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PREFACE 

This thesis empirically st~dies .the average tunning 

time characteristics of the Shellscrt algorithm, ard tnen 

determines what tne optimum 1n1t1cl increment sho~ld be for 

two ot the more widely used se.;uenc es of 1 r.creme n ts. A 

Shellsort algorithm due to Pratt, with an average running 

time of OCN*lg(N)**2) is also invtstigatfd briefly. A proof 

of the "worst case" permutation us1~g thE original Shellsort 

algorithm is given. Programs were written in FCRTRAN, 

compiled using FORTRAN H, and rur. on ar IBM 3701168 a11d on 

an IBM 1130. 
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CHAPTER I 

INTRODUCTION 

Shellsort Tne A lgo r1 ttlm 

In the late 195 o• s, large high- !peed random access 

memories were developed. Tne1r size and speed C1emand an "in 

place" internal sorting tecnnique t.hat is both efficient and 

portaDle. The straight 1nsert1or: sort is often used, out 

the algorithm has a running time cf O(N••2), where N is the 

numoer of elements to be sorted. In the insertion sott, tor 

eacn J between 2 and N, tne Jth ele•,ent, R(J), 1s inserted 

into the already sorted segment cf tne list, R(l), R(2), 

•••• , R(J-1), by comparing R{J) with these elements <from 

right to left) and moving the lcrger elements to ttie left 

until tne proper position for R(J) is fo~nd. The reason for 

tne low speed of the insertion scrt is .tnat e2Ctl com{iarison 

removes at most one inversion frcm the file. The .two-way 

merge sort is faster, but lt re~ulres .twice as much memory 

as an 111n place" sort. In order to overcome these 

d1fftcult1es, Shell (10) proposet an algoritnm in whlch the 

11st is dlvlded into groups. R(Jl 1s tnE Jth element in the 

list, and ff is known as the tncre•e~t size. 

is tormed from the R(l), R{l+.ti), F(1+2H) / 

1 

The first 9roup 

••••• elemEnts in 
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the list. The second group is fotmed frcm the R(2) ,R(2+d) 1 

R < 2 + 2 H), •••• , el em en ts 1 n the l ls t. This can t1 nu es until 

every element is 1n some group. 

using a straight insertion sort. 

This ~roup is then sorted 

A smeller value cf H is 

cbosen, and the process is repeited. At the ena ot the 

sort, H nas a value of 1, which places all ot the elements 

into one group. The last pas.s 1s .theretore s1m(:lY an 

insertion sort on the entire list, which ensures ttat the 

list ls sorted. 

An example of Shellsort ts given in Knutn (7). Suppose 

a list of sixteen elements is to be sorted. For the tirst 

pass, H will have a value ot a. Elgh t groups o:t two are 

formed, namely (R(l),R(9)), (R(2),R(1C)), (R(3),R(12)), 

••••1 <R(8),R(16)). 

by the value of H. 

