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MASTERING NETWORK FLOW: A
GUIDE TO CHAPTER 7 SOLUTIONS
IN ALGORITHM DESIGN BY
KLEINBERG AND TARDOS

For  computer  science  students  and
software engineering professionals alike,
Algorithm Design  by Jon Kleinberg and
Éva Tardos stands as a cornerstone text
for  understanding  the  theory  and

application  of  algorithms.  Among  its
most pivotal sections is Chapter 7, which
dives  deep  into  the  world  of  network
flow.  However,  moving  from  the
theoretical  concepts  presented  in  the
chapter  to  actually  solving the end-of-
chapter  problems  can  be  a  significant
challenge.  This  article  serves  as  a
comprehensive  guide  to  the  key
concepts and strategies behind Chapter
7  Solutions  Algorithm  Design
Kleinberg Tardos,  helping you bridge
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the  gap between reading the  material
and mastering the problem sets.
We will explore the core ideas of network
flow,  the  fundamental  algorithms,  and
the  common  patterns  found  in  the
exercises. By the end of this guide, you
will have a clearer roadmap for tackling
these  problems,  whether  you  are
preparing  for  an  exam,  working  on  a
homework  assignment,  or  simply
seeking  a  deeper  understanding  of  flow
networks.

THE FOUNDATION:
UNDERSTANDING NETWORK
FLOW

Before  diving  into  the  solutions,  it  is
crucial  to  have  a  solid  grasp  of  what
Chapter 7 is  fundamentally about.  The

chapter introduces the concept of a flow
network, which is a directed graph where
each  edge  has  a  capacity  and  a  flow.
The  goal  is  often  to  find  the  maximum
possible  flow  from  a  source  node  to  a
sink  node  without  violating  capacity
constraints.
The beauty of this chapter lies in how it
connects a mathematical model to real-
world  problems,  such  as  data  routing,
traffic  management,  and  bipartite
matching.  The  Chapter  7  Solutions
Algorithm Design Kleinberg Tardos
typically require you to not only compute
the  maximum  flow  but  also  to  reduce
complex, seemingly unrelated problems
to a network flow model.
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The Max-Flow
Min-Cut Theorem
This is the central  theoretical  result  of
the chapter. The theorem states that the
value of a maximum flow in a network is
exactly  equal  to  the  capacity  of  a
minimum  cut.  Understanding  this
theorem  is  non-negotiable  for  solving
many  of  the  problems.  A  "cut"  is  a
partition of  the vertices  into  two sets,
one containing the source and the other
containing the sink. The capacity of a cut
is  the  sum of  the  capacities  of  edges
going from the source side to the sink
side.
When working on Chapter 7 Solutions
Algorithm Design Kleinberg Tardos,

you will  often use this theorem in two
ways:

To prove optimality: Once you
find a flow and a cut of equal
value, you know the flow is
maximum.
For problem reduction: Many
problems ask you to find the
minimum number of edges to
delete to disconnect a network,
which is essentially a minimum cut
problem.

CORE ALGORITHMS FOR
CHAPTER 7 SOLUTIONS

While the theory is important, a solution
requires a practical algorithm. Chapter 7
primarily focuses on two key algorithmic
approaches.
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The Ford-
Fulkerson
Method
This  is  the  foundational  algorithm  for
computing  maximum  flow.  It  works  by
repeatedly  finding  an  augmenting  path
from  the  source  to  the  sink  in  the
residual  graph  and  pushing  flow  along
that  path.  The  residual  graph  keeps
track  of  remaining  capacity  and  the
ability  to  "undo"  flow.  For  many  of  the
bas ic  prob lems  in  the  chapter ,
implementing a correct version of Ford-
Fulkerson is the core requirement for the
Chapter  7  Solutions  Algorithm
Design  Kleinberg  Tardos.

However,  a  key  point  to  remember  is
that Ford-Fulkerson does not specify how
to  find  the  augmenting  path.  If  you
choose a bad path (e.g., using a depth-
first  search  without  regard  for  edge
lengths),  the  algorithm  can  run  very
slowly,  especially  on  networks  with
irrational  capacities.  This  is  a common
point of discussion in the problem sets.

