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Adaptive Discrete Cuckoo Algorithm Based on
Simulated Annealing for Solving TSP
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Abstract: An adaptive discrete cuckoo algorithm based on simulated annealing is proposed to solve the traveling
salesman problem. The proposed algorithm constructs the path solving strategy of traveling salesman problem based on the
principle of cuckoo search algorithm. Due to the limitation of algorithm , with the increasing of the number of iterations, it is
inclined to destroy the formed paths, which makes algorithm can not be commonly used in variant applications. To overcome
this shortcoming, this paper adopt an new strategy which adjust operator locally and disturb parameters randomly . A simple
2-opt operator is used as the local optimization operator to accelerate the convergence rate of the algorithm. The simulated
annealing mechanism is introduced to prevent the local optimum in early iterations. The algorithm is tested by the standard
TSPLIB multi-group data,comparing with several representative traveling salesman problem algorithm ,the experimental re-
sults show the advantages of the algorithm in terms of accuracy and stability.
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AERHE BRI P TSP 9F HAR A 18 R 5k B
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U 2R 7 1S sR A TSP. — o2 Ml s VR,
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L 3 (0 R 2 FE S A B K, % R BB TSP Sl i3 58 42
JoR. LR B9 N AL AR 2 T kL 1R
T — R e s, s AL 1 (GA) ) sl
BKCE L (SA) T IURER R (AC) A I T SR A
TSP. %5 51 RE 0 1k 31 1 70 W 26 i, 8 22 39T O TR g
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AL (GSO) 33" BT REM AL (PSO) Bk 45, i s
FER BEA W T 12 H 25 5K it TSP Mostafa Mahi“”’l%
T RE 1 FUORE B 1 45 4, 3-opt AL T4 4 )5
HROCACTE T IF F T i e TSP, {H 2, WU Rk kR 2212
DA 3-opt (5 P03 T T A R e T B 10158 1T
I [i] s —SERIF 5T A G4 I P IR B SR A TSP, 4o 75 21
FRBEATHE B R B R L AR i (5 R B Tk
SICHRE  (HAE S0 45 P AR A 5 W A R B B A 5 Yong
Wang" ™ $2 1 T —FhR A 5 WK i TSP, 8 45 B 4
Sy — Tl A 5 A1t Al 36 . At 2 SUAE P O R S I 4 ) SR A
P T R AL B A5 14 B 1 B A% 1% 1SR A /N
15 TSP if A — 5 {34, (B R X KB TSP &R A
JEARFIAR. Marinakis ' 3% FHE R 40 Hr TSP, 32 1 7 —Fb
AR TR .

T3 538 2R (CS) Bk HA B B e 5 T4 |
S48 R A0 Ak BE 0, 6 7 5 R RO Ak 1) B L 3 3R oy
R ROPERE" . CS S8 BRI T A48 R4 511
ARl Aziz Ouaarab'™*' $ 7 — Ff 85 5 780 CS 52 1)
Ttk TSP. £10oh 8 B RIS, 76 CS S kil kit T
— A KA B, T 2-opt FIXUSF B T8 N B AR
B4 . Saban %5 A" 5 A FFAT B ) 91 & 57 ( paco-
3opt) KA TSP. 121 S ik TIOR3 1 B HE 42, ff G5l
o AR R A SEIR 4k SR W] % 1 A S A
RE. Yassine Saji'"® $5 H T — i B9 B ) i 0 5 0 %04
VR T 2 BR BOI AL B i i AL, A R ok B
TSPLIB, SE G 25 5 B T & 1A 230Uk

PRI, DL 3 VR TE B 1 Hh /N T R SR A R 4 5
FHURI T (95K A7 168 23 B AR B S A 2-opt A AL 32T
AL B A% HAT P U B A A5 SR, 1 A S 38 LA
A T 2R T AR AT fE SO O 28 TR IR B A B
7. BRI, FRATAR T —Ff 13 33 7 A J5) 308 ) 4 5 T 9T 4
4 2-opt BT IFAEBRAR FINA SR BERLAL 3h 3 ms , LA AR
FERIRERIZRENE , B 5 I AR B R A