Each member cf tnE group is se~arated 

First pass E=8 

50 OB 51 06 90 17 89 27 65 ~2 15 SC 61 61 76 70 

~~~ 
An 1nsert1on sort is performed o.i: .these groups. Note tnat 

some of tne elements may travel c great distance w1ttin the 

list, which is the reason for tte etficiency of Shellsort. 

On the second pass, H wil.l be ~1ven a value of 4. Faur 

groups of four will be for me cl, namely 

(R(l),R(5) 1 R(9),R( 13 )) 1 . . . . , (R ( 4 ), R ( 8) ,R ( 12), &( 16)) • 

Again, each group is sorted using straight insertion. 

Second pass H=4 
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On the th1rd pass, H will have a lalue of 2. 

Third pass H=2 

50 08 15 06 61 17 51 27 65 ~2 16 SC 90 ~1 89 70 

On the tourth pass, H will nave a Vclue cf l. 

Fourth pass H=l 

15 0 6 5 0 0 8 51 l i 61 2 7 6 5 42 7 6 5 0 8 9 6 7 9 0 7 0 

The result 1s a sorted list. 

Final sorted list 

06 oe 1s 11 21 42 so !iO s1 tl 6St· 6i 10 76 89 90 

On the final pass (H=l), a straigtlt insertion sort is 

performed to ensure that tne entire list 1s sorted. The 

sequence of H values 8, 4, 2, 1 ts r.ot m2ndatory, so long as 

the final H value is 1. some sequer.ces cf ti values are more 

efficient than other~, ana they will be c1scussed later. 

The original Shellsort was tormali2ed by Boothrcya (2) 

tn Program A (Figure 1). Boothroyd calculates tne inital 

increment by repeated integer multiplication as snown in the 

first executable statement. This avoics the roundotf that 

can occur if logarithms are used. Note .that the sort within 

the groups is accomplished by 1ntercnan~ing adjacent pairs 

within each group as long as ar. elemert is out•of•order. 

This was done in order to s1mpl1ty the clgor1tnm, w1tn the 

realization that it decreases tie efficiency of the· sort 

compared to an insertion metnac to te discussed below 
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(personal communication trom J. Bocthroyd tc .J. p. 

Chandler). 

procedure Shellsort Ca,n); value r.; real array a; integer n; 
comment aCll through aCnJ of aCl:nJ are rearranged ir. 

ascending order. The metnod 1s that of D. A· Shell, 
CA high-speed sorting procedure, Comm. ACM 2 (195~), 
30-32) with subsequences chosen as sug~ested oy T. ft. 
Hibbard (An empirical stuay minimal stcrage sorting, 
SDC report SP-982). SuosequencEs deperd on m(l) 
the first operative value of 11. Here 1(1) = 2*•k-1 
for 2**k <= n <= 2**(k+l). To .1mplemert Shell's or1g1nal 
choice of m(l) = tloor(n/2) cnar.ge the first statement to 
m := n; 

be91n integer 1, j,k,JU real w; 
for 1 := 1 step 1 until n do m := 2 x 1 - 1; 
tor m := m I 2 while m ,:: 0 do 

begin k := n • m; 
for j := l step 1 until k de; 

begin for i := j step -m .tJntil 1 do 
begin if aCi+mJ => aC1l then gc to l; 

w := aCil; aCil := aC1 .. mJ; ac1+mJ := w; 
end i; 

1: end j 
end m 

end Sne.llsort 

Figure 1. Program A, ty J. Bcathroyd 

Hibbard (5) recoded tne alg<r1thm 1n order to improve 

tne efficiency {see Program B, figurE 2). InstEad ot 

pertcrm1ng pairwise interchanges, Hibbarc stores the cut-of-

order element 1n a temporary location, tnen compares the 

temporary value with the precedin~ elemer.ts within the group 

in crder to find the correct ~os1t1or of the teaporary 
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value. The elements within tne 9roup are shifted by one 

position in order to make room tcr the eventual reinsertion 

ot the temporary value into tne gtoup. 

procedure C (x,n)) array X( l: r:) i 
comment Shell's method using H1bbar.c•s increments 
oegin integer d,1,jJ 

d := 2 ** entier log( 2)n - 1 
Cl: if d <= 0 the go to exit; 1 : =l; 
c2: j := 1; y := xCi+dJ; 
C3: if y < xtj l then go to ,c4; 
CS: xCj+dJ : = y; 1 := 1 + I; 

if 1 + d <= n then go tc C2; 
d : = ( d - 1) I 2; go t c c 1; 

C4: X(j+dl :: X[jJ; j:= j • di 
it j > 0 the go to C3; go to CS; 

exit: end 

Figure 2. Program B, ty T. N. Hlbo ard 

The following definitions deicribe .the basic operations 

in Hibbard' s version of Shellsort: 

C ompartson Any examination .1hct 1s made between any 

element 1n the list and ettte.r anotner element in the 

list or a saved value is a 11 coapar1son". 

Save If a comparison is made tetween two elements in the 

list and they are determinec to bE out-of-order tnen 

the appropriate element is storEd in a teaporary 

location. The saved value if later reinserted wten tts 

proper position is found. 1he operation of storing an 
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out-of-order element and sutsequently reinsertitg into 

the list const1 tutes one 11 sa11e" or "save/ 1nserticn••. 

Move Once an out-of-order elea:elit has been found .end its 

value has been stored in a .temporary location, it is 

necessary to move elements within .the list in order to 

provide a place to reinsert the scved element in its 

correct position. Each . Element that is shifted 

constitutes a 11 move". 

Stepp1ng throuqh the following ~~aaple kill 1llustatt these 

definitions: 

Suppose that in the followirg group of elements, 

115" 1s to be inserted into its propEr position. 

Com pa ri sons=O Saves=O Hcves=O 

3 ••• 2 ••• o ••• a ••• 9 ••• s--
A canparison is made between ••s11 ant .,5 ... 

Compar1sons=l S ave~=O M cves=O 

3 ••• 2 ••• 6 ••• a ••• s ••• s 

• • f ? I 
'--~ 

The comparison determines . that "9 •1 and "511 are 

out-of-order, so a save ls mcde. 

a temporary location, TEMPVAl. 

Com par 1sons=l S aves=l 

3 ••• 2 ••• 6 ••• a ••• 9 ••• s 
t 
t 

.. C:tl is stored 1n 

M cves=O 

TE 11.PVAL= 5 
'1' 
t 

&. ..... _ ... __ ............. ~ 



11 9" is moved to make rcom tot a possible 

re1ns ert1on. "5" is destroye~, tut it has betn 

saved in TEMP.VAL. 

Co111par1sons=l Save::= 1 Mcves=l 

3 ••• 2 ••• 6 ••• a ••• 9 ••• 9 TE MP~VAL=S 
~ 

' .._ __ ., 

A canpar1son is made between 11 a11 anc TEMP VAL. 

Co111par1sons=2 Save::=l 

3 ••• 2 ••• 6 ••• s ••• 9 ••• 9 

Mcves=l 

TE ~PVAL= 5 
I t 

t 
? ' -...----------~---~-----~ 

The co1'par1son determines thct "8" end TEMPVAL are 

out-of-order, so another movE 1s mace to make ro~m 

tor possible insertion. 

Coapar1sons=2 Save::=l 

3 ••• 2 ••• 6 ••• a ••• a ••• 9 

"" ' '---.t 

11 611 and TEMPVAL are compared. 

Co.11par1 sons=3 Save::=l 

3 ••• 2 ••• 6 ••• a ••• a ••• 9 
I 
I ' 

Mcves=2 

TE fllP.VAL=5 

Mcves=2 

TE ~PYAL= 5 
I 
I 

~--------------~--------~-~ 
11 611 and TEMPVAL are out-of-otdEr, so anotner move 

is made. 

Compar1sons=3 Save::=l Mcves=3 

3 ••• 2 ••• 6 ••• 6 ••• a ••• 9 TEfllPVAL=5 
t Jt-
1 I .._ __ ., 

7 



"2 11 and TEHPY AL are compared. 

Coapar1sons=4 

3 ••• 2 ••• 6 ••• 6 ••• a ••• 9 
I 

' ? 

Mcves=3 

TE MPY AL=S 

' ' ,.._-----------------------~----"' 

.. 2.. and TEMPVAL are in-orcer, so TEMPVAL ts 

lnserted into the group. Ncte that the rumber cf 

saves does not change. 

Co11par1sons=5 

3 ••• 2 ••• s ••• 6 ••• a ••• 9 
~ 
I 

Mcves=4 

TE f'PVAL=5 
I 
I 

'--'-----------~---~--- ______ .,, 

8 

If Boothroyd•s algor1tnm is used, then ~ interchanges 

require M+l comparisons and 3•M replacement operations. In 

order to accomplish the same resultE, true 1nsertion 

requires one save (two replacement operetions) and M moves 

(M+l comparisons and H replacement operations), for c total 

ot M+2 replacement operations ard M+l compar1sons. Tnis 

decreases the number of replace1ert operations by nearly 

two-thirds. Chandler and Harrlscn (3) indicated that tnis 

results in a 1?% decrease in the avtrage running time 

relative to Boothroya•s algorithm for a snellscrt written in 

Fortran on a CDC 6400 computer. 

An important feature ot P~cgam B is its use ot an 

"unconditional" save operation, ln whict Program B e~ecutes 

the save operation before an initial com~ar1son is mace. If 

the elements are determined to be in-orcer, tnen thE saved 
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element is reinserted into its or1g1nal i;:os1t1on. Tt.e save 

operation can be avoided wnen thE elemerts 

ttle compar1son is made oefore .the save, 

Program C (Figure 3). 

are 1n- order if 

as ts dcne in 

Conslder the types ot operat1or.s required by Pro9rams B 

and c. I.n Program c, an tn-ordet com pa rtson <a comparison 

in which the two elements are determ.1ned . to be .1n the 

correct relative order) require~ two subscript references 

and one comparison, whereas P~ogram B requires two subscript 

references, one comparison, and .twc rep.lacemerrt operatlons. 

In Program c, an out-of-order ccmpariscn (a comparison in 

wntch the two elements are detErmined not to be in the 

correct relative order) requires .three s~JJscr1pt references, 

one comparison, and one replace11erit op eratio11. P .. rcgram B 

uses uses two subscript referencea, one comparison, and one 

replacement operation. It is otiv1ou! that an ir.-arder 

comparison is faster in Program C than ir Program B, because 

tbe save operation is not made. on the other hand, frogram 

B may be slightly faster than P.rcgram C for an out-ot-order 

comparison, because the co11par1fon in Program c rEquires 

botn operands to be subscripted, wherea! P~ogram B hes only 

one subscripted operand. I.n a straight insertion sort, it 

seldom happens that an item to be insertEd is already in the 

proper position, so an "unconditional save" may well be 

taster than making a comparsion before the save is made. 

However in Snellsort, tne group~ in pisses fo1low1ng the 



SUBROUTINE SHELL(JR,N) 
DIMENSION JR(!OO) 

SHELLSORT 

INPUT PARAM£TERS 
JR l~NT EGER ·ARRAY TC BE SORTED 
N NUMBER Of £LEME~TS IN ARRAY JR 

RETURNS ARRAY JR lN ASCE ~DING ORD&R. 

SUBROUTINE·S CALLED 
NEXTH RETURNS 1HE NEXT I.NCREMENT. 

10 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

JCOHP, JMOVE, ANO JSAV E ARE Ttl E COUNTERS FOR 
COMPARISONS, MOVE~, AND INSERTIONS/Sl~ES. 
JCOMP=O 
JHOVE=O 
JSAVE=O 

IF(N.LT.2) RETURN 
JH=O 
CALL NEXTH (JH) 

10 NHJH=N-JH 
00 40 K.:1, NMJH 

JHPK=JH+ IC 
C JCOHP:JCOHP~l 

IF(JR(JHPK).GT.JR(K)) GO 10 40 
JTEMP=JR (JHP !<) 

C JHOV E:JMOV E+l 
JR(JHPK) :JR( IC) 
J=K-JH 
IF(J.LE.O) GO TO 30 

C JCOMP=JCOMP+l 
20 IFCJTEMP.GT.JR(J)) GO TO :~O 

C JHOV E=JMOV E+l 
JHPJ=JH+J 
JR(JHPJ) =JR( J) 
J:J-JH 
IF(J.GT.0) GO TO 20 

C JSAVE=JSAVE+l 
30 JHPJ=JH+J 

JR ( JHPJ) =JTEMP 
40 CONTINUE 

CALL NEXTH(JH) 
IF(JH.GE.l) GO TO 10 
RETURN 
END 

Figure 3. Prcgram c 
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first pass are partially ordered, so 1t is not clecr tnat 

the unconditional save will 1Tcrease tne speed. For 

example, consider the final pass of Shellsort. Sir.ce the 

final pass is an insertion sort, or.e m19ht expect the order 

to De O<N*•2) for a random list. Th1S cannot De tne case 

since the average running time cf Shellsort is much less 

than 0(N•*2), indicating tnat tte l1st must have been 

partially ordered by the initial passes. Table I is an 

empirical comparison between Pra~rcms B and C fer various 

number of passes. The table wcs generated using an IBM 

1130, 1n order to avoid the t1•1f;g problems caused by a 

multi-programmed system. Prograa E 1s Elightly f astEr tnan 

!?1rogram C in an insertion sort (H=l) due to tne many cut-ot­

order comparisons that are made. Program c is fastEr tnan 

Program B in a multi-pass Shellfort, cue to the ordering 

that 1s done in the initial passe·S· Tatle I 1ndicatEs that 

Program C should be used on all mllti-pass Shellsorts. 

Shellsort - IncremeTts and Runn1r:g 

Times 

The optimum set of increments (H(t), H(T-1), H(T-2), 

••• , 8(1)) for a given value of N 1s r:ot kncwn, but many 

sequences have been suggested. REpresentative sequences are 

g1ven in Ta.ble II. Shell (10) introduced the algorithm in 

1959, but his v er s1on can result 1n a very p cor wor.it case 

running time (4) of O(N**2). The wcrst case running .time of 

Shell•s version 1s investigated 1n Cha~ter IV. Wt.en the 



TABLE 1 

AVERAGE RUNNING TIMES FOR Pi.ROGRAHS 
8 AND C 

12 

----------------------------------------~--------------·-------

Increments 
No. Of 
Passes 

Ave. Running Time(Sec) Percent Gain 
Program B Pro~ra11 C Program C ---------------·------------------------------- -.. -----------------

( 3*'*K-1) /2 
(3*•1<-1)/2 
( 3**K-1) /2 
(3 **K-1) /2 
( 3 **f(-1) /2 
(3**K-1)/2 

2**K-l 
2*•K-l 
21taK-l 
2**K-1 
2*•K-1 
2**K-1 
2**K-l 
2*,.K-1 
2**K-1 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5--
6 
7 
8 
9 

234. 20 
70.43 
27. 80 
16.57 
13.90 
13. 61 

234.19 
67. 91 
41.83 
24.61 
17. 66 
15.14 
14.25 
14.12 
14. 43 

2 34.51 
"l0.40 
:11. 60 
16.21 
13.37 
12. 92 

2 34. 51 
f'l. 89 
~l.60 
24.19 
11.01 
14.36 
13.26 
12. 93 
13.12 

-0.13 
•0.04 
+0.71 
+2.17 
+3.81 
+5.01 

-0.14 
... 0.02 
+0 .. 55 
+1 .. 71 
•3.34 
•5.15 
+6 .. 95 
+8 .. 43 
+9.08 

This table was generated on en IBM 1130. All ccunters 
were removed from the programs. 1000 random elements were 
sorted. 
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binary represent~tion of N contalns lon~ str1r.gs of zeros, 

tnen there 1s little interaction betweer tne groups, which 

results in many sorted but distinct groups. This forces the 

final pass to de much of the sorting, thus degrading the 

sort time. For example, if H equals a, 4, 2, 1, each pass 

combines pairs of groups that have not interacted at all in 

previous passes. Frank and LazaI!ts (4) tave shown that this 

can be eliminated if the 1ncremEnts ace relatively prime. 

Pf.apernov and Stasevich ( 8) prcved tt:at the worst case 

running time using HibDard•s incremerts 1s bounded by 

O(N**l.5). This was generalize< by Prctt (9) to include 

roost .. fuzzy" geometric ser1es oteytng certain copr 1meness 

properties. Yao (11) derived the asymptotic torR of a 

three-pass Shell sort using tixed .1ncremerts. Pratt ( S) also 

suggested a Shellsort algorithm .that nzs a worst case and 

average case running tiJDe ot O(N*(lg(N)**2)) ("!g" 

symbc!izes logarithm base 2), wtich will be discussed in 

Chapter III. 

Knuth (7) estimated the total runn1r.g time ot Prcgra11 B 

using a MIX program (MIX 1s an assembler language for a 

hypothetical machine). He shows .that tnE execut1011 time can 

be expressed in terms ot five parsmeters, namely: tte size 

ot the file, N; the numt> er of s;asses, T; tne sum ot the 

increments, s; the nUlllber ot le :ft-to-right minima 

encountered in the intermedlate scrt1ng cperat1ons, A; and 

the number of moves, a. Using tti.s ter.1tinology, the numoer 

ot comparisons 1s B + NT - s - A. The total runnirg time 
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for the MIX program is {9B + lONT + 13T - 105 - 3A + 1) 

cycles. 

TABLE 11 

AVERAGE NO. OF COMPARI~OfiS FO~ VARICUS 
FAMILIES OF INCREMENTS 

Author( s) 
Stated Numb Er of 

Comparisor.s Iner em er.ts 

--------------------------------------~--------------------~ 

Shell (10) f lo or ( N I '* • K) ) 

Frank and add 1 to Shell•s 
Lazarus ( 4) ev en 1 nc r em en ts 

Papernov and 1.09*N**l.27 2**K+l 
s tasevich < 8) 

Hibbard (5) l.22*N**l. ,6 2*•K-1 

Knuth (7) 1 .12* N* * 1. 28 ( 2* •K.-(-1**K))13 

Knutn {.,) l.66*N**l.45 (3**K-l )/ 2 

-------------------------------------------------------------



CHAPtTER II 

The Optimum I.n1tial Incre1ent 

Previous w cr.k 

Once a sequence of increments has teen chosen, hew is 

the initial increment, H(T}, cho.Eer. for a given value of N? 

Hibbard (5) suggested us1ng the largest increment less than 

N. This seems rather hign, due .to tne tact t~at an cut-of­

order element in the first pass mcves al1ost N places, which 

is great er than the expected avetage to. tal d 1spl ac e11ent of 

N/3 for a random input list. ShEll (10) required the first 

increment to be floor(N/2}, whilE l<nutn (7) suggestEd tnat 

the initial increment be no greater than N/3. 

Table III contains some typical .total running times 

using the 'MIX assembler language as measured by Knuth ('1). 

Several families of increments are sncwn, using various 

numbers of passes. Exa111nat1on cf TablE III indicates ttlat 

as the rumber of passes decreasEs tor a given family of 

increments, the total average runrir:g t11e decreases, passes 

thro~gh a minimum, then increases. This minimum reptesents 

the number of passes, T, that gtvEs the tastest sorting time 

for that particular family of incremerts. For e~ample, 

Table III gives the HIX times when Hibbara•s increments 

15 
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(2**K-1) a~e used. The MIX times tor nir.e, eignt, anc seven 

passes are 142238, 139435, and 140072, respectively. Ttlis 

indicates that if Hibbard•s increaents ate used to sort 1000 

randcm elements, eight passes shoLld be .Lsed rather tban the 

nine passes that Hi.bbard•s algor.ithm ac.tually uses. There 

ts no intuitive way to know in ad~ar.ce t~e optimum nuaber of 

passes to use, but this can be dtterm1nEd empirical!~. If 

Ta.ble III could be expanded to include all values of N, tnen 

it wculd easy to determine the cpt1mum initial increment. 

It is impossible to include all values of Nin Table Il.I, 

but it ts possible to estimate thE valut ot N at which each 

pass becomes Justified. ThesE valuts will be called 

"crossover values11 • The first ctossover value is thE value 

ot N at wnich a two-pass Shellsott is mere e!ticient than a 

one-pass Shellsort. The second crossover value 1s thE value 

of N at which a three-pass Shellfort 1s more efficier.t tnan 

a two-pass Shellsort, and so on. 

Method of Investi~atior 

In order to investigate ShelJscrt, cne must estatl1s.ll a 

criterion to measure its efficiency. Ary ~easurement using 

real or relative time on a given coaputer is net very useful 

in drawing general conclus1ons, d\le to the d1ff erer.ces ill 

instruction executlon tlme oetween c1tterent machines. 

Fortunately., the number of comi;arison, move, anc:2 save 

operations 1s machine independent. Prcgram C (Chapter I, 

Figure 3) indicates how tnese cperat1cn$ can be ccunted. 
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TABLE I II 

SHELL SORT MIX TIME FCR 1000 RANDO~ 
El. EMENTS 

----------------------~~-----------~-------~-----------------MIX 
Time 

Increments A B T s (Cycles) --------------------·----------------............... .- ...... ~-------------
1 6 24975 0 1 l 2257734 

17 l o5 416o"i 2 ie 3S4652 

60 6 1 158 26361 3 61 266141 

140 20 4 1 262 21913 4 165 234829 

256 o4 16 4 1 362 2045.~ 5 341 229100 

576 192 48 16 4 1 419 2008 E 6 831 231240 

729 243 81 27 9 3 378 1853 3 7 1093 224826 
1 

512 246 128 64 32 16 493 1643 ~ 10 1023 23€336 
e 4 2 1 

500 250 125 63 31 15 525 760 0 9 994 141003 
7 3 1 

501 251 125 63 31 15 575 720C 9 997 143223 
7 3 1 

511 255 12; 63 31 15 550 710C 9 1013 142238 
7 3 1 

255 127 63 31 15 ; 450 730C 8 502 139435 
3 1 

127 63 31 15 7 3 300 815C 7 247 140072 
1 

63 31 15 7 3 1 200 9?0C 6 120 145579 

31 15 7 3 1 125 1360 c 5 5 '1 l 71521 

513 257 U9 65 33 17 575 660 0 10 1032 147486 
9 5 3 

257 129 65 33 1 '1 9 450 680 c 9 519 l '14178 
5 3 
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Table I.II. (Con 111iUed) 

---------~-----------~------------~----~------~--~----------129 65 33 17 9 5 300 760 0 B 262 144985 
3 1 

65 33 1 '7 9 5 3 200 940( 7 133 152162 
1 

33 17 9 5 3 l 125 13000 6 68 l 76024 

683 341 171 85 43 21 500 705C 10 1364 148441 
11 5 3 1 

341 171 85 43 21 11 500 730 c 9 681 141506 
5 3 1 

255 63 15 7 3 l 400 860 0 6 344 132839 

251 65 1 '7 5 3 1 400 8 '70 () 6 348 133 699 

341 85 21 5 3 1 425 9 30 () 6 456 13'7944 

610 377 233 144 89 55 550 7400 14 1595 189183 
34 21 13 8 5 3 

2 1 

311 144 55 21 8 3 475 880G 7 609 141777 
1 

365 122 41 14 5 2 450 830 c 7 550 13'7942 
1 

364 121 40 13 4 1 450 9200 6 543 136099 

121 40 13 4 1 275 990 c 5 179 136551 

----------------------------~-------------~----------------~-
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Comparisons predominate as N oeco1us large, because the 

numoer of comparisons consists cf the number of ir.-order 

comparisons plus the number cf mcves (out-at-order 

comparisons). Thus, the number of 11oves can never be 

greater than the number of com~arisons. Likewise, the 

comparisons predominate in an 

number of compar 1sons is NT - s, 

and saves is zero. 

1r-crder list, becallse the 

~h1le the number ot moves 

The following outline can be used tc investigate 

Shellsort: 

1. Choose one family of 1ncre1e1:ts to study, suctl as 

