and Yu [2] ( B- Y ); Feiden . Hertz and de
Werra [7] ( TBS); Mc dificaricn ofCarcaghan-Pardalos 11S1 (.IICP) and Dense clique
[151 ( DCl ), f or each problem (s pecified by a given density d and given size n ) we
generate 10 gra phs and conside r the average CPU times on .chese graphs. ~1ethods

C· P. JIG? and DGL are coded in Fortran 77. while B- Y and TBS are coded in
Pascal. \Ve tested C P U times of f ortran and Pascal compiler on simple programs
wi th s a me instructions and found that on the Sun Spare sta tion the object programs
obtained with Fortran com piler are between 2.5 and 3 t imes faster then t hose
obtained with Pascal co mpiler.

Table / co nta ins results (or small graphs with u = 80. 90 and 100. \Ve va ry
t he dens ity J bet ween 0.1 and 0.9 as is usual in the literature. C opt. given in t he
last co lu m n is t he average number of vertices in a maximum clique: its nonlinear
grow rh with respect to the density d is worth noting. It explains in part the very
rapid increase in C PU time for all codes except DCL when tl becomes large. It can
Of" obse rved that for ;;ril.p hs with density from 1'J to , 0% C-P and JfCP ar e better
than uthers. while for graphs with density equa l to 809'0 and higher t he DCL code
is the best. However. if a correct ion is made for the difference in co mpilers. t he n
thc T!3S and B. Y co des are the best for densities of 60% to 80%.

Trib le ~ p rese nts more detailed results for small dense graphs. i.e .. graphs with
11 = '0. ~ O. 100 and d > .'30%. It can be seen that (or very dense graphs the re a re
ex nm p les l d = 0.:)6 ) where DCL is more than -1.000 t imes (aster on " \"f'ra;e than
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8· )' I T85 IC.., !IIC? I DCL II n I dens I . •

80 0.10 0.01 0.01 1.36 0.10 0.07 3.~

0 0.20 0.03 0.02 1.54 0.14 0.09 4.8.
SO 0.30 0.05 0.04 1.51 0.22 0.38 6.0

SO 0040 0.13 0.12 2.20 0.34 0.52 7.0

SO 0.50 o.., .. 0.23 3.09 0.64 1.00 8.;..,
80 0.60 0.64 0.58 ·1.6;- 1. 13 2.22 lOA

80 0 .t 0 2.28 2.11 6.5t 4.l 6 3.23 13.7

80 0.80 13.10 11.08 r.82 16.66 9045 18.3

80 0.90 169.52 8. 049 1.96 45.94 34.66 27.5

90 0.10 0-02 0.01 1.9~ 0.12 0.05 ;J.9

90 0.20 0.03 0.03 2.35 0.20 0.13 .; .0

90 0.30 0.0. 0.0. 2.84 o 'l - 0.56 6 o.. , . ,

90 0040 0.19 0.18 3.79 0..; 0 0.60 7.3
90 0.50 0.39 0.3. 5.93 1.05 1.51 9.0
90 0.60 1.15 1.0i 9.31 2.49 o - 8 10.9..,
90 0.70 5.11 4 - - 16.·10 8.60 6.67 14.1."
90 0.80 41.00 33.86 '')4 -1- 42.80 29.21 18.6. . ,
90 0.90 .15.96 3.4044 6.55 283 .5.; 160. % 29.1

100 0.10 0.02 0.02 2.80 0.15 0.10 4.0
100 0.20 0.04 0.04 3.3. 0.24 0. 14 .5.1
100 0.30 0.10 0.09 4.30 0.3.; 0.91 6. 1
100 0040 0.26 0.25 6.1. O.7() 0.52 7.6
100 0.50 0.58 0.55 10.15 1.64 'J at: 9.2... .)

100 0.60 2.00 1.56 16.53 ·L75 :l.59 11.7
100 0 .:0 10.36 9.76 33.16 16..89 1U 6 u .';"
100 0.80 105.98 84.00 .; 6.:Jl 100.21 .".! ')·1 20 .0. ..
100 0.90 r O l ' 0 182t. 1. 3U9 103• .31 I).j -;.9.5 30.6 I. ... .;;

the best among other methods I, T.-{BARIS ). Th ere is no resu lt in Tab/r .! . if cpr
time exceed 3.000 seconds .

Table .1 gives results for large graphs. The limit time in ex perunent at rons W:\:.

1.000 seconds. except for d = 0.6. where it was 3.000 seconds . It appears I hat Jt {'."
is the best code for large sparse graphs. hut not significnntly het t er than the ( ~-r

code For 11 = 300 and d = 0.6. TABARIS has the bes t c pr tune..h on lv -mo ll t .

medium densuies are considered here [prob lems with II > ;iOO and d > 60'~ appear
out of earch for exact solution a t th is time) , the D('L code IS not com petn rve
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! n I den, I C.I' I .\lCI' I DCl·1 u. l" I rus I CDPI ~
,"0 0.80 13.10 11.08 7.82 16.66 9 ..- 18.3."
SO 0.S2 22.16 1; .87 8.06 21 .5.J 15.18 10.5
80 0.8~ 36.::!3 ~6.85 6.03 33.88 1;..i8 ·.?l.O
SO 0.86 55.16 39 .1~ 5.73 32.92 23 .51 22.0
80 0.88 100.31 59.93 3.50 50..16 26.S; 25.0
SO 0.90 169.52 87.49 1.96 4.').94 ;I ~ .08 27.5
80 0.92 325.62 139.05 0.7.J 75.9 1 '0.20 30A
80 0 .9~ 6-l7.39 187.il 0.17 72.25 .')3 .30 35.2
80 0.96 ; 06.90 102.;3 0.01 61.32 37 .32 -U.S
SO 0.9.; 1~0.85 17.59 0.01 2.17 23 .78 ' 1 •.J . ,