2 HBABEXL f12-opt (EILETF
2.1 HhAEBHEE

A SR ETL (CS) &g HE i —Fog B R 4
REN A 3475, Maribel """ FH gL 0 A CS 34015 0 FE ok 56
WEEE R M. A3 A 5 080k T e 4 /AT AL 4 1 B
WL SR 4 Jm 48 &R A R 48 &R (Fx Bk e 5 1
APAFAE NS JE 18 1 B L DAL Bk S B 3 & 0k
PERE B —ANBIFFE $4 5. Maribel ™ 42 13 T — 4 FCS & 4%
SIS LA R E, 51550 CS BikM e,
FCS [ PEREA BT 5. Claudia ™' 45 4 Sobel £ A 5 X [A]
T RUBORIZ AR SR AR AL CS, I e B N TR
1R A, CS BLIUAT 75 5 252 2, WA 85U DA
fein) . CS HAT &5 fay s . S 50b Bk b R i p g
SRAEA . EE L BB R R . (1) B RAR SR
HpEA—AN0 BEALE B — A AR R b ©. (2) 72 bl
PLEEBE )27 A4 B, B i ) SO AR B 2 — 8. (3) AT
FAFAE SR B H & e 0y, 27 A 5 3 N R 34N ok B
FIHER A Pa.

AT 5 4% 21 563 A% JF AR I 34 R ARLAb 10 00 57
8 ALE AT

Xl.(’”) =Xf') + T@Levy(A) (1)

KD HF, TREEK FHH T>0, D55 %) 5T, Levy
() BRI I ELIR M GE A3 A 20 P AR 46 3 fn
Bk 1. AT R R R S AN 2.

#3i%1 Cuckoo Search algorithm

1. Begin
2. Objective function,f(x) ,X = (X, ,X,,-,X,;)" d is the dimension of
the problem
3. Generate initial population of n host nests
X, (1=1,2,---,n)
4. While (¢ < Max Generation) or ( stop criterion)
5. Get a cuckoo randomly by Lévy flights evaluate its quality/fitness f( X;)
6. Select a nest among n (say,j) randomly.
LAY, >f(X,)
8. replace the nest j with a new solutions
9. end
10. A fraction ( Pa)of worse nests are abandoned and new ones are built
11. Keep the best solutions( or nests with quality solutions)
12. Rank the solutions and find the current best
13. end while
14. Post process results and visualization
15. End

Hix2 BHERRIHBEEET

1. Begin
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2.for i=1 to[ n/s]

3. Creating an array cs[0,--+,s —1]
4.forj=(i-1) xstoixs—1

5.esj] =C[j]

6. end for

7. cs, and cs, are two random cities in cs
8. r is a random number between 0 and 1
9.1 r>w

10. Swap cs,, and cs,

11. end if

12. end for

13.if k' =2

14. cs, and cs, are two random cities in cs
15. r is a random number between 0 and 1
16. I r>w

17. Swap cs,, and cs,

18. end if

19. end if

20. End

2.2 2-opt LEF

2-opt PEAGE T — il 7 B 52 A TSP Jy 30
AR HH P2 T BR AR A 28 Ui 2%

Bk ¢, (m=0,1,,n - 1) FRFEAIRAT PITE M
Fd(e;ye;) FERMTT ¢, FIKTT ¢, Z I AYFEES . 2-opt 53
TFHACEBRHGA T

Step 1:FEMLA LT AT ¢ = (¢o, vy ¢i00, 000 ¢,
Cis s, y) (INEL) 2 i=j=0.

Step 2:FENLERE—RINE, : (¢, ,c,,,) , HHi<n -2.

Step 3:BEHLERE S — KN E, :(¢;,c;,,) , Hdj<n
-2.

Step 4: W [j - (i+1) [=2 M d(c,,c;) +d(c,,,,
¢in) <d(ei,e) +d(eyep, ) BOL, MMM BRI (e, yeryy)
e;yer,,)  IFERN (epe) (e 600).

Step 5: LATH AL ¢ AFE N E, 138 Dy 4 3T, & j =
+1. THEINST Step 3 ~Stepd HE|j=n—-1 Jj+1=0.

Step 6: LATHUAS ¢ AF R E 23 P A W3k mii B i =4
+1. FE AT Step 2 ~Step5 HF|i=n-1 i +1=0.