Hi.Dbard•s family, Knutn•s fa•ily, etc. 

2. sort rando111 lists w1tn various values of N using 

Program C (Figure 3). Adjust subrcutine NEXTH so tnat 

one pass is used. Repeat .the sort with ditferent 

random lists in order to cbtain a good statistical 

average of tne number of comparisons, moves, anc saves 

required for a given value ot N. 

3. Repeat step 2 with NEXTH adj~sted f cr two passes, three 

passes, etc. 

4. Fit the number of comparisons to a curve as a function 

of N fer each pass. 

s. Determine the crossover points as .the intersections of 

the fitted curves of adjacent numbers of passes. 

6. Fit the crossover values tou~d in step 5 to a c~rve as 

a tun ct ion of N. 



In order to generate the ·crossover values, 

design parameters need to be considered: 
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several 

1. Many fam111es of increments .tave betn suggested, and it 

would be impractical to study all cf them. Hibbard•s 

increments <2*•K-1) and Knutt•s increments ((3••g-l)/2) 

were studied because of thei I efficiency and 

popularity. 

2. Only random lists containing up to 20000 elements were 

considered. Larger lists wculd require a large amount 

of computing time. 

3. fifty random lists were sor.1eci tor each value cf N in 

order to determine the avercge numter of comparisons, 

moves, and saves. Tnts nu11ber of repetitions yielded 

an acceptable standard dev1aticn. 

4. The values of N were chosEn to ~1ve 2 fairly even 

distribution of data point~ en a log scale. More 

closely spaced values of N were usat in the vicinity of 

the crossover values. 

Results ot the sorting are found in Appendix A and 

Appendix B. Since the number ct cC11par1sons predominates, 

it can be used as one indication ot the relative etf 1c1ency 

ot various Shellsorts. Examin1n' the. 2ppendices shew tnat 

for a given value of N, the .lse of Knutn•s incteaents 

results in approximately two tc th1ee percent fewer 

comparisons than the use of Hibbatd•s increments. 

In order to determine how wtll the various f1ts agree 

with the data, two 11etnods were used to measure the 
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"g ccdness ot fi t 11 : the value cf chi- square and ttle runs 

test. Ch1-square is the sum over all of the data pair.ts of 

(CY (J )-FIT( J) I YS lG( J)) • •2 

where Y(J) 1s tne ordinate of tne Jtb data point, FIT(J) is 

the fitted value, and YSIG(J > is . the exp Ected standard error 

ot Y(J). If the 110 del FI_T( J) 1 s l1nea I in a 11 par a1teters, 

then the expected minimum value of chi-square is equal to 

the nu111Der of degrees of treedo11, NDF, cf the system. ?he 

number of degrees of freedom of a system is equal to the 

number of data points minus the ·r.uaber ct parameters in the 

flt. The expected standard er.tor of cnt-square 1s the 

sguare root of 2*NDF. If the mcdel is nonlinear these 

expectea values are only approx1m2te, b~t the test is still 

wtdelY used for nonlinear models. 

The runs test examines the r.umber cf runs ot positive 

and negat111e values in tne resld&;als (Y (J)-Fl t(JJ) ot the 

flt. For example, if the signs cf succEss1ve restducls are 

++-+--+·, then there are six ruts of successlve residuals 

havtng the same sign. For a la1ge numter of data polnts, 

the expected number of runs for .c good fit approaches half 

the numb er of data points. Benr.ett ant Franklin ( 1 > give 

details on the use of the runs teft. 

Fitting the Results ot Eact Pass 

Initially, an attempt was 1ade tc f1t the nuaber of 

comparisons to a power function ot N for each pass: 

number of comp-arisons = C * (N •• P) 
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This system is l 1near1zed by us1n, the l cg tunct1on: 

lg(number of comparisons) = lg(C) + P • lg(N) 

so that a straight line on a log-leg plct corresponds to a 

power function in the raw data. lnless ctherw tse specit1ed, 

the log-log system is used, and the term "raw data" refers 

to the or1g1nal data. 

The one-pass Shellsort is s11ply an inser.tion sort, so 

the data were compared to the .isymptQtic behavior ot the 

insertion sort, 0.25*N**2. The .cne-pas! Shellsort deviates 

sharply from 0.25*N**2 tor small valt:es of N, tut it 

approacnes 0.25*N**2 for large values of N. Figure 8 

(Appendix D) snows the deviation cf thE one-pass Shellsort 

from its asymptotic behavior of 0.25•N••2. The f 1tst few 

raw data points were checked by scrting all cf the 

permutations of a list for a g11er. N, then averaging the 

operations, as shown in TaOle IV. Examination of the 

appendices shows that the data agree well with Tanle IV. 

For each nulllDer of passes grEater tt:an one, a straight 

line was fitted to the !og-10, ~lot of lg(compatisons) 

verses lg(N). The results are sto~n in Tanle v. on small 

and intermediate numbers ot passes, tt.e fit 1s po~r, as 

judged oy the number of runs. 1he err er is gr eat at large 

values of N. On large numJ>er of pcsses, the fit is better, 

but tn1s 1s due to the smaller rcnge of N. The results in 

Table v are comparanle to tnose fcur.d by Knutn (7) in Table 

I I (Chap te r I) • 



TAtlLE I~ 

AVERAGE BEHAVIOR OF INfEI;TION SORT FOR 
ALL PER MU TAT IO NS OF H 

------------------------------------------------------N Comparisons MOYES Saves 

------------------------------------------------.... -~--
2 
3 
4 
5 
6 
7 
a 
9 

212 
16/6 

11812 4 
926/120 

1956/7 20 
75132/5040 

777456140320 
8171184/362880 

1/2 
9/E 

72/ 24 
600/ 120 

54001120 
5 2920 / 5040 

564480/ ~0320 
6531840/~6,880 

1/2 
116 

46/24 
326/12() 

2556/7 20 
22212/5040 

212976/40320 
223 9344/36,880 

-------------------------------------------~---------
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After examining the operattcn of .the Shellsort as N 

becomes large, the asymptot1c behcv1or ot tne Snellso.c:t with 

a fixed set of increments can be .Estaol1!bed. 

Theorem: The average and liOrst ccse asymptotic 
oenavior of Shellsort usirg a fixed set cf 
increments is proportional t c N** 2. 

Proot: Let the increment tot the first pass be a 
fixed value, H(T). Let N be .the number cf 
elements in the list. On tht tirst pass, the list 
1s divided into HCT) groups, each group containing 
H(T)/N elements. An 1nsert1on sort is performed 
on each group, thus the bcur.d tcr the average 
running time in sort1ng each group 1s proportional 
to (N/H(T))**2• Since there are H(1) groups, then 
the average running t1me fer the first pass ls 
proportional to H(T)•((N/H(1))**2).. H(T) 1s a 
constant, so the bound tot .the c:verage runnir.g 
time for the first pass 1s O(N**2), which becomes 
the bound fer the entire Snellsort. This is also 
an upper bound because the maximum number cf 
inversions in a list is < N*(N-1) )/2, which .1s 
O(N*•2), and 1t is not possible fer Shellsort to 
increase the number of inver~icns. 



TABLE \ 

LEAST SQUARES FIT OF PCWER FUJCTION TO 
HUHBER OF COMPARISONS 

24 

---------------------·-------------------------------------Increments Passes Fit Ru rs Runs< Expected) 

---------------------------------~--------------------~~---
2 ••K-1 1 o.2s•N••2. co 2 18 
2••K-1 2 0.4l•N••1 .. ;7 . -; 18 ... 
2**K-l 3 0 .5 O• N** 1. 65 3 20 
2••K-l 4 0 .5·2*N•'*l •: ~9 'l 45 ... 
2'**!(-1 c 0.67*N**l•:~l 

.. 25 . - .. 
2**K-1 6 1.03*N**l• 41 3 24 
2••K-1 , l.49*N••l.34 3 22 
2**K-1 ·a 2.04*N**l• ,7 . -; 20 ... 
2•*K-l 9 2 .6 2* N* * 1 • 25 3 18 
2••ic-1 10 3.06•N•*l.22 t 14 
2**K-1 11 3.43*N**l• ;1 5 10 
2**K-1 12 3 .43* N**l. 21 7 6 
2••K-l 13 3.60*N**l. 21 3 2 

(3*•K-l)/2 1 o.2s•N••2.co .. 21 ' (3**K-l)/2 2 0 .3 9* N* • 1. 75 3 21 
(3.,•K-1)12 3 0 .4 9*N**l. t3 3 23 
( 3**K-1)/2 4' 0.67*N**l.~9 

.. 23 ._. 

(3**K-l)/2 5 1.1 7• N**l. 37 3 23 
(3••K-l)/2 6 l.93*N**l.29 3 18 
( 3•*K-1)/2 7 2.62*N**l• ,4 "i 12 
(3**K•l)/2 8 3 .14* N**l. 22 7 7 
(3••K-l)/2 9 . 3.06*N**l.22 4 2 

------------------------------------------~-------------~---~ 

The theorem makes it apparent .that .tne fltted curve for 

each fixed number of passes contains an t:**2 term, plus some 

other term that diminishes as N bEccmes large. The errcr in 

the flt of the one-pass Shellsort (see Figure VII, .Appendix 

D) suggests that the other term is a f~nctior resemtl1ng a 

gamma density function, which are ot the form: 

F(X) = A* (t**B) * £XP_(C *T) 
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If the log of the data is cor.siderec instead ct .the raw 

data, then the log of tne data 1ust be multiplied by some 

appropriate weight in order to give the correct statistical 

d1Str1bu ti on of the error in lg( Y). Tn e calculation ot the 

weights is done 1n the following 1ar.ner: 

Let: 

LOG natural logar1tnm furct1on 
y(J) Jth raw data crcinat e 
Y(J) lg(y(J)) 
SD(J) standard dev1ct1on ot tne Jth raw data 

ordinate 
REP .. number of repetitlon! used to generate 

a raw data po1nt 
SIGMA the expected ~tcndar.c error ot a .cata 

ordinate 
SQRT square root f~nct1on 
W(J} weight of the Jth data po1nt 

The following relations are . true by definition: 

SIGMA(y(J)) = SD(J) I SCR1(REP) 
W (J > is proportion al to llSI GM A( Y > ** 2 

The following relation is ap,rcx1ma1ely true froa a 
linear expansion: 

SIG~A(Y(J)) = SIGHA(y(J)) * dY/dy 

Dit ferentia ting dY/ dy and sutstitut 1ng Yields: 

SIGHA(Y(J)) = SIGHA(y(J)) I (y*log(2)) 

Suostituting again yields: 

W(J) = Cy(J)*LOG(2)*SQR'I(J;EPL) I SO(J)l ** 2 

Since all of the linear fits tc the lg(compar1soi:s) are 

unsatifactory, the data were wei~hted end then fitted to a 

gamma density function plus a linE cf slcpe 2. o. (A line of 

slope 2.0 in the linearized S)stems corresponds to the 

function N**2 in tne raw data.) The crtgin of the gamma 

density function is held to zero, because the line flts the 
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first point exactly. This Yielcs an e~cellent fit; cni­

sguare has a value of 30 (expect Ed 32 ), and the nuaber of 

runs is 19 (expected 18). Table VI sncws tne data end the 

flt. 

when the nu!IDer ot compar1scns for multiple passes is 

fitted to a gamma density funct1or plus c line of slope 2.0, 

the origin of the gamma density ftJnction ts allowed tc move, 

stnce there is nothing to sug~est wt.ere it should be 

pos1t1oned. This yields a good fit tot a Shellsort using 

two to four passes, as shown in Tcble VI. In these ~asses, 

the origin of the gamma .ce.r:si ty function teco11es 

increasingly more negative. In tte ftve•pass snellsort, the 

origin of the gamma density t~nction moves to negative 

infinity. When this happens tt:e gamna density functton 

approaches a Gaussian function. A Gaussian funct1ori is a 

function of the form: 

F (X) = A * EXP( -(( T-B) ••2) I ( 2•(C**2)) ) 

In view ot this, the data for f jv£ to thirteen passes were 

fitted using a Gaussian function plus a line of slope 2.0. 

Table VI shows that some of these f tts are good while others 

are mediocre. None of the fits are really poor compared to 

the fits in Table v. The Shellscrt with thirteen passes 

does not nave enough data po in ts . :Jn order to f 1t all o:t the 

parameters, so some of the parameters were estimated and 

held constant, as indicated by .th valuEs -14.5 and 7.0 in 

Subroutine HBCOH (Figure 4). 



TABLE VI 

GOODNESS OF FIT FOR SEELLSORt USING 
HIBBARD• S · INCREHENTS 

------------------------~-------------------~------------Chi 
Chi Square Runi 

Pass Type of Fit Square ( Expec 1ed) Funs (Expected) 

--------------------------'9119-----------------------------
l GAMMA+LINE 30 .o 32 :t a.o 19 18 
2 GAMMA+LINE 32.1 31 ::t . ;. e 20 16 
3 GAMMA+LINE 26.2 35 :t E. 4 20 20 
4 GAMMA+LINE 56 .3 40 l: 8.9 20 23 
5 GA OS S+LI NE 86. 8 46 % s. t l '7 25 
6 GAUSS+LINE 151.0 43 :t s. 3 13 24 
7 GAUSS+LINE 114.6 40 ::t 8.9 23 22 
8 GA USS+LINE so.o 36 ::t E. 4 15 20 
9 GAUSS+LlNE 24.8 31 :t ;. s 18 18 

10 GAUSS+LINE 23 .6 24 :t 6.8 22 14 
ll GAUSS+LlNE 15. 7 15 :t ~. c 12 10 
12 GAUSS+LINE 13.8 8 :t -4. c a 6 
13 GAUSS+LINE 3.2 2 :t 2.0 3 2 

---------------------------------------------------------
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Suoroutine HBCOM, Figure 4, ccnsolidates the fits into 

a subroutine that fac111tates plotting the data. HBCOM 

contains all of the information found in these curve fits 

for a Sh el lsort using Hibo ar d• s i r_crem en ts. 

Figure 5 through Figure 17 (Jp~endl> D) illustr2te the 

importance of the gamma aensi ty f~nct1 en and the Gaussian 

f unct1on. In these figures, th£ linear part of the ft'tted 

curve (FLIN in HBCOM) is subtracted trcm the curve er data 

point, leaving the gamma densit) i.unct.1on or the Gcusstan 

f unct1on. The vertical bar's indicate or.e standard etror in 

the data points. The curves ate the values retutned Dy 



SUBROUTINE HBCOM (NPASS,AL2l,AL2CM,FLIN) 
c 
C COMPUTES FITTED VALUES FOR PLOTTING £.G(COMP'..AR:ISONS) VS. 
C LG(N) FOR SHELLSORT USI .. NG HIBBARD-S I ~CREMENTS. 
C NPASS IS THE NUMBER OF PASSES AL2N I~ LG(N). 
C AL2CM IS LG(CO~PARISONS ). FLIN IS THE ASYHPTOTE. 
c 

c 

c 

DIMENSION JTYPF(13) 1 APAR(5,13) 
DATA JTYPF/4*0 1 9*1/1 APAR/ 

l -2. , .28104, 2.2983, 1.3135, 1. , 
2 -3.5610, 1.9265, 2.04''1t, l.97S8, -.27668, 
3 -4.7741, 3.0804, 2.3694, 2.6064, -3.6736, 
4 -5.8657, 3.9366, 2.7514, 3.34!i2, -11.226, 
5 -6.9026, 4.7756, 2.916~, 4.16~1, o., 
6 -7.9730, 5.4376, 3.5495, 4.4890, o., 
1 -9.1144, 6.2637, 3.9031, 5.01Cl8, o., 
8 -10.392, 7.3219, 4.011~, 5.7516, o., 
9 -11.aoo, 0.4so1, 4.1543, 6.5578, o., 
x -13.018, 9.3787, 4.350t, 7.20~5, o., 
E -13.399, 8.8791, S.684C, 6.1442, O., 
T -14.027 1 8.8873, 6.4344, 6.7861, O., 
3 -14.5 , 9.1628, 6.609t, 1.0 , o. 

QEXP-(.ARG): EXP.( ARG) 
QLOG(ARG)=ALOG(ARG) 
OMAXl(A,B)=AMAXl(A,8) 
QHINl (A,B) =AMI Nl (A,B) 

IF{NPASS.LT.1 .OR. NPASS.GT.13) STCP 
EXPL M=lOO. 
UlHTR=l 
RTW0=2 

C COMPUTE THE LINEAR PART OF 'niE FIT. 

c 

FLIN=APAR(l,NPASS)+RT~O•AL2l 
IF{JTYPF(NPASS).GT.0) GO TO 3Q 

C USE A LINE PLU~ A GAM!tA DENSITY. 
C THE GAMMA. DENS lTY HAS BEEN 
C R EPt.ARAHET ER IZ.ED IN OR DER TO 
C DECREASE THE CCR~ELATION 
C BETWEEN THE COEFFICIE~TS. 

10 THAT=APAR(3, NPASS)-APAR( 5, NP ASS) 
CGAM=-THAT /A PAR( 4, NPAS S) **2 
BGAM=-CGAM *THAT 
AL AGM=OLOG(APAR(2,NPtAS S)) 
TT=AL2N•APAR(5 1 NPASS) 
FE XP=O. 
IF (TT .LE.O .) GO TO 2 0 
POWLN=ALAGM+BGAM*( UNITR+OLOG( tT/ THAT) )+C GAM •TT 
POWLN=OMAXl(-EXPLM,QMINl(EXfLM,POWLN)) 
FEXP=OEXP(POWLN) 

20 AL2CM=FLIN+FEXP 

Figure 4. Subroutine HBCOM 
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c 
RE'l'(J RN -

USE A LINE PLU~ A GAUSSIAN. 
3() ARG=-<AL2N-A PAR( 3, NP ASS))** ;1 ( RT~O •APAR( 41 NP ASS )**2) 

AR G=QHAXl ( -EXP.LM,Q MI Nl (EXP L ~, ARG)) 
AL2CM=FLIN+APAR(21 NPASS)*QE)P(ARG) 
RETURN 
END 

Figure· 4!. (Cort1nued) 
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HBCOM" minus the linear terms (FLIN). 

asyaptotic to zero, indicatln( .. that the 

asymptotically proportional to N*•2. 

The curv. Es 

raw data 

30 

are 

are 

Figure 18 tnrou']h 20 {Appendix D) r;resent another vie111 

ot the data. Figure 18 is a plat ct thE output from HBCOM. 

The fam1l.y of sim111ar curve.£ represents a oi:e-pass 

Shellsort, t1110-pass Shellsort, etc, from left to right. 

Figure 19 (Appendix 0) ii simply Flgure 18 with 

1.25•(lg(H)-l.O) subtracted f101; it. Tnis rougilly 

corresponds to dividing tne raw data by J**l.25. Nate tbat 

there is a lover "envelope" which cons.1sts of segments of 

the passes that give the smalle1t numter of comparisons. 

One would want to adjust tne numte1 of Hibbard• s 1ncre11ents 

to tallow the envelope in order tc .1.1se tte 111n 1mu11 nuaber of 

comparisons. It is important to nGte tt.at tne envelcpe bas 

a negative slope for large values ·ot N, trhich indicates that 

tn e envelope does not 1ncr ease as fest a i N••1.2s, as N goes 

to infinity. The lower curve is i plot cf N•l g(N), which is 

tne order of the average r unn1ng . ti•.e of quick sort ant merge 

sort. The upper curve is the .3J5*N*(l~U0*•2) behav1Gr of 

Shellsort using Pratt•s increment!, which are discussed in 

Cnapter III· The envelope is slmll1ar in shape to fratt•s 

curve, but there 1s no evidencE that they are the same 

f~nction. The only thing certatr trom .tne plots is that if 

the .behavior of Shells or' 1s asymp. totically a power 

function, then the p over 1s less . then 1. 25. 
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Figure 20 (Appendix 0) iS a~ £nlargement of F1g~re 19. 

It clearly snows some of tne eftects ot the gamma density 

function or Gaussian function. As tnE number ct passes 

becomes large, the left end of ecch curve should just touch 

the curve of the previous numbir of passes because the 

introauct1on of the next pass ccn contr1Dute at most one 

more comparison, since the .lett erd of each curve 

corresponds to the point at which H(T) is equal to N-1. The 

curves ln Figure 20 do not exactly touct with the previous 

curves, and presumably this 1• tue to statistical scmpling 

error in the data or to the numbtr of Pesses not yet being 

large enough. 

Determination of Cro!scver \alues 

Examination of Table VI show! that some of the fits are 

not very good. A six-pass Shellsort tas a ch1-square of 

151.C (expected 43.0) with only 13 runs (expected 24). In 

order to improve the accuracy ot the crossover values, a 

cubic polynomial was fitted to tte log~log plot of the raw 

data only in the vicinity of tte crossover points. ?he 

results are summarized in Table VII. A.11 of these flts are 

very good; the number cf runs is cs larg E as expected. 

The ratios in Table VII ar~ .the 1r.1t1al 1ncreaent of 

the sequence, H(T), divided by .ttu corresponding crossover 

value. This indicates at wnat f rcction cf N another pass is 

justified. The ratios using Knuth•s increments are sc rough 

that there is no really smooth p2tterr 1n the crcsscver 
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TABLE VII 

CROS SO VER VA LU ES USI N<: HIB BA t;D• S A NO 
KNUTH'S INCREMENTS 

----------------------------~---------~-------------~--------C cmpar1sons MIX Time 
Passes Crossover Crossover Range of N 
(A-B} Value Ratio Value Ratic Pass A P:..a~s B --------.. ----... ---------- ... -----------------·-------------------

Hibbard• s Inc Iellen ts 

1-2 7 .46 11 .29 3 ... 20 4-20 
2-3 16 .45 23 .32 4-25 8-28 
3-4 44 .34 63 .24 a-100 16-100 
4-5 89 .35 123 .25 10-2000 33-2000 
5-6 20"1 .31 271 .23 33-5000 70-5000 
6-1 431 .29 566 .22 70-10000 130-10000 
1-a 852 .30 1112 .23 130 -20000 280•20000 
B-9 1661 .31 2164 • 24 280-20000 550-20000 
9-10 3197 .32 4283 .24 550-20000 1100-20000 

10-11 5663 .36 7653 .27 1100-20000 2200-20000 
11-12 14113 .2a 18471 .22 2200-20000 419 2-20000 
12-13 19868 .41 >2000 0 <.41 4192-20000 9000-20000 

Knutn•s Iner Ements 

1-2 6 .75 10 .40 3-20 s-20 
2-3 14 1. 0 16 • 81 5 ·28 14-2 e 
3-4 51 .79 77 • 52 26-200 44-200 
4-5 198 .61 26 4 • 46 44-660 122-660 
5-6 510 .11 '762 .48 122 -1200 365-1200 
6-7 1342 .a1 1782 • 61 365-7000 109 4-7000 
1-8 3561 .92 3281 1.0 1093-20000 3281-20000 
e-9 19992 .49 >20000 <0.5 32 01-~20000 9042-20000 

---------~--------------------------~----~----------·-------
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values as a function of N. It SEems reasonable to e~timate 

tne crossover values to be approximately o.1s•N. The ratios 

using Hibbard•s increments are auch smcother, and it is 

these points that will be fitted in the next section. One 

might estimate that these crossover values are approximately 

equal to 0.32*N, for N between 45 acd 15000. 

The log of the total runninfi .time as calculateG using 

Knuth• s MIX program (9B + lONT - 13T - 105 - 3A + 1) was 

also titted to a cub 1c polynomial. This is dorie in order to 

compare the use of comparisons 11erses . total MIX execution 

time as a means of judging the eff ic.1ency cif Shell sort. 

Again, data when Knuth's 1ncremEnts arf used are scmewnat 

ragged, but the crossover value can te estimated to be 

approximately O.SO'*N, for N betwEer: 50 and 1500. liesults 

from Hibbard•s increments show .the crossover value to be 

aoout o. 24 •N. 

Fitting the Crossover \alues Werses N 

The number of comparisons is cot a smooth function N, 

since it is comp·osed of segments ot the curves for various 

numt>ers of passes (see Figure 20). The crossover values 

trtemselves, however, may conceivably 11E on a smooth curve. 

Knowledge of this curve might facilitate calculation of the 

