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1 N owes Bvalatiaon

W e all te kirnsertion of v Tarwhidh the estimatied kngestpath is minimized
appradmate qptimal kinsertion. 0 verl 7£10 ¢ triak and 172 dis erentprablams
we eparimentally Tound autthatan gpprodmate qotimal kinsertian is aboan
agotimal kinsertion ofv in99% of the cess with a maxdmal deviatiaon of 1% .
Tabk1 shons the aerace enmar-fordata set scala edala, 1data and \voata

Data A Wemar)
scaia  0,03%
raia 0,07 %
edata 0,10 %
vdata 0,08 %

TabE1l: I en reltive qotimal insertion enar an dic eraitdada ssts.

2 Canmputatiaal results

TheN gotl -versian of the search procedure desaibed in Sectiaon 7 wes impe
matted in C+ + ana2adl H zPattium. T he naondeteministic nature of the
algitthm makes it necssary 1o canty aut mulipke runs an the same prdblem
instance in adar o dotain meeningiul resuls. W e ren auraboittm . ve times
fian dis erantstarting solutias and t&sted itan a lrge rumberoftestprdblams
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fian the eature. T he resuls dotained with aur pracsdure were then am-
pared with results dotained with alll procedures Torvwhich we auld ..nd resuls
(in tams ofFmakespan and CP U time) in the Herature

Five dir erat sets ofeparimants were aanducted. T he data are @en fram
B randimarte [4] D auzereP aes and P aull [ Chambers ad B arnes [3]ad
fran Hunnk et al [10] respectinvely. T he procsdure wes abo &&sted an a
rnumber of dessial jdo shap scheduling prdolms [1, 9]

T he Tollbnaing notatias are usd.

=2( B ,UB) denoies the gotimum vale ifknoan, athaernise the best bner
and upperbaund found 1o date;

=24 UG) stands Torthe aarace starting solution valle aut of . \e rurs;

2 Cist Is theale of the best solitian Tound using aur procedure autof5
us;

=24 UC) is the average soutian \vale oer5 rus;
=D e s T(C) is the standard deviation ofthe 5 solution vales;
=24 UCP ) is the aerage amputing time in seaack.

W hen a soltion is equal o the relled onerbaud itis gotimal ad is
marked with an asterisk CPU is the anautofCP U seaonds used by the pro
adure and the aaaym CI-CP U stands ToraomputerindgpendatCP U times.
T hesevalbes were aamputed using the nomalization aoe¢ das ofd aoana[8 ]
as inepreted by V aessars etal [14]and used abo in B albes and V avaapauks
[2]ad mustbe intaxpreted with care

In the remaindey; eaoawym T Sqott denotes aur procsdure.

21 Testsanpkl

T he ..ist st sanmpke ames fron B randmarte [4] T he data were randomly
cgereraied teing a unifam distributian betneen gven imits. T hey aasist of
1Ten prablEms mKi- 10 where the rumber-of jdos rangss fram 10 120, therumber
ofmadhines rangss fran 61015, gparatias Toreadh jdb rangefran 5 ©15 ad
the maxdimum rnumberofeguinvalaitmadiines per gperation ranges from 316
W e Emited the rumber ofiteratias ©10°. T abke 3 aampares the performance
of T Sptt with the besttebu seardh procedure of B randimarte. 0 ur procsdure
improved uoan thebestknoan results. A comparison ofthe computatiaaler ort
Torthexe rus is notpassibE sinee B randimarte does notrepartaomputing imes
(4]
T he results ssam 1o suppart the hypothesis that simulianeas gpproades,

ke aurs perfom betier then hieradhical aes.



