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GUIDELINE®S

You don't need to memorize
what will be mentioned.
Instead, try to understand

Fach PowerPoint
Presentation will be available
as PDF tile on Google Drive
Folder of the Course



REMEMBER |

In our course, we are targeting

Which means, all of our problems
will be in the form of that
shows all possible forms of the
environment
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»  |nformed Search (Heuristic Search):
state

Informed Search
Strategy

Directed/Undirected Weighted Graph

Best-First Search Greedy Search A* (A-Star) Algorithm




Fow close aie We currently o thie coal ¢

Heuristic values are such an indicators (hints) that =<1 211 =< _how close
ad C
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iven state to the goal in a search problem

U

t is used in Informed search algorithms to help decide which path to
explore next

Could be something similar ©

A46 km
Remember ! Nottlngham 27

Just an estimation, but not

the actual | Leicester 51
(M1 South)| 56




HEURISTIC PROPERTIES

We will investigate the heuristic
properties using A* algorithm

O The heuristics never OVERESTIMATES the actual true cost !

O Ves, the heuristic values could be a trap ! Not always accurate and cannot be a prior.
> Given Heuristic value <= Actual cost

O The estimated cost from node A to node B plus B to a goal is at least as much as A to goal
U It guarantees that the estimated cost + actual cost never decreases along a path
> Given Heuristic value <= Cost from A to B + Heuristic of B



We will refer to the actual path cost as

As we will refer to the heuristic function (estimated
value) as




BASIC SEARCH

. Initialize an empty list and put the initial state in

It

. Take the first state in the list as the current if itis

not visited yet otherwise skip it, and remove it
from the list

. Check if the current is the goal state, if it is, then

terminate the search and return the solution
path

. Otherwise, expand the current of its successors,

and add them into the list using a queuing
function

5. Repeat from (2) to (4)

6. If the current becomes empty, then there is no

solution and return “fail”



A* (A-STAR) ALGORITHM

< A* (pronounced A-Star) is a powerful and popular informed search algorithm
used to find the shortest or most optimal path from a start node to a goal node. It
combines the cost to reach a node (Actual) and the estimated cost to reach the
goal (Heuristic).

% In A* algorithm, it combines between Uniform-Cost Search and Best-First Search.
In other words, it computes f(n) = accumulated g(n) + h(n) for each state

They chose the name "A" as a general label
for an algorithm (like algorithm A, B, etc.)

The (* star) It's the BEST OR OPTIMAL
VERSION among all similar algorithms using
the same kind of evaluation function




A* (A-STAR) ALGORITHM

~Or -+

SO

SUnetiomn

Priority function is a data access principle that gives a priority for each

element using FIFO, which the highest priority removed first. In A-Star

algorithm, the priority for the TOTAL lowest cost f(n)=g(n)+h(n) (Sort),
and the ACTUAL cost of each path is accumulative.




A* (A-STAR) ALGORITHM Goal ¢
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A* (A-STAR) ALGORITHM Goal ¢
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A* (A-STAR) ALGORITHM Goal ¢

1
5 2

‘ 3
9 1 6 8
0 7 11 3 1
8 9 10 11 12

7(2+8+14), 6 (2+6+0), 2 (10) — Remove




A* (A-STAR) ALGORITHM Goal ¢
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A* (A-STAR) ALGORITHM Goal ¢




A* (A-STAR) ALGORITHM Goal ¢

5 2
5 3 Actual solution cost = 8
9 1 6 8
4 5 7
0 7 11 3 1
3 9 10 11 12

Solution: [1, 3, 6] - Visited: [1, 3, 6]



Proving that it is optimal, it
should be both admissible
and consistent

Admissibility
ach h(n) on the solution p'l'r'rl <= actual total cost
N(1)<=g(1to6) > 8<=8- . -
N(3)<=g(3to6) 2 7<=6- - -
The solution is inadmissible, an OVERESTIMATING
for h(3)

Consistency

=ach h(n) on the solution path <= g(n, n+1) + h(n+1)
n(1)<=g(1to3)+h(3) > 8<=9- . ..
N(3)<=g(3to6)+ h(6) > 7<=6- -
The solution is inconsistent, an OVERESTIMATING for
h(3)

LI



A* (A-STAR) ALCORITHM (GRAPH)

Start 5
[S(8)]

B D [S (8)] [S,A(8)][S,D(10)][S, B(12)]

[S, A(8)] [S.D(10)] [S, A, C(12)], S, B(12)]

[S, D, (10)] [S,D, G(10)],[S, A, C(12)],[S,B(12)]