optimum initial incremen~ ln a p1oduct1cn prcgram. Since 

Knuth's crossover values are fe~ and are rather ragged, 

H 1bbard• s crossover values are us Ed, as shown 1n Tab 1 E VIII. 



TABLE VI II 

CROSSOVER POINTS USING HIBEARD•S 
I NC R.EMEN TS 

--------------------.-,-----··-------------------
Y or 

P-asses Lg(N) Lg (C cmp a.c 1sons) YSIG 
---------------------------------------~-------

1-2 
2-3 
3-4 
4-5 
5-6 
6-'1 
'1-8 
8-9 
9•10 

10-11 
11-12 

2.689 
3.963 
s. 476 
6. 477 
7 .687 
8. ?SS 
9.133 

10.703 
11. 642 
12. 467 
13.845 

3. 65~ 
5. 781 
1. 984 
9. 35E 

10. 947 
12. 312 
13. 531 
14. '13 e 
15. 88, 
16. 00 e 
18.55 8 

• 040 
• 022 
• 010 
• 008 
• 006 
• 006 
• 006 
• 006 
• 006 
.006 
.006 

----------------------------------------------
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The crossover point from 12 tc 13 passes ts r.ct used 

s1nce it is 111-determined due tc the .lack of data w1tn N 

greater th.an 20000. The estimated stancard error, YSIG, in 

the lg(c mp ar1so11s > is taken to te the larger of tne errors 

in the lg(comparisons) of the data for the two curves near 

the crossover value. This prcbcbly overestimates YSIG 

somewhat, as it ignores tne smoctting .Effect of the cuaic 

fits. The errors in successive .lg(comp.crtsons) values are 

probably correlated to some exte1t, because tney hcve one 

cubic fit in co11JBon. The first tew pc1nts have a larger 

value of YSIG than do the other pcints. Tne weights in the 

f 1ts are YSIG**(-2), so tne tirst pc1nts are wEighted 

considerably less than the rest ot .the p c1nts. For example, 
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the first point was weighted (0.0C6/0.040)••2 = 0.022~ times 

as much as the last point, etc. 

The data 1n Ta.ble VIII were fitted to a straight line. 

This corresponds to a power function in ~= 

comparisons = c • (N •• P) 

or 

lg(comparisons) = lg(C) + P • lg(N) 

The fit is unacceptable; chi-square is 1745 (expected 9). 

The fitted value of P ls 1.26 plus er mlnus 0.01 (one 

standard error). 

Peterson and Russell (7) cnose to el1m1natt from 

consideration data points with N liSS ttan 100. However, 

Figure 22 (Appendix D} Shows that .the ervelope is nor.11near 

thro\lghout the entire range, so .ell of .the data were fitted 

to the sum of a straight line plLs an e~ponential in lg(H). 

Tn1s gives an excellent fit: ch1-Equare .is 1.4 tor 1 cegrees 

o.t f reeciom, and there are 7 rur.s thro.ugh 11 data points. 

The slope (P) af the straight 11ne 1s 1.196 plus or minus 

0.005 (one standard error). This is the asymptotic Vclue of 

the power (P) in the power functicn. 

for comparison, anotner fU£Ct1on was titted that is 

asymptotically linear in .l.g(N), ncmely tte sum of a straight 

line and ·a decreasing power functjoi: in lg(N). This gives a 
I 

slightly better fit: a ch1-square ot 0.9 for 6 degrees of 

freedom, and 8 runs through 11 data points. The asy11p tot1c 

power is 1.178 plus or minus 0.03 (cne standard error.). In 

v1ew of these two f1 ts, tile value of P. c culd be estimcted to 



36 

be 1.195 plus or minus o.oos (one standard error). 'lhis is 

less than previous estimates by Stell (lC), and by Peterson 

arid Russell (7), out agrees with F ig~re 22 (.A.pperd1X 0) 

which snows that P must be less ttac 1.2~. 

A complexity curve ot the form: 

lg(C • M••A * l~(N)••a) 

was also fitted to the data in TatlE VIII. This giVEs only 

a mediocre fit: chi-square has a value of 14 tor 8 degrees 

of freedom, and 4 rws among 11 .cata points. (Recall tnat 

the YSIG are somewhat overestimated, sc the chi-square is 

underestimated.) A has a value ot l.O 62 plus or 11 inus o. 006 

(one standard error), while B hes a value of 1.25 ~lus or 

minus 0.04 <one standard error). 

An attempt was made to fit tbe data 1n Table ~III to 

the form: 

l g ( C 11 N ••A 111 1 g ( N ) • * E + D • N • • E) , 

but tne fit is sc ill-conditioned that ell of the errors in 

the parameters exceed one hundred percert, sc this tit illas 

discarded. 

It can be concluded that 11 ·tnE average case of 

Shellsort has a time complexity that .is asymptot1cclly a 

power of N, then the power must be lEss than previously 

estimated, probably not exceeding 1.20. A complexity of the 

form O(C • N••A • lg(N)••a) cannat te ruled out, but .the fit 

is not very good. 

One must be careful in 1•plement1ng some type of 

function that calculates a bound Qll the initial 1ncre•ent. 
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If a complicated function is used, the time to calculate the 

bound may become comparaole to .the timE needed to sort a 

short list. Since the running~ .tia:es fer the Shellscrt are 

net highly sensitive to tne 1n1t1a1 ::increment, or.ly an 

apprcximate figure is needed. Ir. view cf this, a f~nction 

ot the form C * N is proo aD ly De ft used as a bound tor the 

initial increment, as suggestEd Dy Knuth. It seems 

reasonable that the initial increment should not exceed 

o.24•N using Hibbard•s increments, nor should it exceed 

0.50*N using Knuth•s increments. Progran D (Figure 5) takes 

advantage of the calculation of .th·iS a~prox111ately cptimum 

1n1 t1al increment. 

the unconditional 

This subrout lne 

saves in PtXcgram 

avctds wasting .time on 

e. It uses save 

operations instead of pairwise intercnan~es. Thus it is the 

most ef f1c1enct version of ShEllsort ot which ke are 

presently aware, for reasonable Vilues of N. 
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SU BR OU TINE SHE LL( JR, N) 
DIMENSION JR(l00) 

SHELLSORT 

INPUT PARAMETERS 
JR IJTEGER·JRRAY TC BE SORTED 
N NUMBER Of ELEMEJTS IN ARRAY JR 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

RETURNS ARRAY JR IN ASCE iDING ORDER. 

HIBBARD-S INCREMENTS AR£ IMP:LE ME NT ED BUT l4AY 
MODIFIED TO USE KlUtH-S INCREMENTS 

IF (N .LT.2) RETURN 
JH=l 

c REPLACE .24 BY .sc IF KN~ta~s 
C INCREMENTS ARE USED 

JHMAX=.24•FLOAT(N) 
10 IF(JH.GE.JHMAX) GO TO 20 

c 
C REPLACE 2*JH BY (3*JH)-l IF KNOTH-S 
C INCREMENTS ARE USED 

JH=2*JH 
GO TO 10 

C REPLACE (JH-1)/2 EY (JH-1)/3 IF KNUTH-S 
C INCREHENTS ARE USED 

20 JH=( JH-1)/2 
30 NMJH=N-JH 

DO 60 K=l, NHJH 
JHPK=JH+~ 
IF(JR(JHl?K).GT.JR(K)) GO 10 60 
JTEHP=JR (JHP.K) 
JR(JHPK) =JR( IQ 
J=IC-JH 
IFCJ.LE.O) GO TO 50 

40 IF(JTEMP.GT.JR(J)) GO TO ~O 
JHPJ=JH+J 
JR(JHPJ) =JR(J) 
J=J-JH 
IF(J.GT.O) GO TO 40 

50 JHPJ=JH+J 
JR(JHPJ) =JTEMP 

60 CO NT I.NOE 
C REPLACE JH/2 BY JH/3 IF KNUTH-S 
C INCREMENTS ARE USED 

JH=JH/2 
IF(JH.GE.l) GO TO 30 
RETURN 
END 

Figure 5. Prcgram D 
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CHAPTER 111 

PRATT'S VERSION OF SHELLSORT 

Pratt•s Algot1thm 

Pratt (9) has improved . the rurning time cf the 

Shellsort to O(N•(lg(N)•*2)) by Ie~u1r1rg the lncremEnts to 

be all of the integers of tne tori <2••p) • (3**0) that are 

less than N. Program E {Figire ~ illustrates this 

algorithm. 

for i := 2 •• floor(lg(n-1)), 112 while 1 => 1 do 
for j := 1, (3*j)/2 while j med 3 - C and j < n de 
for k := l step 1 unt11 j do 
for 1 := k step j until n-j de 

if AClJ > ACl+jJ then begin swap (AClJ,ACl+jJ); 
1 := l+J 

end 

Figure 6. Prcgtam E 

Program E was implemented 1n Fcrtrar; results are given 

in A.ppendix c. The upper curve 1r Figur E 19 (.Append ix D} is 

for Pratt•s algorithm. 

The increments have neen cnoier by Pratt in such a way 

that an out-of-order comparison results .1n exactly o~E move, 

39 
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so the lntercnange method is eft1c1ent in moving an cut•of­

order element.to its correct position. 

Hunning Tlme of Ptatt•s ·Jlgor1thm 

Pratt reported that the best~ worst, and average numoer 

ot comparisons of Program Eis o.315*N*(lg(N)•*2), wnich is 

asymptotically better than any pcwer Linction of N. The 

major drawback in using Pratt• s sEquence is that N nas to be 

· extremely large before Pratt•s Stellsort 1s •ore efficient 

than other sequences. If l.O*N**l.2 is taken to be the 

average number of comparisons of .~hellsort, then N nas to be 

greater than about 10~•1a in ordEr for Pratt•s sequence to 

be faster than using other seq1:er.ces. Although Fratt•s 

sequnce is 1nterest1ng from a thecrEt1cal standpoint, lt is 

not very useful ln actual 1mple1er.tat1cn. The algorithm 

stmply executes too many compari~Ollls (see Appendix C) in 

relation to other sequences to be ct ptactical use. This 

was previously indicated by Pratt, but it is presented here 

to estimate the point at which Prctt•s sequence would become 

more eft ic ient than the conv ent10d'.al She llsort s. 



CHAPt.TER IY 

'-ORST CASE PERMUTATION OE THE ORIGINAL 

SHELLSOR'I 

In tr oduct lor: 

It is useful to know the worst cast execution time of 

an algorithm. Papernov and Stascvich (8) have shown that 

the tne worst execution ti.lie for Shellscrt us1ng Hibbard•s 

increments is O(N**l.5), out thE permitation of tt.e list 

that produces this worst case exEc1Jt1on time apparer:tly is 

net known. Frank and Lazaraus ('4) nav:E indicated ttlat the 

worst execution time for Snell so tt us in~ s hel i• s increments 

1S O(N**2). 

in that case 

This occurs when N is some ~ewer cf two Decause 

there is little intEractior between grcups in 

the intermediate passes. 

Proof of Worst Case Per1utat1on 

In order to find the permutation ot the list 'ttlat gives the 

maximum number of comparisons, .the prcblem 1s limited to 

using Shell•s original increments1 and N must be a pcwer of 

two. Knuth (7) provided some tackgro~nd intormatien that 

Will be useful 1n this proof. (If! particular, see pages 

86-88 and the answer to .Exercise 1 c, fectio11 s. 2.1 ). He 

demonstrated an analogy between ttle "-lattice diagram.. in 

41 
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Figure 1 and a two-ordered list. A twc-ordered list is a 

llst 1n wnich R(J) is not greater then R(J+2). A two-

ordered list can be represented as a ~ath from thE upper 

left corner point (0,0) to the lower right corner point 

(ceil(N/2),floor(N/2)). Eacn Ktt step goes cown1i1arcs if K 

is ln an odd position in the list and goes to the rigtt if K 

is ln an even pos1 ti on. For exam~lE, tnE list: 

2 1 3 4 6 5 7 10 8 11 9 12 14 13 15 

is represented by the line made ot the symbols <-, • ") in 

The line of c1rclEs (o) corresponds to a 

completely sorted 11st. Figure 7 shows c natural co~rectton 

between paths and inversions, na1ely tr.at tne area between 

the dotted path and the given patt is eq1Jal to the nu11ber of 

inversions in the given permutatjor.. 'Ihus the abo11e list 

has six inver.sions. 

In order to find the worst case pe1autat1on et c list, 

all of the permutations were sortet witt N eql!al to 2, 4, 

and a. The following lists were found .to be the ~or~t case 

permutations: 

Sequence 

2 1 
4 2 3 1 

84627351 

C 01p cri so.rs 

1 ., 
~o 

Interctanges 

l 
c .., 

2Q 

Careful examination ot tne~e pernutat1ons reveals a 

pattern whlch can be proved b} induction. The tirst 

permutation is obviously the wor.1t case for N equal to 2, 

since the only other permutation is in-order. Now, .let the 

elements of a worst case permutation ot length N bE n(l), 
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Figure 7. Correspondence BetweEn Two-crderir.g· and faths 
in a Lattice 

43 



44 

R(2), ••• , R(N). The worst cas' permutation of len~th 2*N 

is tound by intercalating each eltmEnt, F(J), with R(~)+N on 

the left, resulting in: 

R(l)+N, R(l), R(2)+N, R(2), R(3)+N, R(3), ••••, R(N)+•, R(N) 

As an example suppose the worst ccse tor N equal to 4 is: 

4 2 3 1 

The worst case permutation for .the next value ot N has a 

length of a C2*N). This can be found by first addir.g N to 

each element: 

4+4=8 2+4=6 3+~=1 . 1+41=5 

Intercalating the above list yielcs: 

84027351 

The worst case permutation can also be generated by 

another method. If a list of lEngth N ts known to be the 

worst case permutation, then the worst case permutation of 

length 2*N can be generated by mLlt1ply1ng each eleaent by 

2, then concatenating tnis list en the right with itself 

minus 1. Thus the new list is 

2• R 11 2* G-1 

where "J 1° symbolizes concattnct1on. This m2y be 

illustrated using the worst case permutation of lengtn 4: 

4 2 3 1 

Multiply each element by 2: 

8 4 6 2 

Concatenate this list with itself minus 1: 

8 4 6 2 7 3 5 1 
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This method lends itselt to im,lement1ng a prograa tnat 

generates the worst case permutat1or., tut it probably daes 

not bave any theoretical 1mpl1catJor.s. 

It must now be proved that this is the worst case tor 

2*N elements. When tne list is sorted using Shell•s 

increments, a two-orderea list rEs1.1lts just be.tore ttle last 

pass is begun. In other words, all ot tne cdd-posltioned 

elements have been sortea and all of .tne even-positioned 

elements have been sorted. It is kno~n that this is the 

worst case except. possibly on thi last ~ass because all of 

the even-positioned elements werE from the previous worst 

case permutation, and all of the odd•posit1oned elements 

have the same relative order as .tne even-pos1t1oned 

elements. 

Note that on the last pass, i1h-t odd•pos1t1oned elements 

consist of the values 1 to N/2, while the even-positioned 

elements consist of the valtJes ( N/2)+1 tc N (by 

construction). A path can now bt traced in the .lattice 

diagram (Figure 7), since this if a two-ordered list on the 

last pass. The first N/2 values are 1r odd pos1t1ocs, so 

N/2 steps are taken to the right (upper tight corner). The 

last N/2 values are in even pos1tions, so N/2 steps are 

taken down <lower rl ght corner). 01:>v1 cusly tnis ma.xiaizes 

the distance between the steps cf the ~ermut~tion and the 

staircase line of circles <ar 1n-01der llst), which 

indicates that the last pass has tc sort the maximum number 

of inversions. Thus the entire permu~2t1on must nave been 
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the worst case tor 2*N elements. This· completes the proo.t 

ot the worst case in the or191nal Shellscrt. 

when Shell• s increments are .lSEd on 2••K elements, the 

following numbers of operations occur in the worst case: 

comparisons = (1/4)•N••2 + (5/~)·N•lg(N) - (9/4)*N + 2 

moves or interchanges = (l/4)*N**; • (1/~)*N•lg(N) - (l/4)*N 

save/1nsert1ons = (l/2)*N*.lg(N) 

It is tortunate that tne wor·at c as.f ot Shell sort ts so 

complicated that 1 t seJ.domly cccurs. The worst case 

permutation for a "bubble" sort or an 1r.sert1on sort is the 

reverse order 11st, which is protably mere likely to happen 

tha11 the worst case permutation tot Shellsort. ThE worst 

case for the bubble sort or 1n~ert1on sort is (l/4)*N•*2 

comparisons, while the leading term ir: the Shellscrt is 

< 1/4) •N• •2 comp ar is ans. Thus . th E or.1g1nal she llsort is 

still better than the but:>ble sort or 1n!ert1on sort in the 

worst case, and its worst case 1s mucn less likely to occur. 

And of course the average case tot the original Shell.sort is 

very much better than the average case tor the buJ:>ble sort 

or 1nser t1 on sort. 



. CHAPTER V 

SUMMARY, CONCLUSlONS, ·AND SUGEESTIONS 

FOR FUTURE RE~EARCH 

Summary and c onclus1ons 

Program D (Figure 5) is onE cf tilE Detter mett.ods of 

coding Shellsort. It rou gnly est 1ma te s the cp ti mum numDer 

of increments tor a given value ot N tor the taailies of 

increments 2**K-1 and (3**K-1)/2, and takes advantage ot the 

natural partial order already 1n th·e 11 st du ring thE tin al 

passes by avoiding 11uncond1t1or:al save" oper2t1ons. 

Empirically, it appears t.nat thE 1n1 ti cl increment should 

not exceed about 0.24*N when H1btar~s increments are used 

and snould not exceed about o.sO•N wnen Knuth•s increments 

are used. Tile increase in spEec:l by using tne cpti.11u11 

initial increment is not very great, but tne small 

improvement and its ease of calculation justify its use. 

Though the exact tor11 ot tne asymptotic cverage 

behav1or of snellsort is not knowr., ev1cence 1nd1catEs tnat 

the asymptotic average behav101 ~rows more slowl_y tban 

N**l.2. In fact, the asymptotic cverage benavior may net be 

a power function at all, but .this c;uest1on canr.ot be 

resolved from our results. The tesults were obtainec using 

sound nunerical and statistical .techniques, which lends 

47 
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credence to the new results, anc may !erve as a basts in 

future work. 

Unconditional saves should ce avoided wnen coding 

Shellsort. This can save as much as 9* in execution .time. 

The worst case list tor the cr.1g1nal Snellsort hes been 

derived. It 1s quite comp l1catEd, sc tne cnances of it 

occuring are quite small. 

Suggestions for F~t~re ~erk 

There are many suggestions tor fut~re researcn on the 

Shellsort: 

1. wna t is the order ot the as)mptopt 1c av er age behavior 

of the Shellsort? 

2. What are the optimum incremerts for Shellsort? ferhaps 

th~ optimum increments coulc be f cund tor some very 

small values of N, tnen bE 9ener211zed tor lcrge N. 

Each value of N may have 1ts cwn optimum set of 

increments, but some pattern mignt te discerned. 

3. Cin P~att•s 1ncremen~s be moc1t1ed to make bis version 

of the Shellsort useful? 

4. What is the generalized worst case list tor Snellsort, 

for other sets of increments ard any value of N? 
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APtP&ND IX A 

EMPIIUCAL RESULTS OF ~HELLSOFT USING 

HIBBARD•S INCFE~ENTS 
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Fifty repetitions were mace usirg P:togram c with 

Hibbard•s increments. 

N PLass Saves C ompai: 1scns Moves Type 

2 1 O. 4199994E+OO 0.1000000£+01 C. 4199994E+OO ·AVE 
2 1 o.4985690E+oo o.ooooocoE+oo C. 4 9 85 E9 0 E +O 0 so 
3 l 0 ell 99990E+Ol- O.t 26399 87E+O1 0.1479988£+01 AVE 
3 1 O. 6'1005'11E+OO O. 4848724!+00 0.9089102E+OO SD 
4 1 0.1759990E+Ol 0.48399E8E+Ol·C.2159989E+Ol AVE 
4 l 0. 7969308E+OO O. 84176 50£+00 0.1333 401E+Ol SD 
5 1 0.2739988E+Ol O. 75199E9£+01 C.4839988E+Ol AVE 
c:: 1 0.9216196E+OO 0.15549i6£+01 C.2279990E+Ol SD "' 
6 i· 0.34799$8E+Ol. 0.11059 99E+02 O. 7399 987E+O l AVE 
6 l 0.9310931E+OO 0.21703S3E+Ol C.2595122E+Ol SD , l 0.4399981E+Ol 0.15059S9E+02 · C.1085999E+02 AVE 
7 l 0 .1142856E+Ol O. 2965163E+O 1 0.3625 353£+01 Sr> 
e 1 0.53 59990E+Ol 0.19659 E2E+02 0.1443 999E+02 A VE 
e 1 0.10 64450E+Ol O. 3611819£+01 0.432910 2E+Ol SD 
9 1 0 .62 99990E+Ol. O. 23519 82E+O 2 0.1737 985£+0 2 A VE 
9 1 0.10 73 80 6E+Ol O. 40114~6£+01 C. 4421150E+O 1 so 

10 1 0.6759991E+Ol O. 28059fl£+02 · C.2085980E+02 AVE 
10 l 0.1318004E+Ol 0.5467562E+Ol 0.6114579E+Ol SD 
12 1 0.9199990E+Ol O. 43459E5£+02 C.3449982!+02 A~E 
12 1 0.1178029E+Ol 0.81721,3£+01 C.8795261£+01 SD 
14 l 0.1065999£+02 0.56419821!:+02 0.4521982E+02 AVE 
14 l 0.1117?5?E+Ol 0.9333Ql8£+01 Q.9621984E+Ol SD 
16 1 0.1259999E+02 0.72519E4£+02 C.5959982£+02 AVE 
16 l 0 .ll 60573E+Ol O. 9474418E+O 1 0.9893 289E+Ol SD 
18 1 0.1429999E+02 O. 87639E5£+02 C.7287982E+02 AVE 
18 1 0.1488041E+Ol 0.10630t2£+02 C.1114400E+02 SD 
20 1 0 .1633986£+02 0.11083 99E+03 0.9447 980E+02 AVE 
20 1 0.143'1255E+Ol 0.17?63C0£+02 0.1817177E+02 SD 
24 1 0.1989983E+02 0.15701S8£+03 C.1370398£+03 AVE 
24 1 0.1343920E+Ol 0.1807292E+02 0.1835359£+02 SD 
2e 1 O. 23 95t:981E+02 O. 21695 S8£+03 0.192719 8E+03 AVE 
28 1 0.14?0 23 2E+Ol 0.19224E9£+0 2 C.1964 896E+O 2 SD 
33 1 0 .28 79980E+02 O. 29595 68 E+03 0.2670 574E+03 AfE 
33 1 0.178429 8E+Ol O. 32400 '2£+02 0.3302 872£+02 SD 
38 l Oe3361983E+02 O. 38745i3£+03 C.3538374E+03 AVE 
38 1 0.1839349E+Ol_ 0.3424690E+02 0.3467635£+02 SD 
44 1 0.3951982E+02 O. 523 73 'U£+03 c. 4840 576E+03 AVE 
44 1 0.1656636E+Ol 0.4507510E+02·C.4496933E+02 SD 
50 l 0 .4555984£+02 O. 65895 68E+03 0.6133 374E+03 AVE 
50 1 0.1692231E+Ol O. 5538014£+02 C.55 64510E+02 so 
60 1 0.5535986E+02 O. 93165t1£+03 · C.8762170E+03 AVE 
60 1 0.1711392E+Ol o.7681360E+02 o.7731062£+02 SD 
70 l O. 6513 983E+02 O. 12 783 S8£+0 4 0.12131988+0 4 AVE 
70 1 0.1628961E+Ol 0.90920S9E+02 Cl.91473108+02 SD 
80 l 0.7539981&+02 0.1661117E+04 Q.1586117£+04 AVE 
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80 1 0.1840561E+Ol 0.12289t5E+03 :C.1233560E+03 so 
90 1 o. 8523982!+02 O. 21196~'7E+O 4 0.2035357E+04 A'IE 
90 1 0 .1954165E+Ol 0.13438 05E+O 3 0.1348322£+03 SD 