80 1.00 O .O~ O.O~ 0.01 0.08 0.02 ·80.0

90 O.SO '1.00 33.86 24.47 ~ 2 .S0 28 .94 18.6
90 0.82 65 .23 52.12 23.6i .>-1 .12 39.0 1 'lD ~• .0

90 0.8' 117.78 55.70 21.79 rr.za 63.33 22.0
90 0.86 106.0' 136AO 18 .1~ 121.05 ·')9.10 23.8
90 0.88 3'3.15 210.90 11.76 175.64 122.08 26.3
90 0.90 715.96 374,44 6.55 283.80 126,43 29.1
90 0.92 IS09AO 679.·,).J 2.53 402.11 182.21 32....
90 0.9' 2668.0i 788.94 OAS 4-17.96 110.'6 37.8
90 0.96 - 660 .23 0.03 262.29 138AO H .9
00 0.98 917.77 127.89 0.0 1 10.36 .')7 .22 ,')6.7

90 1.00 O .O~ O .O~ 0.01 0. 10 0.02 90.0

100 0.....0 l()') .~tI 8~.00 .'}6.3 1 100.21 ·')9.15 20.0
100 0.82 18i .63 1-13 .27 62.64 1'0.1' 82.10 21.7
100 0.S4 372.41 265.11 bO.93 25·1.37 1.'>-1 .57 23A
100 0.86 ; 00.69 ~60.88 58.54 H3 .84 ')65 .- 25.-1~ .. oJ '

100 0.88 IUO..t2 .882.35 52 .12 692.80 ~01.36 .)- 6. ,.
100 0.00 - l ~" - 1- 3 U 9 1037.3 1 6.')7 .95 30.6'. ....
100 0.92 - 286 1.-1-1 10.80 1476.06 '341.51 3H
100 0.9' - - 1.66 1170,43 ~63.4 7 -10.5

100 0.96 - - 0.00 11'8.02 3~2 .12 -t 8.-1

100 0.0; - -)23,4 1 0.02 158.74 82.68 61.3
100 1.00 0.06 0.0.) 0.02 0.12 0.02 100.0

I

In -onc lusion. t h l? r:-P l or .\/rp } code appears to he t he best for findiuu
maxim u m cl iq ues in l" n; ", a nd sua rse gr nphs . while t he D('L code ap pf'afS to be

'he n es t fo r sucn pur po-e In dense ;.; rap ils .
A cxuowreucemem.... T he nur hcrs t l...., .nk .\ Iol.in Hertz (or !Ioendillll; them copies o r t he COl iC':!>

(or III": r .\B .-\ RIS .•nd S...JI.'\......."u .-, I ~or i( l lI n5 written <It rhe Department of Applied ~1,\lhe lll ,"'I.ll cs .

EO::OH' p"j"tedlllUlue F':d~ra ie de Lousn une. fhe)' .l lso rh ank BriJi;i l te .laumard and Olivier Plcv
for therr .cdvrce «n ' .Olll p u t lll i:" urarrers ,

:"ioU'. '\ rotl r .lJ1 ';'7 co. I.. lor the .'\lr:or id u ll ~D ...use Clique" is .lVllila.ble Irmu th.. ;U U !WfS .



10

TaM" 3 . Result. lor lar lt~ 1p.v'U STapllS

TBS I CO" !B- }' IIICP I DCL IC p I~ n Iden. I - •

200 0.1 0 0. 10 0.10 27.83 0.69 1.24 4.1

200 0.20 0.27 0.27 42.55 1.34 2.23 6.0

200 0.30 0.93 0.93 79.90 3A6 6.28 7.1

200 OAO 3.26 3.21 187.16 10.13 ' l4 AO 8.9

200 0.50 16.10 15.78 501.61 42.65 32.88 10.9

200 0.60 121.70 117.89 - 215.:0 134.72 13.9

300 0.10 0.26 0.26 110.62 1.74 3.12 5.0

300 0.20 0.98 0.96 209.29 5.15 15.83 6.0

300 0.30 4.37 4.33 577.03 17.14 2l.45 8.0

300 OAO 20.55 20.33 - 70.94 5 'j .59 9.6

300 0.50 155.68 153.96 - 412.87 239.31 12. 1

300 0.60 2302 .07 2178.30 - - 1- 6- ')5 15.1, , .....

400 0.10 0.56 0.56 303.62 3.29 6.24 5.0
400 0.20 2.52 2.50 725.26 14.76 36A4 6A
400 0.30 13.8 1 13.79 - 53.91 56.67 8.2
400 OAO 83AO 83.15 - 313 .87 226. 66 10.1
400 0.50 950.94 942.94 - - - 12.9

500 0.10 1.05 1.05 683 .36 7.14 11.18 5.0
500 0.20 5.34 5.29 - 31.10 54. 50 7.0
500 0.30 35.66 35A3 - 149 .33 124.83 8.5
500 0040 253 .18 250 .94 - 1022 .28 649.88 10.5

1000 0.10 - 6- 7.59 50.19 66.6 1 6.0I. I -
1000 0.20 71.26 70. i5 - s77 .54 - 7.0
1000 0.30 846.62 842.37 - - - 9.5
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