Step 7: # & #1447 Step 2 ~ Step6 H FI A 5 X il
().

i+ i+
AL o

(a) VHERT (b) R
BT 2-optBE T OUALRT S X

3 EHARBENTASEEXKE TSP

55 2 RO WA A 1 R LS TR A
PRBL AL ASL SR, TSP S — AN A AL ) . (5, A5
FOREE SR AT A 1 A0 B R e A — A B A Y S 4R
PRSI, et R B i SR AT BTk, B, b T
5B N — A5 % N AN ST s v a1k, BE
J&i , B IS N RS T2 Ay 2-opt AL TR Levy ®AT
VE R S SR sh o m. 306 N B (L5 K 0 S R 81 ok, 35 0
ARSEEHIH S . FHR—DH, LT — 2R
Peshems 4t 45 2-OPT AL i LUF 43/ 48 7 TSP 1y
Fr 7 AR R 1L P eR BRI 3 R R R R AR A
FRIAY. B T I T RILR R R B IS N O
45 53R fig TSP.
3.1 ®R7RARX

TSP {5 2 7253 9 LAF = m 48R IRF
IR BRI A SCHERCAT 5 A SR AR AL S AH 25
A AR R AN R B3R T B R €, - C5 - C,
-C, - Cy MBI — 14T RHE R (1,5,4,2,3).
3.2 BEMRL

R IR 12 4 Wi S B AR SR S 4R T TR
DRI AR, B BRI ST AR Bk H A R sk
BT Ak 7, 55 A — 3ak i % Bk e ) 3 4P ) A
FHR IRB L AU M mAZE 2R, FIRAH
Vil QAR BN, T R AR B R A BT
3.3 M EE

FE TSP i 42K 7 e D) 3 7% fie ) I ek gy, B
AR KB 5 ik 1403 7 JE LR EE , BT LA PR BRBOE XN
AR K 1R 5
3.4 BENBBAEET

ARSCER X B HOR B A SR A TSP B B A2 R 4 7
AR 25 5 T 3 8 T A0 1) 38 0 I8 40 A gl o, 23— il
H 38 by 7Y R S IR AT O R — SR AR R AT TR T R R
B C=1{C,Cy,+,C | N n APRTTHY TSP () — 451645 s
JE— A S R, FR B s MATE R C Rl
[n/s JBORKRIA b =n% s DA FIA B, 76 [ n/s ]
B T 2R AR, =2, Tt 7 7 4 B v AT B B
AT, X R — BEAT B AR T, 4% w,w e (0,1)
PRI TS, AR — N8 T (0,1) WIBENLEL r, 27
w > WA I P38 T, 75 WA S8 46, w7 UM Bt 53 3%
EARUEAY A8 KT AR K, e — T B A A S5, w
1 SCUTR

iter
w=qa,. +mx(amax_amin) (2)

Hir o, M a,, 2L2KBSH, 2 RELHEIE «, =
0.9,a,, =0.5 B E LB T45 R e, iter FoR M FTi%AL
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URH, max_iter Sy fig IR ACUCER

8 7 R AR R - P ARG A Algorithm 2.

MR D ACRS a] DL Y A i Ry v 430 B ik 0] 52 2%
JERO(n®) K H8 B I 1 fig 48 2 28 ) 1 o e b g
A R 25 18], 23K A TSP 1A &k 3B+
3.5 RN BERE

TEARSCRE T, 227 3R BUBTOR 5 8 ) LA 42 J=) Fifi
PSSR M 8 A, 4R BEPLAL Sh ok mg o - % 3. 1. 4
TR TR C=1C,,C,, -, C, VAT 0 B, BB
PSS, B — A BEDL R E m, 25 k=2, m e (2,
[n/s]+1) , W me (2,0n/s]), 585 I35 19380 B
FREEHLIR m B, KX m AT BETPECXS , 7390 5 2 N
5 — A ITT B 3 v S T AT 0 I SE e, 4 SR BE AL
S P AR s 3.

Hik3 =RMENMRERKE

1. Begin

2.If k=2

3. Create a matrix re with the size ([n/s] +1) x2
4. else

5. Create a matrix re with the size[ n/s] x2

6. end if

7.fori=1to [n/s]

8. Creating an array cs[0,---,s —1]
9.forj=(i-1) xstoixs—1

10. es[j] =C[/]
. end for

12. cs, and cs, are two random cities

13. insert cs, and cs, into the i-th row of re

14. end for

15. 1 k' =2

16. Create a random number me (2,[n/s] +1)

17. Creating an array se[0,---,m -1

18. Insert a number of m different positive integers from 2 to [ n/s] +1 into
Se

19. else

20. Create a random number me (2,[n/s])

21. Creating an array se[0,---,m —1]

22. Insert a number of m different positive integers from 2 to [ n/s] into Se

23. end if

24. num =0

25. while num <m

26. swap C[ re[se[ num] ][0] Jand C[re[se[num +1]][0]]