[S, D, G(10)]




ANALYZE THE OPTIMALITY OF THE SOLUTION

9 A A 2 °

Each h(n) on the solution path <= actual total cost
h(S)<=g(Sto G) > 8<=10-
1 5 h(D)<=g(Dto G) > 5<=5-

Start 5

Each h(n) on the solution path <= g(n, n+1) + h(n+1)
AN h(S) <= g(Sto D) + h(D) > 8 <=10 -

h(D) <= g(Dto G) + h(G) > 5<=5 -
oPor (D) <= g(Dto G) + h(G)

CDO



BEST-FIRST V5. GREEDY VS A-STAR

BleStEENSt

[S(8)]
[S.D(3)], [S,A(6)], [S.B(9)]

[S.D, G (0)], [S, A(6)], [S, B (9)]

No. of steps = 3
Actual cost = 10

Clge=iely AESital

[S (8)] [S(8)]
[S.D(3)], [S,A(6)], [S,B (9)] [S (8)] [S,A(8)][S,D(10)][S, B(12)]

[S, D, G(0)] [S, A(8)] [S.D(10)L,[S, A, C(12)],[S,B(12)]

No. of steps = 3

S, D, (10 S,D,G(10)],[S,A, C(12)],[S,B(12
Actualcost=10 [ (10)] [ (10)], [ (12)].1 (12)]

No. of steps = 4
Actual cost= 10

[S, D, G (10)]



Uniformed Search
Strategy Informed Search

Strategy

Directed/Undirected Weighted Graph

Directed/Undirected Weighted Graph

Depth-First Search Breadth-First Search Uniform Cost Search

Best-First Search Greedy Search A* (A-Star) Algorithm
Depth-Limited

Search lterative deepening Bidirectional Search




IMPLEMENTATION



= Moke
class Graph:z
roaot=Mone, weilghted-Mone, dirmected-Mon=, h_Flag=MNMone, rmrmoot hh wal-=-MNone )=

- — - —— - o
ST mepresantatTian

{root: [1F

{"rocot™=z []}

=el¥F._ h_Flag = h_Flag
ifFf h_Flag == True:
sel¥. h_Flag = h_Flag
ifF moot_h_wal:
selF. h_map = {list(sel¥F._ pgraph.keys[{(})[8]=z moot h wal}
else:s

raise Ewxception{"Thers shouwuld be an hewristic walwe For the moot™)
elif selF. h_Flag = HMome =

raise Exception{ "h_Fflag parameter shouwuld b Trose or Bone™)

sel¥F. weighted = weighted
AiF wmeighted == True:
sel¥F¥. weighted = weighted
eli¥F¥ selF._  weighted 1= BNome:
raise Exception{"weighted parameter showuld Be Trous or Bons™ )

sel¥. directed = directed
if directed == True:
sel¥f. directed = directed
elif selF. directed 1= BMNone:
raise Exception{"directed parameter showld Be Trous or Bons™ )

prinmntf{fF "Sraph i= created with rooct name: {list[sel1¥F. graph.keys[{}»JI[2]F"F




def add vertex(self, vertex, h_wal=None):
if vertex not in self._ graph.keys():
sel¥. graph[vertex] = []
print{"Vertex is added successfully 1%)
if sel¥f. h_flag:
if h_wval is not None:
self. h map[vertex] = h_wal
else:
raise Exception{"There should be an heuristic walue for the wvertex")
else:

print{"This wvertex does exist in the graph already !")




def add edoge{sel¥fF, wer-tex_ 1, wertex 2, weight-MNone}:
ifF weartex 1 im salF. graph.keys[]) and wertex 2 in sel¥F. csraph.kEeys{):=
if ot seldF. directsed:
if ot selF. weighted:
sel¥F. graph[vertex_17| .append{wvertex_2F}
sel¥F. pgraphwertex 2| .append{wvertex 1A}
else:
ifF weaight = HNome:z
s=lFf. csraph[wvartex 1] .asppendf{(wertex_2, weightl}
s=lFf. csraph|[wvartex 2| .asppend{(wvertex_1, weightl}
else:=
raise Exception{ "It showld bBe a weight For the sdge™)
elsa:
ifF ot selF. weighted:
selF. csraph[veartex 17| .append{wvertex_F})
else:
ifFf weight = HNome:z
self. esraph[vertex 1].appendfivertex 2, weightli)
elsecs

raise Exception{ "It showld Be a weight FfFor the sdge™)
el se s

rajise BExrreption "It =showld be both wertices exi=t in the graph 17])

