


Programming, Data Structures and Algorithms: Programming in Python, basic data
structures: stacks, queues, linked lists, trees, hash tables; Search algorithms: linear search

and binary search, basic sorting algorithms: selection sort, bubble sort and insertion sort;
divide and conquer: mergesort, quicksort; introduction to graph theory; basic graph
algorithms: traversals and shortest path.

S Linked Lisk Vs chhouy > Memsy
. : 's
, | ok ngavn node dass ——IMJC——L&’J\{M\'M ) B%%,fﬁ use. WWOLL’ L
—5) inked Li g 1. robc —delter Dy g Linked Li
linking: 02 des
P Vb s Lidked st
Uotatgrolty spomic S
Poinking oM d“‘“m/w% Hobmerk
P M‘ﬂ\ﬁ Jast  nodz
ok — gagjm‘acd,wu'ddﬂﬁ/w&/
pouter —> B AT
Rousts : idion
Codsia —pskpty O
‘EEWASNL ok
> ahidn youe”
hexts :
Rasboiie. S e 1 M:{ il ke ik -
Chde .
oo 1ot A — b b D il gt i 1

.
b‘vﬂiﬂmﬂ 3mﬂ5ivﬂ—>aMWT‘5 a)bhﬂ? o 0
I i s e _/>J(l Q,zxf;){!g,
RMS'B’H I Lmked ],l ,{’ gﬂ;}a:;t i thM
>§maga{i nodes
> {Felem




(e Linked List gbmmat giksia o kavdsel —> (ifert-vex & ==head.-

o«\{\l—& El’S«“L’
% ’Wﬂﬁ oot node

'?M'Mﬁf\g‘ Wr% —>edge cose-

>Priak \osk nod
(et at” end jifsetk ok stk

Lllt’\ka& le:' —_— lmﬂk ak b@inm%_/mdb

Question 22

def fun(head, pos): What output can be expected from the function def removeNodes(head) : WhaF output can be expected from the function
if pos <= 0 or head is None: call fun(head,3) called on the provided call r‘rmuverndsjs(head) called on the
return head linked list? if head is None or head.next is None: provided linked list?
return head
if pos — 1: 4+3-7-9-2-NULL n = removeNodes(head.next) 5-+2-13-3- 8- NULL

temp = head.next if n.data > head.data:
head = MNone

return n
return temp o P A. 5-2-13-8- NULL
A. 4575952 - NULL
el = A, 5 - 05 li=Rngh e B. 13- 3 -8 — NULL
return head B. 43 -9-2 - NULL
C. 13- 8- NULL
C. 443 -7-2-NULL Answer: C
Answer: B D. 13- 3 - NULL

D.4+3—7—2— NULL
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,. (W S'l % (\ _}’(({b ¥ 2. common Algorithms and Their Time Complexities

Constant Time — 0(1)

+ Accessing amay element

« Checking if stack is empty
W& 1. Growth Rate Hierarchy (from slowest to fastest) S L =l

This is the most important cheat sheet for asymptotics.
Logarithmic — O(lag n)

Slowest . Fastest « Binary search
1. Constant: + Heapinsert/delete
« Balanced BST operations (AVL, Red-Black)
1, 5, 100
2. Logarithmic:
logn, log?n Linear — O(n)
3. Poly-logarithmic: « Scanning array
(lugn}" = Finding max in list
+ BFS/DFS on tree (no cycles)
4. Linear:
n
5. Linearithmic: Linearithmic — O(n log n)
nlogn + Merge sort
6. Polynomial: 0 EEDE
2 a8 Lk + Quicksort {best/avg)
n, 7, n A
+ Building a heap
7. Quasi-polynomial:
plogn
8. Exponential: Quadratic — O(n?)
2". 3“ aﬂ + Selection sort

+ Bubble sort
9. Super-exponential:

+ Insertion sort (worst & avg)

n! + Allpairs comparisons
10. Hyper-exponential / Tetration: «+ Naive matrix multiplication
2 0

Cubic and Higher Polynomial — 0(n?), O(n*k)
+ Floyd-Warshall (all-pairs shortest paths)
» DP for edit distance / LCS: O(nm)

Exponential — 0(2"n)
+ Subset generation
+ Traveling salesman brute force

« Exponential DP with bitmasks (cften 2" - poly(n))

Factorial — O(n!) &
- Permutation generation

= Biute forcing Hamiltenian cycles
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1. What does it mean when we say f(n) = O(n)?

