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1. BEGTEE SRAZETHENE (10/4)
2. FRAZETIENEDER (1) : SRIAZFNREOZHES (10/11)
x IRFH (KER) (10/18)
3. #EZETBIEDIER (2) @ BEHIRE &P TEIR (10/25)
4. FRAZETIEFEA (11/1)
5. BEETEETESTU>T (1) : e =EIRE (11/8)
6. BEETEITET U >T (2) 1 KDEMLLEIRE (11/15)
7. BEGTRTES U > 2 (3) : BiEsTIH (11/22)
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8. DHPETEE (11/29)
9. YIPRImE (12/6)
10. ZEHAFDIENN (12/13)
11. BAERE (12/20)
x R (ENH5ER) (12/27)
x IRKF (ZZE=IRZE) (1/3)
12. SOSIEM () [RIB (1/10)
13. OS> 8H(2) : BSOS > 1B (1/17)
14. £E8 (1/24)

15. i (1/31)
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POE U

T—IILAN > EEED S T DB EHRT

MEIST G = (V.E)  IANTOIESEESE— DR
V = BhES J\SJL BB E EEENS
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XTFR TSP : 01 224G TiE]

€5/l

6/77

Dantzig, Fulkerson, Johnson (’54)

minimize Z d(e)x
e€E
subject to Z Ty = VieV
jev—{i}
Z ${i,j}§‘5’_1 VSGQV—{@,V}
{6,J1C5
. € {0,1} \ VeckE
a7 K [C] P PRI
ZEDIBE = |E| = |V|(|V] — 1)
HIFIDIRER = (V| + 2V — 2




YIFRTSP @ 01 BEETETEST)L 6/77

Minimize Z d(e)xe Dantzig, Fulkerson, Johnson (’54)
ecll
subject to Z Ty = VieV
jevV—{i}
d g <ISI-1 vSe2¥ —{0,V}
{i,71CS
. € {0,1) \ VeeE

N RS E T RTIDES




WMoltz—) LAY > fERE @ 3

SO E
il

subject to

T — )L AN > EIREDEEETIE
AR ICFE
Z Ty = 2 VieV
JjeVv—{i}
Y mp <181 vSe2¥ —{nVv}

{e.5}cs
Te € {07 ]-} Vee E

= ot

E5)LICIE

7/77




s = eV
BRAZETIE A 8/77
7J - EE %E5FD /= E 7z
FRETZUV\RIRE P fRAZETIEFRA] R
min. Z d(e)x. min. Z d(e)x
ec ecl
s.t. Z T 5} = V1 s.t. Z T} = V1
jev—{i} jev—{i}
{i,5}CS {i,j1CS
z. € {0,1} Ve 0<z.<1 Ve

x£9, fRAZETIEREF] R ZAES =LY

XA DIFEE L LY

LU, BIDENZSTET, €D
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l%??ﬂgg @ﬁ‘giﬂj R min. Zd(e)iﬁe

eckE
jev—{i}
Y i <IS|-1vSe2” - {0V}
{#,J}CS
0<z. <1 Ve

INEIREBNES FC 2V — (0, V) BEZS
RAZETIRIFRAL R(F) min. Zd(e)x

eckE
s.t. Z ZC{i,j} = V1
jev—{i}
Y oz <IS|-1VSeF -
{4,J}CS
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wRAZETIEEA] R >z <I8l-1v8e2’ {9V}
l FC2V —{0,v) IS

FRAZET IR AL R( ) Z T <|S| -1 VS Ei

{i,71CS



tRAZa TR e E DR O ? (2) 10/77

l Fc2v —{0,v} IS
%J?H/D-I_ %Eiﬂj R( ) Z T <|S| -1 VS Ei

{i,71CS

x* N\ R(F) D@ D x* O R DFFEHE
= x* (& R DEEfF
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l Fc2v —{0,v} IS
%J?H/D-I_ %Eiﬂj R( ) Z T <|S| -1 VS Ei

{i,71CS

x* N\ R(F) D@ D x* O R DFFEHE
= x* (& R DEEfF
slEEA 1 o PMREZE®/IZIT ETD

z % R DEEOHSMETBE, o [dR(F) DHBBHTEHD

Sy d(e)al <Y d(e)we ]

eckE eckE
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HRIZETIEREA] R S e <ISI-1 VSe2” —{0,V}
l Fc2v —{0,v} IS
FRAZET IR AL R( ) Z T <|S| -1 VS Ei
{i,7}CS
=
R(F) =& <
x* | R(F) DExiEf
- - Yes _ #&7T
z” 3R @W = x* (X R DEEAR
No
53 S(C/MUT, > afn>19-1
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BRI B FRAEBIFIDENN : 4 (1) 12177

https://www.math.uwaterloo.ca/tsp/app/diy.html

random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X

&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

TSP instance with 50 points.




BB B FRAEBIFIDIENN : 4 (2) 13/77

https://www.math.uwaterloo.ca/tsp/app/diy.html F| =0
random seed = 3.14, # points = 50

0O & Tseoiy x |+ - ] x

& C ) () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 * ] 7= :

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

—

Solution of degree LP relaxation. Bound = 41476.5.