100 1 O. 9447978E+02 0.25552i7E+04 C.2460298E+04 AVE 
100 1 O. 225187 4E+Ol 0.17511C8E+03 C.1752604E+03 SD 
120 1 0 .ll47598E+03 O. 37199 97 E+O 4 0.3605 537E+04 AYE 
120 1 0.1732765E+Ol 0.21135C6£+03 0.2116110E+03 SD 
130 1 0.1243198E+03 0.42933i9E+04 t.4168154E+04 AVE 
130 l 0.209408'7E+Ol 0.2836257E+03 0.2836260£+03 SD 
140 1 0.134~798E+03 O. 50122t6£+04 C.4878234E+04 AVE 
140 l 0.1917612E+Ol 0.28414~9£+03 C.2840139E+03 SD 
160 1 0 .1544 798£+03 O. 66423 98 E+04 0.6488 453£+0 4 AWE 
160 1 O. 22 9617 3E+Ol O. 3636114£+03 C.3 630 60 4E +03 SD 
180 1 0.1743398E+03 0.8179414£+04 C.8005141E+04 AVE 
180 1 0.1813867E+Ol 0.4150212E+03 0.4148611E+03 SD 
200 l 0.1945798E+03 0.10226t9£+05 0.1003261E+05 AVE 
200 1 0.2259582E+Ol 0.47216~3£+03 C.4728093£+03 SD 
300 1 0 .293617 2E+03 O. 22765 OOE+05 0.2247103E+05 AVE 
300 1 0.22 ~550E+Ol O. 68903 49£+03 C. 6893 48 6£+03 SD 
500 1 O. 49 30 57 4E+O 3 O. 62841~6£+05 C. 6235 398E+O 5 AVE 
500 l 0. 23 68 553E+O1 0. 21242 54 E+04 0 .2124 916£+0 4 Sll 

1000 1 O. 992317 4E+03 O. 25040 ~6£+0 6 0.249413 2E+O 6 AVE 
1000 1 0.2'795255E+Ol 0.50535S0£+04 0.5054285£+04 SD 
2000 1 O.l991817E+04 0.1001660E+07 0.9996677E+06 AYE 
2000 l O. 2413 516E+Ol O. 15 829 ~9E+05 C.15 83 02.3E+O 5 SD 

4 2 O.t859989E+Ol 0.5199950£+01 C.2299989E+Ol AVE 
4 2 0.80 83 711E+OO O. 8571416E+O 0 O.l 073804£+01 $1) 

5 2 0.3039989E+Ol O. 7879951£+01 C.3119990E+Ol AVE 
5 2 0.1105826E+Ol O. 91784f7E+OO C.1385637E+Ol SD 
6 2 0.4239989E+Ol 0.1133999E+02 0.5699988£+01 AVE 
6 2 0.123816 6E+Ol O. 1598554£+01 0.22 96 E45E+Ol SD ., 2 o.sl39989E+Ol 0.1443959£+02 c.7079988E+Ol AVE 
7 2 0.1277909E+Ol 0.15799'74E+Ol 0.1893487E+Ol SD 
8 2 O. 633998iE+Ol 0.18399E3E+02 C.9259991.E+Ol AVE 
a 2 0.143725EE+Ol O. 20898C2E+Ol 0.2663~01E+Ol SD 
9 2 0. 77 99989E+Ol O. 22219 83E+O 2 0.1153 999E+02 AVE 
9 2 0.160356 6E+Ol O. 29712C4E+O 1 0.3465 326E+O1 SD 

10 2 0.9099988E+Ol 0.26639EOE+02 C.1419999E+02 AVE 
10 2 O.l693322E+Ol 0.28338-92E+Ol 0.3428556£+01 SD 
12 2 0.1167999E+02 0.36119E2E+02 C.2031984£+02 AVE 
12 2 0.16~9109E+Ol 0.36905~5E+Ol C.4259142£+01 SD 
14 2 O.l393999E+02 0.4567982E+02 0.2575980£+02 AVE 
14 2 0.19E310 EE+Ol O. 544144"7E+O1 C.5694SlOE+O1 so 
16 2 0.1711980E+02 O. 56839f3£+02 C.3365984E+02 AVE 
16 2 0 .19 23407E+Ol O. 56653SOE+O1 0.6133 226E+Ol SD 
18 2 0.1957980E+02 0.69019E2E+02 C.4239980E+02 A IJE 
18 2 0.226858?E+Ol 0.80984t4£+01 C.8043~31E+Ol SD 
20 2 0.2281984£+02 0.8259984E+02 0.5197983E+02 Al/E 
20 2 0.1996820E+Ol O. 8312136£+01 C.9175114£+01 SD 
24 2 0.2827982E+02 0.11189S8E+03 C.73'73984E+02 AVE 
24 2 0.23~3843E+Ol 0.1191504E+02 0.1256618£+02 SD 
28 2 0.3465981E+02 O. 14459 ~9E+03 C. 9859 982E+02 AVE 
28 2 0.2715115E+Ol·0.1543?19E+02 C.1528368E+02 SD 
33 2 0.4213983£+02 0.1904998E+03 0.1354598£+03 AVE 
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33 2 0.2814003E+Ol O. 22683 .. 3.E+02 :C.2328452E+02 SD 
38 2 0.5011980E+02 0.23321S8E+03 (l.1685998E+03 AYE 
38 2 0 .2745-261E+OL 0.2564377E+02 0.2657141E+02 SD 
44 2 0.5901981E+02 0.30461i1£+03 C.2280398E+03 AWE 
44 2 0.2691546E+Ol 0.29184~4E+02 C.2964S21E+02 SD 
50 2 0.6815981E+02 0.3799713E+03 0.2924170£+03 AYE 
50 2 0.2615310E+01 0.31589C2E+02 C.3211038E+02 SO 
60 2 0.837598:E+02 0.5202941E+03 C.4126367E+03 AVE 
60 2 0.3684276E+01 0.4486119E+02 0.4553294E+02 SD 
10 2 0.9943982E+02 O. 66703ilE+03 0.5399375E+03 AVE 
10 2 0.3405645E+Ol 0.57877C6E+02 C.5803~94E+02 SD 
80 2 O.ll42998E+03 0.8382914E+03 0.6916174E+03 AVE 
ao 2 0.4828691E+Ol o. 6800133E+02 C.6849E61E+02 so 
90 2 0.1322198E+03 0.10413f8E+04 C.8744178E+03 AVE 
90 2 0.4102206E+Ol 0.8476134E+02 0.8558119£+02 SD 

100 2 0.1478998E+03 0.12788S7.E+04 0.10930378+04 AVE 
100 2 0.4141627E+Ol o.86586f8£+02 c.8144fl1E+02 SD 
120 2 0.1793798E+03 0.1694817E+04 0.1469177£+04 AYE 
120 2 0.4948258E+Ol 0.1137158£+03 C.1138994E+03 SO 
130 2 0.195819BE+03 0.19785S7£+04 · C.1733178E+04 AVE 
130 2 0.5445981E+Ol 0.1335385E+03 0.1336878£+03 SO 
140 2 0.2101798E+03 0.23023i1E+04 0.2037'117E+04 AVE 
140 2 0.5192955E+Ol 0.14659C6E+03 <J.1462~37E+03 SD 
160 2 0.2431798E+03 0.2905197£+04 0.2600556£+04 AVE 
100 2 o.s1e11s6£+01 0.11190~4£•03 c.111so95E+03 so 
180 2 0.2768372E+03 0.36211~7£+04 C.3276717E+04 AVE 
180 2 0.5429821E+Ol 0.2536463E+03 0.2551374£+03 SD 
200 2 0.3088572E+03 0.4424219£+04 C.4040El7E+04 AVE 
200 2 0.5287369E+Ol 0.24728•6£+03 C.2473683£+03 SO 
240 2 0.3740371E+03 o.6246215E+04 o.S783012E+04 AVE 
240 2 0.5844847E+Ol 0.38010~18£+03 <:.3809E22E+03 SD 
280 2 0.4397981E+03 0.817'1113£+04 C.7634180E+04 AVE 
280 2 0.5979604E+Ol 0.4331826E+03 0.4328247£+03 SD 
300 2 0.4111 '768E+03 O. 92814t1E+04 C.8698574E+04 AVE 
300 2 0.64~7875E+Ol 0.50001~1E+03 C.5008972£+03 SD 
500 2 0.8001973E+03 0.2457464E+05 0.2359399£+05 A'IE 
500 2 0.8668248E+Ol O. ll645il.E+04 <l.1164098£+04 SD 

1000 2 0.162707'7E+04 0.93905t9E+05 Q.9192650E+05 AVE 
1000 2 0.1083401E+02 0.2851168E+04 0.2852372E+04 SD 
2000 2 0.321963 '7E+04 O. 3598443£+0 6 C.3558 f68E+O 6 A VE 
2000 2 0.1300047E+02 0.84004~9£+04 C.8400E02E+04 SD 
5000 2 O.B254055E+04 0.2183616E+07 0.2173644£+07 AVE 
5000 2 0.244S.987E+02 0.30685C3E+05 CJ.3068al0E+05 SD 

8 3 0.629998BE+Ol 0.18559EOE+02 (J.8499988E+Ol AVE 
8 3 0.1555107E+Ol 0.1842358E+OL 0.2349551£+01 SD 
9 3 o.7359989E+Ol o.22979E4E+02 <:.9979989E+Ol AVE 
9 3 0.1735110E+Ol 0.20151~'7£+01 C.2630195E+Ol SD 

10 3 0.8699986E+Ol 0.2729980E+02 0.1177999£+02 AVE 
10 3 0.1715684E+Ol 0.2082416E+Ol 0.24435o3E+01 SD 
12 3 0.1247999E+02 0.36899E4E+02 C.1715981E+02 AVE 
12 3 0.1809720E+Ol. 0.3271681E+Ol 0.3627301£+01 SD 
14 3 0.1531999E+02 O. 46939E2E+02 0.2257983E+02 AVE 
14 3 0.2590714E+Ol 0.36444t8E+Ol C.4338'1.0E+Ol SO 
16 3 0.1823981£+02 0.5637981E+02 0.2635983E+02 Al/E 
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lE 3 O. 23 95218E+Ol O. 3 816 6 t2 E+O 1 0.4374133E+Ol SD 
Hl 3 Oe2l43982E+02 O. 67 399 E3E+O 2 CJ. 3181 98 4E +O 2 AVE 
18 3 0 .2900773E+Ol. O. 4894796E+O1 0.5366 877.E+O l SD 
20 3 O. 25 61984E+02 O. 19699 E4E+02 Cl.3917S86E+02 .A VE 
20 3 O. 2633211E+Ol 0.5059816£+01 · C.5564768.E+Ol SD 
24 3 0 .3183984E+02 0.1036998E+03 0.5189 980E+O 2 AYE 
24 3 0.3 7 el560E+Ol O. 69758E2E+Ol Q. 8051413E+O 1 SD 
28 3 0.4011981E+02 0.12995~8£+03 C. 6 7 29 98 SE +0 2 AVE 
28 3 0.3360244E+Ol 0.7811427E+Ol o. 8403 703E+O1 SD 
33 3 0.4901982E+02 O.l6521S8E+03 (). 886l 981E+02 AVE 
33 3 0.3656069E+Ol 0.8999513£+01 C. 9400141E+O 1 SD 
38 3 0.5803979E+02 0.1999398E+03 0.109139 8E+03 AYE 
38 3 O. 41 ?21 '13E+Ol O. 12 694 ;9E+O 2 0.13 98 53 6E+02 so 
44 3 0.7003979£+02 0.24615S8E+03 C.1385 998E+O 3 AVE 
44 3 0.4948548£+01 0.1178780E+02 Oel254375E+02 SD 
50 3 0.8279980E+02 0.3019'Vi3E+03 Q .117 o 99 SE +O 3 AWE 
50 3 0.5742766E+Ol 0.14494S8£+02 C.1594280E+02 SD 
60 3 0.1021799£+03 0.3948777E+03 0.2411398£+03 AVE 
60 3 0.5822858E+Ol 0.18729£6E+02 Q.1933 589E+02 SD 
10 3 0.1241398E+03 0.49619 .. 5£+03 C.3145 S74E+03 AWE 
70 3 0.7111404£+01 0.28332C2£+02 C. 2954089E+O 2 SD 
80 3 0•1435398E+03 0.6039172E+03 0.3917 37 lE+O 3 AVE 
80 3 O. 56 e2 802E+Ol O. 23 0 97 t'1E+02 C.2486598E+02 SD 
90 3 0.1646198E+03 0.72549t8E+03 C.4839570£+03 AVE 
90 3 0. 75 2649lE+O1 O. 34969 99 E+O 2 0.3593 231E+02 SD 

100 3 0.1810998£+03 0.85705 .. 4£+03 C.5875371E+03 AVE 
100 3 0. 6188 37 5E+Ol O. 34480 ~8£+0 2 C. 3600 flOE+O 2 SD 
120 3 0.2299198E+03 0.1123217E+04 O. 7948372E+03 AVE 
120 3 0.8002132E+Ol 0.53688~4£+02 C.5456841E+02 so 
130 3 0.2517798£+03 0.12841.~7£+04 C. 926017 4E+O 3 AVE 
130 3 0.8671505E+Ol 0.5746851E+02 0.5850 824£+02 SD 
140 3 0.213~769E+03 0.1443511£+04 c.105oe17E+04 AVE 
140 3 0. 8194 28?E+O1 O. 648 21 C9 £+0 2 C. 6594 ~34E+O 2 so 
160 3 0 • 3164 96 8 E+O 3 0. 179 5 4 37 E+O 4 0.1348057£+04 AVE 
160 3 0.1057958E+02 O. 7271132£+02 C. 73'14550E+02 so 
lSO 3 0.3609370E+03 0.21759~8£+04 · C.1669 957E+O 4 AVE 
180 3 0.1010248E+02 O. 9446922E+02 O. 9508 049E+O 2 SD 
200 3 0.4046913E+03 0.2566818£+04 tl.2000 517E+O 4 AVE 
200 3 O.l084666E+02 0.1011076E+03 C.1027 434E+O 3 SD 
240 3 0 .4933567E+03 O. 35309 57 E+O 4 0.284157 7E+O 4 AVE 
240 3 0.100~425E+02 0.12617C8E+03 C.1269994E+03 so 
280 3 0.584097 2E+03 o. 4522812£+0 4 -C. 37 20 81'1E+O4 AVE 
280 3 0.1156787E+02 0.17439888+03 0.1752457£+03 SD 
330 3 O. 6927911E+03 O. 6032213£+0 4 Cl.5080570E+04 AVE 
330 3 0.1368260E+02 O. 23484COE+03 C. 2362 67 4E+O 3 SD 
380 3 0.8043169E+03 0.7754719E+04 0.6654055E+04 A 'IE 
380 3 0.17 83 891E+02 O. 2588'133 £+03 c. 2584171&+03 SD 
440 3 O. 94 25 36 9E+O 3 O. 100 4140£+0 5 o. 8761S55E+o4 AVE 
440 3 0.1415240£+02 0.3155356E+03 0.3170 049£+03 SD 
500 3 0.101625 '1E+O 4 O. 12 53 4 S3 E+O 5 C.1107 (i0 SE +O 5 AVE 
soo 3 0.183799?E+02 0.4968315£+03 C. 4972 513E+O 3 Sil 
550 3 0.1195357E+04 0.1480695E+05 0.1319 923£+05 AVE 
550 3 0.181821 '7E+02 O. 43'112~8E+03 C.43'15'i81E+03 so 
600 3 0.1304617E+04 0.17372"i9E+O 5 C.1561e93E+05 AVE 
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600 3 0.17 3778 4E+.02 O. 6756018 E+03 C.677015 4E+03 SD 
700 3 0.1535-83 ?E+04 o. 23104~5£+0 5 Cl.2104 Sl SE +O 5 AVE 
700 3 O. 2111794E+O 2 O. 7107•7(i 5E+O 3 Q. 7124 lSOE+O 3 so 
800 3 0 .176131 7E+04 O. 29588S4E+05 0.2723 432.E+-05 AVE 
800 3 0. 2 419 2 9 9£ +O 2 0.1822507£+03 C. 7816497E+03 so 
900 3 0.199313 '7E+O 4 o. 36704 ;J.e+o s C.3405019£+05 AVE 
900 3 0 .2685744E+02 0.12107 47 E+04 0.121107 2.E+O 4 SD 

1000 3 0.221875 7~•04 o. 4471726£+05 C. 4176193E+O 5 AVE 
1000 3 0 • 25 2794 5E+O 2 0.1244315.E+O 4 Cl .124410 4E+O 4 SD 
2000 3 0 .45 3282 8E+04 0.16457 39 E+06 0.1586 244£+06 A l/E 
2000 3 0.3957210E+02 O. 3916821.E+O 4 Q.3 918119£ +O 4 SD 
5000 3 O.ll 47 225E+O 5 o. 9678'1t3£+06 (). 95 29 346E+O 6 AVE 
5000 3 0.6066010E+02 0.13127668+05 0.1312 899E+05 SD 

10000 3 O. 23 0738 8E+05 · O. 3778021£+0 7 C.3748082E+07 AVE 
10000 3 0 .10 46441E+O 3 O. 43111E2E+O5 C. 431130 2E+O 5 so 

16 4 0 .1845 985E+02 o. 56699 ao E+O 2 0 .2579 98 2E+O 2 A.YE 
16 4 O. 20 @210lE+O1 O. 3 6098<l'7E+O1 C. 4000 008E+O1 so 
18 4 0.2113982E+02 0.6811979£+02·0.2997983E+02 AVE 
18 4 0.2762803E+Ol 0.4202514E+Ol 0.4925955E+Ol SD 
20 4 0.2437984E+02 O. 80299€2!+02 C.3487981£+02 AVE 
20 4 0.307650BE+Ol O. 50030~7E+Ol · C.6049~69E+Ol SD 
24 4 0 .3241982E+02 0.1059798 E+03 0.4691985£+0 2 A 'IE 
24 4 0.4011248E+Ol O. 60016t0E+Ol C.7148114£+01 SD 
28 4 0.4053983E+02 0.13095S8E+03 C.5865984E+02 .AVE 
28 4 0.5027303E+Ol 0.8566510E+Ol 0.9832469E+Ol SD 
33 4 O. SO 83 983E+02 O. 16705 SBE+03 O. 7627 985E +O 2 AVE 
~'":! ..... 4 0.4709352E+Ol O.B262Qf5E+Ol C.9920141E+Ol SD 
38 4 0. 618798 5E+02 0. 20383 98 E:+O 3 0.9529 977.E:+O 2 A VE 
38 4 0.5169121£+01 0.11148S9E+02 C.1192020E+02 SD 
44 4 0.7517981E+02 0.24661S8E+03 Q.1166398E+03 AYE 
44 4 0 .4671602E+O1 0.10327 03E+02 0.1185 753£+0 2 SD 
so 4 O. 8897983E+02 O. 2957513 E+03 0.1433 398E+03 AVE 
50 4 0.5596971E+Ol 0.12530C9£+02 C.1354~98E+02 SD 
60 4 0 .1143 798E+03 O. 3844771E+03 0.1951398E+O 3 A VE 
60 4 O. 7202283E+Ol 0.1523517E+02 C.lo51463E+02 so 
10 4 0.1381998E+03 O. 47371'75E+03 C.2457 ~98E+03 AVE 
10 4 0 .645232 OE+Ol 0.18509 64E+O 2 0.1885 226E+O 2 SD 
80 4 O.lo10798E+03 0.5671910£+03 C.3010371!+03 AVE 
80 4 0.6291S70E+Ol 0.18735~8£+02 C.1957909£+02 SD 
90 4 0.1870998£+03 0.6641575E+03 0.3597'771E+03 AWE 
90 4 O. 918794 6E+Ol O. 2161844£+02 C.235313 7E +02 so 

100 4 0.2128198E+03 0.76625ilE+03 C.4237173E+03 AVE 
100 4 0.8407221£+01 0.2728372E+02 0.2798474£+02 SD 
120 4 0.2607771E+03 O. 9851913£+03 <l.5644373E+03 AVE 
120 4 0.10 5311?E+O2 O. 36300 ~7E+O 2 C. 3802~23£+0 2 SD 
130 4 0.2907371£+03 0.1107797E+04 0.6494377E+03 AVE 
130 4 O. 93 67195E+Ol O. 34964 t6E+02 0.3657 089E+02 so 
140 4 0.3127173E+03 0.12190~7E+04·C.7209973E+03 AVE 
140· 4 0.101942 5E+O 2 0. 41894 32 E+O 2 O. 4280 65 6£+0 2 SD 
160 4 0.3658367E+03 0.14841§7£+04 C.9085374£+03 AVE 
160 4 0.1173060E+02 0.56938~2.E+02 C.5828125£+02 so 
180 4 0.4194170E+03 0.1739237E+04 0.1084657£+04 AYE 
180 4 0.126S036E+02 0.51317tlE+02 C.59402o6E+02 SD 
200 4 0.4753167E+03 O. 2039lf7E+04 C.1305E17E+04 AVE 
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200 4 0.1485 342E+02 0.6616791E+02 C.6873 444E+02 SD 
240 4 0. 5-816 31 'JE +0 3 O. 26514 l 7E+O 4 C.1161117E+04 AVE, 
240 4 0.17 6919 4E+O 2 O. 8 61 2 6 ~ 9 E +O 2 · C.8846573E+02 SD 
280 4 0 .6952313£+03 O. 33597 57 E+O 4 0.2312 291E+O 4 AVE 
280 4 0.1758659E+02 O. 10 643 23 E+O 3 0.10'74334E+03 SD 
330 4 O. 83 21370E+03 O. 42173C9E+O 4 · C. 3031431E+O 4 AVE 
330 4 0 .1826096£+02 0.13669 21E+03 0.1373940E+O 3 SD 
380 4 0.9114'773E+03 o. 5351926£.04 0.3 915 516E +O 4 AVE 
380 4 0.2601933E+02 O. l 730CH3E•O 3 C.1131140E+03 so 
440 4 0 .1136 297E+04 0.6720719E+04 0.5040 844E+04 AVE 
440 4 O. 20 24 95 '1E+02 O. 16222C6E+03 0.1623431E+03 so 
500 4 0.1306397E+04 0.82012~4£+04 0.6281840E+04 AVE 
500 4 0 .26 2477 OE+02 0. 20985 57 E+03 0. 2 0 9 6 89 5 E +O 3 SD 
550 4 0.144821"1E+04 O. 9553113£+04 C. 7434262E+04 AVE 
550 4 0·2144995E+02 0.22193~3£+03 C. 2 2 3 4 119 E +O 3 so 
600 4 0.1581177£+04 0.1101815E+05 0.8100 930£+0 4 AYE 
600 4 0. 3 0 2 8 60 1E +O 2 0. 2 64 2 5 t3 E. +O 3 C.26515148+03 so 
700 4 0.1815497E+04 0.14095~8£•05 Q.1138197E+O 5 AVE 
700 4 0.2842804£+02 0.2761272E+03 0.2765 645E+03 SD 
eoo 4 0.2161111E+04 0.117b534E+05 C.1465370E+05 AVE 
800 4 0.29S9835E+02 0.37093~3£+03 · C • 3 7 27 fl 0 E +O 3 SD 
900 4 0.2446837E+04 0.2175065E+05 0.1824140£+0 5 AfE 
900 4 0.3219133E+02 0.5117336E+03 C. 514130 9E-+03 so 

1000 4 0.2736817E+04 0.25896t3£•05 C. 2198 830E+O 5 AWE 
1000 4 0.4203735E+02 0.51734i2E+03 0.5713 367E+03 SD 
1100 4 0.302523iE+04 0.30524t5E+05 0.2621137E+05 AVE 
1100 4 0.4527785E+02 0.59414~9£+03 C. 5939114E+O 3 SD 
1200 4 0.3311877E+04 0.3551464E+05 0.3080 793E+05 A 'IE 
1200 4 0.4366058E+02 0.6704057£+03 CJ. 6716433E+03 so 
1400 4 0.38E427iE+04 0.46636~3£+05 C.4113116E+05 AVE 
1400 4 0.5164406£+02 0.9557141E+03 0.9569 314E+03 SD 
1600 4 0.4462484E+04 0.5895939E+05 C. 526555 6E+05 AVE 
1600 4 0.5117778E+02 0.12305E8E+04 ().1231055E+O 4 SD 
1800 4 O.S053820E+04 0.7296106€+05 O. 6586 59 4E +O 5 AVE 
1800 4 0.4993384E+02 0.11584C4E+04 C.1160 111E+O 4 SD 
2000 4 0.562832BE+04 0.88336f9E+05 C. 8043925E+O 5 AVE 
2000 4 0.6470706E+02 0.1620853E+04 0.1619651£+04 SD 
2200 4 0. 62 3 917 6E +O 4 O. 10 5 614 2 E +O 6 C. 9691969.E+OS AVE 
2200 4 Oe5633151E+02 0.1731216£+04 CJ.1 738 f87E+O 4 sn 
2400 4 0 .67 97172E+04 0.12320 57 E+06 0.1137 081E+06 A 'IE 
2400 4 O. 6451218E+02 0.1170045£+04 <l.1771 "194E +O 4 SD 
2800 4 0.7962578E•04 0.16302C9E+06 C.1519 262E+06 AVE 
2800 4 0.676794~E+02 0.2323474E+04 o. 2324 328£+0 4 SD 
5000 4 0.144450 5E+05 O. 48630 ;6E+O 6 C.4o64227E+06 AVE 
5000 4 0.1154720E+03 0.65321S3E+04 C.6530 S48E+O 4 SD 

10000 4 0.2915362E+05 0.1838976E+07 0.1799103£+07 A VE 
10000 4 0.1412474E+03 0.19516~8£+05 C. 1951 65· 1E+O5 SD 
15000 4 0.4402224E+05 0.40430.9£+07 C.3983161E+07 AVE 
15000 4 0.1820346E+03 0.2868085E+05 0.2868 042£+05 SD 
20000 4 0.58S3139E+05 0.70981C9E+07 C. 7018243E+O 7 AVE 
20000 4 0.24>54973E+03 O. 47422~3£+05 C. 47 42128E+O 5 SD 

33 5 0.5065981E+02 0.1661798E+03 c. 7461983£+02 AVE 
33 5 0.4405981E+Ol 0.83526tlE+Ol Cl. 9102 34 BE +O 1 SD 
38 5 0.6099985E+02 O. 20555S9E+03 CJ. 9015 984E+O 2 AVE 
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38 5 O. 429048 2E+Ol O. 91699~3E+O1 C.1008 806£+02 Sll 
44 5 O. 751998 4E•02 O. 25409 ~6E+03 Cl. lll 7198E +03 AVE 
~4 5 O. 4598101E+Ol O. 814161.H+O 1 · C.9405 :34E+Ol SD 
50 5 0.0953981E+02 0.3040.774E+03 0.1353 398£+03 AVE 
50 5 0. 44 17 62 SE +O 1 O. 1105 6 'O E+O 2 0.1213 19'1E +02 so 
60 5 0.1118798E+03 O. 389 65 4 2.E+O 3 C.1781198E+03 AVE 
60 5 0 .13 02 894E+Ol 0.1456135E+02 0.1580 961£+0 2 SD 
64 5 0.12 5539 8E+03 O. 4212 "111 E+03 C.191119 8E +03 AVE 
64 5 O. 679195 3E+Ol 0.16487C3.E+O 2 0.1683363E+02 SD 
67 5 0 .13 43798E+03 0. 4500176 E+O 3 0.2048198E+03 A. VE 
61 5 0.7639561E+Ol 0.16433~5£+02 0.1709115E+02 SD 
"10 5 0 .1418 39 8E+O 3 O. 4765376.E+O 3 C. 2189198E+O 3 AVE 
10 5 0.9015524E+Ol 0. 2136183E+O 2 0.2283194£+02 SD 
ao 5 0.1C»14 99 8E+03 O. 57029 "ilE+03 c. 26571718+03 AVE 
80 5 O. 840613 EE+Ol O. 20 45S ~4.E+O 2 C. 2092 S80E+O 2 so 
90 5 0.1976198E+03 O. 66781 76E+03 0.3172 969E+03 AVE 
90 5 0.102913 6E+02 o. 26068t6£+02 C.27 62 E83E+02 so 

100 5 0.2251398E+03 o. 7638114£+03 <l.3667 375E+O 3 AVE 
100 5 0. 97 93 788E+O l O. 257 0146 E+O 2 0.25 65 66 9£ +O 2 so 
120 5 O. 27eOl16E+03 O. 9585L"ilE+03 C. 4658 569E+03 AVE 
120 5 0.9838191E+Ol O. 28669 E2E+O 2 C. 2900 929E+O 2 SD 
130 5 0 .3107 97 6E+O 3 0.1072637 E+04 o.531a 767.e:+o 3 AVE 
130 5 0.1059689E+02 O. 35'14144E+02 C .3698178E+O 2 SD 
140 5 0. 33 9157 OE+O 3 O. 11894 ;?E+O 4 C. 60 27110E+O 3 AVE 
140 5 0 .ll 78597E+02 O. 4270164E+02 0.4369 510£+0 2 SD 
160 5 O. 40 26565E+03 0.14229~7£+04 C.1404373E+03 AVE 
160 5 0. 1757 50 3E +O 2 O. 4885812.E+O 2 C.5061447E+02 so 
180 5 0 .45 58770E+03 0.1635917E+04 0.8535 977E+03 A 'IE 
180 5 0.1433394E+02 o. 4691219£+0 2 C. 41451o4E+02 SD 
200 5 0.523876/E+OJ O. 19119 ~7E+O 4 () .10 33 67 8E+Q 4 AVE 
200 5 0 .16 86525E+02 O. 62643 36 E+02 o. 6304 330£+0 2 SD 
240 5 0. 6428571E+03 o. 2418217£+0 4 C.13 45i07 7E +O 4 A 'IE 
240 5 0. 1700 99 5E+O 2 o. 69181~6£+02 c. 70 33 43 4£+0 2 sn 
280 5 0. 7773176E+O 3 O. 29818 '17 E+O 4 0.1714 857£+04 AVE 
280 5 O. 23 6192 6E+02 O. 9866519E+02 C.1006 E03E+03 so 
330 5 0. 94 22 37 lE+O 3 O. 3757117 E+O 4 C.2246457E+04 AVE 
330 5 0.2774683E+02 0.1163656E+03 0.1110 025£+03 SD 
380 5 0.10 92951E+O 4 o. 4499043£+04 C.2'140 577E+04 AVE 
380 5 0. 25 37929E+O 2 o.1211·H3£+03 () .12 2 6 ~9 0 E +O 3 SD 
440 5 0 .12 9437 8E+O 4 0.5555805E+04 0.3503577E+04 AVE 
440 5 O. 2 820 245E+02 o. 1581721£+03 0. 15 90 413 E +O 3 so 
500 5 0.149195 7E+04 O. 66386~6E+04 C. 4287121E+O 4 AVE 
500 5 0 .30 81816£+02 0.1707 2 04E+03 0.1696116£+0 3 SD 
550 5 0.1656191E+04 O. 76002 ~4E•O 4 <l.50 02 50 OE+O 4 AVE 
550 5 0.3260106E+02 O. 20058Cl4E+O 3 c. 2018112£+0 3 so 
600 5 0 .1833457E+04 0.8672418E+04 0.5827 586E+O 4 AVE 
600 5 0.3669504E+02 o. 20574~9£+03 C. 2 0 4 7 25 8 E +O 3 SD 
700 5 0. 2159177E+O 4 0.10812~5.E+O 5 Cl • 7 4 71 51 6 & +O 4 AVE 
700 5 0. 4l 46927E+02 O. 28278•93 E+03 o. 2837 99 8£+0 3 SD 
eoo 5 O. 250549 8E+O 4 0.13195~7£+05 C.9359070£+04 AVE 
eoo 5 O. 38 8239 /E+O 2 o. 3050217£+03 0.3064473E+03 SD 
900 5 0 .284203 7£+04 0.1569142E+05 0.1135 936£+05 AYE 
900 5 O. 43 94 77 4E+02 o. 3411125£+03 C.3422 E22E+03 SD 

1000 5 O. 318601?E+O4 0.18470t3E+05 tJ.1364156E+O 5 AVE 
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1000 5 0.4264937E+02 o. 4063281£+03 C. 4078 599E+03 so 
1100 5 O. 3~13111E+04 o. 21259'!"1£+05 ().1593 298E+05 AVE 
1100 5 0 .44.97 26 4E+O 2 O. 46431 ;s E+O 3 · C.4664854E+03 SD 
1200 5 0 .3867537E+04 O. 2444129 E+O 5 0.1861 729£+05 AVE 
1200 5 O. 578918 6E+02 O. 4909011E+03 (). 4944 E3 4E+03 SD 
1400 5 O. 45 5654 3E+O 4 O. 31103 ~SE+O 5 C • 2 4 2 8 410 6 E +O 5 AVE 
1400 5 0.5959999E+02 0.6143347E+03 o. 6171069£+0 3 SD 
1600 5 0.524140 f!E+04 0.3848954E+05 <l.3067559£+05 AVE 
lEOO 5 O. 80 7588 3E+O 2 O. 13151:2E+O3 0. 7 3 3 2 ~O 2E +O 3 SD 
1800 5 0.5964555E+04 0.4697826E+05 0.3816645E+05 AVE 
ieoo 5 0.7583994E+02 0.10006CJ2E+04 0.1000 E25E+04 so 
2000 5 0.6633816E+04 0.5558843£+05 C. 4578 271E+05 AVE 
2000 5 0.7786572E+02 0.8062063E+03 0.8053342£+03 SD 
2200 5 O. 7346121E+04 O. 6S.26721E+05 C.5440 481E+O 5 AVE 
2200 5 0.91S5666E+02 0.1080Q~OE+04 CJ • 10 80 91 0 E +O 4 so 
2400 5 o.a054555E+04 o.7544131E+OS 0.6364085£+05 AVE 
2400 5- O. 7487819E+02 O. 9"1424E8E+03 C.9145596E+03 so 
2800 5 0.9460652E+04 O. 9822t!OE+05 O. 8442 47 5E+O 5 AVE 
2800 5 0.9231157E+02 0.1424021E+04 0.1424583£+04 SD 
3300 5 0.1122259E+05- O. l2998-47E+06 «J.1136 93 9E +O 6 AVE 
3300 5 0.1248008E+03 O. 20195~4£+04 <l.2016332E+04 SD 
3800 5 0.1297261E+05 091666401E+06 0 .14 7 8 54 0 E +O 6 AYE 
3800 5 0.1164103E+03 0.1935138E+04 0.1937 E43E+O 4 SD 
4200 5 0.1441711E+05 0.19831~4E+06 C.1775 90 6E+O 6 AVE 
4200 5 0 .12 8440 2E+03 O. 2316952E+04 0.2316 545£+0 4 SD 
4400 5 0.1513301E+05 O. 21694 t2 E+O 6 0.1951E41E+O6 AVE 
4400 5 0.1018663E+03 O. 26314f3£+04 C. 2640 229E+O 4 SD 
5000 5 0.1726830E+05 0.2721385E+06 0.2473 611£+06 A YE 
5000 5 0.14143 8 4E+03 O. 29'180 S9E+O 4 C.2980 559E+O 4 SD 
6000 5 0.20183liE+05 0.37743C9E+06 C.3476564E+06 AVE 
6000 5 0 .186369 6E+03 O. 45635 90E+04 0.4565 031E+04 SD 
7000 5 0.2436235E+05 0.50010SlE+06 (). 4659 414E+O 6 A llE 
7000 5 0.1703903E+03 0.50222C7E+04 0. 50 22 20 3E+O 4 SD 
8000 5 0.2796676E+05 0.6404506E+06 o. 6006 87 2.E+O 6 AVE 
8000 5 0.201S422E+03 O. 59971 E7E+04 0.5998•MlE+04 SD 
9000 5 Oe31~3010E+05 0.79759~5£+06 C. 75 28 327E+O 6 AVE 
9000 5 0.17 65126E+03 O. 65433 98 E+O 4 0.6544 ?30E+04 SD 

10000 5 0.3512131E+05 O. 96886E3E+06 C. 9191082E+O 6 AVE 