K It means:
DD (ompleki
There exists a constant ¢ > 0 and g such that

|f(n)] <en foralln > ng.
n = r’lUH'D
9""’- I + at >t je _—f So:
+ O(n) is a set of functions.
2 a = - r\“" @ﬂ-‘- D « Saying f(n) = O(n.) means f(n) belongs to that set. ﬂ/{’
e = . N
ta_jr’aa’\- % e " 6 - Itis NOT an equality. "“P.Sd,_% '&“ﬂ'}‘aﬂs EC) OLh
{;L/ \ﬂ 0" It means f grows at most linearly. Mﬁa ,FU]) Sé‘ %@) 6&
- So you should really read it as: n .
% { H—J,J,—,'Jr"-_:z o bg'&ﬂ/ - sme cz0 Lol 700
p_____, /lz = 2 5 n ).
et = o) o1
n 0% : 2. What happens when | replace f(n) with O(n) in an expression?
ﬁ/_ é \D%k f\ﬂlj’ n Iﬂ% (\, This is where people often get confused.
K’/ | Jh) 1 Important rule:
‘Z /EE\ Big-O notation is not a number, it is a class of functions.

1':51 So replacing a function by a big-O term means you are replacing it with a bound, not a value.
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Example: Bus Services ¢
// a[] is an array (the table) 0
insert (key) 1

al[key] =kgy l =

A, 2 data_2

delete (key) ou ))

a[key] = NULL
find(key)

return al[key] 998 |data_998
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Simple uniform hashing: is when any given element is

m’ﬁgssig? = 0op hﬂs'}qm&

N L]OJEO‘ a

() Sep , ion, = (e hashi
@ Lk Py ) oo a

g bf'”gf ngm
@ @Mﬂdwb P AN
Q ke by || T

equally likely to hash into any of the m slots,
independently of where any other element has hashed
to
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The use of "closed" vs. "open" reflects whether or not we are locked in to using a certain
position or data structure (this is an extremely vague description, but hopefully the rest helps).

For instance, the "open" in "open addressing" tells us the index (aka. address) at which an
object will be stored in the hash table is not completely determined by its hash code. Instead,
the index may vary depending on what's already in the hash table.

The "closed" in "closed hashing"” refers to the fact that we never leave the hash table; every
object is stored directly at an index in the hash table's internal array. Note that this is only
possible by using some sort of opervaddressing strategy. This explains why "closed hashing"
and "open addressing" are synonyms.

Contrast this with opén hashing - in this strategy, none of the objects are actually stored in the
hash table's array; instead once an object is hashed, it is stored in a list which is separate from
the hash'table's internal array. "open" refers to the freedom we get by leaving the hash table,
and using a separate list. By the way, "separate list" hints at why open hashing is also known as
"'separate chaining".

In short, "closed" always refers to some sort of strict guarantee, like when we guarantee that
objects are always stored directly within the hash table (closed hashing). Then, the opposite of
"closed" is "open", so if you don't have such guarantees, the strategy is considered "open”.
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As in our analysis of chaining, we express our analysis of open addressing in terms
of the load factor @ = n/m of the hash table. Of course, with opén addressing, at
most one element occupies each slot, and thus n < m, which‘implies & < 1.

We assume that we are using uniform hashing. Imithis idealized scheme, the
probe sequence (h(k.0), h(k. 1), ..., h(k, m =@}) used to insert or search for
each key k is equally likely to be any permutation of (0. 1,..., m — 1). Of course,
a given key has a unique fixed probe_sequence associated with it; what we mean
here is that, considering the probability distribution on the space of keys and the
operation of the hash function'on the keys, each possible probe sequence is equally
likely.

We now analyze the expected number of probes for hashing with open address-
ing under the assumption of uniform hashing, beginning with an analysis of the
number of probes made in an unsuccessful search.

Theorem 11.6

Given an open-address hash table with load factor @ = n/m < 1, the expected
number of probes in an unsuccessful search is at most 1/(1 —e), assuming uniform
hashine. S E—
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The Master Theorem applies to recurrences of the following-form:
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The Master Theorem applies to recurrences of the following form:

T(n) = aT(n/b) + f(n)

where @ > 1 and, 47> 1 are constants and f(n) is an asymptotically positive function.