BB B FRAEFBIFIDIEN : 4 (3) 14/77

https://www.math.uwaterloo.ca/tsp/app/diy.html F| =0

random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X

&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Add Cut

Selected set has cut value 0. Violated!




BB B FRAEFBIFIDIEN : 4 (4) 15/77

https://www.math.uwaterloo.ca/tsp/app/diy.html Fl =1

random seed = 3.14, # points = 50

0O & Tseoiy x |+ = ] b

& C ) () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 * ] 7= :

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Build a Cut

~

7V

Added a subtour cut. Bound = 41485.5 (+9).




BB B FRAEBIFIDIEN : 4 (5) 16/77

https://www.math.uwaterloo.ca/tsp/app/diy.html Fl =1

random seed = 3.14, # points = 50

O & T1spoiy x  + = ] X

< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 e o= L

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Add Cut

7V

Selected set has cut value 1. Violated!




BB B FRAEFBIFIDIENN : 4 (6) 17/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =2

random seed = 3.14, # points = 50

0O & Tseoiy x |+ = ] b

& C ) () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 * ] 7= :

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Build a Cut

/N

7V

Added a subtour cut. Bound = 41517 (+31.5).




BB B FRAEBIFIDIEN : 4 (7) 18/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =2
random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X
& G @ @] https://www.math.uwaterloo.ca/tsp/app/diy.htmI?# AN ﬁ) &> {3 {‘5 :

TSPApp DIY Go~

Selected set has cut value 0. Violated!




BB B FRAEFBIFIDIENN : 4 (8) 19/77

https://www.math.uwaterloo.ca/tsp/app/diy.html F| =3
random seed = 3.14, # points = 50

0O & Tseoiy x |+ = ] b
&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

Added a subtour cut. Bound = 41689 (+51).




2R Ol ERPREHIFIOEN : Bl (9) 20/77

https://www.math.uwaterloo.ca/tsp/app/diy.html F| =3
random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X
&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

\ {4

\ /

\

7\

e

Selected set has cut value 0. Violated!




gD M o] EEERZAEFIFIDIEND : 4l (10) 21/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =4
random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X
< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 e o= L

TSPApp DIY Go ~ Tour ¥ Bound ~

Added a subtour cut. Bound = 42230.5 (+541.5).




e ElESPRZAEBIFIDENN = Bl (11) 22/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =4
random seed = 3.14, # points = 50

0O & Tseoiy x |+ = ] b
& G @ @] https://www.math.uwaterloo.ca/tsp/app/diy.htmI?# AN ﬁ) &> {3 {‘5 :

TSP App DIY Go ~ Tol

Selected set has cut value 0. Violated!




ap D[] FEFRZAEFIFIDIEDN : H1 (12) 23/77

https://www.math.uwaterloo.ca/tsp/app/diy.html | F| =5

random seed = 3.14, # points = 50

0O & Tseoiy x |+ = ] b

& C ) () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 * ] 7= :

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Build a Cut

Added a subtour cut. Bound = 42710 (+479.5).




ap D M [O]FEFRZAEFIFIDEDN : 41 (13) 24/77

https://www.math.uwaterloo.ca/tsp/app/diy.html | F| =5
random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X
&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go~ Tour~

Selected set has cut value 0. Violated!




e ElESPRZAEBIFIDIENN @ Bl (14) 25/77

https://www.math.uwaterloo.ca/tsp/app/diy.html | F| =6
random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X
&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go~ Tour~

Added a subtour cut. Bound = 42770 (+60).




ap D [l PR FIFIDIENN : 41 (15) 26/77

https://www.math.uwaterloo.ca/tsp/app/diy.html | F| =6
random seed = 3.14, # points = 50

0O & Tseoiy x  + — ] X

&< O &) () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 *> 3 = :

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Add Cut

= 7/ /

Selected set has cut value 0. Violated!




ap D O] EEFRZAEFIFIDIEDN : 51 (16) 27/77

https://www.math.uwaterloo.ca/tsp/app/diy.html F| =7
random seed = 3.14, # points = 50

0O & Tseoiy x |+ = ] b
&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSP App DIY Go ~ Tol

Added a subtour cut. Bound = 43175 (+405).




ap D[] FEFRAEFIFIDEDN : H1 (17) 28/77

https://www.math.uwaterloo.ca/tsp/app/diy.html F| =7

random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X

&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Add Cut

7

Selected set has cut value 0. Violated!




ap D[] FEFRZAEFIFIDIEDN : 51 (18) 29/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =8

random seed = 3.14, # points = 50

0O & Tseoiy x |+ = ] b

& C ) () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 * ] 7= :

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

( /
/

Added a subtour cut. Bound = 43463 (+288).




e ElESPRZAEBIFIDIENN @ Bl (19) 30/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =8

random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X

&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Add Cut

Selected set has cut value 0. Violated!




ab D[] EEERZAEHIFIDIEND : 4l (20) 31/77

https://www.math.uwaterloo.ca/tsp/app/diy.html F| =9
random seed = 3.14, # points = 50