10000 5 0.21 ?9236E+03 O. 87709~4E+04 <J. 8773 28 9E+O 4 SD 
15000 5 0.5310049E+05 0.2087752E+07 0.2013 011&+07 AVE 
15000 5 0.2 743 655E+03 0.1708037£+05 0.1 70821SE+O5 so 
20000 5 0.7108631E+05 0.36215~4E+01 C. 35 21816E+O 7 AVE 
20000 5 0.3034658E+03 0.2188389E+05 0.2188 39 2E+O 5 SD 

64 6 0.12 63 79 9E+03 O. 42431 '74£+03 C.1937198E+03 ·AVE 
64 6 0.7785016E+Ol 0.18342C9E+02 C.1915 88 3E+O 2 SD 
67 6 0.1334998E+03 0.4516570£+03 0.2044398£+03 AVE 
61 C> 0.8612416E+Ol 0.18798~4£+02 <l.1969267E+02 so 
70 6 0.1415998E+03 O. 4812311£+03 C. 2168 398.E:+O 3 AVE 
70 6 0.7639845E+Ol 0.16250C9E+02 0.1801283E+O 2 SD 
ao 6 o.166959eE+03 o.s7709t9E+03 C.2557 993E+03 A llE 
ao 6 0.9724114E+Ol 0.19829;7£+02 Cl.2100 240.E:+O 2 so 
90 6 0.1956598E+03 0.6747711E+03 0.2985 967£+03 AYE 
90 6 0.89€4350E+Ol 0.22552~8E+02 0.2332 U1E+02 so 

100 6 0.2242398E+03 0.71693E8E+03 C. 3"16417 2E•O 3 AVE 
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100 6 0.1023509E+02 0.2695061E+02 C.276235 4E+02 S.D 
120 6 0.2865511E+03 0.98753i1E+03 C.4504370£+03 AVE 
120 6 0.12E4147E+02 O. 3448~~8E+O 2 C.3558 '29E•O 2 SD 
128 6 0.3131572E+03 O.l077337E+04 0.4985 366E+03 AVE 
12e () 0.1321143E+02 0.4148801E+02 C. 4249284E+02 so 
130 6 0.3221167E+03 0.1106417E+04 C. 515 2 571 E +O 3 AVE 
130 6 0 .12 69698E+02 O. 3823972 E+O 2 0. 3 8 8 4 37 7 E +O 2 SD 
135 6 O. 32 8951 OE+03 O. 113 9217 E+O 4 Q. 5190 36 9 E +0 3 AVE 
135 6 0.1183895E+02 O. 27762EOE+02 C. 2974 50 3E+O 2 SD 
140 6 0 .34 9757 6E+03 0.1210857 E+04 ().5615 97 2E+O 3 AYE 
140 6 0.13 2S.95 4E+02 O. 37313 48£+02 C.3 874 565E+02 SD 
160 6 0.4086372E+03 0.1420017£+04 C. 6573171E+O 3 AVE 
160 6 0.1355549E•02 0.4054713E+02 o. 4170 581.e:+o 2 SD 
180 6 O. 4812113E+03 0.1664937£+04 0.7927373E+03 AVE 
180 6 0.1598530E+02 O. 4950247£+02 ·<J.5056445E+02 SD 
200 6 0 .S446169E+03 0.1904277E+04 0.9152568E+03' AWE 
200 6 0.1435 97 4E+02 0.5703531£+02 C.~747375E+02 so 
240 6 0. 68 2911SE+O3 0.24022j7E+04 Cl.1186077E+04 AVE 
240 6 0 .1695604E+02 O. 63675 96E+O 2 0.6638 850£+02 SD 
280 6 O. 81 '137'10E+03 O. 29103 ~7E+O 4 C.146115 7E+O 4 AVE 
280 6 0.2466764£+02 O. 90990 SlE+O 2 C. 94 29 210£+0 2 SD 
330 6 0 • 9 9 58 36 9E+O 3 0.3584597E+04 0.1846257E+04 A'IE 
330 6 0.2 912116£+02 0.10 900 t8.E+03 0.1094 '117E+03 SD 
380 6 0.1182817E+04 O. 43 20 e ~5.E+O 4 <l. 2291S96E+O 4 AVE 
380 6 0 .30 77872E+02 0.1288208E+03 0.1309 33 2£+03 SD 
440 6 0.1402 83 BE+04 0.52109j7.E+04 Cl.2632077E+04 AVE 
440 6 0.3349353E+02 0.1343714£+03 C.13311688+03 SD 
500 6 0.1626397E+04 0.6159156E+04 0.3430677E+04 AVE 
500 6 O. 35 88121E+02 0.1722410 E+O 3 C.1755078E+03 SD 
550 6 0.18150l 7E+04 O. 6992819£+0 4 C .3963 59 6E+O 4 AVE 
550 6 0 .36 36649E+02 O. 21960 03 E+O 3 0.2200 451£+03 SD 
600 6 0.1997991E+04 O. 17781 :2 E+O 4 O. 4457 f!55E+O 4 AVE 
€00 6 0. 421581JE+O2 0.19046E3E+03 C.1919323E+03 SD 
700 6 0 .2393457E+04 0. 95882 38 E+04 0.5680 352£+04 AVE 
700 6 0.4800960E+02 0.23902t3E+03 Q.2400492E+03 so 
800 6 0.2765711E+04 0.11446,3£+05 Q.6942:40E+04 AVE 
800 6 0 .47 27170E+02 O. 30070 48E+O 3 0.3016326&+03 SD 
900 6 0.3162198E+04 0.1341921£+05 <l.8321191E+04 AVE 
900 6 0.3990817E+02 0.2677&S8E+03 C.2686E63E+03 SD 

1000 6 0.3580117£+04 0.1569616£+05 0.1000680£+05 AVE 
1000 6 0.5126262E+02 0.4253718£+03 C.4264514£+03 so 
1100 6 0.3953757E+04 0.17798~9£+05 0.1151340E+05 AVE 
1100 6 0.7278246E+02 0.4911421E+03 0.4883701£+03 SD 
1200 6 O. 43 61754E+O 4 O. 20101 t2E+05 <l.1322331£+0 5 AVE 
1200 6 0.7455911E+02 0.48201C6E+03 C.4829280E+03 SD 
1400 6 0.5133418E+04 0.24809S4E+05 0.1674205£+05 AYE 
1400 6 0.7615781E+02 0.63086t5£+03 C.6324299E+03 SD 
1600 6 0.5915422E+04 0.30287§2£+05 0.2102937E+05 AVE 
1600 6 0.845630 3E+02 o. 6455 298 E+O 3 0.6478 337£+03 SD 
1eoo 6 0.675323BE+04 0.3516702£+05 C.2531496E+05 AVE 
1800 6 0.9557635E+02 0.74991~3£+03 C.7492817E+03 SD 
2000 6 0. 759447 3E+04 O. 4210159E+O 5 0.3045 741E+O 5 AVE 
2000 6 0.1318826£+03 0.11247~9£+04 0.1128194E+04 SD 
2200 6 0.8J15500E+04 0.48031t1E+05 C.3519927E+05 AVE 
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2200 6 0 .1066 45 3E+03 0.1016327E+04 Cl.1017 476E+04 SD 
2400 6 O. 9221031E+04 O. 5489929.E+OS C.408c404E+05 A~E 
2400 6 0.13 60 80 9E+03 O. 126'19 49.E+O 4 C.1271321£+0 4 SD 
2800 6 0 .10 84091E+05 O. 6931175E-+05 0.5288 531E+05 A~E 
2800 6 0.140955 4E+03 0.1381410£+04 C.13 79 502E+04 SD 
3300 6 0.1293017E+05 O. 89731,5.E+O 5 C. 7031Sl2E+O 5 AVE 
3300 6 0 .1513 82 7E+O 3 0. 173 8 3 29 E•O 4 0.1735 736£+0 4 SD 
3800 6 0.1498250E+05 0.11193· ESE+O 6 C. 8953 OOOE+05 AVE 
3800 6 Oel 7 27571E+03 0.18977 43E+O 4 C .19 0 2 281 E +O 4 SD 
4200 6 0 .16 6879 3E+05 0.1318958E+06 0 .10 7 0 93 7 E +O 6 A WE 
4200 6 0.190134 9E+03 o. 2266815£+0 4 0.22 69207E+O 4 SO 
4400 6 O.l 753847E+05 O. 14263 ~9 E+O 6 C.1166 381E+O 6 AVE 
4400 6 0.1985559E+03 O. 2565813 E+04 0.2562 422£+0 4 SD 
5000 6 0.200142 9E+05 0.17481~4£+0 6 Cl.1452 20 6E+O 6 AVE 
5000 6 O. 2217 53 5E+03 O. 24880S8E+O 4 C.2492157E+04 SD 
6000 6 0 .2416029£+05 0.2358452E+06 0.2002 651£+06 AVE 
6000 6 0.25 68130E+03 o. 32203 '12!+0 4 0.3220 E75E+O 4 SD 
7000 6 O. 2835 461E+05 O. 3069ii4E+O 6 O. 2654121E+O 6 AVE 
7000 6 0 .2666855E+03 0.3528403E+04 0.3529 844.E+O 4 SD 
aooo 6 0.32 66215E+05 o. 3 8485 §9£+0 6 C.3373 012E+O 6 AVE 
8000 6 o.2aoaoo3E+03 O. 40402C9£+04 C. 404110 2E+O 4 so 
9000 6 0. 36 79 39 lE+OS O. 4721312E+06 0.4185 786£+06 AYE 
9000 6 O. 2 64659 2E+03 O. 47575S8E+04 C.4'15oEB4E-+04 SD 

100-00 6 0. 412465 9E+O 5 O. 510 34 41E+O6 C.5107966£+06 AVE 
10000 6 0 .4214348E+03 0.6897004E+04 0.6900 324£+04 sa 
15000 6 O. 62 41011E+05 O. 11 '12313 E+O 7 ().1082191£+07 AVE 
15000 6 0.4573933£+03 0. 9 6 9 4 3 "I 5 E +O 4 C.9693e44E+04 SD 
20000 6 0 .83 68687E+05 0.1981616E+07 0.1862118£+07 AVE 
20000 6 O. 48EO 620E+03 0.1406457£+05 0.1405 990E+05 so 

128 7 O. 312411OE+C3 0.1072717E•04 C.4922173£+03 AVE 
128 7 0 .13 43 88 9E+O 2 O. 37543 78 E+O 2 0.3797 513£+02 SD 
130 1 0.3160972E+03 0.1085817£+04 C.4922 974£+03 AVE 
130 7 0.140363 6E+O 2 O. 3510570 E+O 2 C .3662 e36E+O 2 SD 
135 7 0 .33 20 77 6E+O 3 0.1149557E+04 0.5207 571E+03 A VE 
135 1 0.12 6195 7E+02 O. 33435 47E+02 0.3517346E+02 so 
140 7 0.3482175E+03 0.12166 ~7 E+O 4 C.5552 969E+O 3 AVE 
140 7 0.1282273E+02 0.3457820E+02 0.3420175E+02 SD 
160 1 0. 40 9657 OE+O 3 O. 14453 §7.E+O 4 C. 6514 570E+03 AVE 
160 7 0.15 2699 9E+O 2 o. 46804~4£+0 2 C.4826 685E+O 2 SD 
180 7 0.4719172£+03 0.1673897 E+04 o. 7518171£+03 AVE 
ieo 1 0.15 42 841E+02 O. 43 087 45E+02 C. 4506 El 6E+02 so 
200 7 O. 5536370E+O 3 o. 1947016£+0 4 C. 897317 4E+O 3 AVE 
200 7 0 .19 53723E+02 O. 56809 23 E+O 2 0.57 4167 OE+O 2 SD 
240 7 0.6926572E+03 o. 243 60.17£+0 4 0.1133 377E+04 AVE 
240 7 0.1965 23 4E+O 2 o. 66746'15£+0 2 C. 6858 ~52E+O 2 SD 
256 7 0 .15 66768E+03 O. 2645017 E+O 4 0.1241977£+04 AVE 
25E 1 0.2033 641E+02 o. 70602 t8£•02 C.7016017E+02 so 
260 7 0.7670371E+03 O. 26969 ~6E+O 4 C.1263 377E+O 4 AVE 
260 7 0 .1822 849E+02 0.65039 35 E+02 0.6521008£+02 SD 
210 7 O. 8054715E+03 o. 2a2a·111£+0 4 0.1330197E+04 AVE 
270 7 0.1896828E+02 O. 73975~5.E+O 2 C. 7 3 5 4 23 4£ +O 2 SD 
280 1 0 .83 20 571E+03 0.2927857 E+04 0.1360197£+0 4 AVE 
280 1 O. 23 S3 80 3E+02 o. 7048431£+02 <l. 73 85919E +02 SD 
330 1 0.10 2889"7E+04 O. 3668 3 47 E+O 4 C.1767378E+O 4 AVE 
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7 0.2764413£+02 0.1093315E+03 C.1104480E+03 
7 0.1114958E+04 0.3956031E..04 C.1889577E+04 
7 0.2242444E+02 O. 79598;4£+02 C.8352910E+02 
7 0.1225897E+04 0.4341695E+04 0.2116557£+04 
'1 O. 262889 6E+02 O. 98567 t3£+02 <l. 9857 E49E+02 
7 0.1458071E+04 0.52139EOE+04 C.2581S37E+04 
7 0.3743126E+02 0.1397584E+03 0.1443957E+03 
'1 0.1 '101358E+04 O. 60783Sl!...04 0.304229'1E•04 
7 0.3405122E+02 0.12411~8£+03·C.1284453E+03 
7 0.1908437E+04 0.6920637£+04 0.3543078£+04 
7 0.4667024E+02 0.2170017£•03 0.2187340E+03 
7 0.2100051!+04 O. 76436i2.E+04 0.3926557E+04 
7 0.4019287E+02 0• 1809657 E+03 0.1826710£+03 
7 0.252S.931E+04 O. 9325316£+04 Cl.4926527£•04 
7 0.4955791E+02 0.27012~5£+03 0.2103430E+03 
7 0.2949117E+04 0.1095754E+05 0.5879094£+04 
'1 0.4991054E+02 O. 2319919£+03 C.23291698+03 
7 0.338891"1!+04 0.12"795SOE+05 · 0.7029973E+04 
7 0.5897031E+02 0.3570127E+03 0.35840318+03 
1 0.3810831E+04 0.14S-'13t7£+05 C.811'1156E•04 
7 0.6860"721E+02 0.4046140£+03 C.4010847E+03 
7 0.4258719E+04 0.1655804E+05 0.9411191&+04 
1 O. 82 @6168E+02 O. 43 "114f4E+03 C.4341 E53E+03 
7 0.4691273E+04 0.18458~1E+05 0.1062923E+05 
7 0.7654926E+02 0.5296848E+03 0.5302905£+03 
7 0.5585574E+04 0.2244621£+05 0.132345·2E+05 
7 0.8001160E+02 0.54759.!7E+03 C.5481187E•03 
7 0.6489469E+04 0.2689645E+05 0.1630222£+05 
7 O. 881602 9E+02 O. 6512334£...03 Cl. 6539587E•03 
7 0.7412570!+04 0.3151816£+05 ·C.1960181E+05 
7 0.1234083E+03 0.9239980E+03 0.9272429£+03 
7 O. 8328111E+04 O. 3b321S8£+05 C.2295508£+05 
'1 0.1233522E+03 0.9875613£+03 C.9882~71E+03 
7 0.9262277E+04 0.41320578+05 0.2656462E+05 
7 0.14991'13E+03 0.1228753£+04 0.1228284£•04 
7 0.1014227E+05 0.46217;6£+05 C.3006El2E+05 
7 0.1433lllE+03 0.1177169E+04 0.1172401E+04 
1 0.1198608E+05 0.5106216£+05 0.3813492E+05 
'1 0.180730SE+03 0.15608C9E+O 4 C.1559138E•04 
7 0.1440007E+05 0.'1233712.E+OS 0.4993487E+05 
7 0.1483635!+03 0.1519457£+04 C.1522111E+04 
7 0.161571BE+05 0.88605£7£+05 C.6212155E+05 
7 0.1908210£+03 0.2111268E+04 0.2111919E+04 
7 0.1858660E+05 0.10145S7E+06 c.'1218•c;44E+05 
7 0.1961116E+03 0.1917918£+04 Q.1922'181E+04 
7 0.1954486E+05 0.1086486E+06 0.7858256£+05 
'1 0.2401112E+03 0.26321S4E+04 C.2631902E+04 
7 0.2241280£+05 0.13101t4£+06·C.9676006E+05 
7 0.2261209E+03 0.2518804E+04 0.25187138+04 
1 0.27271'11E+05 0.11301E2E+06 0.1317eS.2E+06 
1 0.2996919E+03 O. 36650S6£+04 · C.3666299£+04 
7 0.3204128E+05 0.2176589E+06 0.1694519£+06 
7 0.3163108E+03 O. 41168~0£+04 C.41160598+04 
7 0.3695729E+05 0.26853i2£+06 C.2133488£+06 
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8000 7 0.3653066E+03 O. 47 048 (9E+04 C.47 07 004E+04 SD 
9000 '1 O. 4169714E+05 O. 32169 t5E+O 6 C.2595121E+O 6 AVE 
9000 7 0.3882169E+03 0.53632~8£+04 c. 5363 lSOE+O 4 SD 

10000 7 0.4657883E+05 0.3805640E+06 0.3113 984E+06 AVE 
10000 7 O. 43 S4050E+03 O. 58369 S6£+0 4 0.5836141E+04 so 
15000 7 0.7117356E+05 0.7386310£+06 C.6345 ~17E+06 AVE 
15000 7 0.6537312E+03 0.1068071E+05 O.l068155E+05 so 
20000 7 0.9601150E+05 0.1208141£+07 C.10 69 061E +O '1 AVE 
20000 7 O. '77'77371E+03 0.16562 t8£+0 5 C.1656 355E+O 5 SD 

256 8 0. 7564773E+O 3 O. 2645717 E+O 4 0 e l 2 41 71 7 E +O 4 AfE 
256 8 0.2144141E+02 0.64675COE+02 C. 6671011E+02 SD 
260 8 0.76623'73E+03 O. 26850S7E+04 C.1251337E+O 4 AVE 
260 8 0.2530801E+02 0.8196266E+02 0.8390 591E+02 SD 
2 '10 8 O. 8000574E+03 O. 28242i8E+04 C.1310197E+04 AVE 
270 8 0.2144611E+02 0.7681719£+02 c. 7796143£+0 2 SD 
280 8 0 .83 8677 2E+03 O. 29680 97 E+04 0.137811 7E+04 AVE 
280 8 0.22 t!243 6E+02 O. 7009254£+02 O. 73 '7142 6E+02 so 
330 8 o.1~20077E+04 o.36592S7E+04 <i.1688 337E+O 4 AVE 
330 8 0.2359171E+02 0.7907846E+02 o. 7987 943£+02 SD 
355 8 0.1118811E+04 O. 40213 S7£+0 4 C.1862 E57E+O 4 AVE 
355 8 0.314338 4E+02 0.1090787E+03 C.1119 503E+O 3 SD 
380 8 0.12253'11E+04 0.4401223£+04 C.2058 258E+04 AVE 
380 8 0.2715568E+02 0.112~0~0£+03 Cl .1125 026E+O 3 SD 
440 8 0.1468757E+04 0.5283156E+04 0.2497 73 7E+04 AVE 
440 8 0.3218291E+02 0.12028S8E+03 0.1213 675E+03 so 
500 8 0.17239'17!+04 o. 61251!2£+04 c. 2906057E+O 4 AVE 
500 8 0.4013397E+02 0.1345735E+03 0.1366 273£+03 SD 
512 8 0.1793571E+04 O. 64015f5E+04 0.3094337E+04 AVE 
512 8 Oe4404660E+02 0.17671E8£+03 C.1784123E+O 3 SD 
520 8 0.1809197E+04 0.6464859E+04 0.3095 597£+0 4 AVE 
520 8 0.3509666E+02 0.16083f3E+03 C.1606 e91E+03 so 
535 8 0.1869797E+04 O. 67158i5E+04 C.3225 937E+O 4 AVE 
535 8 0 .42 90704E+02 0.19100 42E+03 0.1918 035E+03 SD 
550 8 0.1930131E+04 o. 69295-;4e+o 4 0.3324 477E+O 4 AVE 
550 8 0.41EO20 4E+O 2 0.17515 .;4£+0 3 Cl.1732 87 6E+O 3 SD 
575 8 0.2038837E+04 0.7322590E+04 0.3523 657E+04 AWE 
575 8 0.4'210972E+02 0.1868514£+03 0.1911901E•03 SD 
600 8 0.2140558E+04 0.77251.;1£+04 · Cl.3731558E+04 AVE 
600 8 0.4328607E+02 0.1734923E+03 0.1757 670£+03 SD 
?00 8 0.2598898E+04 0.9386039£+04 C. 4632 980E +0 4 AVE 
700 8 0·4538965E+02 0.24826~6£+03 0.2520320E+03 SD 
800 8 0 .3044557E+04 0.1103846 E+05- 0.5521980£+04 AVE 
eoo 8 O.S917i40E+02 0.32135t9E•03 C.3224172E•03 SD 
900 8 0.3496858E+04 0.1277011E+05·C.6475090E+04 AVE 
900 8 0.7412129E+02 0.36141S9E+03 0.3636484£+03 SD 

1000 8 0.395S09'1E+04 0.14516~9£+05 C.7452E41E•04 AVE 
1000 8 0.6706699E+02 0.35692t8£+03 C.3593171E+03 SD 
1100 8 0.4417516E+04 0.1618580E+05 0.8339113£+04 AWE 
1100 8 o. '13 ee042E+02 o. 34666~8£•0 3 C.3456M3 8£+03 SD 
1200 8 0.489527iE+04 0.1811519£+05 C.9488102E+04 AVE 
1200 8 0.7730502£+02 0.4088508E+03 0.4091572E+03 SD 
1400 8 O. 58 61582E+04 O. 21976EO £+05 0.117943 9E+05 AVE 
1400 8 0.9662894E+02 0.68790~1£+03 C.6831274E+03 SD 
1600 8 0.6854992E+04 0.2604602E+05 0.1429479&+05 AVE 
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1600 8 0.116239 8E+03 O. '15012 41E+O3 -C. '1532371E+03 SD 
1800 8 O. 7875332E+04 o. 30258 ~'1£+0 5 -C.1693137E+O 5 AVE 
1800 8 0 .10 0537 4E+03 O. 7088286E+03 0.1111760£+03 SD 
2000 8 O. 8820312E+O 4 0.3430419E+05 C.1940 E91E+05 A !IE 
2000 8 0 .10 -4444 5E+O 3 O. 8318345E+O 3 Cl. 83 25128E+O 3 SD 
2200 8 0 .9839445E+04 O. 38820 OlE+OS 0.2234196£+05 AVE 
2200 8 o.1s 68894E+03 0.1222 854E+O 4 0. 12 2 a Eo 2 E +O 4 so 
2400 8 0 .10 e454 5E+O 5 O. 43181C9E+05 O. 2513 419 3E+O 5 AVE 
2400 8 0 .16 81967E+03 0.13993 85.E+04 0.1397 930£+04 so 
2800 8 0.12 9125 7E+05 O. 52 691 E7 E+O 5 C.3148211E-+05 AVE 
2800 a 0.163850 2E+03 0.13047tl£+04 C.1305 :slE+O 4 SD 
3300 8 0 .15 53 213E+05 0.6548103E+05 0.4030 68 2E+O 5 AVE 
3300- a O. 20 54673E+03 0.17493 42E+O 4 C.1146146£:+0 4 so 
3800 8 0.1806684E+05 0.?8190t2E+05 -C.4905436£+05 AVE 
3800 8 0. 23 45·417E+O3 0. 21513 56 E+O 4 0. 2154 57 3 E +O 4 SD 
4200 8 0.202017 6E+OS O. 8956'1 t2E+05 C. 5125 95"1E •O 5 AVE 
~200 8 0.2348166E+03 0.21364S9E+04 -C.2138818£+04 SD 
4400 8 0 .2129886E+05 O. 95276 56 E+OS O. 6138 51 OE+05 AYE 
4400 8 0.2106863E+03 0.27014SSE+04 ~. 2102 204E+O 4 SD 
5000 8 0.244395'1E+05 0.11251i4£+06 Cl. 7391162£+05 AVE 
5000 8 0.3409224E+03 0.3267866E+04 0.3267 777E+O 4 SD 
6000 8 0.29?3286E+05 0.1431924£-+06 Cl.9717000E+05 AVE 
6000 8 0.338690 2E+03 o. 33518i4E+O 4 c. 3355 607£+0 4 SD 
7000 8 0.3522143£+05 0.1788026E+06 0.1242 219£+0 6 A VE 
1000 8 o.2a?11s ee+o3 o.35751'40E+04 C.357410 6E+04 SD 
8000 a 0.40~8950E+05 0.21494S9£+06 C.1523 S96E+O 6 AVE 
8000 8 0.4453208E+03 0.5516832E+04 0.5520 211E+O 4 SD 
9000 8 0.4601022E+05 0.25424t0E+06 0.1837242£+06 AVE 
9000 8 0.4358198E+03 0.65356E4£+04 C.6535'146E+04 SD 

10000 8 0.5154347E+05 0.2960251.E+06 0.2175 385£+06 AYE 
10000 8 0.4152434E+03 0.69661£4£+04 O. 69 71145E +O 4 SD 
15000 8 0.7897031E+05 0.53508~8£+06 C. 4166 943E+O 6 AVE 
15000 8 0.7681238E+03 0.1215604E+05 0.1215 461£+0 5 SD 
20000 8 0.1011659£+06 o. 8382614£+06 O. 6799 362E+O 6 AVE 
20000 8 0.9008418E+03 0.1634617£+05 -C.1635 203£+05 SD 

512 9 0 .17 88197E+04 O. 63 605 94E+O 4 0.3053 477£+0 4 AVE 
512 9 0.3o25253E+02 0.13543 E'1£+03 CJ.13 8855 9E +03 so 
520 9 0.1805057E+04 o. 64675~5£+0 4 -C.3086017£+04 AVE 
520 9 0.3916217E+02 0.1738363E+03 0.1712 671E+03 SD 
535 9 0.1865-438E+04 O. 6692145£+04 C.3181 S57E+04 AVE 
535 9 O. 36 6219 6E+O 2 0.14802~5E+O 3 -C.1495 78 7E+O 3 SD 
550 9 0.1923577£+04 0.6911898E+04 0.3270 357£+0 4 AVE 
550 9 0.3914474E+02 0.1630t~lE+03 C.1658220E+03 SD 
575 9 0.2044757E+04 O. 7406012£+04 C. 3548 657E+O 4 AVE 
575 9 0.3958876E+02 0.1961573E+03 0 .19 64 70 l E +O 3 SD 
600 9 0.2134591£+04 0.17503t3E+04 C.3673 23 8E+O 4 AVE 
600 9 0.5106926E+02 0.2008143£+03 C. 2010 '45E+O 3 SD 
700 9 0.2583957E+04 0.9450250E+04 0.4519 773£+04 AYE 
100 9 0.451732t:E+02 0.2372334£+03 C.2354.t171E+03 SD 
800 9 0.3048198E+04 0.11174C'1E+05-C.5403855E+04 AVE 
800 9 0.6271953E+02 0.3084446£+03 0.3108442£+03 SD 
900 9 0.3544471E+O 4 O. 12 92 731£+0 5 O. 6323 27 7E +O 4 AVE 
900 9 0.6276364£+02 0.30786~5£+03 C.3107324E+03 SD 

1000 9 0.4033977E+04 0.1468679E+05 0.7263680£+04 AVE 
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1000 9 o. 6955 07 4E+02 O. 3824319£+03 • C.31971'11E'+03 so 
1024 9 0.4142102E+04 0.15028!9£+05 C.7401~60E+04 AVE 
1024 9 0. 7950705E+02 0.36356 23E+03 0.3708 562E+03 Sll 
1040 9 O. 4212 07 4E+04 0.1531525£+05 C. 7549193E+04 AVE 
1040 9 0.7609081E+02 0.31926~7£+03 C.3264~85E+03 SD 
1070 9 0.4354117E+04 0.1585543E+05 0.7822742E+04 AVE 
1010 9 O. 8541Ol1E+02 O. 45216C6E+03 C.4556 E75E+03 SD 
1100 9 0.4496271E+04 0.16483~0£+05 C.81881098+04 AVE 
1100 9 0 .657307 4E+02 O. 4036815E+03 0.4062 393E+03 Sll 
1150 9 O. 4743 898E+04 0.17398C4£+05 C. 8663156£+04 AVE 
1150 9 0.8906552E+02 O. 47214"16£+03 · C.4750E91E+03 SD 
1200 9 0.4974176E+04 0.1827633E+05 0.9104914£+04 AVE 
1200 9 0.8517553E+02 0.49013~1£+03 C.4939E85E+03 so 
1400 9 Oe5985965E+04 O. 22128,7£+05 0.1123185£+05 AVE 
1400 9 0.9860612E+02 0.6579868E+03 0.6600466£+03 SD 
1600 9 O. 7029?89E+04 O. 26049C9£+0 5 C.1342 871£+05 AVE 
1600 9 0.92?5093E+02 O. 60883f2£+03 0.6064915E+03 SD 
1800 9 0 .80 66770E+04 O. 3003577E+05 0.1565 691E+05 AVE 
1800 9 0.11@"1144E+03 O. 14691 E5E+03 Cl. 74 62 935E+03 SD 
2000 9 0.9127414E+04 O. 34092il.E+05 ().1198448E+05 AVE 
2000 9 0.1007097E+03 0.8032908£+03 0.8048218£+03 SD 
2200 9 0.101S-741E+05 0.381611~3£+05 0.2027e44E+05 AVE 
2200 9 0.1362581E+03 O. 99516 Al£+0 3 C.988301SE+O3 SD 
2400 9 0 .1128091&+05 O. 42647 52.E+OS 0.2301803£+05 AVE 
2400 9 0.13 0639 6E+03 0.10 63128£+04 CJ.10 63391E+O 4 SD 
2eoo 9 0.1J50481E+OS 0.51782f7£+05 C.2862~42E+05 AVE 
2800 9 0.17 81823E+03 0.14936 05E+04 0.1493 466E+04 SD 
3300 9 0.1622225E+05 O. 63092i5.E+05 C.3550907E+05 AVE 
3300 9 0.2086911E+03 0.17383E3.E+04 C.11409468+04 SD 
3800 9 0.1904090E+05 O. 7516431.E+OS 0.4316 07 lE+OS AYE 
3800 9 0.23 68702E+03 O. 2031215£+04 Cl.2021040£+04 so 
4200 9 0.2127615E+05 0.84834S4.E+05 C.4928143£+05 AVE 
4200 9 0 .24 82860E+03 O. 22960 59E+04 0.2300 OOOE+O 4 SD 
4400 9 0.2248854E+05 O. 905·96ElE+05 C.5327494£+05 AVE 
4400 9 0.2815996E+03 o. 27378f0£+04 C.2740363£+04 SD 
5000 9 0 .25 89941E+05 0.1056807 E+06 0.6301873£+05 AVE 
5000 9 0.3138445E+03 O. 2781122£+04 C.2787220£+04 SD 
6000 9 0 • 311893 lE+OS 0.13359(6£+0 6 C. 820110 6E+O 5 AVE 
6000 9 0.3367361E+03 0.3112174E+04 0.3107905£+04 SD 
1000 9 0.3 758962E+05 0.1621559£+0 6 C.101653 lE+O 6 AVE 
7000 9 0.4611181E+03 0.43311'12£+04 C.4327195E+04 SD 
8000 9 0 .4352191E+05 0.1928413E+06 0.1234 286E+06 AVE 
8000 9 0.4454209E+03 O. 5621541£+04 C.5629117£+04 SD 
9000 9 0.4945511E+05 0.22411~6£+06 C.1464006E+06 AVE 
9000 9 0 .45 53245E+03 O. 56547 38E+04 0.5653 426E+04 SD 

10000 9 O.S551898E+05 0.25819S1.E+06 C.1114E49E+06 AVE 
10000 9 O. 54 30 916E+O 3 O. 59 20 2 t2£+0 4 -C. 5917 656E+O 4 SD 
15000 9 0 .as 89662E+OS o. 44668 56E+O 6 0.3145 57 OE+06 AVE 
15000 9 0.7615505E+03 0.11470t6£+05 0.11472S7E+05 SD 
20000 9 0.1165434E+06 O. 66069,2£+06 C.4837119E+06 AVE 
20000 9 0.1022370E+04 0.1529253!+05 0.1528220E+05 SD 

1024 10 O. 415513 '1E+04 O. 1501038£+0 5 C. 144632 8E+04 AVE 
1024 10 0.7325050E+02 0.36901S0£+03·C.3124436E+03 SD 
1040 10 0.4206516E+04 0.1532444E+05 0.7542164£+04 AVE 
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1040 10 0. 7413 823E+02 O. 39031S8£+03 · <l.3882091E+03 so 
1010 10 0.43E2191E+04 0.1591ttOE+05 () .1893 E41E-+O 4 AVE 
1070 10 0. BO 45404E+02 O. 4219524E+03 C. 4293182E+O 3 SD 
1100 10 O. 44 e2 '73 4E+O 4 O. 163 95 ~1E+O5 C. 8026173E+O 4 AVE 
1100 10 0.8119588E+02 0.42008i6£+03 C. 4210 969E+O 3 Sll 
1150 10 0.4732816&+04 0.1743352E+05 0.8517 500£+04 AVE 
1150 10 O. 67 E!l062E+02 O. 3878123 E+03 C.3 834111E+03 SD 
1200 10 0.4953518E+04 0.18338~9E-+05 C. 8 9 9 6113 E +O 4 AVE 
1200 10 0.7283908E+02 0.4326316E+03 0.4333101E+03 Sll 
1400 10 O.S953271E+04 0.2222913E+05 C.1098 lSOE+O 5 AVE 
1400 10 0.9584406E+02 0.59718C7E+03 Cl. 6033127E+O 3 SD 
1600 10 0.7010090E+04 0.2606460E+05 0.1293 642E+O 5 AVE 
lEOO 10 0.9501302E+02 0.5319918£+03 C.5365 el3E+03 SD 
1800 10 0.811013 4E+O 4 O. 30 25J"i2£+0 5 Cl .1526 220E+O 5 AVE 
1800 10 0 .lll9856E+03 O. 7885696E+03 o. 7858 931£+0 3 SD 
2000 10 0.9231160E+04 0.34239C7E+05 O. 1 13 9 25 4 E +O 5 AVE 
2000 10 0.1293459E+03 O. 83955Cl3£+03 · C. 8405181E+O 3 SD 
2048 10 0.9514598E+04 0.35345098+05 0.1806301£+05 AYE 
2048 10 0.13 68958E+03 O. 93146S2E+03 C.9310108£+03 SD 
2050 10 0.951123.t1E+04 O. 35284~8E+05 · C.1798106E+05 AVE 
2050 10 0.1251856E+03 0.8541729E+03 0.8569761E+03 Sil 
2200 10 0.1029948E+05 O. 3853134E+05 0.1975 e23E+05 AVE 