print{f"Edge added between {wertex 1} and {vartex 23%")







my_graph = Graph("s" , directed-True, weighted-True, h_flag-True, root_h val-8)
my_graph.add vertex("A", &

my_graph.add_vertex("8",
my_graph.add_vertex("C", 6
my_graph.add_vertex("D", 5
my_graph.add_vertex("G",
my_graph.zdd_edge("5","8", 3)
my_graph.add_edge("5","A", 2)
my_graph.add_edge("5","D", 5)
my_graph.add_edge("A","C", 4)
my_graph.add_edge("C","6", 2)
my_graph.add_edge("C","D", 1)
my_graph.add_edge("8","D", 4)
my_graph.add_edge("D","G", 5)
print(my_graph.get_graph(})

Graph is created with root name: S
Vertex is added successfully !
Vertex is added successfully !
Vertex is added successfully !
Vertex is added successfully !
Vertex is added successfully !
Edge added between S and B

Edge added between S and A

Edge added between S and D

Edge added between A and C

Edge added between C and G

Edge added between C and D

Edge added between B and D

Edge added between D and G

({'s': [('8", 3), ("A", 2), ('D', 5)1, "A': [("C', 801, 'B': [('D%, 431, 'C°: [(%6, 2), ('D', 1)1, 'D': [('G', 5)1, 'G": [1}, {'S': 8, 'A": 6, 'B': 9,
'C': 6, 'D': 5, 'G": 8})




Hef A4 _star(self, goal, start-None):
if self._ h_flag is Mone or self._ weighted is None:
raise Exception("A-5tar Algorithm only works with Graphs with Hewristic values and Weighted Graphs !")

if start 1= Nore: BASIC SEARCH . Initialize an empty ist andl put the initial state in

Ist = [[(start, 8)]] .t
else: |
Ist = [[{"root", @)]]

ttted ] . Take the first state in the list as the current i it is
wpest not visited yet otherwise skip it and remove it

def _ totzl cost{self, path):

total_cost - @ . Check if the cumrent is the goal state, if it is, then

:urren'tJ:a'th 1st.pop(#) n_':"'il for node, cost in path: . .
e total_cost = cost terminate the search and retumn the solution
total_cost += self. h_map[path[-1][&]] path

return total_cost, path[-1][8]
Otherwise, expand the current of its successors,

visited.zppend{current_node) -
if current_node -- goal: ﬂ . - - - -
if self._ check_optimality(current_path): N eXt SI |d e a"d add them Into I:he Ilst USlﬂg d qlleumg
print{"A-Star Solution is Optimal™) g
- function
print{"A-5tar Solution is Mot Optimal")
return list(map(lambda x: x[8], curremt_path)), visited, sum{lizt{map(lambda x: x[1], current_path})) Repeat [m'm (2) t'D (4}

S0PTLNg odsed on Finy totaL
Ist.sort{key=self._ total_cost)

if current_node in wisited:
continue

else: ‘
adjacent_odes » self. _prap [carrent_pode] . . . . Ifthe current becomes empty, then there is no

for node, cost in adjacent_nodes:

new_pth » crvant path copr solution and retum “faf*

new_path.append((node, cost))
1st.append (new_path)

raise Exception("Search Failed 1"}




def  check_optimality(self, path):

' | - - . i rl ___I
# agdmissibil LTl r"|rl__- o= ..J|| to goaL

for idx in range(len(path) - 1):

total cost = sum([node[1l] for node in path[idx:len(path)]])

if self. h map[path[idx][@]]
return False

# ronststency ¥ I'-'.--I"I_I = 'I|r| to r1+_1__f

for idx in FdﬂEt(lHn[pﬂth} - 1):
if self. h map[path[idx][@]]
return False

return True

-4

= self.

L
hin+1)

- total cost:

__h_map[path[idx + 1][@]] + path[idx + 1][1]:




Bast.Fst _Grazay LSy

+ | print(my_graph.A star("G", start-"5"))

50, G0N 5, Al6] (S, B(7) [50(3)] 5D,G [5,Al8) 50010015, A, CO2)L 15, B(12)]

A-Star Solution is Optimal
([|51J II]I_, IEI], [|5|’ 1AI, |D'|J IEI], lﬂ) e Actual cost = 10 Actual cost =10

No. of steps = 3 - No. of steps = 3

5,0,G 10}, 15, A C (121,15, B{12)]

No. of steps =4
Actual cost= 10

Guaranteed Optimality
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