0O & Tseoiy x  + — ] X

&< O &) () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 *> 3 = :

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Build a Cut

Added a subtour cut. Bound = 43523 (+60).




e ElESPRZAEBIFIDIENN @ Bl (21) 3277

https://www.math.uwaterloo.ca/tsp/app/diy.html F| =9

random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X

&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Add Cut

_—
T~/

Selected set has cut value 0. Violated!




e ElESPRZAEBIFIDIENN @ Bl (22) 33/77

https://www.math.uwaterloo.ca/tsp/app/diy.html | F| =10

random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X

&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Build a Cut

Added a subtour cut. Bound = 44435 (+912).




gD e R EFIFIDIEDN : Bl (23) 34/77

https://www.math.uwaterloo.ca/tsp/app/diy.html | F| =10
random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X
& G @ @] https://www.math.uwaterloo.ca/tsp/app/diy.htmI?# AN ﬁ) &> {3 {‘5 :

TSPApp DIY Go~ Tour~

Selected set has cut value 0. Violated!




e ElESPRZAEBIFIDIENN @ Bl (24) 35/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =11

random seed = 3.14, # points = 50

O & T1spoiy x  + = ] X

< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 e o= L

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Build a Cut

Added a subtour cut. Bound = 44796 (+361).




e ElESPRZAEBIFIDIENN = Bl (25) 36/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =11

random seed = 3.14, # points = 50

O & T1spoiy x  + = ] X

< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 e o= L

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Add Cut

Selected set has cut value 0. Violated!




e ElESPRZAEBIFIDIENN = 5l (26) 37/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =12

random seed = 3.14, # points = 50

O & T1spoiy x  + = ] X

< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 e o= L

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Build a Cut

Added a subtour cut. Bound = 44826 (+30).




e ElESPRZAEBIFIDIENN @ Bl (27) 38/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =12
random seed = 3.14, # points = 50

0O & Tseoiy x  + — ] X

&< O &) () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 *> 3 = :

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Add Cut

Selected set has cut value 0. Violated!




e ElESPRZABIFIDIENN = 5l (28) 39/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =13

random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X

&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Build a Cut

Y |

Added a subtour cut. Bound = 44982 (+156).




e ElESPRZAEBIFIDIENN = Bl (29) 40/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =13

random seed = 3.14, # points = 50

O & Tseoiy x | +
&< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 ® O = 2

TSPApp DIY Go~

Selected set has cut value 1. Violated!




e ElESPRZEBIFIDIENN = 51 (30) 41/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =14

random seed = 3.14, # points = 50

0O & Tseoiy x  +

< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 e o= L

TSPApp DIY Go~ Tour~

Added a subtour cut. Bound = 45203 (+221).




e ElESPRZAEBIFIDENN @ Bl (31) 42/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =14

random seed = 3.14, # points = 50

O & Ttseoiy x |+
< O M () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 e o= L

TSPApp DIY Go~

Selected set has cut value 0. Violated!




e ElESPRZAEBIFIDIENN @ 5l (32) 43/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =15
random seed = 3.14, # points = 50

0O & Tseoiy x  + = ] X
& G @ @] https://www.math.uwaterloo.ca/tsp/app/diy.htmI?# AN ﬁ) &> {3 {‘5 :

TSPApp DIY Go~ Tour~

Added a subtour cut. Bound = 45234 (+31).




e ElESPRZAEBIFIDIENN @ Bl (33) 44/77

https://www.math.uwaterloo.ca/tsp/app/diy.html |F| =15
random seed = 3.14, # points = 50

0O & Tseoiy x  + — ] X

&< O &) () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A Y8 *> 3 = :

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

Add Cut

Selected set has cut value 0. Violated!




ah DM o] ESBRZAEFIFIDIEND : 4l (34) 45/77

https://www.math.uwaterloo.ca/tsp/app/diy.html | F| =16

random seed = 3.14, # points = 50

0O & Tseoiy x |+ - ] x

& C ) () https://www.math.uwaterloo.ca/tsp/app/diy.html?# A 8 * ] 7= :

TSPApp DIY Go ~ Tour ¥ Bound ¥ LP ~ Cuts ¥ Branch-and-Bound ~

LP solution gives an optimal tour! X

P DEEfENE Doz |

Optimal tour. It's length is 45252.
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GRIZETIERAZ EDEE< DN ? 3) BIE w77

PRz s T EEF] R
l FC2v

o {(Da V}

ERAZETEIRER] R(F)

V

J

FU{S}

Z 0 <|S|—1 VSe2v — {0V}
{4,7}CS

Z v <IS|—1 VSeF
{i,53CS —

—
R(F) Zf&E<
x* : R(F) DERIERE
* oS Yes T
z IR d)ieﬁ7/ 7 2" (R OREMR
No

53 SE/WUT, > af . >19-1
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HlFIDF X (1)

SRAZETIERRF] R
min. Zd(e)x

s.t.

eck

jeV—{i}

{i,7}CS

0<z., <1 Ve

48/77
RAZETEREF] R’
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