22 Testsampk?2

T he secod st sampke aomes fian D auereP aes and Paull [ The daia
asistof.\e sets of 18 test prdblEms where the number of jdos rangss fran
10 120, madhines rancge fran 5 1 10, goeratias Toreadh jdb range fran 5 ©
25. T he set ofF madhines gpabke of perfaming an goeratian wes aastructed
by Etting a madhine be in that setwith a prdocbi ity that rangss ian 0.1 t©
05 [g Tabk4 shons the aamputatical results an the . istsetof 18 prablams.
T he loner baud vales were amputed in a simpke way and hence they are
ceerally notvery dose 1o the gotimum. T he bestknoan upper baunds foud
w tonovare rparted by [ W e Imited the rumber ofiteratias 104 £10°.
T abke 4 shons that aur procedure improes the best knoan upper baud in
18 cses. A haugh the quality of the starting solitian is boner then the ae
reparted by [ aur t2bu seardh procedure ecs 1o substantial improements.
Camparing aur aserace solution valles and auraerace CI-CPU - with the best
knoan solutias 17 testprdolams yied betfer results, vwhikinl e auraerace
valeisworse. Figure 1 makes aamparison betineen e CI-CP U times required
by procsdureD P [gad TS qtt aerage CI-CPU . I oe that the CI-CP U axds
hes a boaritmicsake. 0 naerage TS qott is5.6times Bster thenD P.
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Figure 1: Canparison betneen FISP andDP CI-CPU .

23 Testsampk3

T he third testsample ames fian Chambears and B ames [3] T hedatavwerean
structed from three of the mast dalleging dessical jdb shap prdolams (M0,
BE24, B0) by meplicating madhines selbdied acooding © thwo simpke afteria
the tolal pracessing time recuired by a madhine and the cardinality of aitical
peratias an amadire. T he setasists of21 testprdolbms and the procss
ing times Tor aratias an riplicated madhines are assumed 1o be idertical
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theaignal Tebk5 shons the amputatical results. (| gan, the baerbaad
vablies were aamputed in avery simpke way and so they are gaerally notvery
ce o the gotimum).

W e Emited the number ofiteratias 104 £10°. TSqott improes the best
knoan upperbaunds in 17 cases. Canparing aur aerace solutiaon vales with
the bestknoan upperbaunds we .. nd thattin 1 6test prdblams we dotain betier
results vhiE in 4 csss auraerace solition valbes arewarse. Figure 2 makes
a amparism betnean the required CI-CPU  times by procsdure B C [3]ad
procdure TS qott aerage CI-CPU .0 naarae TS ot is 21 times Ester then
BC.
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Figure2: Canparison betineen FISP andB C CI-CP U .

24 Testsanmpk4

T he Taurth testsample aomes from H urink etal [10] T he prdblamns are gener

ated by madifingbend mark prdolems forthe diessical jJdo shap prcdblem. I are
spad...ally theywere dotained fram thiree prdblans by Fisherand T hampsaon[9 ]
(MmO6 M0, m20) and 40 prablems fiom A dams etal [12](E01-B40). Eadch
setll ;i is equal 1O the madhine towhidh gperatian i is assignad in the arignal
prdblam, phs any of the other machines with a gven praoebiity. D gpending
an this prdosbiity H urinketal generated thiree sets oftest prdolams. ecalg,

et and \cata. T he .. istsetaattains the prdblems with the lsstamaunttof
texdbi it wharess theaveragesize ol | isequal 102 in dataand m=2 invdata
[10] W e Emited the rumber ofiteratias ©10°. Tabks 6 7 ad 8 shons that
TSqott autperfams the aanbined e art of alll the other knoan procsdures in
77 cses ad itis never adtperfomed. Camparing aur averace solution vales



with the best knoan upperbaunds, in 129 test prablEms we dotain 74 betfer
results vhike in 4 esss auraerage solution \vales are worse.