2200 10 0 .13 7672 2E+O 3 O. 11411 t3E+O 4 C.1134 636E+O 4 SD 
2400 10 O.ll41227E+05 0.4307160E+05 0.2234098E+05 AVE 
2400 10 0.1630604E+03 0.120551t7£+04 <l.1204385E+04 SD 
2600 10 0.12S1436E+05 O. 47031:~0£-+05 C.2436934E+05 AVE 
2600 10 0.18 0610 4£+03 0.1276276 E+O 4 0.1282166E+04 SD 
2800 10 0.13 6816 4E+05 O. 515 92 C2 E+O 5 Q. 2 '102 442E+O 5 AVE 
2800 10 0.1609832E+03 0.1159lt3E+04 C.1167150E+04 SD 
3300 10 0 .16 59682E+05 O. 6297105E+O 5 0.3355 924£+05 AVE 
3300 10 0.2242840E+03 0.16718E6E+04 C.1618302E+04 SD 
3800 10 0.1951518E+05 O. 74413~0E+05 C.4019~59E+05 AVE 
3800 10 0.2762717E+03 0.2129618£+04 0.2131941&+04 SD 
4200 10 0.2199730£+05 O. 8464945£+05 C.4649229E+05 AVE 
4200 10 O. 2116 218E+O 3 0.18189. ~3E+O 4 0.1815 935£+0 4 SD 
4400 10 0.2310304E+05 0.88846E9E+05 0.48115048+05 AYE 
4400 10 0.2119624E+03 O. 20126SlE+04 C.2004401E+04 SD 
5000 10 O. 2687 321E+O 5 0.10515 i4£+0 6 C. 5916 586£+0 5 AVE 
5000 10 0.2638738E+03 0.2668323E+04· C.2667664E+04 SD 
6000 10 0.32 92360£+05 0.1291'130E+O 6 C. 739S119E+05 AVE 
6000 10 Oe349957SE+03 O. 31440SOE+O 4 C.3146086£+04 SD 
1000 10 0 .39 2158 7E+05 0.15673 61!+06 0.9106 587E+05 AYE 
1000 10 0.4006790E+03 0.39486~0E+04 C.3952000E+04 SD 
8000 10 0.4556871E+05 0.18412t1E+06 C.1091866E+06 AVE 
8000 10 0.4395242£+03 0.4862832E+04 0.4875215£+04 SD 
9000 10 O. 52 03 86 6E+05 O. 21503 45£+0 6 C.12 96143E+O 6 AVE 
9000 10 0.4881292E+03 0.5450855£+04 C.5448123£+04 SD 

10000 10 0.5851821E+05 0.2457899E+06 0.1504660E+06 AVE 
10000 10 O. 5166021£+03 O. 55454t8E•O 4 C.5540 "111E+O 4 SD 
15000 10 0. 913966 9E+O 5 O. 41003 C2E+O 6 0. 26 51287E+O 6 AVE 
15000 10 0.7908884E+03 O.ll93018E+05 0.1192957£+05 SD 
20000 10 0.12 4868 4E+O 6 O. 59315 S1£+0 6 C.3985 282E+O 6 AVE 
20000 10 0.1040558E+04 0.18458;1.E+OS ·C.1845S21E+05 SD 
2048 11 0.9518125£+04 0.3548137E+OS 0.1819405&+05 AVE 



204@ 
2050 
2050 
2200 
2200 
2400 
2400 
2600 
2600 
2eoo 
2800 
3300 
3300 
3800 
3800 
4192 
4192 
4200 
4200 
4300 
4300 
4400 
4400 
5000 
5000 
6000 
6000 
1000 
7000 
8000 
8000 
9000 
9000 

10000 
10000 
15000 
15000 
20000 
20000 

4192 
4192 
4200 
4200 
4300 
4300 
4400 
4400 
5000 
5000 
6000 
6000 
1000 
7000 
8000 

66 

11 0.1315915E+03 O. 86949-41£+03 :0.8102029E+03 SD 
11 0.9521285E+04 o. 35291.i3£+05 C.1'198859E+05 AVE 
11 0.1354409E+03 0•9067622E+03 0.9041621E+03 SI> 
11 0.102'1528E+OS 0.38411~9£+05 0.1948311E+05 AVE 
11 0.128644iE+03 O. 83607E4E+0.3 C.8356E24E+03 SD 
11 0.1139713E+05 0.4293384£+05 0.2181909E+05 AWE 
11 0.1730333!+03 0.1305818£+04 C.1301110E+04 SD 
11 0.1250362!+05 O. 4743314£+0 5 C.2425773E+05 AVE 
11 0.1494489£+03 0.10244!1E+04 O.l027936E+04 SI> 
11 0.1361148E+05 0.5195619E+05 C.2668413£+05 AVE 
11 0.2138323E+03 0.16672f3E+04·C.1675812E+04 SD 
11 0.1665760E+05 0.6358863E+05 0.3311'122E+05 AVE 
11 0.2386032E+03 0.19981~9£+04 0.2002El1E+04 SD 
11 0.1963i53E+05 0.14585E7£+05 -0.3S95'178E+05 AVE 
11 0 .20 58395E+03 0.1787444E+04 0.1790 009£+0 4 SD 
11 0.2219093E+05 0.8490131£+05 C.4521191E+05 AVE 
11- 0.2783110E+03 0.24297~3£+04 -C.24362848+04 SD 
11 0.2223166E+05 0.8516762E+05 0.4538871&+05 AVE 
11 0.28CJ1040E+03 0.24535t1E+04 C.2457f26E+04 SD 
11 Oe221408EE+05 O. 86856El£+05 .-CJ.4599E48E+05 AVE 
11 0.24~2686E+03 0.1902370€+04 0.1905032£+04 SD 
11 0.2340343E+05 0.89733t2£+05 C.4179003!+05 AVE 
11 0.2602513E+03 0.21129~9E+04 0.2114941E+04 SD 
11 0.2706421£+05 0.1044963E+06 0.5612484£+05 AVE 
11 0.3219648E+03 0.28445~4£+04 C.2851091E+04 SD 
11 · 0.335028·9E+05 0.12949~4£+06 C.7055350E+05 AVE 
11 0.3744641!+03 0.3862441E+04 ·Q.3861 '170£+04 SD 
11 0.4000121E+05 0.15614~1£+06 C.8644331£+05 AVE 
11 0.4292034E+03 O. 45530:1£+04 C.4545348E+04 SO 
11 0 .4613905E+05 0.1843232E+06 0.1039 227£+06 A WE 
11 0.5015825E+03 0.50478~9£+04 0.5053166E+04 SD 
11 O. 53 40091E+05 O. 21204t9£+0 6 C.1208 244E+O 6 AVE 
11 0.4838665E+03 0.4844213E+04 0.4846457£+04 SD 
11 0.6014460E+05 0.24069t9E+06 0.13812868+06 AWE 
11 0.5040451E+03 O. 59840E2E+04 · C.5914023E+04 SD 
11 0.9501644E+05 0.3956642E+06 0.2394642£+06 AVE 
11 0.6648535E+03 0.9518043£+04 C.9529000E+04 SD 
11 0.1301641E+06 0.5655217£+06 C.3548971E+06 AVE 
21 o.1oos222E+04 o.13839'18£+os o.1383297E+05 sI> 
12 0.2203057E+05 O. 83839S4E+05 C.4405907E+05 AVE 
12 0.2476042E+03 0.2031419E+04·Q.2040848E+04 SD 
12 0 .221337 lE+OS O. 8444350E+05 0.4456 410E+O 5 AVE 
12 0.2911455E+03 0.2S221C3£+04 0.252'1667E+04 SD 
12 0.22i2493E+05 0.86988COE+05 <l.4593076E+05 AVE 
12 o.23a7243E+03 0.2133710E+04 0.2140394£+04 SD 
12 0.2337278E+05 O. 891'1319£+05 <l.4155479E+05 AVE 
12 0.2623669E+03 O. 2081414£+04 <l.2088377E+04 SD 
12 0 .2'105 87 9E+05 0.10523 49 E+O 6 0.5600 765E+O 5 AVE 
12 O. 321106 OE+03 O. 3025BC1E+O4 C.303010 9E+O 4 SD 
12 0.3346104E+05 0.13043E6£+06 C.6974119E+05 AVE 
12 0.3382776E+03 0.3105361E+04 0.3102426£+04 SI> 
12 0.4006215E+05 0.1563272£+06 0.8423~25E+05 AVE 
12 O. 381816 4E+O 3 O. 35370 i7£+0 4 · C. 3538 ~77E+O 4 SD 
12 0.4725418E+05 0.1862502E+06 0.1029245£+06 AYE 
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12 0.542378?&+03 0.5265504E+04,0.5215328E+04 SD 
12 0.5391121E+05 0.21308~2.E+06·C.1180167E+06 AVE 
12 0.4274912E+03 0.5122664E+04 0.5119781E+04 SD 
12 0.6088866E+05 0.24251~9.E+06 C.1358084E+06 AVE 
12 0.5325059E+03 0.67773~0E+04 C.6764170E+04 SD 
12 0.9687375E+05 0.3947451E+06 0.2296061E+06 AWE 
12 o. 7454 990E•03 o. 99776 e2 E+O 4 c.1000 2'10E +05 SD 
12 0.1343551E+06 0.5609917£+06 C.3370528E+06 AVE 
12 0.1048819£+04 0.1615142E+05 0.1615290£+05 SD 
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fitty repetitions were mace us1r.g Prcgram c with 

Knuth•s increments. 

N Pass Saves C ompail ls ens Moves Type 

2 1 O. 419999 4E+OO o.1oooocoE+01·c.4199994E+Oo AVE 
2 l 0 .49 85690E+OO O. 00000 00 E+O 0 0.4985 690E+O 0 SI> 
3 l O.ll 99990E+Ol 0.26399E7E+Ol C.1479988E+Ol AVE 
~ 1 O. 6700 511E+OO O. 4848144£+00 C.9089102E+OO SD ~ 

4 1 0.17 59990E+Ol 0.4839988E+Ol 0.2759989E+Ol AVE 
4 1 O. 7969308E+OO 0.84176eOE+OO 0.1333401E+Ol SD 
c: 1 O. 27 3998 8E+Ol Oe75199E9E+Ol C.4839988£+01 AVE -5 1 0 .92 l.6196E+OO 0.1554916E+Ol 0.2279990E+Ol SD 
E 1 0.34 '1998 8E+Ol 0.11059S9£+02 C.7399987E+Ol AVE 
E 1 0.9310931E+OO o. 21703S3£+01 · C. 2595122E+Ol SD 
7 1 0 .43 99987E+Ol. 0.1505999£+02 0.1085999E+02 AVE , 1 0.1142 85 6E+Ol O. 29651t3£+01 0.362535-3£+01 SD 
e l 0.5359990E+Ol 0.19659E2E+02 ··C.1443999E+02 AVE 
8 1 0 .1064450E+Ol O. 36118l9E+O1 0.4329102E+O 1 SD 
9 1 O. 62 99990E+Ol O. 23519£2£+02 C.1737985E+02 AVE 
9 1 0.1073806E+Ol 0.40114~6£+01 C.4421150E+Ol SD 

10 l 0 .67 5999 lE+Ol O. 28059 61E+02 0.2085 980£+0 2 AVE 
10 1 0.1318004E+Ol 0.54615t2E+Ol ~.6114579E+Ol so 
12 l 0. 919999 OE+Ol O. 43 459 E5.E+O 2 · C. 3449 98 2E+O 2 A~E 
12 l O.ll 78029E+Ol 0.8172123£+01 0.8195261£+01 SD 
14 1 0.1065999E+02 o.So419E2£+02 0.4521982£+02 AVE 
14 1 0.1111751E+Ol O. 9333018.E+O 1 C. 9621984E+O 1 SD 
16 1 0.1259999E+02 O. 7251984E+02 0.5959982£+02 AVE 
16 1 0.1160513E+Ol 0.9474418£+01 C.9893289E+Ol so 
18 1 0.1429999E+02 O. 81639£5£+02 'C.1287982E+02 AVE 
18 1 0.1488047E+Ol 0.1063062E+02 0.1114400£+02 SD 
20 1 0.1633 98 6E+02 0.11083 §9£+03 C. 9447 980£+02 A VE 
20 1 0·143125 SE+Ol O. 17163<l0 £+0 2 · Cl.1817177E+O 2 SD 
24 l 0.1989983E+02 0.1570198£+03 0.1370398£+03 AWE 
24 1 0.1343920E+Ol 0.18012§2£+02 C.1835:359E+02 SD 
28 1 0.2395981E+02 O. 21695S8E+03 · C.1927198E+03 AVE 
28 1 0.1470232E+Ol. 0.1922469E+02 0.1964896E+02 so 
33 l 0.2819980E+02 0.29595t8£+03 C.2670574!+03 AVE 
33 1 0.1784298E+Ol 0.32400~2£+02 0.3302872E+02 SD 
38 1 0.3361983£+02 0.3874573E+03 0.3538374E+03 AVE 
38 1 0.1839349!+01 0.3424650£+02 0.3467E35E+02 so 
40 1 0.35~9985E+02 0.43179.,1£+03 C.3960769E+03 AVE 
40 1 0.1619366£+01 0.4868425E+02 0.4906624E+02 SD 
44 l 0.3 951982!+02 O. 5'2313 "il£+03 C. 4840 57 6E+03 AVE 
44 1 0.165663EE+Ol 0.4507510£+02 C.4496933E+02 SD 
50 1 0.45 55984£+02 O. 65895 68E+03 0.6133 37 4E+O 3 AVE 
50 1 0.1692231E+Ol 0.5538014E+02 C.5564~10E+02 so 
60 1 0.5535986E+02 0.93165E7£+03 C.8162170E+03 AVE 
60 1 0 .1711392£+01 0. 7681360£+02 0.1131062&+02 SD 
'10 1 0.6513983E+02 0.12783S8£+04 Cl.1213198£+04 AVE 
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1C 1 0.1628961E+Ol o. 90920~9£+0 2 C. 9147 31OE+O2 so 
80 1 o. 75 3998 1E+02 0.16611 '77 E+O 4 <J.1586111E+O 4 AYE 
eo 1 0.1840561E+Ol 0.122 89 E5E+03 0.1233 560E+03 so 
90 1 0. 85 2398 2E+O 2 O. 21196~7£+0 4 C.2035357E+04 AVE 
90 l 0.1954165E+Ol 0.1343805E+03 0.1348 322E+03 SD 

100 1 O. 944197 EE+02 O. 25552 ·n E+O 4 C.2460 29 8E+O 4 AVE 
100 1 0.2251874E+Ol 0.17511C8E+03 0.1752€04E+03 SD 
120 1 0.1147598£+03 0.3719997E+04 0.3605 53 7E+04 AVE 
120 1 0.173276SE+Ol 0.2113506£+03 0.21161108 +O 3 SD 
122 1 0.1113598E+03 0.3813Qf7E+04 C.3696257E+04 AVE 
122 1 0.1723282E+Ol 0.2230545E+03 0.2229 35 9£+03 SD 
130 1 0.1243198E+03 0.4293319£+04 C. 416815 4E+O 4 AVE 
130 1 0.2094081E+Ol 0.28362f7E+03 C. 2836 '60E+O 3 SD 
140 l 0.1345198£+03 0.5012266E+04 0.4878 234£+04 AVE 
140 1 0.1917612E+Ol 0.28414f9E+03 C.2840139E+03 so 
160 1 0.1544798E+03 0.66423S8E+04 C.6488~53E+04 AVE 
160 l 0 .22 9677 3E+Ol. O. 3636174E+O3 0.3636 604&+03 SD 
180 1 0.1743398E+03 0.8179414E+04 C. 8005141E+04 AVE 
180 1 0.1813867E+Ol 0.4150212E+03 C. 4148 EllE+O 3 SD 
200 1 0.1945798E+03 0.1022669£+05 0.1003 261E+05 AVE 
200 l 0.2259582E+Ol 0.4721633E+03 C.4128 093E+03 SD 
300 1 0.2936172E+03 0.22765C0£+05 C.2247103E+05 AVE 
300 l 0 .2293550E+Ol O. 6890349.E+03 0.6893 486E+03 SD 
365 1 0.3S83772E+03 0.33601S6£+05 C.33 2437 6E+05 AVE 
36~ 1 0.1689413E+Ol 0.10539§1£+04 C.1054 'O 2E+O 4 SD 
400 1 0 .3932778E+03 O. 40386 64E+05 0. 3999 31BE+O5 AVE 
400 1 0.2339029E+Ol 0.14311S6£+04 C.1432 243E+O 4 SD 
450 1 0.4438569E+03 0.51362;9£+05 c.so91946E+os AVE 
450 1 0.2148210E+Ol 0.1532523E+04 0.1533091£+04 SD 

1094 1 0 .10 es 9 9 7E +O 4 o. 3 0 l 9 4 ! 9 £ +O 6 0.3008 589£+0 6 A~E 
1094 1 0.2240455E+Ol 0.55323~8£+04 C. 5531840E+O 4 SD 

500 1 0 .4930 57 4E+03 O. 62847 36E+05 0.6235398£+05 AYE 
500 1 0.23~8553E+Ol 0.2124254£+04 (). 212 4 91 6 E +0 4 SD 

1000 1 0.9923174E+03 O. 2504Q~6E+06 · C. 2494132E+O 6 AVE 
1000 l 0 .2795255£+01 O. 50535 90 E+O 4 0.5054 285E+O 4 SD 
2000 1 0.19 9181"1E+O4 O. 10016 tO £+0 7 C. 9996 67"7E+O 6 AVE 
2000 1 0.2413516E+Ol 0.15829~9£+05 C.1583023E+O 5 SD 
3281 1 0.3271397E+04 0.2691398E+07 0.2688124£+07 AVE 
3281 1 O. 2199219E+Ol O. 33 895 t9E+O 5 C.33 8953 9E+O 5 SD 

5 2 0.2559981E+Ol 0.77199E9E+Ol·C.3979990E+Ol AVE 
5 2 0 .884327 9E+OO 0 .1278391E+O1 0.1392251E+O1 SD 
6 2 0.351998~E+Ol 0.10719~9£+02 C.5579989E+Ol AVE 
e 2 0.1011968E+Ol 0.16293~0£+01 C.1738986E+Ol SD 
7 2 0.4519989E+Ol 0.1361999E+02 0.6899988£+01 AWE 
1 2 0.1147134E+Ol 0.18832-'2£+01 C.1982061E+Ol SD 
e 2 0.6179989E+Ol 0.17299E2E+02 C.9359990E+Ol AVE 
8 2 0.1438393E+Ol_ 0.2340856E+Ol 0.2981293E+Ol SD 
9 2 0.7019989E+Ol 0.21139E3£+02 C.1135999E+02 AVE 
9 2 0.15€4232E+Ol 0.23124,8£+01 C.2797662E+Ol SD 

10 2 O. B519990E+Ol O. 25599 84E+O 2 0.1423 999E+02 AYE 
10 2 O.lol9268E+Ol O. 29206~3£+01 <l.3408022£+01 so 
1~ 2 0.1133999E+02 O. 35279f3E+02 · C.2053981E ... 02 AVE 
12 2 0.1636444E+Ol 0.4333241E+Ol 0.4845383E+Ol SD 
14 2 0.142199 9E+02 O. 44~39 ElE+02 C. 2671980E+02 AVE 
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14 2 0.18 5208 OE+Ol o. 54'705~5.E+Ol C.5989909E+Ol SD 
16 2 0.17 0598 OE+02 o. 56 099 81£+02 0.3477983£+02 AWE 
16 2 0.21 '79796E+Ol O. 1324148.E+O1 C. '1423t!90E+O1 so 
18 2 O.t959979E+02 0.65499E2.E+02 · C. 4017 978E+O 2 AVE 
18 2 0.2213133E+Ol 0.7882439E+Ol 0.8568 322£+01 SD 
20 2 0.2239983E+02 0.78479ElE+02 Cl. 4971982E +O 2 AVE 
20 2 0.2329934E+Ol 0.88784~3.E+Ol C.9426 ~12.E+Ol so 
24 2 0.2825984E+02 0.1044998E+03 0.6837981£+02 AVE 
24 2 O. 3141602E+O1 0.10780~2£+02 0.1159320£+02 so 
28 2 0.3485983!+02 0.13399S8.E+03·C.9031979E+02 AVE 
28 ,2 0 .2934727E+Ol 0.13 94447 E+02 0.1462192E+02 SD 
33 2 O. 4243 985E+02 0.17321 SB.E+03 C.ll 95198E+03 AVE 
33 2 0.248389BE+Ol.0.15455~6.E+02 C.1641~79E+02 SD 
38 2 o.so 35 979E+02 0.21163 98 E+03 o.1ssa 798£+03 A'IE 
38 2 0.2746111E+Ol 0.2000248£+02 C.2051E37E+02 so 
40 2 0.5371982E+02 0.24285S8.E+03·0.1168~98E+03 AVE 
40 2 0 .3356631E+Ol O. 23616 82E+O 2 0.2450 848E+O 2 SD 
44 2 0.5·959979E+02 0.2808111£+03 C.2067198E+03 AVE 
44 2 0.3522504E+Ol O. 28799~2£+02 C.2963948£+02 SD 
50 2 0.699l 982E+02 O. 3511770 £+03 0.2660974E+03 AVE 
50 2 0.34 6318 6E+Ol O. 35928~2£+02 0.3611609£+02 SD 
60 2 0.8657985E+02 O. 47395"l0£+03 C.3689S73E+03 AVE 
60 2 0 .3753016E+Ol O. 48968 31 E+02 0.4933 247E+02 SD 
70 2 0.1023198E+03 0.6059911£+03 0.4821312E+03 AVE 
10 2 O. 39El 23 2E+01 O. 57061.6£+0 2 C.5185 437E+O 2 SD 
80 2 0.1199998&+03 0.7770376E+03 <l.6340972E+03 AYE 
80 2 O. 4342464E+Ol O. 85179S6E+02 C. 8485 E63E+02 so 
90 2-- 0.1J52598E+03 O. 91999EOE+03 C.7560376£+03 AVE 
90 2 0 .3319489E+Ol O. 8285333E+02 C.8281178£+02 SD 

100 2 0.1525198E+03 0.110·12§7£+04 Cl.9252974£..03 AVE 
100 2 0.4713149E+Ol 0.84559E4E+02 C.8586136£+02 SD 
120 2 0 .1850598£+03 0.1534437 E+O 4 0.1313 077E+04 AYE 
120 2 O. 4913153E+Ol 0.11417 t6E+03 C.1145924&+03 SD 
122 2 0.1883998E+03 0.15638~7£+04 Cl.1338 217E+O 4 AVE 
122 2 0.5379499E+Ol 0.1159113E+03 0.1171480£+03 SD 
130 2 0.2019398E+03 0.1746117£+04 C.1504517E+04 AVE 
130 2 0.3824778E+Ol 0.13751~6£+03 C.1378023£+03 SD 
140 2 0 .2192198E+03 0.2000497 E+04 0.1739497E+04 AYE 
140 2 0.4348523E+Ol 0.16522~1£+0~ C.1655927£+03 so 
160 2 0.2536198E+03 O. 2570218£+04 C.2269e57E+04 AVE 
160 2 0.4910989&+01 0.1746526E+03 0.1756514£+03 SD 
180 2 O. 28 '10 912E+03 O. 3145117£+0 4 C.2 805177E+04 AVE 
180 2 0.5932405E+Ol O. 25100.S2£+03 0.2511245£+03 SD 
200 2 Oe3203970E+03 0.3797177£:+04 0.3416938E+04 AVE 
200 2 0.5106671E+Ol 0.2866504£+03 C.2873696£+03 SD 
240 2 0.3889963E+03 0.52390S8E+04 C.4'180168£+04 AVE 
240 2 0.60 37111E+Ol O. 36247 51E+03 0.3628 477£+03 SD 
280 2 O. 45:52 713E+03 O. 69530 ~5E+O 4 O. 6414 555£+0 4 AVE 
280 2 0.698748~E+Ol O. 43442f5£+03 · C.43451698+03 so 
300 2 0.4913970£+03 0.7902828E+04 0.73250128+04 AVE 
300 2 0.5142990E+Ol 0.5226350£+03 C.5223384£+03 SD 
36!: 2 0.6033572.E+OJ 0.1122140£+05 C.1051396£+05 AVE 
365 2 0 .643897 3E+Ol O. 53116 31E+03 0.5382 671£+03 SD 
400 2 O. 6o28765E+03 0.13222 E2£+0 5 C.1244 50 4E+05 AVE 
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400 2 O. 6106 89 4E+Ol O. 6081013E+03 C. 6085 264E+03 so 
450 2 0.7497573E+03 0.1658344.E+O 5 0.1570 679£+05 AVE 
450 2 O. 7598495E+Ol O. 9685-5 ~1E+O 3 C. 9c84E53E+03 so 
500 2 O. 8354112E+O 3 O. 20185 40 E+O 5 · C.1920 865E+05 AVE 
500 2 0 .8424823E+Ol 0.1232774E+04 0.1233 23 9E+O 4 SD 

1000 2 0.110231 "1E+04 O. 7478119E+05 C. 7280194E+05 AVE 
1000 2 0.10 05819E+O 2 o. 27 497 ,3£+0 4 C. 27 49 97 lE+O 4 SD 
1094 2 0.1867417E+04 O. 89 36106E+O 5 o .a 120 644E+o s AVE 
1094 2 O. 995526 9E+Ol O. 312 98~0 E+O 4 0.3130 547E+O 4 so 
2000 2 O. 343719 BE+O 4 O. 2831847E+06 c. 2792120£+06 AVE 
2000 2 0 .13 76194£+02 O. 7742957E+04 O. 77 43 285E+O 4 SD 
3281 2 0.5666312£+04 o. 7404134£+0 6 C. 7338 824E+O 6 AVE 
3281 2 0.18 6612 SE+O 2 0.17934t9E+05 · ().1793 50 3E+O 5 so 
9842 2 0 .1 7 10 09 2E+O 5 O. 63773 86E+07 o. 6357 739£+07 AVE 
9842 2 o. 25 61116£+02 O. 7958145E+05 C. 7 9 5 8 E3 1 E +O 5 SD 

14 3 0.13 4999 9E+O 2 O. 43979f4E+O 2 Cl • 2 4 5 9 98 2E +O 2 AVE 
14 3 0 .18 7627SE+Ol 0.5172488 E+O l 0.5202040£+01 SD 
ie 3 0.1637982E+02 0.53379E4E+02 C. 2861981E+02 AVE 
lE 3 o. 2019191E+Ol o. 5710312£+01 Cl. 6110 e37E+O l so 
18 3 0.1935982£+02 O. 64819 82E+02 0.3483981£+0 2 AVE 
18 3 0.2505191£+01 o. 6980137.E+Ol Cl. 10 51 E9 7 £ +O 1 so 
20 3 0.2299983£+02 o.75539f1e+o2 C. 4135 98 2E+O 2 AVE 
20 3 0 .27 84805E+Ol O. 6812977E+O1 o. 7585 592£+01 SD 
24 3 0.3091980£+02 0.99319ElE+02 o. 5603 983£+02 AVE 
24 3 0.3029354£+01 0.80570~8.E+Ol C.8866~58E+Ol so 
28 3 0.3755983£+02 0.1254398E+03 o. 7135 982£+02 AVE 
28 3 0.3693108E+Ol o. 98708~7£+01 c.1043 ea2E+o2 SD 
33 3 0.46~9981E+02 0.15987S8E+03 C • 9 2 6 7 981 E +O 2 A'IE 
33 3 0.4090800E+Ol 0.1412424E+02 0.1502162£+0 2 SI> 
38 3 0.5651981E+02 0.19755S8.E+03 C.117259 BE +03 AVE 
38 3 o.soa1962E+o1 0.14014~2£+02 C.1571400£+0 2 SD 
40 3 0.6039983£+02 0.2065398E+03 0 .12 0 9 59 SE +O 3 A 'IE 
40 3 0.4304710E+Ol 0.15427~9£+02 C.1649 23 4E+O 2 so 
4'4 3 0.6769980E+02 0.24061S8E+03 C. 14 3 6n9 8 E +O 3 AVE 
44 3 0.4811769E+Ol 0.16305578+02 0.1655 222£+0 2 SD 
50 3 O. 8015 98 4E+02 O. 28607 t9E+03 C.1718198E+03 AVE 
50 3 0.5708399E+Ol 0.20399£7£+02 CJ. 2113 67 2E+O 2 SD 
60 3 0.1012798E+03 0.3714971E+03 C.2298 998£+03 A'IE 
60 3 0.4932333£+01 0.24348~8£+02 C. 2498340£ +O 2 so 
'10 3 0.1228198£+03 0.4609545£+03 O. 2906 375E+O 3 AVE 
70 3 0.5920142E+Ol 0.2496156E+02 0.2564517£+02 SD 
80 3 0.144999 8E+03 O. 55765i0E+03 0.3602573E+03 AVE 
ao 3 0.7428556E+Ol O. 3496603E+02 · C. 3 5 8 6 45 6E +O 2 SD 
90 3 O.l671598E+03 0.6651372E+03 0.4390 369E+O 3 AVE 
90 3 O. 62 90 088E+O1 O. 33 814~0 E+O 2 C.34 72 952E +02 so 

100 3 0.1895598£+03 0.1'113ii7E+03 C. 5164171E+O 3 AVE 
100 3 0.6411603E+Ol 0.3814423E+02 0.3878 328£+02 SD 
120 3 O. 232919 8E+03 0.99493i3E+03 C.6820972&+03 AVE 
120 3 0.8412415E+Ol O. 47132~8£+02 · C.4831657E+02 SD 
122 3 0 .24 06598E+O 3 0. 10 3 0 0.17 E+O 4 0. 7115 96 7 E +O 3 AVE 
122 3 o. 6914031£+01 O. 48717C5E+02 0.4823 030£+02 SD 
130 3 0.2572380£+03 o.1117177E+04 c.7765176E+03 AVE 
130 3 0. 86 20 20SE+O1 0.5303439E+02 0.5436365£+02 SD 
140 3 0.2794570E+03 0.12613S7E+04 C.8899173E+03 AVE 
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140 3 O. 8844044E+Ol o. 63627S3E+02 C. 6473 965E+O 2 SD 
160 3 0.3258967E+03 O. 1511217 E+O 4 0.1088 657E+O 4 AVE 
160 3 O. 8919198E+Ol O. 52275 E2£+02 C. 5231013E +0 2 SD 
180 3 0.3750 369E+03 0.1816117E+04 C.1329097E+O 4 AVE 
180 3 0.1017366E+02 O. 7320700E+02 O. 7477177E+02 so 
200 3 O. 418816 9E+O 3 O. 2135211E+O4 C.1589 Ol 7E+O 4 AVE 
200 3 0.1167356E+02 O. 97060ClE+02 · C.9759 Ai60E+O 2 SD 
240 3 o.s117773E+03 o.21a7637E+04 0.2122057E+04 AVE 
240 3 0.11940'13E+02 0.10258E3£+03 C.1038 560E +03 SD 
280 3 0.6123970E+03 0.3586317£+04 O. 2803 ~97E+O 4 AVE 
280 3 0.1227087E+02 0.1283593E+03 0.1288 638E+03 SD 
330 3 O. 72 E697SE+03 O. 46168~2£+04 C.368611SE+O4 AVE 
330 3 0.1584245E+02 0.15038~6E+O~ C.1518065E+O 3 so 
365 3 O.B102371E+03 0.5391590E+04 0.4357 695£+04 AVE 
365 3 0.15 6195 iE+02 O. 20203 76E+03 C. 2 0 3 2 50 0 E +O 3 so 
380 3 0.8480911E+03 O. 5185617£+04 Cl. 4108 97 3E+O 4 AVE 
380 3 0.1617798E+02 0.1871720E+03 0.1878 738E+03 SD 
400 3 0.8988569E+03 0.6283512£+04 C.5145 42 6E+O 4 AVE 
400 3 0.1596567E+02 0.24528ElE+03 C. 2465 441E+O 3 so 
440 3 0.9941765E+03 0.7312613E+04 O. 6056 008E+04 AWE 
440 3 0.1517598E+02 0.2559543£+03 C.2572 S12E+03 so 
450 3 0.101797?E+04 0.16175~1E+04 C.6331555E+04 AVE 
450 3 0.1456261E+02 0.2370937E+03 0. 23 75 05 2E +O 3 so 
500 3 0.113923'1E+04 O. 90182~8E+04 C. 7584 45 7E+O 4 AVE 
500 3 0.1655109E+02 0.25176l5E+03 C. 2590 El 5E+O 3 SD 
550 3 0.1266437E+04 0.1058503E+05 0.9001660£+04 AVE 
550 3 O.loE5332E+02 0.29998t8E+03 c. 2 9 9515 lE +03 so 
600 3 0.13S9257E+04 0.1233512£+05 0.1060 346£+05 AVE 
600 3 0.1848082E+02 0.42337B4E+03 0.4249 531£+03 Sa 
'100 3 0.163711'1E+04 0.16031~9£+05 0.1400 13 SE +0 5 AVE 
100 3 0.1991231E+02 0.45800i7£+03 C. 4578 433E+O 3 SD 
800 3 0.1876657E+04 0.2001568E+05 0. l 7 68 82 0 E +O 5 A 'IE 
800 3 0.2434000E+02 0.6864639E+03 C. 6879185E+03 so 
900 3 0.2125431E+04 0.24471;9E+05 C.2184 456E+O 5 AVE 
900 3 0.2008762£+02 0.6041487E+03 0.6058 455E+03 SD 

1000 3 0.2311631E+04 O. 2953513 £+0 5 C.2661061E+O 5 AVE 
1000 3 0.2722406E+02 O. 83366E7E+03 C. 8339001E+O 3 so 
1094 3 0.2604657£+04 0.3463319E+05 0.3142 67 4£+0 5 A'IE 
1094 3 O. 2113 822E+02 O. 9621 '1~3 E+03 C. 9642 478E+03 so 
2000 3 0.4861391E+04 0.10211~2E+06 C.9625162£+05 AVE 
2000 3 0 .40 27464E+02 O. 2249113E+04 0.2248 865E+04 SI> 
3281 3 O. 8056910E+04 O. 2562143£+0 6 C.24 64 EOSE+O 6 A VE 
3281 3 0.5845679E+02 0.49148E3£+04 C. 4914 441E+O 4 SD 
5000 3 0.1239689E+05 0.5680166E+06 0.5531ll2E+O6 AVE 
5000 3 0.6757312E+02 0.8115238£+04 C. 8174398E+04 SD 
9842 3 0.2460615£+05 0.20913Sl£+07 · C.2061970E+07 AVE 
9842 3 o.ao19121E+o2 0.2766982£+05 c. 27 67 023£+0 5 SD 

15000 3 0.3764210E+05 O. 47323~8£+07 c. 4687 431£+0 7 AVE 
15000 3 0.9699803E+02 O. 41372E9£+05 C. 41 3 7 40 0 E +0 5 SD 
20000 3 0.5026467£+05 0.8309740E+01 0.8249 855£+07 AllE 
20000 3 0.10S9666E+03 0.'1114744£+05 (). 7174694£+05 SD 

44 4 0.6969983E+02 0.2407558£+03 0.1403 ?98E+O 3 AVE 
44 4 0.4348333E+Ol 0.1593421E+02 0.1584 215£+0 2 SD 
50 4 0.8091980E+02 0.29075i3E+03 C.1676199E+03 AVE 
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50 4 0.4685333E+Ol 0.22662~2E+02 C.2286~15E+02 SD 
6 0 4 0.1028798E+03 O. 3673110E+03 0.2100 399£+03 A YE 
