


























In search algorithm that return the path. How does the

algorithm keep track of path. In fringe this info is not

stored. For example in UCS the search stops when we pop

goal node from fringe. But how the algorithm returns the

shortest path

Great question — this is a very common confusion when learning search algorithms like

BFS, UCS, A*, and DFS.

Short answer:

Search algorithms do store path information — not explicitly inside the fringe priority

queue or stack, but within the nodes that are placed in the fringe.

✅ How search algorithms keep track of paths

Every time you generate a node during search, the node data structure typically includes:

state

parent  pointer (the node from which this one was generated)

action  (optional: which action led here)

path_cost  (for UCS/A*/etc.)

This is true even though books may say "the fringe stores nodes" but they rarely show the

full structure.

✔ Node representation

A typical "node" in search is:

When you push something into the fringe (queue/stack/priority queue), you store this

whole node.

yaml

node = {

    state: S,

    parent: parent_node,

    action: a,

    path_cost: g

}

Copy code



The fringe does store path indirectly — through the parent  links.

📌 What happens in UCS?

UCS pseudocode (core idea)

🎯 When the goal is popped

UCS guarantees that when we pop the goal node from the priority queue,

its path_cost is minimal.

Now we reconstruct the path:

Backtracking path

Starting from goal node:

sql

Insert start node into PQ with (state = start, cost = 0, parent = None)

While PQ not empty:

    node = pop lowest-cost node

    If node.state == GOAL:

        return solution by backtracking parents

    For each successor (s, step_cost):

        create new_node:

            state = s

            parent = node

            path_cost = node.path_cost + step_cost

        push new_node into PQ

Copy code

lua

path = []

cur = goal_node

while cur != None:

    path.append(cur.state)

    cur = cur.parent

Copy code



This gives the optimal path.

🔍 Example

Suppose you reached the goal G via:

The stored nodes will look like:

So reconstructing the path is trivial.

⚠️ Why textbooks sometimes hide this

To keep theoretical discussion simpler, they talk about:

states in the fringe

operators

costs

But actual implementation always attaches parent pointers to nodes.

✔ Summary

Concept Answer

Does UCS store path in fringe? Not explicitly, but nodes inserted in fringe contain parent

pointers.

reverse(path)

return path

rust

Start -> A -> B -> G

Copy code

ini

node_G.parent = node_B

node_B.parent = node_A

node_A.parent = node_Start

node_Start.parent = None

Copy code



Concept Answer

How do we get the path? Backtrack from the goal node by following parent links.

Why goal popped implies optimal path? Because UCS (uniform-cost search) expands nodes in

increasing order of path cost.

If you want, I can also show:

Python implementation of UCS tracking parents

How A* and BFS do the same

Visual examples with diagrams

Just tell me!

Does that mean that all the nodes that are explored at that

particular point of time has to be kept in memory and

cannot be deallocated? That implies that for all the

algorithms like DFS, BFS, and UCS, the explored nodes has

to be kept in memory and not just the fringe. In literature, it

says that the cost of memory or the space cost or space

complexity is just the maximum size of the fringe. It does

not talk about that we have to keep all the explored nodes

in memory.

Great question — and this is exactly where most textbooks seem confusing.

You are right to notice the contradiction:

If nodes need parent pointers, shouldn’t all expanded nodes stay in memory?

But textbooks say the space complexity is the size of the fringe.

Let’s resolve this cleanly.

✅ Key idea

Search algorithms do NOT always need to store all expanded/explored nodes.



It depends on:

1. What the algorithm must guarantee (optimality? completeness?)

2. Whether you need to reconstruct the path

3. Whether revisiting states must be prevented (closed list?)

Memory usage differs across BFS, DFS, UCS, A*, etc.

⭐ Important distinction: Node vs. State

Term Meaning

Node Data structure used internally (state, parent pointer, path_cost)

State The abstract condition of the world (position on

graph/gameboard/etc.)

You can throw away nodes while still remembering a state in the closed list.

🔍 When do we really need to keep expanded nodes?

Case 1 — Path reconstruction needed

If the algorithm must return the path (as BFS/UCS/A* do),

then you must keep a parent pointer chain from:

But you do NOT need to keep all explored nodes, only:

nodes in the fringe

parents of nodes in the fringe

parents of parents of fringe nodes

back to root

This chain is O(bd) in worst case but often far smaller than the total explored set.

Nodes not used in these chains can be deallocated.

powershell

Start → … → Goal

Copy code



🔍 Closed list vs. Parent pointers

BFS

Needs parent pointers only for one shortest path tree.

Needs a closed set to avoid revisits.

Space complexity: Θ(b^d) (fringe dominates).

Explored nodes can be partially released except the BFS tree.

DFS

Needs only the current path from root to the node.

Can deallocate everything else.

Space complexity: Θ(depth)

→ very small, no need to store explored states unless to avoid cycles (graph search).

UCS / A*

Must keep the entire frontier and their parent pointers.

Closed list needed to avoid re-expanding states.

But explored nodes whose children have all been processed and whose state is safely

in the closed list can be deallocated except the parent chain if it leads to a frontier

node.

🎯 Why literature says “space = fringe size”

Because:

1. Fringe dominates storage

In BFS/UCS/A*, the frontier is exponentially large (≈ b^d).

Parent pointers add only +1 reference per node, so O(fringe).

2. You don’t need to keep all explored nodes

Most explored nodes can be thrown away as soon as their useful data has been extracted

(except closed-list state markers, which are small).

3. Path reconstruction uses only one chain

After the goal is found, you reconstruct the path using the parent pointers already

attached to the fringe nodes and their ancestors, not all explored nodes.



✔ Concrete Example (UCS)

Expand node A

→ generate B (parent = A) and C (parent = A)

→ put B and C into fringe

You can safely delete node A except for the tiny entry closed[A] = true .