W e anmpared TSt with 3 goprodmation alboxittims: i P JSP [107]
WM JISP [5]JadDP [ A amparative oervienvof TS gptt average solutian
adil PW JSP, N M JSP adD P, isgveninTabk2 B:EW rgpresants therum-
ber of eamples Torvhidn TS ot averace makespan is betier B ), equal (B)
awose (V) than the best makespan foud by I PW JSP, I I JSP and DP
respectinvely; Total ClI-CP U is the sum ofthe CI-CP U used to aampute all the
solutias exaptfor proedure T S ot where itis the sum of the average Cl-
CPU). 0 naerar aurAvCI-CPU )is 15, 2 ad 25 times smaller then the
aorespadingCIl-CPU ofil Pl JSP, Il Il JSP andD P respectively.

Figure 3 ampares the reouired CI-CP U times 1 sobe prdbEm sst\vdata
wsing the procdures it P JSP, I M JSP andDP and theaerace CI-CPU Tor
aurprocedure (asimi largreph aould be dotained Tordata setedata and rdata).
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Figure 3. Canparisas betnsen FISP, i P ISP, I W JSP andDP CI-CPU .

25 Testsampk5

T he testprdblams in this sample are all dessical jdb shap scheduling prdblamns.
Sine the dessical jdo shap sdheduling prdolam is a spedal case of the FJS
prdolEm, aurtebu seardh procedure Gan albo be usad 10 sohe these prdbolams.
W etested aurprocedure an the angnal 43 testprdblams (sdata) (2 9 Jused 1©
oggerake tsstsampke 3 ad 4. Forthis sestofpradbEmweran TS ot 10 times
fian dic erant starting solutias and Emited the rumber of iteratias 1© 10°.
Tabk! dhons that aurtebu seardh algxittim ..nds an gotimal solutiaon for 3



of43 prdblams. W ith regard tothe5 ramaning prdolams, the distance fiam the
bestbnerband (argotimum, ifknoan) issmallerthen0.1% . Itiswarth noting
that aurprocedure is bk 1o ..nd the qotimal solLition o the noloria s 10 £10
prdolEm (Mti0) by Fsherand T hanpsan in just0.01 seoonds starting fran a
solutianwith makespan equal 018 6 T he seardh procdure Trthe dessical jdb
shap sdhedulingprdolen desaibed by B ales andV azaaypoulss [2 ]is amparcb e
1o (butarsidarably sterthen) TS ot . H onever; aurtebu seardh procsdure
is quite simplke ad itis an dniass tpic TorLirther aamputaticnal epaerimats
1o analyze haovww mare scphisticatied seardh stratleges aud improe the solutian
quality (and perhgps ako the computatiaal time).

INn ader 1 make a mae deta Bd amparison an prablens forvwhidh itis
meaningiil we sebcted the 13 mostdi¢ aultinstancss, acoording OB akbs and
V avaapaulks [2] anagthe43 prdblams. T abke 10 aotains amparisan relbated
O thebesstmakespas Toundby T S gott |, againstthasefran D T (the tebu seardh
procdure of D el mico and Tribian [7), 1 S (the t2bu seaxch procedure of
N onidd and Smutnidd [13) and BV (the procsdure SB-6 L S2 of B ales ad
V azacpaulkss [2])- 0 urresults are dose 1o the anes dotained by the bestseardh
procdurss 1 sobe the jdb shap pradblems althaudh the computatianal time
wsad by TS ot is arsidarably geater: Figure 4 shons a aamparisan betnean
teCl-CPU OFTSqotl, DT andBV . Inthisaete Cl-CPU TSt is the
total anantof CI-CPU 1o ampute 10 rus (orl S and B C the total times

are not reparted).
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3 Tabks

A bxitm To&alCl-CPU B:EW

M PM JSP 258750 102:27:0
MW JSP 531056 107:22:0
DP PB4 .6 77475

TS gt 166.36

Tabk?2: Summary resuls TrtheH urinketal dala

PrabEm  ((BUB) Cimt A MC) DeBEAC) EMCPU) + UG)