cO 4 0.5393231E+Ol 0.1930713£+02 C.20'19231£+02 SD 
10 4 0.1263798E+03 O. 4553lt9£+03 C.2638~77E+03 AVE 
70 4 0.5122565E+Ol 0.2253789£+02 0.2310442E+02 SD 
ao 4 0.1~19798E+03 0.54767t8E+03 0.3222~76E+03 AVE 
80 4 0.6072628E+Ol 0.29153C2E+02 C.2839S44E+02 SD 
90 4 0.1744798E+03 0.6354310E+03 0.3718774E+03 AYE 
90 4 0.8899080E+Ol 0.31589~0E+02 C.3170E99E+02 SD 

100 4 0.2006398E+03 0.'1339lf5E+03 C.4331167E+03 AVE 
100 4 0.7665872£+01 0.2881403E+02 0.2993929E+02 SD 
120 4 0.2547198E+03 0.9339li2E+03 C.5639172E+03 AVE 
120 4 0.8923816E+Ol 0.40643~2£+02·Q.4018159E+02 SD 
122 4 0.2579775E+03 0.9533572E+03 0.5750574£+03 AVE 
122 4 0.9809258E+Ol O. 4311842!+02 C.4359138£+02 SD 
130 4 0.2795574E+03 0.10345i7E+04 C.6243965E+03 AVE 
130 4 0.9502198E+Ol 0.3735625E+02 0.3799760E+02 SD 
140 4 0.3055311E+03 0.1141717£+04 C.6953110E+03 AVE 
140 4 0.7811174E+Ol 0.42996S2E+02 C.4450~93£+02 SD 
160 4 0.3622773E+03 0.1369217E+04 0.8477371£+03 AYE 
160 4 0.1197474E+02 0.5844534£+02 C.5993E83E+02 SD 
180 4 0.4118767E+03 0.1592817£+04·C.9946975E+03 AVE 
180 4 0.1391576E+02 0.6357535E+02 0.6531621£+02 SD 
200 4 0.4739768E+03 0.183593'1£+04 0.1163317E+04 AVE 
200 4 0.1281479E+02 O. 69601~9E+02 C.7156'138E+02 SD 
240 4 0.5861572E+03 0.2322557E+04 O.l497777E+04 AYE 
240 4 0.12 eaao 9E+02 o. 111s2 47E+o2 c. 7996 213E+o2 so 
280 4 0.7047974E+03 0.28820~7E+04 C.1900897£+04 AVE 
280 4 0.1560226£+02 0.1090926E+03 0.1090495£+03 SD 
330 4 0.8482168E+03 0.360o411E+04 0.2433037E+04 AVE 
330 4 0.1621570E+02 0.12153E4E+03 0.1207644£+03 SD 
365 4 0.9545972E+03 0.4113531E+04 0.2804397£+04 AVE 
365 4 0.1158128E+02 0.1338038£+03 0.1328E25E+03 SD 
380 4 0.9944313E+03 0.434l'H8E+04 Cl.2972097E+04 AVE 
380 4 0.1687578E+02 0.1419415E+03 0.1418830E+03 SI> 
400 4 0.1060857E+04 O. 46576e6E+04 C.3210197£+04 AVE 
400 4 0.1693083E+02 0.15235E3E+03 C.1534295E+03 SO 
440 4 O.ll81897E+04 0.5347187E+04 0.3743918E+04 AVE 
440 4 0.2281955E+02 0.21875t1£+03 C.2195126E+03 SD 
450 4 Oel205751E+04 0.5473516£+04 C.3829€77E+04 AVE 
450 4 0.2386749E+02 0.1729995E+03 0.1747522£+03 SO 
500 4 0.1359851E+04 O. 6324"1S7E+04 C.4481270E+04 AVE 
500 4 0.20S6334E+02 0.19000t5E+03 C.1892964E+03 SD 
550 4 0.1513897E+04 0.7247598£+04 0.5212852£+04 AVE 
550 4 0.2122865E+02 0.20359~2£+03 0.2044082E+03 SD 
600 4 0.1666937E+04 0.82355!5£+04 C.6004320E+04 AVE 
600 4 0.2618025E+02 0.2621014£+03 0.2631179£+03 SD 
700 4 0.1917458E+04 0.10281~4£+05 C.7660930E+04 AVE 
700 4 0.3122816E+02 0.32889E4E+03 C.3300~27E+03 SD 
800 4 0.2292237E+04 0.125172"1E+05 0.9498134£+04 AVE 
800 4 0.2709320E+02 O. 34596,6£+03 C.3490 261E+03 SD 
900 4 0.2611117E+04 0.1492359E+05 0.1150859£+05 AlfE 
900 4 0.2801926E+02 0.40819S2E+03 0.4080674E+03 SD 

1000 4 0.291385?E+04 0.17340~0E+05 C.1353097E+05 AVE 
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1000 4 0.32 ~ 33 2E+02 O. 46 289. ~6 E+O 3 C.4650388E+03 SD 
1094 4 O. 319559"1E+04 0.19728"ilE+05 C.1554368E+05 AVE 
109-1 4 O. 301285 2E+O 2 o. 49284'47£+03 C. 4928 S6 2E+O 3 SD 
1100 4 0 • 32 25 93 7E+O 4 0.19929 39 E+OS 0.1572186€+05 AVE 
1100 4 O. 414912 4E+02 O. 49076E6E+03 C.4915332E+03 so 
1200 4 0. 35 3819 7E+O 4 O. 22711~OE+O5 C.1810109E+O 5 AVE 
1200 4 0 .3110 80 6E+O 2 O. 3950303E+03 0.3988 32 8E+O 3 so 
1400 4 O. 41 "17883E+04 o. 2901836£+05 CJ.2362 096E+05 AVE 
1400 4 o. 3873912E+O 2 O. 650 50 CO E+O 3 C. 6520 ~62E+O 3 so 
1600 4 0 .4800312£+04 0.3542731E+05 0.2923 639E+O 5 AVE 
1600 4 O. 492120 8E+02 O. 90401 t7E+03 O. 90 63 386E+03 SD 
1800 4 O. 54 4196 9E+O 4 O. 42680C6E+05 C.3569 328E+O 5 AVE 
1800 4 0. 56 20 67 7E+O 2 0.1024061E+04 0.10 22 91lE+O4 Sil 
2000 4 O. 60 S7149E+04 o. 50572''1£+05 (). 42"181~31E +0 5 AVE 
2000 4 0.5886142E+02 0.1207fH2.E+04 <J.1208385E+04 SD 
2200 4 0.6731035E+04 0.5907604E+05 0.5049 866E+05 AYE 
2200 4 0.51S8538E+02 0.1084447£+04 <l.1084198E+O 4 so 
2400 4 0.7J6815-1E+04 0.68135~4£+05 C • 5 8 7 617 3E +0 5 AVE 
2400 4 O.S621761E+02 0.1321393E+04 0.1318948E+04 Sil 
2800 4 O. 864l 680E+04 O. 8'1301~6E+05 C. 7633 669E +O 5 AVE 
2800 4 0.66"18008E+02 0.14558~4£+04 · C.1457081£+04 SD 
3281 4 0.1020831E+05 O.ll41339E+06 0.1012 424E+06 AVE 
3281 4 0.7003049E+02 0.18641,6£+04 C.1865 204E+04 SD 
5000 4 0.1517121E+05 0.2354lt6E+06 C. 2156 678E+O 6 AVE 
5000 4 0.1035059E+03 0.2949839E+04 0.2944 580E+04 SD 
9842 4 0.315613"1E+05 O. 19072,0£+06 O. '1516373E+O 6 AVE 
984, 4 0.1218343E+03 0.8347111E+04 C.8349 242E+O 4 so 

10000 4 0.3207125E+05 0.8151585E+06 o. 775439 2£+06 AYE 
10000 4 0.1549083E+03 0.7839828£+04 C.1839 f:!87E+04 so 
15000 4 0.4848881E+05 0.17249CSE+O; C.1665 204E+07 AVE 
15000 4 0.1817542E+03 0.2089825£+05 0.2089 825E+O 5 so 
20000 4 0.64S7440E+05 O. 2968112£+07 C. 2 8 89 02 7 E +O 7 AVE 
20000 4 o.2s~1112E+o3 0.1978149£+05 C .197 8 21 6E +O 5 SD 

122 5 0.2586575E+03 0.9544570E+03 O.S751167E+03 AVE 
122 5 0.1010085E+02 O. 4509M4£+02 C. 418411 7E+02 SD 
130 5 0.2794575E+03 0.1031917£+04 (). 6131367E+O 3 AVE 
130 5 0 .99 65610E+Ol 0 .4375 316 E+02 0.4533 075E+O 2 so 
140 5 0.3049175E+03 0.11486i7E+04 C. 6817573E+03 AWE 
140 5 0.9866168E+Ol 0.45934;7£+02 C. 4572157E+O 2 so 
160 5 0.3626172E+03 0.1376617E+04 0.8196170E+03 AVE 
160 5 0.1149163E+02 O. 525-1544£+02 C.5408 250E+02 so 
180 5 0.4225914E+03 0.15931:7£+04 C. 9485 97 2E+O 3 AVE 
180 5 0.1075168E+02 0.5117587E+02 0.5277 711£+02 so 
200 5 0.4826372E+03 0.18305i7£+04 C.109653 7E+O 4 AVE 
200 5 0.1033634E+02 0.5811519£+02 C. 5911C98E+O2 so 
240 5 0.6133369E+03 0.2309757E+04 0.1404 897E+04 AVE 
240 5 0.1449638E+02 O. 88243~0£+02 O. 8149 CJ42E+02 so 
280 5 0.733556€E+03 0.28248~7E+04 C.1126 297E+O 4 AVE 
280 5 0.1904530E+02 0.1109610E+03 0.1087 328&+03 so 
330 5 0.9001?70E+03 0.3493057£+04 0.2165t177E +O 4 AVE 
330 5 0.1669960E+02 0.11435~2£+03 C.1150 €7 5E+0-3 SD 
365 5 0.1015817E+04 0.3907617E+04 0.2419 257£+04 AVE 
3o5 5 0.2258649E+02 0.1317802£+03 C.13 41193£+03 SD 
380 5 0.10634'71E+04 O. 41327~7E+04 () • 257l 157E+O 4 AVE 
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380 5 0.2035818E+02 0.1514462E+03 C.1522 015£+03 SD 
400 5 0.1131491E+04 0.44269~8E+04 C.2169537E+04 AWE 
400 5 0.1916132E+02 0.13707.~9E+03 C.1368'423E+IJ3 so 
440 5 0.1265417£+04 0.4946449E+04 0.3101518E+04 AYE 
440 5 0.23-E3412E+02 0.14486E3E+03 <l.1458184E+03 SD 
450 5 0.1305197E+04 O. 51686~6£+0 4 · C.3275 617E+04 AVE 
450 5 0 .23 9695 6£•02 0.14387 55 E+O 3 0.1442 858£+03 SD 
500 5 0.1416251E+04 o. 58801 i3 E+O 4 C.314813 7E+O 4 AVE 
500 5 0.2314189E+02 0.18039~1£+03 · C.1801182E+03 SD 
550 5 0.1647677£+04 0.6608070E+04 0.4235 855E+O 4 AVE 
550 5 O. 221976 8E+02 0.1804334E+03 C.1S45,168E+03 SD 
600 5 o.1a 3287 SE+O 4 O. '14468 S5E+O 4 · C.4837138.E+O 4 AVE 
600 5 0 .297627 6E+02 0.2124216E+03 0.2155157E-+03 SD 
100 5 0.2l 16971E+04 o. 89368~2£+04 o.58434o5E+04 AVE 
100 5 O. 2765648E+02 0.2398249£+03 C.2425~99E+03 SD 
800 5 0 .2534651E+04 0.1070742E+05 0.7128199E+04 AYE 
eoo 5 0.335468 EE+02 0.36291~4£+03 0.3636348E+03 SD 
900 5 o. 290185 6E+O 4 0.12445C5£+05 Q.8380~77E+04 AVE 
900 5 0 .33 64366E+O 2 0.3294866 E+03 0.3327 224£+03 SD 

1000 5 0.32 6821 '1E+04 0.14320E3E+05 C.9766111E+04 AVE 
1000 5 0.4266055E+02 0.49246S2E+03 0.4946309E+03 SD 
1094 5 0 .36 2635 7E+04 0.1616025E+05 0.1115027E+05 AVE 
1094 5 0.3716840E+02 0. 3 9 6 9 '1()9 £ •O 3 C. 3 9 83 f3 5 E •0 3 so 
1100 5 0·363299'1E+04 0.16190~4E+05 C.1114823£+05 AVE 
1100 5 0.4614503E+02 0.4869158E+03 0.4856831£+03 SJl 
1200 5 0.402191?E+04 0.1828320E+05 0.1275345E+05 AVE 
1200 5 0 • 45 4 2 87 6E + 0 2 0. 51 7 2 6 11 E +O 3 () • 51 71 E3 3E +O 3 SD 
1400 5 0 .4770152E+04 O. 22456 43E+O 5 0.1594 57 8£+05 AVE 
1400 5 0.5622211E+02 0.8068451£+03 0.8108128E+03 SD 
1600 5 0.5508181E+04 0.26636~5E+05 C.1914168£+05 AVE 
1600 5 0.50 40793E+02 O. 79376 59E+03 O. 7936 758£+03 SD 
1800 5 O. 62 '18111E+O 4 O. 31548 'J7 E+O 5 Cl. 2306393E +0 5 AVE 
1800 5 0.5426955E+02 0.83935S4£+03 C.8385557E+03 SD 
2000 5 0.7072570E+04 0.3654516E+05 0.2707857£+05 AVE 
2000 5 0.6139233E+02 0.12308~0E+04 0.1233546E+04 SD 
2200 5 0.7818199E+04 0.41370;7£+05 0.3091055E+05 AVE 
2200 5 0 .60 88 63 7E+02 0.1005191E+04 0.1007933&+0 4 SD 
2400 5 0.8588969E+04 0.4673312E+05 Q.3528421E+05 AVE 
2400 5 O. 69 8409 4E+O 2 O. 1194 2C 4.E+O 4 C.1196 50 SE•O 4 SD 
2800 5 0.1012995E+05 0.5813385E+05 0.4469916E+05 AYE 
2eoo 5 O. 796669SE+02 0.1574420£+04 C.1577286£+04 SD 
3281 5 0.1201201E+05 0.72925~4£+05 Cl.5711257E•05 AVE 
3281 5 0.8929726E+02 0.1894600E+04 0.1898760E+04 SD 
3300 5 0.1208140E+05 0.13339t9£•05 C.5742112E+05 AVE 
3300 5 0.802688~E+02 0.16671S3E+04 C.1668,84E+04 SD 
3800 5 0.1404156E+05 0.9033544£+05 0.7194131E+05 AYE 
3000 5 0.1104490E+03 0.26179t5E+04 C.26164o5E+04 so 
420() 5 0.1562704E+05 0.10479~2£+06 C.8441175£+05 AVE 
4200 5 0.1122338£+03 O. 2291861E+04 0.2291496£+04 SD 
4400 5 0.1638198E+05 0.11125£6£+06 C.8987587£+05 AVE 
4400 5 0.1194240E+03 0.21975§1£+04 C.2198S97E+04 so 
5000 5 0 .18 76797E+05 0.13540 59 E+06 0.1110 426E+O 6 AYE 
5000 5 0.1230 440E+03 O. 28390 t4E+04 C.2838512E+04 so 
6000 5 0.2276008E+05 0.17964;9E+06 0.1503002E+06 AVE 
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6000 5 o.1s 41787E+o3 O. 44993C9E+04 C.4505191&+04 SD 
1000 5 O. 2 6 "13 580E+05 O. 2263116E+06 0. 1 919 91 9E +O 6 AVE 
7000 5 0· 142185 9E+O 3 o. 3428411.E+04 C. 34 25 821E+O 4 SD 
8000 5 0 .3074507E+05 0.2798032i+06 0.2405 025£+06 AVE 
aooo 5 O. 114185 EE+03 O. 53 68918E+04 C. 53 70 41 BE •O 4 so 
9000 5 0. 341503 8E+O 5 o. 33 759 ~6£+0 6 O. 2933 056E+O 6 AVE 
9000 5 0.2014506£+03 O. 62328 71E:+O4 0.6235 203E+O 4 SD 
9842 5 0. 3 811 42 4E +O 5 o. 3 9001 (6£+0 6 C.3415 269E•O 6 AVE 
9842 5 0. 20 4999 '1E+O 3 0.1864213£+04 c. 7868 434£+0 4 SD 

10000 5 0. 38 75 82 OE+OS O. 40166 24E+06 0.3523 819E+06 AVE 
10000 5 0.195630 EE+03 O. 687 6922 E+O 4 C. 6881'10?E+O4 SD 
15000 5 O. 58 96'74 2E+05 0.18265~6£+06 C. 7084~51E+06 AVE 
15000 5 0.3017244E+03 0.1097835 E+05 0.1097 968B+O 5 $]) 
20000 5 0. 7914 '70 OE+05 0.12743~5E+07 0.11 '7519SE+O '1 AVE 
20000 5 0 • 311018 6E +O 3 0.15445i5£+0 5 C.1544105E+05 SD 

365 6 0.1022717E+04 O. 3953097 E+O 4 0.2466 257E+04 AVE 
365 6 O. 20 ~6310E+02 O. lll66E2E+03 0.1129 ~73E+03 SD 
380 6 0.10 65'79 6E+O 4 o. 41428 ~4£+0 4 Cl. 2566 61?E+O4 AVE 
380 6 0 .1988434E+02 0.1328699E+03 0.132310 2E+03 SD 
400 6 0.1127091E+04 O. 44382~4E+04 <l.2742 ~77E+04 AVE 
400 6 O. 20 99869E+O 2 0.14911EOE+O3 C.14'74372£+03 SD 
440 6 0 .12 6161 7 E+O 4 O. 4985l 91E+04 0.3067 678E+04 AVE 
440 6 0.2436182E•02 0.15050t9E+03 <l.1512 92 6E+03 so 
450 6 0.12 9189 ?E+O 4 o. s1112iae+o 4 C. 3137 Ol 7E+O 4 AVE 
450 6 0.2552571E+02 0.1964161E+O3 0.1978977B+03 SD 
500 6 0.14 69511E+04 o. sasae si E+O 4 C.3 604 657E+O 4 AVE 
500 6 0.21 E633'7E+02 0.15563i6E+O 3 C.1558368E+03 so 
550 6 0 .166013 8E+04 0.6591477E+04 0.4071272£+04 AVE 
550 6 0. 2 613 370E+02 0.18009C9E+03 0.1802 050E+03 SD 
600 6 0.185441 '7E+04 O. 73828'75.E+O 4 · C. 4595 ~70E+O 4 AVE 
600 6 0.2694788E+02 0.2276424E+03 0.2297 088E+O 3 SD 
700 6 O. 22 49011E+O 4 O. 0915039E+04 C.5651170E+04 AVE 
?00 6 O. 30 89510E+O 2 O. 26686 ~BE+O 3 C.2684148E+03 SD 
800 6 0 .2616137E+04 o •. 1058891 E+OS 0.6696 594£+04 AVE 
eoo 0 0.3S35503E+02 o. 40131()3£+03 C.4025166&•03 SD 
900 6 O. 29 96 43 iE+O 4 0.12095S9E+05 C. 7630 ~90E+O 4 AVE 
900 6 0 .3863567E+02 0.2784109E+03 C.2791392£+03 SD 

1000 6 O. 3412 99 '7E+04 0.13815f0E+05 C. 8856211E+O 4 AVE 
1000 6 O. 38 4182 7E+O 2 O. 40171fl£+03 C. 40 26 f87E+O 3 so 
1100 6 0 .3829577E+04 0.15643 65 E+05 O.l006893B+05 AYE 
1100 6 O. 4512 943E+02 O. 46698-49£+03 c. 4658101£+03 SD 
1094 6 0.380969iE+04 0.1560016£+05 0.1005 !:9 4E+O 5 AVE 
1094 6 0.4594702E+02 0.4062261E+03 0.4072517E+03 SD 
1200 6 O. 4221414E+04 0.1750121£+0 5 C. ll34381E+05 AVE 
1200 6 0.45E8895E+02 0.54094C7£+03 C.5411EllE+03 SD 
1400 6 0.5062879£+04 0.2120633E+05 0.1390216E+05 AVE 
1400 6 o.S2410o4E+02 o. 6381'1~1E+03 c.6370071&+03 SD 
1600 6 0.5906U35E+04 0.25058~6£+0S·C.1659152E+05 AVE 
1600 6 0 .Q309601E+02 0. 78149 27 E+O 3 O. 7841277E+03 so 
1800 6 O. 675305 SE-+04 O. 2897213 E+O 5 C.1935 095E+05 AVE 
1800 6 0.6450252E+02 0.11085t6E+04 C.1109~21E+04 SD 
2000 6 0. 7603 953E+04 O. 3291202 E+05 0.2212 336E+O 5 AVE 
2000 6 O. 6109334E+02 O. 94785~4£+03 0.9476130E•03 so 
~200 6 O. 84 9315 6E+O 4 O. 3'135 8 COE+O 5 C. 25 40 ~63E+O 5 AVE 
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220C 6 0.6302803E+02 0.1116961E+04 0.1118 277E+04 so 
2400 6 o. 9353020£+04 o. 4161411 £+05 C.2848598E+05 AVE 
2400 6 0.8394855E+02 0.13089t4E+04 0.1312 ~'16£+0 4 so 
2800 6 O.lll3125E+05 0.5116046E+05 0.3568 83 2E+05 AYE 
2eoo 6 O. 98 6584 9E+02 0.16'7 6 8 ~6E+O 4 C.16'77Sl8E-t04 SD 
3281 6 0.1329552E+05 o. 6241242£+05 O. 4417113E+O 5 AVE 
3281 6 0.1046527E+03 0.2001375E+04 0.2001660£+0 4 SD 
3300 6 01t133S823E+05- O. 63131C3E+05 t. 44 '72 573E-t0 5 AYE 
3300 6 0.9264554E+02 0.1992819E+04 C.1991t:69E+O4 SD 
3800 6 0.1563214E+05 O. '7574081E+05 0.5438 000£+05 AWE 
3800 6 0.1057298E+03 0.20603C3E+04 C.20 6332 8E+04 so 
4200 6 0.17~870~E+05 0.848'71E1£+05 o. 61140458+0 5 AVE 
4200 6 0.1288602E+03 0.2587342E+04 0.2586990£+04 SD 
4400 6 0.183S143E+05 0.91568j5£+05 C.6665115E+05 AVE 
4400 6 0.1463075E+03 0.28540C2E+04 C. 2853 S39E+04 SD 
5000 6 0.2104540E+05 0.1077766E+06 o.7931906E+o 5 AVE 
5000 6 0.1426401E+03 0.3491243£+04 0. 3 4 9 7 'i8 6E +O 4 so 
6000 6 0.2566528E+05 0.1372~f9£+06 0.10 28 '36E+O 6 AVE 
6000 6 0.2203952E+03 0.4634426~+04 0.4631953E+04 SD 
'iOOO 6 0.3030059E+05 0.1692611£+06 C.12 89119E-t0 6 AVE 
1000 6 0.1869851E+03 0.50690E6E+04 · t.5067 E20E+04 SD 
8000 6 0 .34 92575E+05 0. 20133 21E+06 0.1550 325E+06 AYE 
8000 6 0.1947186E+03 0.52478~5E+04 C. 5245 094E+O 4 SD 
9000 6 0.39E3395E+05 O. 23765(2£+06 0.1853977E+O 6 AVE 
9000 6 0.2359204E+03 0.6040504E+04 0.6043 820E+04 so 
9842 6 O. 43 6083 lE+OS O. 2693 7 t8 E+O 6 0.2121053£+0 6 AVE 
9842 6 0.2352112E+03 O. 6362141£+04 c. 6370 ,85£+0 4 so 

10000 6 0.4433516£+05 0.2737302E+06 0.2155132£+06 AYE 
10000 6 0.2332-060E+03 0.71150E2E+04 C. 712 0 031E+04 SD 
15000 6 0.6799262E+05 0.48945j6£+06 o. 4013 814£+0 6 AVE 
15000 6 0.3915713£+03 O.ll80857E+05 o.11a1 oa9E+os SD 
20000 6 O. 91SS962E+O 5 O. '14667 ~2 E+O 6 C. 6287 050E+O 6 AVE 
20000 6 0.488662~E+03 0.16600~4£+05 C.1660118E+05 SD 
1094 7 0.3815317E+a4 0.1560944E+05 0.1006 465E+O 5 A 'IE 
1094 7 0.3190485E+02 0.4652031E+03 C. 4648 591E+03 so 
1100 1 0.3833937E+04 0.1567948£+05 · C .10 0 9 413 6 E +O 5 AVE 
1100 1 o.4837837E+o2 o.s2Jo553E+03 0.5245 439E+03 SD 
1200 1 O. 422912 9E+04 0.17545COE+05 0.1128 069£+0 5 AVE 
1200 7 0.4744907E+02 0.57820t3E+03 C. 57 39 S21E+O 3 SD 
1400 7 0.5051375E+04 0.2124573E+OS 0.13 64 99 lE+O 5 A'IE 
1400 1 0. 5 6 93 9 6 7E +O 2 O. 15 310 t 0 E +O 3 C.1542l54E+03 so 
1600 '7 0.5925891E+04 0.2498173£+05 0.1609 065E+O 5 AVE 
1600 7 0.5676851£+02 0.7770215E+03 o. 7812 251£+03 SD 
1800 1 0.6841131E+04 0.287217'7E+05 CJ. 18 51 E4 7 E +O 5 AVE 
1200 7 0.6666553£+02 0.8843977£+03 C. 8199 €78E+O 3 SD 
2000 7 0. 77 41270E+O 4 O. 3272401E+05 0.2129 637£+0 5 A 'IE 
2000 1 0.6921318E+02 0.92498EOE+03 c. 9248130&•03 so 
2200 7 0.8714016E+04 O. 3113S~4£+05 C. 2443 ~l 6E+O 5 AVE 
2200 7 0. 74 81187E+02 0.13906 81E+O 4 0.1389 357E+04 SD 
2400 '1 0.95~1680E+04 0.4108813£+05 (). 2 702 EO 6£+0 5 AVE 
2400 7 0.8727168E+02 0.12632t2E+04 · C.1260999E+04 SD 
2800 1 0.1145130E+05 O. 49608 S7 E+05 0.3287 909E+05 AYE 
2eoo 7 0.8S12555E+02 0.1254043£+04 0.12 60 254E+04 SD 
3281 1 0.1384362E+05 o. 61265t9£+05 C.4137 ~77E+05 AVE 
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3281 7 0.1118 44'1-E+03 O. 24463~6E+04 C.2456 044E+O 4 SD 
3300 1 0.13 ~1202E+05 O. 60811E7E+O5 C.4084963E+05 AVE 
3300 7 0 .10 5518 OE+-0 3 o. 11011ioE+o4 C.l 781242E+04 SD 
3800 7 0.16 2917 lE+OS O. 7250569E+05 O. 4908 263E+05 AYE 
3800 1 0.1317288E+03 o. 25663~9£+04 <l.2574 999E+O 4 so 
4200 1 0.1832152E+OS 0. 8 2151 E 2 E +O 5 C.5605188E+05 AVE 
4200 7 0 .13 57 051E+03 0.2877495E+04 O. 2880 894E+04 Sll 
4400 1 0.1933901E+05 O. 86994 ~4E+O 5 C. 5955 30 4E+05 AVE 
4400 1 0.12 87 28 5E+O 3 o. 23345 €3£+0 4. C. 23414'0 6E+O 4 SD 
5000 7 0 .22 28988E+05 0.10223 82 E•06 O. 7069 881E+05 A VE 
5000 1 0.16?7881E+03 o. 34014 f2£+0 4 C.3405152E-+04 so 
6000 7 0.21~93l5E+05 · 0.1282110£+06 · C.8985000E+05 AVE 
6000 7 0 .17 87 944E+O 3 09 48424ElE+O 4 0.4845 812E+04 SD 
1000 1 O. 32 44 78•9E•O 5 0.15400S1£+0 6 C.1088194£+0 6 AVE 
7oec 1 0. 220047 4E•03 O. 4724?15E+04 C. 4121055E+O 4 SD 
8QOO 7 0 .376751 SE+OS 0.1820414E+06 0.1299 957E+06 AWE 
aooo 7 O. 19 6454 5E+03 · o. 5273820£+04 C.5275 E99E+04 SD 
9000 7 O. 429180 5E+05 O. 21123 C9£+0 6 C.1523 026E+O 6 AVE 
9000 7 0 .27 65 30 5E+03 0. 64609 30 E+O 4 0.6455 293£+04 SJl 
9842 7 O. 473522 9E+05 O. 2346514E+O 6 C.1699363£-+0 6 AVE 
9842 7 O. 30 81121E+03 0.69481E0£+04·C.6946551E+04 so 

10000 7 0 .4816686E+05 0. 2418491E+06 0.1760 386£+06 AYE 
10000 7 o. 2713083£+03 O. 8183723£+04 C.8187020£+04 SD 
15000 7 0.74E!4131E+05 O. 4033.1'5E+06 C.3029927E+06 AVE 
15000 7 0. 37 26 00 lE+O 3 0.1094607 E+05 0.1095196£+0 5 SD 
20000 7 0.101800 lE+O 6 o. 58898§1£+0 6 Cl.4538956£+0 6 AVE 
20000 7 0. 441343 5E+03 0.15064,7£+05 0.1506842£+05 SD 
3281 8 0 .13 8243 9E+05 0.6054703E+05 0.4065783E+05 A 'IE 
3281 8 0.12 30 00 9E+03 O. 23217~4£+04 C.2322156.E+O 4 SD 
3300 8 0.13 9000 3E+O 5 O. 60504C1E+05 C.40464'97E+05 AVE 
3300 8 0 .1138522E+03 0.2092306E+04 0.2095713£•04 SD 
3 800 a O. l 628318E+05 O. 72129E7E+05 C.4880 ~72£+05 AVE 
3800 8 0.126675 3E+O 3 O. 23077C3E+O 4 O. 2309148E+O 4 SD 
4200 8 0 .18 27766E+05 O. 82019 31 E+OS 0.5510 60 2E+05 AYE 
4200 8 0.12 ~6523E+03 O. 2851020E+04 C.2852109E+04 SD 
4400 8 0 .1932 35 4E+O 5 0.81634t0e+05 C.5915117E+05 AVE 
4400 8 0 .15 6710 8E+O 3 0. 30546 44E+O 4 Q.3059 657E+O 4 so 
5000 8 O. 2235841E+O 5 0.100o6S6£+06 C.6115406E+05 AVE 
5000 8 0.13 5955 lE+O 3 0.2692210E+04 C.2693256E+04 SD 
6000 8 0 .2769828E+OS 0.1250112E+06 0.8474531£+05 A VE 
6000 8 0.1ae2ll6E+03 0.38446~9£+04 C.3856279E+04 SD 
1000 8 0.3307033E+05 0.15160i5!+06 C.1037S71E+06 AVE 
7000 8 0 .17 85337E+03 0.4289977E+04 0.4286957£+04 SI> 
8000 a O. 3 853 716E+05 0.1787326£+06 C.1231902£+06 AVE 
8000 8 O. 2128242E+03 O. 48106~8£+04 C.4817465E+04 SD 
9000 8 0 .4409089E+O 5 0.2058942E+06 0.1427591&+06 AYE 
9000 8 0.22 ~ 943E+03 0.61103~9E+04 0.6113273E-+04 so 
9842 8 0.4900986E+05 O. 2317114£+06 Q.1622116E+06 AVE 
9842 8 0 .2999448E+03 0.71855COE+04 0.7190180&+04 SD 

10000 8 O. 498963 8E+05 o. 23 633~1£+0 6 c.1655 esoe:+o 6 AVE 
10000 8 o. 2'7 S2 231E+O 3 0.6583812£+04 C.6585134E+04 SD 
15000 8 0. 78 38294E+05 0.3835084E+06 0.2738927E+06 AVE 
15000 8 0. 40 11 93 lE +0 3 0.12104C7E+05 C.1211167E+05 so 
20000 8 0.10'79509E+06 O. 5502411E+06 C.4015S75E+06 AVE 
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20000 8 O. 4610645E+03 0.16329 ~2E+05 C.1632 58 0£+05 SD 
9842 9 O. 4904 980E+O 5 O. 2322413 E+O 6 C:.162'155 9E+O 6 AVE 
9842 9 0.2633020£+03 o.11a12ioE+04 Cl.7201215£+04 SD 

10000 9 0 .49 81 Ol 7E+05 O. 2341467 E+06 0.1638 485E+O 6 AYE 
10000 9 O. 2556932E+03 o. 66'7 63 t1£+04 C. 66 84103E +O 4 so 
15000 9 O. 7890 769E+O 5 O. 38796A7E+06 C.2142 056E+O 6 AVE 
15000 9 0 .3834666£+03 0.1138517 E+05 0.1137 442£+05 SD 
20000 9 0.10 ~822 6E+O 6 o. 5495724£+06 c.3939294E+O 6 AVE 
20000 9 O. 4919 66 fE+O 3 O. l 1130.!0E+O 5 0.1713~28£+05 SD 
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Fifty repetitions were mace us1r.g Program E with 

Pratt•s increments. 

N Interchanges Comp zrisons Type 

2 0 .4199994E+OO 0 .100 C::OOO E+ 01 AVE 
2 0 .498 5690E+ 00 o.ooocoooE+oo SD 
5 0 .J479989E+Ol. 0.8479990E+Ol AVE 
5 0 .l 281577E+Ol 0.838 E485E+OO SD 

10 0 .1079999E+02 0 .308 ~984E+ 02 AVB 
10 0 .2424363E+Ol. 0.!65 6159E+ 01 SD 
20 0 .3391982E+02 O. 991'79'19E+02 AVE 
20 0 .4256251E+Ol. 0 .3 '13 ~965E+ 01 SD 
50 0 .123 83 98 E+ 03 0 .411557 4E+ 03 AVE 
50 0 .989 6108E+Ol 0.8481765E+ 01 SD 

100 0 .3 23 8572E+03 0.112 E077E+ 04 AVE 
100 0 .1897282E+02 0.180 ()291E+ 02 SD 
200 0 .8088569E+03 0.2 98 ll 71E+ 04 AVE 
200 0.3790422E+02 0.321 ~'29E+02 SD 
500 0 .2 63 7097 E+04 0.102 5093E+ 05 AVE 
500 0 .9164096E+02 0.895 ~196E+02 SD 

1000 0 .6 30 50 35E+ 04 0.253 "l381E+05 AVB 
1000 0 .1800338E+03 0.179 t776E•03 SD 
2000 0 .1482911E+ 05' O.bl4~547E+05 AVE 
2000 0 .292 8613E+ 03 O. 2 80. j837E+ 03 SD 
5000 0 .4469401E+05 0.193 S936E+ 06 AV& 
5000 0. a 613052E+03 o.ess 2341E+ 03 so 

10000 0 .1025526E+06 Q .454 E204E+ 06 AVE 
10000 0 .1706500 E+04 0.170 0505E+04 SD 
15000 0 .1662295E+06 0. 743· i364E+06 AVE 
15000 0 .2 49 4716E+04 0.250 C4'78E+ 04 SD 
20000 0 .2323074E+06 0.105 2895E+ 07 AV& 
20000 0 .255 82 84E+04 0.2 So 2661E+ 04 SD 
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