Parent pointers for B and C still point to A’s node or a compact representation of it.

Textbooks assume you store parent pointers in a compressed form (just a tuple: parent

state, cost).

This keeps memory equal to the size of the frontier.

✔ Key conclusion

No, you do NOT need to store all explored nodes.

Yes, space complexity is dominated by the fringe.

Only nodes needed to reconstruct the final path stay alive.

This is why:

DFS space = O(depth)

BFS space = O(b^d)

UCS/A* space = O(b^d)

Because in all of these, the frontier is the memory bottleneck.

Explored nodes are tiny entries in a closed list or eliminated entirely.

If you want, I can also draw diagrams showing exactly which nodes must be kept during

BFS, DFS, and UCS, and which ones can be safely deleted.

Yes



Here are clear diagrams + explanations showing exactly which nodes must be stored in

memory at each moment for BFS, DFS, and UCS/A*.

This will make the space-complexity reasoning completely transparent.

⭐ 1. DFS (Depth-First Search) — What must be kept?

DFS does NOT need to store explored nodes (unless you want to avoid cycles).

It only needs:

the current path from root to the active node

the unexplored children of nodes on that path

DFS memory picture (example tree)

Suppose DFS explores:

S → A → D , then backtracks.

Memory at deepest point:

✔ Memory needed = O(depth)

When DFS backtracks, it deallocates nodes D, then A’s finished branches.

⭐ 2. BFS — What must be kept?

mathematica

        S

      / | \

     A  B  C

    / \

   D   E

Copy code

mathematica

Call stack / path:

S → A → D

Fringe (children yet to explore):

E  (child of A)

B, C  (children of S)

Copy code



BFS needs:

The frontier (queue) containing the next layer

A visited set (only stores states, not nodes)

BFS does not keep the entire explored tree.

BFS example

Memory during BFS:

❗ Parent pointers are still needed

But only for nodes currently in the fringe.

Nodes already expanded (like S, A, B, C) can be stored only as:

This is compact information, not full nodes in memory.

✔ Space = size of frontier = O(b^d)

Not size of explored set.

⭐ 3. UCS / A* — What must be kept?

UCS and A* store:

mathematica

Layer 0: S

Layer 1: A B C

Layer 2: D E F G H I

Copy code

css

Fringe: entire Layer 2   (dominates memory)

Visited: tiny set {S,A,B,C,D,E,F,G,H,I}

Copy code

python-repl

visited[S] = true

parent_of[A] = S

parent_of[B] = S

...

Copy code



Frontier (priority queue) → large

Visited/closed set → small (only states + best-cost-so-far)

Parent pointer per node → small overhead

Example frontier (cost-sorted):

Nodes expanded earlier (like A or B) are not needed except for:

closed[A] = cost

parent[B] = A

That’s it. Their full node data is not stored.

✔ Space = O(frontier) = exponential

The closed list is tiny compared to the frontier.

⭐ 4. Why we don’t need to store all explored nodes

For path reconstruction, you only need a chain:

This chain comes from the parent table, not from storing full nodes.

You do NOT need the whole explored tree — only parent pointers for states.

This is usually stored like:

which is extremely small.

mathematica

 PQ (frontier):

   (D, cost 2) parent = B

   (E, cost 3) parent = B

   (C, cost 5) parent = A

   ...

Copy code

powershell

Goal → parent → parent → parent → … → Start

Copy code

perl

parent[state] = previous_state

Copy code



⭐ Summary Table (very important)

Algorithm Stores full nodes?
Stores explored
nodes? Why? Space

DFS Only depth stack No Backtracking frees

nodes

O(depth)

BFS Only nodes in

frontier

Only states

(visited)

To avoid revisits O(b^d)

UCS/A* Only nodes in

frontier

Only states +

costs

For optimality O(b^d)

IDDFS No No DFS-style O(depth)

Full explored nodes are never required, only parent pointers and visited flags.

This is why textbooks are correct: space complexity = fringe size, not total explored.

Want diagrams for memory at each step for BFS / DFS /

UCS on a small graph like:

I can generate them with each algorithm step-by-step.

mathematica

S → A → D

 ↓   ↘ E

 B → C → F

Copy code

Can you summarise the entire thing in a pdf

Your PDF summary is ready!

You can download it here:

👉 Download search_memory_summary.pdf



If you'd like a more detailed version, diagrams, or a multi-page formatted style, just tell me!



Memory Usage in Search Algorithms — Summary 1. Key Concept Search algorithms do not store
all explored nodes. They only store: • The frontier (fringe) nodes. • A small visited/closed set (state
markers, not full nodes). • Parent pointers for path reconstruction. The fringe dominates space
complexity. 2. DFS • Stores only the current path + unexpanded siblings. • Does NOT store explored
nodes. • Space = O(depth). • Backtracking frees memory. 3. BFS • Must store the entire frontier of the
current layer. • Explored nodes stored only as visited flags (very small). • Parent pointers stored
compactly as parent[state] = previous_state. • Space = O(b^d), dominated by frontier size. 4. UCS / A*
• Store frontier in a priority queue (largest part). • Closed list stores only the best cost and state (small).
• Parent pointers allow reconstructing the path. • Space = O(b^d), dominated by frontier. 5. Why Full
Explored Tree Is Not Needed Path reconstruction requires only the parent chain: Goal → parent →
parent → … → Start This is maintained in a compact parent table, not by keeping full nodes. 6. Final
Summary • DFS: stores minimal memory (O(depth)). • BFS, UCS, A*: store mainly the frontier
(O(b^d)). • Explored nodes are NOT stored as full node objects; only tiny state metadata. • Space
complexity equals frontier size because it dominates all other storage.










