I KOl Ge42) 40 40.00 0.00 0.01 102 .40
N K02 24.32) 26 2600 0.00 0.73 9320
I KO3  (204211) *204 204.00 0.00 0.01 511.68
I K04 4,81) (& .00 0.00 0.08 147 20
N K05 (le,18g 173 17300 0.00 096 31080
I K6 X389 58 58 .40 055 326 255.490
I K7 (133157) 144 14700 3.00 891 38 80
N KO8 523 *523 52300 0.00 0.02 86.40
N K09 (299,38) 307 30700 0.00 0.15 807.80
I KO (16,29¢ 198 199.20 084 7.6 730.6

Tabk 3. R esults an B randmarte’s data



PrabEm  (B,UB) Cat AMO DeastC) AMUCPU) A UQ)

Ola (2505, 2530) 2518 2528 00 (S31Y 28 17 4664.00
02a (2228, 2244) 2231 223400 245 P4 4718 40
03a (2228, 223%) 2229 2229 & 055 a4 4855 .40
0da (2503 256) *2503 251&20 10.38 27166 434380
05a (2189, 2229) 2216 222000 2.74 4552 450340
& 214, 221§ 2203 220640 241 54.08 4572.6
07a (2187, 2408) 2283 2297 .6 10.74 a 23 4 3H 80
08a 206, 2093) 206 207140 152 5322 4792 80
09 a 204, 2074 2065 206G .40 089 81.19 4a380
10a (2178, 238@) 2291 23056 12.14 5all 521120
lla (2017, 2078) 2068 206.& 288 a4 486.68
12a 196, 2047) 2034 203800 394 8193 4884.40
13a 216G, 2302) 2266 22&320 4.2 48 54 558L.8
l4a 214G, 2183) 2168 216800 1.00 110.8 590120
15a 214, 2171) 2168 216820 045 13753 576&300
& (214, 2301) 2255 2258 80 526 7465  558&20
17a (2088, 216) 2141 214400 255 12083 5458 40
18a (2057, 213) 2137 214020 2.77 14 4 58 3640

Tabk 4 R esults on the datafionm D aurareP eres and P aulll.

PrdbEm  (BUB) GChst AMCO) Deas O 4 MCPU) 4 MUG)

mox  (65,920) 918 918.00 0.00 431 182.6
mtoxx  (65929) 918  918.00 0.00 173 186
mtox<x (65936 918 918.00 0.00 110 17236
mtloxy (65913) 906 90600 0.00 402 191500
mioxyz (G584) 847 85080 2.4 550 1687.6
miod  (65927) 928 928.00 0.00 233 1N5.6
Mo  (65914) 910 910.00 0.00 1004 168720
stbix  G4E37) 925 925.00 0.00 745 2079 00
stbixx  G460) 925 92640 2.19 1487 203180
st (46925) 925 92500 0.00 799 218 600
stbdxy (45924 916 91600 0.00 315 195320
stz @3914) 905 90820 1.7 7.3 202380
=t (857924) 919 919 20 045 1402 211180
stbdc  (@57909) IO 9116 581 1295 205280
sti5x  (055,1218) 1201 1203.66 152 1585 271080
wtisxx  (055,1204) 1199 1200.68 2.0 236 272840
stisxx  (055,1213) 1197 1198.40 089 2351 278720
wtisxy  (055,114) 1136 113640 055 1191 270580
stisxyz  (955,1127) 1125 11266 114 1713 23180
stiscl2  (1027,1185) 1174 1174.20 045 194 277420
stibac (05511369 1136 113640 055 1191 270580

TabEk5: R esults on the datia fian B ames and Chamber
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PrabEm  (B,UB) Cut AMO) DeastC) A MUCPU) A UQ)

