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What is Technical Debt?

Technical Debt (TD): Delayed technical work or rework that is 
incurred when shortcuts are taken or short‐term needs are given 
precedence over the long‐term objectives. It is the result of 
intentional or unintentional decisions that impact the viability of a 
system and usually incur interests (i.e., additional cost) to eliminate.
―Process/Methods
―Schedule
―Capabilities
―Budget
―Documentation
―…
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What is Technical Debt Item/List?

Technical Debt Item (TDI)*: Single atomic occurrences of TD in a 
project.
―Suboptimal design
―Problematic source code
―Skipped test case
―…

Technical Debt List (TDL)*: A list to maintain all TDI information in a 
project. 
―TDI type and description
―Discovered time and location
―Estimated principal and interest
―…

* Holvitie, J., & Leppanen, V. (2013). DebtFlag: Technical debt management with a development environment integrated tool. 2013 
4th International Workshop on Managing Technical Debt, MTD 2013 - Proceedings, 20–27. 
http://doi.org/10.1109/MTD.2013.6608674
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What is TD Principal and Interest?

TD Principal: Estimated costs/efforts of paying off the technical 
debt item (TDI) when it is detected.

TD Interest: Continuing costs/efforts due to the delay of treatment 
of TDI after it is detected. (e.g., higher maintenance costs, greater 
resource usage, etc.)
―The relationship between TD interest and time is not linear
―There might be zero TD interest (or pay the interest)
―TD interest can be measured by calculating the distance between two 
estimation of TD principal at different time

ݐݏ݁ݎ݁ݐ݊݅	ܦܶ ൌ ߜ ൌ ௧݌ െ ௧ା௑݌
Where, ݐ is the time when we last estimate the principal of the TDI, and ܺ is the 
interval we choose to update the TDL iteratively.
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An Exploratory Example: 
TD Interest Amount and Interest Probability

* ABC is a mobile app as a client of server system E, which is developed by team
M. In the previous releases (ܴଵ‐ܴ௡), all features were built upon the protocol A for
communication with E. During preparation of release ܴ௡ାଵ, team M declares that
the protocol A needs to be replaced with protocol B since it is no longer supported
by the new server system E’. As a result, app ABC may need to support both
protocol A and B in the near future.
• TD Principal (P): ௞ܯ∀ ∈ ܴ௡, ܲ ൌ ∑ ,௞ܯሺܦ ሻܣ ൈ ௞ሻ௞ܯ௥ሺܥ
• TD Interest Amount: ௝ܯ∀ ∈ ܴ௡ାଵ, ܲ ൌ ∑ ,௝ܯሺܦ ሻܣ ൈ ௝ሻ௝ܯ௜ሺܥ
• TD Interest Probability: probability that system E is upgraded to E’ by customers

,௞ܯሺܦ	| .௞: module kܯ ：ሻܣ dependency between module k and protocol A;
௞ሻܯ௥ሺܥ : rework cost of module k ;
௝ሻܯ௜ሺܥ : development cost of new feature module j .

* Y. Guo, C. Seaman, R. Gomes, A. Cavalcanti, G. Tonin, F. Q. Da Silva, A. L. M. Santos, C. Siebra, Tracking technical debt – an 
exploratory case study, in: Software Maintenance (ICSM), 2011 27th IEEE International Conference on, IEEE, 2011, pp. 528 – 531. 
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Theories of TD Management

• Not all TD is bad.  Some intentional TD is able to create a lot of 
return on investment (ROI) if managed well.

• Don’t expect people to admit their flaws willingly.  The sooner 
we detect unintentional TD, the better we can manage them.

For better management, we need update TDL constantly with an 
appropriate interval (e.g., a spiral, a sprint, or a month, etc.) for 
tracking the information of important TDIs.