The Edmonds-
Karp Algorithm
To  solve  the  efficiency  issue,  the
Edmonds-Karp  algorithm  is  a  specific
implementation  of  Ford-Fulkerson.  It
mandates that you use a Breadth-First
Search  (BFS)  to  find  the  shortest
augmenting path in terms of the number
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of edges. This guarantees a polynomial
runtime of O(VE^2).
When you are searching for Chapter 7
Solut ions  Algor ithm  Design
Kleinberg  Tardos  related  to  running
time analysis, you should consider this
algorithm.  Problems  often  ask  you  to
trace the execution of the algorithm on a
given graph or to prove a bound on the
number of iterations.

COMMON PROBLEM TYPES IN
CHAPTER 7

The  exercises  in  this  chapter  are  not
uniform. They generally fall  into a few
distinct  categories.  Recognizing  which
category  a  problem falls  into  is  the  first
step toward finding the correct solution.

Direct
Application of
the Algorithm
Some  problems  simply  give  you  a
network  and  ask  you  to  compute  the
maximum flow and minimum cut.  These
are the most straightforward exercises.
The  key  to  solving  these  is  careful
bookkeeping. You must correctly update
the residual graph after each iteration.
A common mistake is forgetting to add
the  backward  edges  to  the  residual
graph. When you push 5 units of flow on
an edge from A to B, you must add a
backward edge from B to A with capacity
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5.  This  allows the algorithm to "undo"
flow  if  a  better  path  is  found  later.  Any
accurate  Chapter  7  Solutions
Algorithm Design Kleinberg Tardos
will  strictly  follow  this  residual  graph
update rule.

Network Flow
Reduction
Problems
These  are  the  most  intellectually
challenging  problems  in  the  chapter.
Here,  you  are  not  given  a  flow  network
directly.  Instead,  you  are  given  a
problem  (e.g.,  assigning  jobs  to
machines, seating guests at a party, or

determining  the  re l iabi l i ty  of  a
communication network) and you must
model it as a flow network.
The skill here is identifying the source,
the  sink,  and  the  capacit ies.  For
instance,  in  a  bipartite  matching
problem, you create a source connected
to all nodes on the left with capacity 1,
edges from left to right with capacity 1,
and all nodes on the right connected to
the sink with capacity 1. The maximum
flow  then  tells  you  the  maximum
cardinality  matching.
Most Chapter 7 Solutions Algorithm
Design  Kleinberg  Tardos  for  these
problems require a clear explanation of
why  your  const ructed  network
accurately  represents  the  original
problem.  You  must  argue  that  a  flow  of
value X corresponds to a valid solution
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to the original problem.

Proof-Based
Problems
Chapter  7  also contains  problems that
require  you  to  prove  a  property  of
network flow. For example, you might be
asked to prove that if all capacities are
integers,  there  exists  a  maximum  flow
that  is  integer-valued  (the  integrality
theorem).
These  problems  require  a  firm  grasp  of
the underlying math. They rarely require
a  full  algorithm  trace,  but  they  do
require a logical, step-by-step argument.
A  strong  solution  here  will  define  key
terms, state the relevant theorem (like

the  max-flow  min-cut  theorem),  and
build  the  proof  inductively  or  by
contradiction.

STEP-BY-STEP STRATEGY FOR
SOLVING PROBLEMS

Based  on  the  patterns  in  Chapter  7
Solut ions  Algor ithm  Design
Kleinberg  Tardos,  here  is  a  reliable
strategy  you  can  apply  to  most
exercises:

Read the Problem Carefully:1.
Identify if the network is given or if
you need to create it.
Is it a Direct Problem? If a2.
network is given, draw it clearly.
Label source (s) and sink (t).
Is it a Reduction Problem?3.
Identify the constraints of the real-
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world problem. What are the
limits? (e.g., a machine can only
handle one job at a time). These
limits will become your capacities.
Apply the Algorithm: Use Ford-4.
Fulkerson (with BFS for safety)
step-by-step. Keep a clean table or
diagram of the residual graph.
Find the Minimum Cut: After the5.
algorithm terminates, the nodes
that are reachable from the source
in the final residual graph form the
source-side of the minimum cut.
Verify Your Answer: Does the6.
flow value equal the cut capacity?
If so, you have confirmed the
optimality of your solution.