27. swap C[re[ se[num] ][1] Jand C[re[ se[num +1]][1]]

28. num = num +2

29. end while

30. End

3.6 HEHURNEZE
R KL B Metropolis 25 A\ 7E 1953 4F 2 i
JEF 1982 48 3 1 T ol sl i — Fh fi B 4R 3 R i

5. BAUAR JCRE B SEAER JRT 8 4R U SR
JGE I AE SRR T AR AE R R (explore ) FIF
JH Cexploit ) L Fty T A e AT, iR 3036 k45 vy )l B A 7
TRAE 42 Je Y R 38, T 7 Ji S0k B A R i WA S E
R T 20 B9 S 0 DI, B ABLR O AR dn B8
4.

Hixd4 BBUBANER

. Begin

t< -0

. initialize T

. select an initial point randomlyw,
. estimate v,

. repeat

. repeat

. select a new point v, in the area of v,

I eval(v,) <eval(v,)

10. theny, < -,

. else if random[0,1] < (eval(v,) —eval(v,))/T
12. then v, < -,

13. until reach the end condition
14.T< -Txa

15.0=t+1

16. until Satisfy the rules of downtime

17. End

3.7 ETHEMBANEHEBENHEEHEE

SA-ADCS LA INT

Step 1: I EHIESH KM P, , B KB A REL
max_iter, 295 25 o, N o, SEECN, BB I T AL
s 3. 2 ORI ARG AR, IR LA 3.1 T IR R R T
TR AR AT G, E TS L i 1) T EE.

Step 2 X 41> 5555 N AR 3. 4 1 B IE TR
PRI B 5 2247 Jmy R R U5 15 2-opt AR AL I 82 /5 1) it
A2 TR MU B AR A 20 LB, 42 RRASEADLIR K VR AR
VR T 1 32 I B AS , 7 24 Al AR 0 17 3 T 42 Ry B e
iR, LAY T B8 AR R 4 Ry B AL A

Step 3: AR E R L MR, A S pOR B,
T 3.5 745 i 42 Ja BE AL B SR s ) 32 5 85 TN Y s A
Fr @R sl 3t 1 2-opt SLALIR 3N 5 A BR AR, 4 L I %
A IO R U T 3l i St A A DL B A, 4 B Dt e A
TV /INU) T A AR N L 4 Ry B AR R
VLS i E A 4 R m LA

Stepd K 28 57 125 0 75 21 34 e Kk A UKL, 4 213k,
PRk, B A R R DU, 7 R BGA T AT step2 ~
step3.
3.8 EHEMEBISHREST

2-opt PUACTEIEAE Sy — Tl 5 B 06 A 5k Lk ] &2 2%
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FERO(n®) A SCEFIEAETB VT Ja) B 18] A SR i 1 4 Jmy 1
SR I 3555 TSP B B AT 5C , TR I Ja 750 9 8 SR s 1 4
JRy VRIS M R IR 1) SR BE O O () AR SCRIEAE X AT 47
iR EAT T R R s R 4 R R R SR B ISR T 2-opt
SRS B AT R TR A A, SR SOOIk A I ) 52 0% JEE
O (n®). SR A TSP (¥ 7 P 1 Ik [R) 52 2% e 52 4
BOB R R 3, A SCH T AE 22 3 X ] Py SR i TSP,
SR fiff TSP 1 —FhA R i

4 FEXE

A SCHR T R T REALLR Y B RO A A S 5
2 (SA-ADCS) 3K fift TSP, Jf F [ b A5 i (1) TSPLIB %541
AT B SL 0. 5290 PR 5% ) matlab2010b Intel (R)
Pentium(R) CPU G3220 3GHz,and 4GB of RAM.
4.1 SHEIEE

FILSHRE R 1 PR

%1 SA-ADCS B#iEE

e L 284 fE
TR N 15
RIREA b, 0.25
/R Cin 0.4

YN RS Ol 0.9
AR max_iter 200

IR IR T 200 X citynumber
HHE T A 0. 85

Bk N Fll max_iter 15 DBA [R5 —%(, P, 2% 4k
AAE ST, 0, T o, SRS KSR AT ok 10 &
B BB WIURTEIE T W BUE A 200 45 A 3 17 RIS, 3 R