There are 3 cases:
1. If f(n) = O(nl8e 2~
2. If f(n)=0©

(n'o8» ¢ logk n) with k > 0, then T'(n) =

©) for some constant € > 0, then T'(n) =

B(n'*5: %),
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The sum of squared inversesup to n, S, = E —=1+ }1 1 ; - + —-hasan

asymptotic notation of ®(1). ¢

PARAS

The series is convergent, meaning that as n approaches infinity, the sum approaches a
finite constant value, which is a key aspect of its asymptotic behavior. @

Explanation

+ Convergence: The infinite sum of the series is a well-known result from the Basel
o0
1 °
Problem: Y — = Koblaam
; k2 g%d F

<
» Asymptotic Behavior: Since the sum approaches a constant (z*/6) as n becomes very
large, the growth rate of the partial sum §,, is constant relative to n.

The Master Theorem applies to recurrences of the following form

T(n) = aT(n/b) + f(n)

wherea > | and b > 1 are constants and f(n) is an asymptotically positivefunction. There are 3
cases:
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(f) Given an n-vertex DAG with a single source, what is the maximum number of trees in the DFS search
forest among any ordering of the vertices (in DFS)?
Solution: n. If the vertices are arranged in reverse topological order each'call of explore from depth-

first-search only explores one vertex.

(e) If a root rin a DFS tree of undirected graph G has more than one child, then G — r (the graph resulting
from removing r and any incident edges from G) has more than one connected component.

Solution: True. This is from the homework. Basically, there is no path from the descendants of the
first child to any subsequent child that does not use the root r, as explore would have explored that
path.

8. Let T be a depth -first search tree of afindirected graph. Let (z,¥) be an edge of G that is
not an edge of T, then one of = or,¢-is an ancestor of the other. True / False
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Fosiay ~bime 5Tk means N has b be visited iy samme oles

(c) Ina DFS on a directed graph G = (V, E), if u was explored before v, and there is a path from u to v, -l
0st(v) is greater than post(u). Falce, X P a}% be %Dﬂt JCfﬂ!S I’lﬂ’g_ )

(d) Suppose DFS is called on a DAG G, and the resulting DFS forest has a single tree. Then G has exactly
one source vertex. 9L o

(e) If a root r in a DFS tree of tindirected graph G has more than one child, then G — r (the graph resulting
from removing r and any incident edges from G) has more than one connected component. ’]'M,

{f) Let T be any tree which contains all the vertices of a connected undirected graph G. There is a way to Dﬁm é a I e [V\ l\b % ﬁ rM &J M.)

break ties in DFS that will output T.

@ Let (& be an undirected graph. Consider a depth-fifsttraversal of (7, and let T be the resulting
depth-first search tree. Let u be a vertex in (G'and let v be the first new (unvisited) vertex visited
47 after visiting u in the traversal. Which.of the following statement is always true?

@ A. {u, v} must be an edg!in‘G, and u is a descendant of vin T
B. {u, v} must be an &dge in G, and v is a descendant of u in T
(bjlf {u, v) is not an edge in G then i is a leaf in T
D. If {u, v} is not an edge in G then u and v must have the same parent in T’

A depth-first search is performed on a directed acyclic graph. Let d[u] denote
the time at which vertex u is visited for the first time and f[u] the time at which
"the DFS call to the vertex u terminates. Which of the following statements is

always TRUE for all edges (u, v) in the graph ?

A. dlu)] < d[v]
B. d[u] < f[v]
C. Sflul < fIv]
(D) flul > fIv]

DFS(G, a, goal, visited):
if a==goal:

p F.S ’mplf— mm}'M’/m — Pgwﬁ&‘m — return [a]

mark a as visited
u j\j ale nodes
for each neighbor x of a in G:

— \/) if x not in visited:
/J (VD _ ﬁ | 6’) + D(d%ﬂm path = DFS(G, x, goal, visited)
na if path # None:
V- )M return [a] + path

Th = p[w.e) — Vg ai&“"“‘g I retum None y |
/f(@ — Db@ — Vsil% anwj maki.
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—> Treeedge
_______ +  Cross edge
~====»  Forward edge
—m—.y  Backedge

Example : - Discovery time/finishing time numbers of DFS are given for directed

graph. Classify edges
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e A forward edgeds a non-tree edges (z,y) such that pre(z) < pre(y) < post(y) <
post(z).