Technical Debt

Intentional TD

Unintentional TD

Manage TDL Well

Detect TDI Sooner

Put into TDL
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Choose TDI with TD Categories

TD Categories Definition TDI

Requirement Debt
The distance between the optimal 
solution and the actual solution with 
respect to some decision space

Sub‐optimal decisions

Architecture Debt Degraded architecture quality or sub‐
optimal solution

Architecture drifts

Architecture erosions

Design Debt Violation of the principles of good 
object‐oriented design

Code smells
Code Debt Source code that negatively affect the 

legibility of the code

Maintenance Debt Delayed certain software maintenance 
tasks

Unfixed bugs

Latent defects

Test Debt Lack of test scripts or insufficient test 
coverage Skipped test cases

…
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Detection, Estimation, and Evaluation of TDI

Intentional TD Item Unintentional TD Item

Detected TD ItemDecision Making Automatic Detection

Manual Detection

Estimating TD Principal

Estimating TD Interest 
Probability

Initial Evaluation

Estimating TD Interest 
Amount Final Evaluation

Automatic

Manual

Both
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Prioritizing TD Items in TD List

Initializing Location of 
Chosen TDI in TDL

Based  on  the decision  of   initial evaluation, put  the TDI 
record  in  the tail of  either BOTTOM or TOP section. If no 
decision made during  the initial evaluation, put the TDI  in 
the median location. 

Estimating the Principal 
of TDI

Is  Bottom
Section?

Initial Evaluation

Put TDI in the tail of 
Bottom Section of TDL

Yes

Is  Top
Section?

No

Put TDI in the tail of Top 
Section of TDL

Yes

Put TDI in the median 
location of TDL

No

Estimating the Interest 
Probability of TDI

Estimating the Interest 
Amount of TDI

Relocation of TDI in TDL

EstimationPrioritization

Choose An Attribute of 
Current TDI

Set/Update the Rating  
Level of Select Attribute

Is  All Attribute 
Rated/Updated?

No

Compare with Neighbor 
and Swap Location 

Yes

No

No More
Swap?

Yes

1

2

End

Start

Start
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Example TD List and Final Decision

TDI # TDI Type Est. 
Principal Est. IP Est. IA Location Personnel Resource 

Consumption

1 Architecture drift 5K 85% 2K 5 3 3

2 God Class 3K 85% 1K 4 2 4

3 Data Class 3K 80% 2K 3 5 2

4 God Class 1K 75% ‐‐ 4 2 2

5 Design Flaw 4K 90% ‐‐ 2 1 3

… … … … … … … …

20 Unfixed Bug 2K 45% 1K ‐‐ ‐‐ ‐‐

21 Duplicate Code 2k ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

22 Latent Defect 2K 70% 1K 3 1 2

… … … … … … … …

51 Duplicate Code ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

52 To‐do Tag ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

…

To pay off the TDI, choose from: (1) refactor, (2) replace, (3) block, and (4) abandon 

Refactoring the TDI with various refactoring operations is the 
most common way to perform the payoff of the TDI.
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Technical Debt and COCOMO II Reuse and
Maintenance Models

ܨܣܣ ൌ 0.4 ൈ ܯܦ ൅ 0.3 ൈ ܯܥ ൅ 0.3 ൈ ܯܫ

The percentage of design changes due to
the refactoring operations on TD items

The percentage of LOC changes due to the 
refactoring operations on TD items

ெܯܲ ൌ ܣ ൈ ொ݁ݖ݅ܵ ൈෑܯܧ௜

ଵହ

௜ୀଵ
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TD Items and Refactoring Operations

TD Items Refactoring Operations

God Class
Extract Class

Extract Subclass

Data Class

Encapsulate Field

Remove Setting

Hide Method

Duplicate Code

Extract Method

Pull Up Field

Pull Up Method
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Refactoring God Class: Sizing Change
for Extracting Class Operation

Person

name
officeAreaCode
officeNumber
getTelephoneNumber

Person

name
getTelephoneNumber

Telephone Number

areaCode
number
getTelephoneNumber

OfficeTelephone

• Prediction Function*: Extract from a source class ܿ௦ with a set of attributes ሼܽ௞ሽ
(where ݊ ൌ |ሼܽ௞ሽ| ) and a set of methods ሼ݉௛ሽ, to a target class ܿ௧. While ݈ ൌ 6
when program language is JAVA.