T AR 7R R T MR RN SRk B T IR A
DUAEL, B TR PR/ B8 900 6 L 8, (LS 3k iy LA 5K 4
A0 , B3 X W 30 e G (L, 30 R 6 v 1) 400 B i
JE AT AR W] AT A DX s P AT B T A 1R LA
FETHRE AR R PERE.
4.2 HR51TR

2% 2 878 T SA-ADCS X 10 /> TSPLIB F5 i 5 5 £
AR A R A SO A B 4R M S a2 AT 30 A 52
K2R 31 Instance” 275 P12 B AT #Y TSPLIB 35431, 47
“Optimal " 78 % 5 61 9 © R AL A, 51 Best” 7R 1%
B SLI2 AT 30 WA B e AL A , 51 Worst” 27 1%
IS IEET 30 YT Y R 22, 51 Average” /R
BB IEAT 30 YA A, 51 Sed” R
SEIBAT 30 YCHIE BT AL FSL ) KO0 O 1 2.

G)“PDa( % )" HHHAXIT
Average-Optimal

PDa(% ) = : % 100% (3)
Optimal
F“PDb( % ) " A ARIT :
PDb( % ) = Best-Optimal 560 (4)

Optimal
51“ C1%/ Copt” TR ZAE M LB 1T 30 K, Sl
I ZEAE 1% PR URK, 81 Time ™ /R %58 ) M 5738 47
30 YCHT RGP 24 I . AR SCREFERY 10 4> TSPLIB A k&L
PEER AL B AN I R, S ik 1A SCHT 4 H Y SA-
ADCS F7E B PR RE. 35 b 0 2R 5 bt 9 il , 32
SA-ADCS LT 484k H i TSPLIB AR ES il ) C R0 e At
fifp. e Id 30 YoM L KA S5 R, AT LU — DR
RN , I TIEI A SO I 45 RA 2 AR F.

+£2 SA-ADCS Kfig 41 4~ TSP EH| &R

Tnstance Optimal Best Worst Average Std PDa(%) | PDb(%) | Cl1%./Copt Time(s)
pr76 108,159 108,159 108,159 108,159 0. 00 0. 00 0. 00 30/30 8.04
kroA100 21,282 21,282 21,282 21,282 0. 00 0. 00 0. 00 30/30 8.35
kroA150 26,524 26,524 26,566 | 26,534.17 17.07 0.04 0. 00 30/10 21.02
kroA200 29,368 29,368 29,503 29,418.3 32.99 0.17 0. 00 30/1 38. 45
lin318 42,029 42,124 42,410 42 248.4 79.75 0.52 0.23 30/0 66. 04
prd39 107,217 107,264 107,812 | 107,535.5 124.81 0.30 0.04 30/0 135.29
rat575 6773 6,846 6,901 6,882. 33 20.34 1.61 1.08 0/0 396. 81
rat783 8806 8,920 8,993 8,950.77 12.15 1.64 1.29 0/0 782. 88
pr1002 259,045 262,140 264,186 | 263,351.83 | 477.26 1.66 1.19 0/0 1429. 97
nrwl379 56,638 57,481 57,751 57,619.6 112.29 .73 1.49 0/0 6279. 51

%3 SA-ADCS &3 5 DCS™ 1 DBAM®! (1) 5256
PR . AR AE AT 30 IR, A S — ] L
FFK, 5 ¢ optimal” fCER EL ARG , 51 ¢ Best” fR3& =

PRUSRIG I e LR, 51 © Average” AU =R LR AR 1Y
FEE. FBARLR B R R SA-ADCS © 4R F T
DU B SR A 45 R AL T DCS Al DBA.
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%3 DCS,DBA #1 SA-ADCS KR R L%

DSt DBAL®) SA-ADCS
Optimal
Best Average Best Average Best Average
pr76 108,159 108,159 108,159 108,159 108,159 108,159 * 108,159
kroA100 21,282 21,282 21,282 21,282 21,282 21,282 21,282
kroA150 26,524 26,524 26,569. 26 26,524 26,560. 2 26,524~ 26,534. 17
kroA200 29,368 29,382 29,446. 66 29,368 29,449.23 29,368 29,418.3
lin318 42,029 42,125 42,434.73 42,154 42,462. 16 42,124 " 42,248.4
pr439 107,217 107,447 107,960. 5 107,291 107,683. 33 107,264 107,535.5
rat575 6773 6,896 6,956. 73 6,862 6,903. 83 6,846 * 6,882. 33
rat783 8806 9,043 9,109.26 8,948 9,010. 4 8,920 8,950. 77
prl002 259,045 266,508 268,630. 03 266,146 266,412. 8 262,140 263,351. 83
nrwl379 56,638 58,951 59,349. 53 58,188 58,299 57,481 " 57,619.6