* Avbackward edge is a non-tree edge (z,y) such that pre(y) < pre(z) < post(z) <
post(y)

—3 tree edge

* A cross edge is a non-tree edges (z,y) such that the intervals [pre(x), post(z)] and
[pre(y), post(y)] are disjoint.

——> back edge

«wnnp  forward edge

F@M@OD\ f%@ X
055 ot in urdiedd
A gl o

----» Crossedge

3. Let G be undirected graph with n vertices and m edges.
Y A
a. True or false: All its DFS forests (for traversals starting at differ-
ent vertices) will have the same number of trees?
—
b. True or false: All its DFS forests will have the same number of tree
edges and the same number of back edges?

3. a. The number of DFS trees is equal to the number of connected compo-
nents of the graph. Hence, it will be the same for all DFS traversals of
the graph.

b. For a connécted (undirected) graph with |V/| vertices, the number of
tree edges [E("*¢)| in a DFS tree will be |V'| —1 and, hence, the number of

back edges |E®*“F)| will be the total number of edges minus the number [
of tree edges: |E|—(|V|—1) = |E|—|V|+1. Therefore, it will be indepen- — @ Heoo ek Dd\ﬁ
dent from a particular DFS traversal of the same graph. @ one ba ad
-
T F A depth-first search of a directed graph always produces the same number of ‘U’ K@FM] oo Colles

tree edges (i.e. independent of the order in which the vertices are provided and (e
independent of the order of the adjacency lists) (ak [oast) ONE .C% one &dq omy o8 MAY
Explain: *U/‘\ ot deshey o cycles.

2 Coml ot One"eday con meves
Solution: False. The DFS.forest may contain different numbers of trees (and ot edag YL alweys eCha (J e bmg, fdJ“)
tree edges) depending on the starting vertex and upon the order in which vertices Ined @ d g¢ s e Joocet ei jﬁ)
are searched. pl Cochs (

id be ot ods
Consider the example below. If the DFS starts at a, then it will visit b next, and Shhes e g by L

(a, b) will become a tree edge. But if the DFS visits b first, then a and b become

separate trees in the DFS forest, and (a, b) becomes a cross edge. . . ‘ . .
T F If a directed graph G is cyclic but can be made acyclic by removing one edge,

then a depth-first search in G’ will encounter exactly one back edge.

Solution: “False. You can have multiple back edges, yet it can be possible to
remove one edge that destroys all cycles. For example, in graph G = (V, E) =
{{a,b, ¢}, {(a,b), (b,c), (b,a),(c,a)}), there are two cycles ([a, b, a] and [a, b, ¢, a])

J S and a DFS from a in G returns two back edges ((b, @) and (c, a)), but a single re-
- o 1 of b i h cycl i Iti h lic.
Ve o giStantly cheok s0ge moval of edge (a, b) can disrupt both cycles, making the resulting graph acyclic

© ‘ Lty;\)u after a DFS!
u F\

w08 — Lﬁd& detedhm vsiﬂg dfs — /n undifected %ﬂﬂ’t

—

JA graph is cyclic if and only if % .DFS CLD

' ‘DFS yields a back edge. yisited L‘“L] = Rwe

e e i
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A topological sort is a linear ordering of vertices in a Directed Acyclic Graph (DAG)
where for every directed edge from vertex u to vertex v (u — v), u always comes before v
in the sequence, essentially mapping out dependencies like tasks that must be
completed in order (e.g., prerequisites). It only works on DAGs because cycles make a
valid linear order impossible, and multiple valid sorts can exist for the same graph. ¢

socks

GATE CSE 2007

(pants]

wallet, keys hoa

@ Consider the DAG with V' = {1,2,3,4, 5,6} shown below.