mo6 55 *55 55.00 0.00 0.00 101.40
m10 871,873 *871 873.00 141 1.8 1812.00
m20 (1088, 1106 *1088 1088 80 084 352 2034.20
E01 @9 * e )9 .00 0.00 001 111020
E02 &5 * 635 65.00 0.00 004 1181.40
E03 (650, 554) *550  550.00 0.00 1.00 108 &30
E04 568 568 56.00 0.00 0.36 1131.00
E05 503 *503 503.00 0.00 001 99480
B6 833 833 8§33.00 0.00 0.00 1540.40
E07 74, 16) *7& 700 0.00 0.5 143 .40
E08 845 *845 845.00 0.00 0.02 1431 .40
DY 878 *878 878.00 0.00 004 14320
 Z110] 865 8@ 8§a&300 0.00 001 1478 .40
Ell (1087, 1103) 1103  1103.00 0.00 191 1935.00
El2 168 <) 96.00 0.00 0.02 177380
EL3 1053 *1053 1053.00 0.00 0.02 199720
El4 1123 ¥*1123 112300 0.00 0.03 1915.00
El5 1111 *1111 111100 0.00 0.30 2018 . &
H G @92, 915) *892 89200 0.00 025 1728 80
Hl7 707 *707 707.00 0.00 058 1570.00
K18 642, 843 *842 842.00 0.00 0.79 lad4.a
El9 N6 N6 7a00 0.00 153 1a480
E20 @57, 86 *857  857.00 0.00 088 177780
B2l (895,104 1017 102320 526 283 2220.68
B2 632,890) 882 883.00 141 429 212340
B3 (050, 953) *950 950.00 0.00 297 21566
B4 (881, 918) 9 09 911.66 28 3388 211320
E25 @94, 955) 941 945.00 283 1.76 22178
B6 (1089, 113) 1125 1127.00 33 5.48 253660
B27 (1181, 1215) 1186 1188 80 327 9.25 2765 80
E28 (1116116) 114 114 00 0.00 344 264.00
B9 (1058, 1157) 1118 1120.& 288 5.47 25al.20
B0 (1147, 1225) 1204 121320 46 922 2882.68
E3L (1523 155§ 153 1540.6 089 9 58 3F0.68
B2 1688 *168 168.00 0.00 185 34720
B3 1547 *1547  1547.00 0.00 1.40 3a10 20
B34 (1592,163) 1599 1599 20 045 9.3 3H70.40
EBEH 1736 1736 17300 0.00 041 345720
EB6 (10061171) 11 116320 1.79 8.08 2891.40
B3/ (135, 1418) 1337 133700 0.00 348 3003.00
B3 (1019, 1172) 1144 11466 28 ao 2719 20
B3 (1151, 1207) 1184 1185.& 1.3#4 8.8 2811380
B40 (1034, 1150) 1150 1151.66 28 7.78 250768

Tabk 6 R esults n the setedata fion H urink etal
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PrabEm  (B,UB) Cut AMO) DeastC) A MUCPU) A UQ)