3 PEHE 710 ANFE RS wsp 56, U
SA-ADCS BT DCS #1 DBA & k.

N T BiEi% SA-ADCS S35 1 Al S, 5005 HoAl
HATCRMER B 6T LU R XA oA 380 Ho At Y
FREIEAT T 000 A8 3% N s i 278 (5) 5. H
Honl,n2 REEEA R, FEA SCR EAUER T RE AL s

Meanbst, — Meanbst,

ti/m DS, + (m, - DS, [T 1
/1.1

n, +n, -2 n, n,
UL ER R, 28 MK a=0.01, 15 3] 1
=2.660. X |t|>2.660,SA-ADCS Bk K5 HdrE ys

AT XTI I B A S E S e A i

(5)

MR LHEAT T B BT, Hoh e 7 FR 18 H B STk
HRI, © - 7 3R/R SA-ADCS 1k 2% sl HAh 557k 38
BIFRE [ Ak

T 4 BT EER AT AE L ER ST, 5
O A e SA-ADCS 19 | 1| KT 2. 660, A 1E S 44
eil76 FI—LE it 1 B LR 0L T [ [/ T 2. 660, & HA
SA-ADCS 7E fif ke e 2 [0 5007 T A 4875 4 i Ok

MFE S FTR B 45 BT LR W, X TR 2 7 SA-
ADCS B3 T8 AT 30 YR K 52 ], 5 UGS 1T 0 s 4R
BB 2 B AL T RKCS B3k, 6 sl sh ik
BT A B AC# , T RKCS A 1E S pr136 134 ik
B IR AR A%

£4 SA-ADCS 5EHMEERN A EMILE

Instance DCS ! DBA ( Mean) !¢ HGA ( Standard deviation) [ 14 ] ACE! SA-ADCS
€il76 2.249 1.510 * 0.231 -
eil101 3.878 17. 855 * 5.727 -

kroA200 1.533 1.845 * * -
lin318 5.056 7.360 40.990(107.2) " -
1d400 7.209 4.247(15488.0) 53.202(58.5) * -
11417 11.634 12.033(460.9) * " -
prd39 5.110 6.825(108011) * -
rat575 9.910 5. 148(6908.7) * -
rat783 21.713 4.566(8972.1) * 63. 408 -

prl002 23.624 34.526(266405. 3) * - -
nrwl379 39.223 26.851(58287.9) * * -
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R5 SA-ADCS 5 RKCSPV &k R %
RKCS[21] SA-ADCS
Instance Optimal
Best Average PDav(% ) Best Average PDav(% )
eil51 426 426 426.9 0.21 426 426 0
st70 675 675 677.3 0.34 675 675 0
eill01 629 629 631.1 0.33 629 630. 43 0.23
prl36 96,772 97046 97708. 9 0.97 96,772 97,009. 26 0.25
prl44 58,537 58537 58554.45 0.03 58,537 58,537 0
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£6 ET SA-ADCS WERMBRMANGER
Uik AR
i ek it i
1 0-11-5-124-1-9-123-2-0 63

2 0-14-4-8-13-29-33-31-34-22-20-0 64.5

3 0-74-10-6-17-23-15-19-7-0 56

4 0-55-50-38-39-53-54-25-26-18-0 67.72

5 0-28-49 -42 -56 -52 -45 -44 -51 -47 -43 -0 | 74.68

6 0-110-113-69 -70 =109 - 112 - 114 =117 -0 86

7 0-73-71-75-86-72-95-83-0 58.5
8 0-104 -103 -106 —125 =107 =102 -105 -0 66. 2
9 0-32-46-40-58 -41 -59 -0 61.1
10 0-66-65-63-62-64-68 -67 -0 83.5
11 0-79-82-84-78-77-98-94-0 65. 04

12 0-88-97-99-96-89-92-80-101 -122 -0 |48.27

13 | 0-119-111-116 -108 - 115 -120 -121 -119 -0 | 81.56

14 0-36-60-57-48 -37-61 -0 63.76

15 0-3-30-16-21-24-27-0 47.38

16 0-93-76-81-100-87-91 -85-90-0 62.21
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