PRACTICAL TIPS FOR AVOIDING

COMMON PITFALLS

Even  with  a  good  strategy,  students
often  make  the  same  mistakes  when
working  on  Chapter  7  Solutions
Algorithm Design Kleinberg Tardos.
Here  are  a  few  t ips  to  keep  your
solutions accurate.

Don't Forget the
Backward Edges
As mentioned earlier, the residual graph
is  the  heart  of  the  algorithm.  Always,
without exception, add the reverse edge.
This is not an optional optimization; it is
required  for  the  algorithm  to  work
correctly.
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Check for Infinite
Capacities
In some reduction problems, you might
set  a  capacity  to  infinity.  This  is  a
mathematical idealization. It implies that
this  specific  constraint  is  not  a  limiting
factor. In your solution, make sure you
explain  what  an  infinite  capacity
represents  (e.g.,  "There  is  no  limit  on
how many students can take this course,
so the edge capacity is infinite").

Interpret the Cut

Correctly
If  a  problem  asks  you  to  "find  a
bottleneck,"  it  is  asking  you  to  find  a
minimum cut. The edges that cross the
cut from the source side to the sink side
are the edges that, if saturated (full), are
restricting  the  flow  from  being  larger.
Identifying these edges is often the key
to  understanding  how  to  improve  a
network's performance.

REAL-WORLD APPLICATIONS OF
CHAPTER 7 CONCEPTS

One reason the material in Chapter 7 is
so highly valued is its direct application
to real systems. When you are solving
these problems, you are practicing skills
used  by  network  engineers  and  data
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scientists every day.
For example, the Chapter 7 Solutions
Algorithm Design Kleinberg Tardos
concepts are used in:

Supply Chain Logistics:
Determining how many units of a
product can be shipped from
factories to stores given the
capacity of roads and warehouses.
Image Segmentation:
Algorithms for separating an
image into foreground and
background use minimum cut
algorithms (graph cuts).
Airline Scheduling: Matching
flights to airplanes and crews over
a network of airports.

Understanding the theory behind these
solutions gives you a powerful  tool  for

modeling and solving complex systems.

ANALYZING RUNTIME AND
EFFICIENCY

Another common theme in the problem
sets is the analysis of runtime. It is not
enough to know how to compute a max
flow; you must also understand how fast
it can be done.
For  Chapter  7  Solutions  Algorithm
Design Kleinberg Tardos, you should
be comfortable with the following:

Ford-Fulkerson Bound: O( C * E
), where C is the maximum
capacity. This is because each
augmenting path increases the
flow by at least 1, and the min cut
is at most C.
Edmonds-Karp Bound: O( V *
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E^2 ). This is because there are at
most O(V * E) augmentations, and
each BFS takes O(E) time.

Problems  may  ask  you  to  construct  a
scenario where Ford-Fulkerson performs
poorly (e.g., by forcing it to take a long
path  that  only  increases  flow  by  1  unit
each  time).  Recognizing  these  edge
c a s e s  i s  a  h a l l m a r k  o f  a  d e e p
understanding  of  the  material.

SUMMARY OF KEY TAKEAWAYS

To  truly  succeed  with  Chapter  7
Solut ions  Algor ithm  Design

Kleinberg Tardos,  you need to move
beyond  rote  memorization.  You  must
internalize  the iterative process  of  the
algorithm  and  the  strategic  thinking
required  for  problem  reduction.  The
max-flow  min-cut  theorem  is  not  just  a
fact to be learned; it is a tool to be used
for validation.
Furthermore,  the ability  to  construct  a
residual  graph  and  reason  about  the
reachable nodes is a critical skill that will
serve  you  well  in  advanced  computer
science courses and in algorithm design
for industry.