௣ܥܱܮ ܿ௦ ൌ ௕ܥܱܮ ܿ௦ െ ሺ݈݊	 െ ݊ ൅	෍ܥܱܮሺ݉௛ሻ
௛

ሻ

௣ܥܱܮ ܿ௧ ൌ ݈݊ ൅෍ܥܱܮሺ݉௛ሻ
௛

൅ ݌

* Chaparro, O., Bavota, G., Marcus, A., & Di Penta, M. (2014, September). On the impact of refactoring operations on code quality 
metrics. In Software Maintenance and Evolution (ICSME), 2014 IEEE International Conference on(pp. 456-460). IEEE.
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Sizing Change Prediction Model for 
Refactoring Operations 

Refactoring
Operation Prediction Function* Required Input

Move Method
௣ܥܱܮ ܿ௦ ൌ ௕ܥܱܮ ܿ௦ െ ሺ݉௞ሻܥܱܮ
௣ܥܱܮ ܿ௧ ൌ ௕ܥܱܮ ܿ௧ ൅ ሺ݉௞ሻܥܱܮ

Identify source class ܿ௦, target 
class ܿ௧, and method݉௞ to be 
moved

Extract Method ௣ܥܱܮ ܿ௦ ൌ ௕ܥܱܮ ܿ௦ ൅ ݈ ൅ 1 Set the value of ݈ based on 
programming language

Inline Method ௣ܥܱܮ ܿ௦ ൌ ௕ܥܱܮ ܿ௦ ൅ ݈ ൅ 1 Set the value of ݈ based on 
programming language

Pull Up Field
௣ܥܱܮ ܿ௦ ൌ ௕ܥܱܮ ܿ௦ െ 1
௣ܥܱܮ ܿ௧ ൌ ௕ܥܱܮ ܿ௧ ൅ 1

Identify subclass ܿ௦ and super
class ܿ௧

Pull Up Method
௣ܥܱܮ ܿ௦ ൌ ௕ܥܱܮ ܿ௦ െ ܥܱܮ ݉௞ ൅ ݈ሺ݀௞ ൅ ௞ሻ݌
௣ܥܱܮ ܿ௧ ൌ ௕ܥܱܮ ܿ௧ ൅ ܥܱܮ ݉௞ ൅ ݈௞ ൅ ݀௞ ൅ ௞ሻ݌

Identify subclass  ܿ௦super
class ܿ௧, method݉௞ to be 
moved, ݀௞ (number of distinct 
fields being read in ݉௞), and 
௞݌ (distinct fields being 
written in ݉௞)

Replace 
Inheritance with 

Delegation

௣ܥܱܮ ܿ௦ ൌ ௕ܥܱܮ ܿ௦ ൅ 1
௣ܥܱܮ ܿ௧ ൌ ௕ܥܱܮ ܿ௧

Identify source class ܿ௦, target 
class ܿ௧,

…
* Chaparro, O., Bavota, G., Marcus, A., & Di Penta, M. (2014, September). On the impact of refactoring operations on code quality 
metrics. In Software Maintenance and Evolution (ICSME), 2014 IEEE International Conference on(pp. 456-460). IEEE.
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Investigation of Additional Factors for 
Extract Class/Subclass Operation 

LOC deleted in source class but not 
included in the baseline prediction

LOC added in target class but not 
included in the baseline prediction

LOC added in source class due to the 
dependencies on target class 
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Example: Comparing LOC Deleted in Source 
Class with Target Class
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Example (Cont.): Additional Size Change 
Due to Refactoring Operation 
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Conclusions

•Technical Debt (TD) can be measured, estimated, and 
evaluated as Technical Debt Items (TDI).

•The prioritization of TDIs in the Technical Debt List 
(TDL) is to support the decision making during the TD 
management. 

•The development/maintenance effort due to TDIs is 
promising to be estimated with COCOMO by reuse 
model and maintenance model.

•Predicting sizing change due to TD item refactoring can 
be an automatic approach, which saves a lot of effort.
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