mo6 47 47 47.00 0.00 0.00 8280

m10 @, 86 86 a6 a0 0.00 2.71 1572.40
m20 (1022, 1024) *1022 1022.& 055 353 1907.40
E01 (70, 574) 571 57180 084 197 1232.40
E02 (629, 53) 530 530.66 055 131 113380
E03 @ri, 41) 478 478 .20 045 1.36 1118.&
E04 (02, 504) *502  503.00 071 0.a 1013.00
E05 (457, 458) *457 457 . 055 1.78 889 .00
B6 (799, 800) *799 799 .40 055 299 1588 .8
E07 (74, 750) 750 750.00 0.00 1.13 1401 80
E08 (76, 716) 768 7680 045 0.5 14 400
DY (853 859) *853 85340 055 2.29 152&00
 Z110] (804, 805) *804 804.&88 055 1.2 18 .6
Hl1 (1071, 1072) *1071 107100 0.00 256 18680
El2 9136 136 93600 0.00 0.08 168 .40
EL3 1038 *1033 1038 .00 0.00 090 1998.68
El4 1070 *1070  1070.00 0.00 0.28 V4.8
El5 (1089, 1090) 1090 1090.00 0.00 1.76 1858 .00
H G 717 *T17 717.00 0.00 007 178080
Hl7 a6 a8 aal0 0.00 0.03 13440
Eil8 (a5 ad) S a300 0.00 1.7 las.a
El9 @, 703 700 70120 l.al 190 1732.40
E20 756 *756 75600 0.00 0.03 1779 00
B2l @08, 849 83 841.00 424 781 24366
B2 (731, 772) 768 7163.66 207 5.14 205720
B3 616853 842 845 .20 295 &0 223020
B4 (775, 820) 808 81380 335 406 2084.6
E25 (752, 802) 791 79 4.40 2.19 33 2074380
B6 (10561070) 106& 106380 l.al 7.6 2747 00
B27 (1085, 1100) 1091 1092.&5 1.3#4 7.47 269 20
E28 (1075, 1085) 1080 1081 .&5 114 754 2689 &
B9 (093 1009 998 998.68 1.3#4 403 271600
B0 (10e, 1089) 1078 108080 1.79 7.78 269 30
E3L (1520, 1528) 1521 152200 1.00 8.a 3454.20
B2 (167, 160) 169 169 80 1.10 126 3773380
B3 (47, 1501) 149 150000 1.00 11.48 343640
B34 (153, 153) 1536 153&20 045 7.28 33Ha&00
28} (154, 1555) 1550 1550.68 055 1528 H580
E36 (10161030) 1030 103120 1.10 490 2818 .00
B37 (©89,1082) 1077 1080.& 2.70 952 2860.68
B3 043 1989) 13 9 €3 .00 36 .2 283 &
B3 0651029 1024 103320 13.29 2.78 263 00
B40 (55, 980) 970 974.00 33 6l1 283600

Tabk7: R esults n the setrdata from H urink etal
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PrabEm  (B,UB) Cut AMO) DeastC) A MUCPU) A UQ)
mo6 47 Y47 4700 0.00 0.00 98.00
mto &5 *@G5 6500 0.00 002 159300
meo 1022 1022 1022.00 0.00 3.7 17656

k01 G70,572) *570 57080 0.45 108  1072.00
02 529 520 520.40 055 2.29 1158 00
k03 @, 4an) a7 476D 055 058  1099.6
k04 (02,503) *502  502.00 0.00 115  1093.6
k05 (457, 48)  *457 458 00 0.71 1.40 977.20
K6 79 *799  799.00 0.00 097 151900
k07 74,750) *74 74 80 084 355 146560
k08 76,760 76 7620 0.45 181 151820
k0) 853 853 85300 0.00 2.59 1545 40
kL0 (804, 805) *804 804.00 0.00 1.6 14320
kil 1071 1071 1071.00 0.00 0.8 179040
L2 936 936 93600 0.00 0.59 167.6
B3 1038 *103  1038.00 0.00 0.6 194180
B4 1070 1070 1070.00 0.00 053  196.00
kL5 1089 1089 1089 .40 055 155 205300
K6 717 *717  717.00 0.00 001 173020
kL7 &6 ‘@6 &0 0.00 001  1557.40
ks a3 ‘a3 G300 0.00 001  1500.40
=1 a7 @7 @700 0.00 012 16300
k20 756 *756 75600 0.00 001 174720
k2l ©600,814) 806 807.6 152 465 213640
22 7B 740 73 73 80 084 62 210380
23 609, 818) 815  81E00 122 5.8 217040
k24 (773 784) 777 779 00 158 67 210320
k25 (751, 757) 756 75640 055 &7 208400
6 (1052, 1056 1054 1054.68 055 8§55 274660
k27 (1084, 1087) 1085 108580 0.45 64 274340
B8 (106, 1072) 1070 1070.40 055 1273 279480
) @93 995) 994 994.6 055 1306  2542.00
B (108, 1070) 106  1070.00 0.71 1.6 263.00
B3l (1520, 1521) *1520 1520.00 0.00 162  3a&320
K (167, 168) 168 1658.00 0.00 1300 370600
B8 (147, 148) *147 14730 0.45 1714 331280
B4 (155, 1536 *1535 153520 0.45 1350 3454.6
B (154, 1550) *154 154 .00 0.00 2068 36320
2¢'S) 948 94 948.00 0.00 028 273300
a7 186 986 918E00 0.00 044 283400
3 943 943 94300 0.00 0.09 26120
3 922 922 92200 0.00 022 2798.8
2%0) 955 955 95500 0.00 026  2810.6