\ 20
~ 2 159
o One topological'sort is: ©
= pants, : 'keys, belt, socks; shoes, shirt, tie, jacket,
iPod, watch

o A more reasonable topological sort is:

= socks, pants, shirt, belt, tie, jacket, wallet, keys, iPod,
watch, shoes

GATE CSE 2014 . aﬁ > ch{ Jﬂ 2 .Sﬁp\l/ Which of the following is not a topological ordering?
Consider the directed graph below given @ ns MF D Fs A.123456
, wik 8132456
(E\p—.—(/(;D How Kahn's Algorithm Works (Step-by-Step) C.132465
-

1. Caleulate In-Degrees: Compute the in-degree for every vertex in the graph (number D.324165
of incoming edges).

A 2. Initialize Queue: Add all vertices with an in-degree of 0 to a queue.
RJ' ‘\S,) 3. Process Nodes: While the queue is not empty:

= Dequeue avertex u and add it to the result list (topological order).
Which one of the following is TRUE? « For each neighbor v of u:

A. The graph does nethave any topological ordering © Decrement the in-degree of v.
B. Bo 'S,atid SRQP are topological orderings = If v'sin-degree becomes 0, enqueue v.
joth PSRQ and SPRQ are topological orderings

4. Check for Cycles: If the count of vertices in the sorted list equals the total number of

D. PSRQ is the only topological ordering vertices, a valid topological sort is found; otherwise, the graph contains a cycle. #

1. Call DFS to compute finishing time f[v] for every vertex

2. As every vertex is finished insert it onto the front of a linked list
3. Return the-“list

a— — = ap— Y
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u is an articulation point If and only If in DFS tree,
~All of its descendent should connect to its ancegtof‘?ihrough u only.
— X

In other words, there should not be any direct edge in graph from any

@wﬁdﬁm to any of the ancg;;o?j‘
Atloast one qsl id's  child subHless  howld Iz
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u is an articulation polm‘ﬁi G such that x is an ancestorof uin T and yis a g
descendent of u in T, then all paths from x to y in G must pass throughu. 7054~
e

d\:{ﬁ;z ’ M g a
e . o
@“ An articulation point in a connected graph is a vertex such that removing the vertex and its
' incident edges disconnects the graph into two or more connected components.
13 9 grap P

®

Let T be a DFS tree obtained by doing DFS in a connected undirected graph G.

Which of the following options is/are correct?
- Root of T can never be an articulation point in G.
~Root of T is an articulation point in G if and only if it has 2 or more childfen.\-/

7&. A leaf of T can be an articulation pointin G.
If u is an articulation point in G such that x is an ancestorof uin T and yis a

fdescendem of uin T, then all paths from x to y in G must pass through u.



Bridges /{1)

Edge (,v) is a bridge if and only if none of the vertices v and its descendants in the DFS -
traversal tree has a back-edge to vertex u or any of its ancestors. Indeed, this condition
means that there is no other way from u to v except for edge (u.v).

BFS —> [omi)lem'hk — Adda@ncdu, s —> ()CVA'E)
L ﬂ(d;[awm& Motk —> D[\/‘ﬁ

wdifecbed , \O
. b b
g waddl
difeded. ¥ \"?22. Sb % backedge

W{HM/’ _SQML (QV@L
edges conbe fﬂmwf
i deﬂ« diseutecl &~
unditerted: @
@ Asas  Consegubive levels '@aag cht\

RS e Suppose that during the execution of BFS on a graph G = (V, E), the

BFS queue Q contains the vertices (v, v2, ..., v}, where vy is the head of O
and v, is the tail.

/\ d["])’dism e Sa&fa in
pﬁ R undifeded Then, = a,.w;@}mf’ Joe  mak dijjones
‘ED'zfe‘.fh"\ = ' e o2
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Relaxing an edge («v)

Properties of Greedy Algorithms

* Optimal Substructure Property:- = i
The optimal solution contains optimal solutions to subproblems ERF.,AX(,M._“‘] ERF.,,\X(H‘“..,, RELAX(U,v,w):
« Greedy Choic_eﬁ_f’roberty:- 2 7 parent[v] = u
A global optimtim can be arrived at by selecting a local optimum. (a) (b) -
DIJKSTRA(G,s): o] ][~ [=)
eylvl = = for all v in V
keyl[s] =
S=¢
initialise priority ) R‘?';Aﬁlir‘l'r“’d[ * o
i i vl > dlul +w
queue Q t&ﬁll vertices dlv] = dlulsw
parent[v]l = u
while Q is not empty:
u = EXTRACT-MIN(Q)
s=5U {u} i lnp
fick wmin K
for each adjacent v of u O all oudgiag edges
RELAX(u,v,w) L "ok o
M -
5. Shortest paths. (8 points)
Suppose that you are running Dijkstra’s algorithm on the edge-weighted digraph below, start- ngﬂl,/ PM
ing from vertex 0.
| 2 o
1 15 »(4 21 13 =
weight
z O
2 1 $ 4 * | 11 =
_ L 5|7 !
0 15 -\2 - 6 k5> y (7
6| 26 5
7|y | s gt
< 7 N 29 N { 1+
e x g <Y
h N
3\ 12 6 The table below gives the Priority Queue and Parent values immediately after vertex 4 has been
deleted from the priority queue and relaxed.
v PO‘»:::“’ Parent
The table below gives the Priority Queue and Parent values immediately after vertex 4 has been 4 L
deleted from the priority queue and relaxed 1 2.0 01
2 13.0 52
Based on the state of priority. qUeue (given in table), what is the condition that x and y must 3 S PR,
satisfy? : — :
4 11.00°] 54
A)x = 80andy > 12.0 5 7.0 145
B.x>"80andy = 11.0 6 6.0 56
Cx=T70andy=11.0 . . . \H’X<.—”

