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Background & Motivation

Software systems produce logs to record runtime information
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Background & Motivation

Intelligent solutions for log analysis are now data-driven
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Framework of Modern Intelligent Log Analytics



Background & Motivation
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Logging is critical:

if (current_value > max) {
  LOG.info("Update max value to: " + max);
  max = current_value;
}



Background & Motivation
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• In the era of agile development, developers prioritize 
functional code.

• Developers need to anticipate the failure.

• It is hard to find the balance between informativeness and 
overhead

Writing logs is hard:

How to automatically generate 
appropriate logging statements



Limitations of Current Inter-Method Approaches
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Limited of current methods: single-method context knowledge 

What is the ”service”?

How to use ”service”?



Limitations of Current Inter-Method Approaches
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protected void logError(Throwable e) {
Logger log = LoggerFactory.getLogger();
log.error("Could not stop service: " + service + ". Reason: " + e, e);

}
+

public void onException(Object owner, 
Throwable e) {
    logError(e);
    if (firstException == null) {
        firstException = e;
    }
}

public void stop(Service service) {
this.service = service;
    try {
        if (service != null) {
            service.stop();
        }
    } catch (Exception e) {
        onException(service, e);
    }
}

Activemq/util/ServiceStopper.java

InvocationInvocation

Limited of current methods: single-method context knowledge 
• Limited static scope
• Missing type information
• Inconsistent logging style



Limitations of Current Inter-Method Approaches
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public void stateChanged(Service service) {
log.info("Entry to state "+service.getServiceState()  + " for " + service.getName());

}
+

public interface Service extends Closeable {

public enum STATE {
…
}
…
STATE getServiceState();
…

String getName();
}

Definition
Type Information

hadoop-common/Service/LoggingStateChangeListener.java

hadoop-common/Service/Service.java

Member Function

Limited of current methods: single-method context knowledge 
• Limited static scope
• Missing type information
• Inconsistent logging style



Limitations of Current Inter-Method Approaches

9

+

public Void execute()
throws IOException, PathExistsException {
LOG.debug("Start copying local file from {} to {}", source, destination);
File sourceFile = callbacks.pathToLocalFile(source);
…

}

hadoop-tools/f3/s3a/impl/CopyFromLocalOperation.java

hadoop-tools/f3/s3a/impl/MkdirOperation.java

hadoop-tools/f3/s3a/impl/DeleteOperation.java

public Boolean execute() throws IOException {
LOG.debug("Start making directory: {}", dir);
…

}

public Boolean execute() throws IOException {
    Path path = status.getPath();

LOG.debug("Start deleting path {}", path, 
recursive);

…
}

Similar Function

Limited of current methods: single-method context knowledge 
• Limited static scope
• Missing type information
• Inconsistent logging style



Our proposal: SCLogger
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SCLogger :	a logging statement generation approach powered by inter-method Static Contexts
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SCLogger: Phase 1
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PHASE I: Static Scope Extension
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Limitation 1: Limited static scope

Knowledge 1: Static Scope Extension

• Code Slicing
• Log Slicing
• Available Variable Analysis



SCLogger: Phase 1
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PHASE I: Static Scope Extension
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SCLogger: Phase 2
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Limitation 2: Inconsistent logging style

Knowledge 2: Logging Style Adaption
• In-context Learning

Project Code

Target Method

Call Graph 
Generation

Log Graph 
Generation

Code 
Slicing

Log 
Slicing

Available Variable 
Analysis

Call Graph 

Log Graph Log Slice 

Code Slice 

Variable List

Logging Style 
Examples

Similar Methods
Sampling

Prompt

Project Code

PHASE I: Static Scope Extension

PHASE II: Logging Style Adaption

PHASE III: Contextualized 
Prompt Construction

PHASE IV: Logging Variable Refinement

1

2

3

4

5

LLM

Initial Output

Type
Info

Refined Output

<Line Number>:  ...
<Statement>: ...

COT

ICL

Please rethink the variable usage with detailed 
type information about <Var>
public interface Service extends Closeable {
public enum STATE {
…
}
STATE getServiceState();
String getName();
}

public void stateChanged(Service service) {
…
}

Example Prompt

Initial Output

LLM

Refined Output

Insert a logging statement to the following code using <API>.
With the format <Line Number>: # <Statement>: #

Java Code:

Instruction:

Let’s think step by step. First, the given method was called 
by <method A>, the code of called <methodB> is.. 
Second, the succeeding and proceeding logs are: <log> 
<log>…
Third, available variables of this method are <var>, <var>..
Finally, keep consistent log style within current project, here 
are logging examples from current project:
<example>:<label>
<example>:<label>
…

Send Refine

Get Detailed Type 

Information of <var> 

<Line Number>: 2
<Statement>: log.info("State Changed to 
" + service.getServiceState() + "for" + 
service.getName());

<Line Number>: 2
<Statement>: log.info(”State Changed to 
service.State()");
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SCLogger: Phase 3, Phase 4
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Limitation 3: Missing type information

Knowledge 3: Logging Variable Refinement
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Logging Variable Refinement: variable type 
solving

Chain of Thought (COT): Let’s think step by step,
First you need to...



SCLogger: Example Prompt 
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Please rethink the variable usage with detailed 
type information about <Var>
public interface Service extends Closeable {
public enum STATE {
…
}
STATE getServiceState();
String getName();
}

public void stateChanged(Service service) {
…
}

Example Prompt

Initial Output

LLM

Refined Output

Insert a logging statement to the following code using <API>.
With the format <Line Number>: # <Statement>: #

Java Code:

Instruction:

Let’s think step by step. First, the given method was called 
by <method A>, the code of called <methodB> is.. 
Second, the succeeding and proceeding logs are: <log> 
<log>…
Third, available variables of this method are <var>, <var>..
Finally, keep consistent log style within current project, here 
are logging examples from current project:
<example>:<label>
<example>:<label>
…

Send Refine

Get Detailed Type 

Information of <var> 

<Line Number>: 2
<Statement>: log.info("State Changed to 
" + service.getServiceState() + "for" + 
service.getName());

<Line Number>: 2
<Statement>: log.info(”State Changed to 
service.State()");
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Performance of SCLogger
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Both Where to Log and What to Log

10% improvement in where to log and a 42% average 
enhancement across all metrics in what to log.



Ablation Study: Case Study
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Ablation Study and Generality
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Practicality Discussion
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SCLogger only extracts and isolates the 
context related to logging

Taking all the cross-file contexts as input

Cost Reduction IDE Integration
SCLogger can be easily integrated into well-
established Integrated Development 
Environments (IDEs)

Built-in static analysis capabilities of IDEs 
• Invocation analysis
• Type inference
• Linting feedback
• …. 

SCLogger only takes type information of 
chosen logging variables using two-staged
Strategy

Taking type information of all available 
variables from the initial input



Conclusion
• Current approaches struggle to generate appropriate logging statement for 

complex project instances due to limited intra-method context.

• The proposed SCLogger analyzes inter-method static contexts for 
contextualized logging statement generation.

• SCLogger is effective and generalized, which provides insights for enhancing 
system runtime information.
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