Tabk$8: R esults n the setvdata fion H urink etal
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Prcdbem (BUB) Cugsr AMC) DeasS®(C) AMCPU) A UG)
mob6 55 *55 55.00 0.00 0.00 99 80
mtl0 930 930 9R50 276 27.6 1938.70
m20 116 *116 116570 5.3 2.01 203530

k01 (315 ‘@l 6320 3.7 0.01 119 340
k02 65 ‘G5 G6l0 348 0.05 1189 .30
k03 57 *57  597.68 190 0.3 107320
k04 590 *590  590.00 0.00 0.05 1127.30
k05 503 *593 59300 0.00 0.00 981.20
6 126 *926 92600 0.00 0.00 1541 .40
kE07 890 *890  890.00 0.00 0.02 1475 .40
k08 83 863 8E€3.00 0.00 0.00 135.70
B0 951 *951  951.00 0.00 0.00 160.30
k10 958 *958  958.00 0.00 0.00 15760
=ik 1222 *1222  1222.00 0.00 0.00 1918.30
K2 103 *103 103 .00 0.00 0.00 174120
K3 1150 *1150 1150.00 0.00 0.00 VR.B
El4 1292 *1292  1292.00 0.00 0.00 1963 80
k5 1207 *1207 1207.00 0.00 0.04 1982.70
H6 945 *945 94500 0.00 401 1745.40
=il 784 *784  784.00 0.00 0.19 1520.20
K8 848 *848  848.00 0.00 0.45 161.40
=il 842 *842  842.00 0.00 1.2 1755.00
E20 902 *902  902.00 0.00 0.4 176.6
k1 1046 *1046 1047.90 116 VS 220290
B2 927 *927 929 . 276 2793  2182.6
B3 102 *102 103.00 0.00 0.09 217490
k4 935 93 933.00 141 2659 2080.30
25 977 77 VT7.6 097 1410 212320
B®e6 1218 *1218 1218.00 0.00 091 2687.00
E7 1235 *123 124 .90 1.6 8.18 2721.00
28 1216 *1216 121670 221 348 2591.68
B (1120, 1157) 116 1163 320 F3 245430
ED 135 #1365 1355.00 0.00 0.6 276 .6
B3l 1784 *1784 1784.00 0.00 0.14 5640
(224 1850 *1850 1850.00 0.00 0.11 36520
Z¢¢] 1719 *1719 1719 .00 0.00 0.17 335340
B4 1721 *1721  1721.00 0.00 050 $H3BA0
[2¢3 1888 *1888 1889 .00 316 0.17 38R .40
36 1263 1268  1272.70 309 5813 281330
E37 137 137 13990 3.6 670 21150
B3 (1184, 196 1196 1201.@ 2.2 4153 258.6
3 1233 *1233 123750 2.2 53.0 274 90
[2%9) 1222 1228 122970 1.70 74.6 27670

Tebk!: R esults on the data byl amence Fisherand T hampson.
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Prdobbem BV TSqgtt NS DT BC
mt0 930 930 URC O BC ST G §)
E02 65 65 65 65 65
El9 842 842 842 842 843
B2l 1046 1046 1047 1048 1053
B4 935 93>b 93 941 946
E25 977 977 977 979 988
B27 123 1236 1236 1242 1256
B9 l1& 116 116& 1182 1194
EB6 1268 126 128 1278 1278
B37 137 137 1407 1409 1418
B3 196 1196 1196 1203 1211
B3 1238 1233 123 1242 1237
B40 1224 1228 1229 1233 123

Tebk10: Il aegpan Torl3 hard prdblEms.
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