D.x > 80andy =120

Shortest paths with negative weights: failed attempts

Dijkstra. Doesn't work with negative edge weights.

Dt y z 1

Dijkstra selects vertex 3 immediately after 0.

But shortest path from 010 315 0—1-+2-+3,
N l‘
(3 — 9 ——(2)

Re-weighting. Add a constant to every edge weight doesn't work.

0 B
T Adding 9 to each edge weight changes the
1 )5 shortest path from 0123 10 03
@— —(L
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0. Well A4 niecl
Let G =
tive weights, and u,v € V be two' Vertices. Let P be a shortest path between
u,v. Now suppose we renlar:e the edge weight ¢, by c2 for each edge e € E. Is
it true that P w1ll lel be a shortest path between u and v in the new scenario?

(V, E) be an edge-welghted gra.ph where all edges have distinct posi-

1. Consider the following strategy to solve e qmgle source shortest path problem
with positive integer edge weights from source .

e Replace each edge Wlth wmght w by w edges of weight 1 connected by new
intermediate nodca\.

e Run BFS(s), ofi 'the modified graph to find the shortest path to each of the
orlgmal ~ertices in the graph.

Which'! of the following statements is correct?

(a) This strategy will not solve the problem correctly.

(b) This strategy will solve the problem correctly and is as efficient as Dijkstra’s
algorithm.
This strategy will solve the problem correctly but is not as efficient as Dijkstra’s
algorithm.

(d) This strategy will only work if the graph is connected.
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DIJKSTRA(G,s): W
key[v] = = qu a'Ll vinv
key(s] 1,\0
S = g0

initialise priority
'queue 0 to all vertices

@ MR LS @0@ @
o

M= ETRACTHIN (D) . (T(removenin) it ( 25
$=50U {u} ucv vEu.neighbors
N
TESEETTTY N(remmovanim) + X ¥
u‘\( W uGV\ veu.neighbors
Ad stV 2ee +E
jacency Lis “‘a\\(\,a@
" oo
Adjacgn‘cy Matrix | +E +V2
C \L}b" —
PR — W\ ” Priority Queue Time Complexity Dijkstra
N i Data Structure
‘.ﬁd‘ie'eﬂncy List Heap E ’pgv + W”ﬂ 'y-;CEr\D Iog\/
) Adjacency Matrix Heap (E?"V) [,,,j\/ + {;a.
Adjacency List Unsorted Aray | £ 1 V3 — p (\3)
Adjacency Matrix Unsorted Array | £ \/3 = D[Vab
Adjacency List Sorted Array E T S
Adjacency Matrix Sorted Array EV  + Viva
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Bellman-Ford can work with negative edges and can also work with
cycles in the graph if the cycles have a net positive cost and can only
fail or return unsuccessful if the graph is having a cycle with a net
negative cost.
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Your statement is almost correct, but it needs a bit of precision. Here's the accurate version with the right

nuances:

What Bellman-Ford does handle
+ W Negative edge weights — yes.
+ WA Cycles in the graph — yes, including:
» positive-cost cycles
« zero-cost cycles
* even negative cycles as long as they are not reachable from the source

When Bellman-Ford fails
« > Bellman-Ford fails (or reports failure) only if there exists a negative-weight cycle that is reachable

from the source.
« Inthat case, shortest paths are undefined, because you can keep looping around the cycle to reduce the

path cost indefinitely.



