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After expanding Arad

;023506 auwlas gSpp) il Qe sl ) f(n) g 83)5 50 1) Arad
f(Sibiu)=c(Arad,Sibiu)+h(Sibiu)=140+253=393
f(Timisoara)=c(Arad,Timisoara)+h(Timisoara)=118+329=447
f(Zerind)=c(Arad,Zerind)+h(Zerind)=75+374=449
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f(Arad)=c(Sibiu,Arad)+h(Arad)=280+366=646
f(Fagaras)=c(Sibiu,Fagaras)+h(Fagaras)=239+179=415
f(Oradea)=c(Sibiu,Oradea)+h(Oradea)=291+380=671
f(Rimnicu Vilcea)=c(Sibiu,Rimnicu Vilcea)+ h(Rimnicu Vilcea)=220+192=413
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f(Craiova)=c(Rimnicu Vilcea, Craiova)+h(Craiova)=360+160=526
f(Pitesti)=c(Rimnicu Vilcea, Pitesti)+h(Pitesti)=317+100=417
f(Sibiu)=c(Rimnicu Vilcea,Sibiu)+h(Sibiu)=300+253=553

cuwl Fagaras jgib QAT o)3)3g)

'Y



(3Lsg) ads )3 A* (soatma

(e) After expanding Fagaras
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f(Bucharest)=c(Fagaras,Bucharest)+h(Bucharest)=450+0=450

cuwl Pitesti 1y OIATH ()3)3g) ¥



(3Lsg) ads )3 A* (soatma

(f) After expanding Pitesti
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RBFS (,3i05)0 (soatms ()3)ig)

function RECURSIVE-BEST-FIRST-SEARCH( problem) returns a solution, or failure
RBFS(problem, MAKE-NODE(INITIAL-STATE[ problem]), o)

function RBFS( problem, node, f-limit) returns a solution, or failure and a new f-cost limit
if GOAL-TEST[ problem](STATE[node]) then return node
successors «— EXPAND(node, problem)
if successors 1s empty then return failure, oo
for each s in successors do
fls] —max(g(s) + h(s), f[node])
repeat
best «— the lowest f-value node in successors
if f{best] > f.limit then return failure, f[best]
alternative « the second-lowest f-value among successors
result, f{best] — RBFS(problem, best, min( f-limit, alternative))
if result # failure then return result
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(Hill-Climbing) s3)93 a3 (s9alman

function HILL-CLIMBING( problem) returns a state that 1s a local maximum
inputs: problem, a problem
local variables: current, a node
neighbor, a node

current «— MAKE-NODE(INITIAL-STATE[ problem])

loop do
neighbor « a highest-valued successor of current
if VALUE[neighbor] < VALUE[current] then return STATE[ current]
current «— neighbor
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Iterative Improvement 3

Simple Iterative Improvement or Hill Climbing:

 Candidate is always and only accepted if cost is lower (or
fitness is higher) than current configuration

e Stop when no neighbor with lower cost (higher fitness) can
be found

Disadvantages:
* Local optimum as best result
* Local optimum depends on initial configuration

* Generally, no upper bound can be established on the
number of iterations



How to cope with disadvantages

Repeat algorithm many times with different initial
configurations

Use information gathered in previous runs

Use a more complex Generation Function to jump out of local
optimum

Use a more complex Evaluation Criterion that accepts
sometimes (randomly) also solutions away from the (local)
optimum
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Simulation of cooling (Metropolis
1953)

At a fixed temperature T :
Perturb (randomly) the current state to a new state
AE is the difference in energy between current and new state

If AE < 0 (new state is lower), accept new state as current
state

If AE >0, accept new state with probability
Pr (accepted) = exp (- AE / k,.T)

Eventually the systems evolves into thermal equilibrium at
temperature T ; then the formula mentioned before holds

When equilibrium is reached, temperature T can be lowered
and the process can be repeated



Control Parameters

1. Definition of equilibrium

1. Definition is reached when we cannot yield any significant
improvement after certain number of loops

2. A constant number of loops is assumed to reach the equilibrium

2. Annealing schedule (i.e. How to reduce the temperature)
1. Aconstant value is subtracted to get new temperature, T' =T - T,

2. A constant scale factor is used to get new temperature, T'=T * R,
Ascale factor usually can achieve better performance




Example of Simulated Annealing

* Traveling Salesman Problem (TSP)

— Given 6 cities and the traveling cost between
any two cities

— A salesman need to start from city 1 and travel
all other cities then back to city 1

— Minimize the total traveling cost



Example: SA for traveling

salesman

e Solution representation
— An integer list, i.e., (1,4,2,3,6,5)

e Search mechanism

— Swap any two integers (except for the first one)
° (1I4I 1615) 9 (1I4I I615)

e Cost function



salesman

* Temperature

determination

1. Initial temperature is set at such value that there is around 80%
acceptation rate for “bad move”

2. Determine acceptable value for (C., — C,4)
determination

* Stop criteria

e Solution space coverage rate

Annealin schedule (|e How to reduce the temperature)

— Aconstant value is subtracted to get new temperature, T'=T - T
— For instance new value is 90% of previous value.

 Depending on solution space coverage rate




Homogeneous Algorithm of
Simulated Annealing

initialize;
REPEAT
REPEAT
perturb ( config.i — config.j, AC;,):
IF AC;; < 0 THEN accept
ELSE IF exp(—ACU/c) > random[0,1l) THEN accept;
IF accept THEN update (config.j)
UNTIL equilibrium is approached sufficient closely;
c := next lower(c);

UNTIL system is frozen or stop criterion is reached

C
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