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Abstract:

This article presents OptiCode, a complicated programming instrument that
utilizes circle invariant code portability and dead code decrease, among other
high-level code streamlining strategies, to develop code effectiveness further
and reduce order time. Utilizing Circle Invariant Code Movement (LICM) and
Conceptual Punctuation Trees (ASTs) for exact code examination, OptiCode
productively distinguishes and Kills repetitive code, as well as improves circle
structures by eliminating 4.86% of dead code with a proficiency of 5.39%
OptiCode outflanks other applications in correlation, as seen by its impressive
arrange time reserve funds and amazing effectiveness appraisals. The
outcomes show how significant these enhancement methods are for
improving programming practicality and speed, furnishing designers with a
valuable instrument for codebase streamlining.

Introduction: Code improvement alludes to the most common way of
working on the effectiveness, execution, and nature of PC code without
adjusting its usefulness or conduct. The goal of code advancement [29] is to
produce code that executes quicker, consumes less memory, and has qualities,
for example, further developed comprehensibility or practicality [5]. Some
normal improvement strategies incorporate dead code end [11,30] and code
invariant movement.

Obijectives: To optimize the code by introducing the change in loop structure
and removing the dead code.

Methods: Identification of the loops and unusful code is a challenging task.
Once the problem is found, it is easy to mitigate the same. The dead-code
optimization is introduced by identifying the non-performing, inaccessible
code and deleting the same.

Results: The results of the experiment are satisfactory. The improvement in
the performance by 6.96% is observed just by removing the approximately
removing 5% code.

Conclusions: The identification and removal phase helps in the better
performance of the code. The code optimization can save the space, time,
human resources, and cost incurred during the development of the project.
The improvement in the code also directly contributes into the efficiency of
the ultimate code.
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1. Introduction

Code improvement alludes to the most common way of working on the effectiveness, execution, and
nature of PC code without adjusting its usefulness or conduct. The goal of code advancement [29] is
to produce code that executes quicker, consumes less memory, and has qualities, for example, further
developed comprehensibility or practicality [5]. Some normal improvement strategies incorporate dead
code end [11,30] and code invariant movement. Dead code end focuses on the distinguishing proof
and expulsion of code that stays unused or inaccessible during program execution. Customary
strategies for code examination treat code pieces as composed text, possibly disregarding basic
underlying subtleties [3,18].

Late exploration highlights the significance of utilizing punctuation, or code structure, to make more
exact source code portrayals contrasted with approaches dependent exclusively on tokens or
words[31][32]. This is where AST-based models become possibly the most important factor. These
models combine Unique Grammar Trees (ASTs) [12] to catch both the lexical complexities and the by
and large syntactic designs of code, delivering them powerful devices for code understanding and
investigation [4][37]. We use the Theoretical Grammar Tree [17,21] approach for dead code disposal
and the Invariant Code calculation for advancing circle structures[33][34]. These refined methods
guarantee effective and exact code enhancement, upgrading execution, and practicality[35][36].

Code improvement alludes to the most common way of working on the effectiveness, execution, and
nature of PC code without adjusting its usefulness or conduct. The target of code enhancement [29] is
to produce code that executes quicker, consumes less memory, and has attributes, for example, further
developed intelligibility or viability [5]. Some normal enhancement strategies incorporate dead code
end [11,30] and code invariant movement. Dead code disposal focuses on the ID and expulsion of code
that stays unused or inaccessible during program execution. Conventional strategies for code
examination treat code pieces as composed text, possibly neglecting basic underlying subtleties [3,18].

Late exploration highlights the significance of utilizing punctuation, or code structure, to make more
exact source code portrayals contrasted with approaches dependent exclusively on tokens or words.
This is where AST-based models become possibly the most important factor. These models blend
Dynamic Punctuation Trees (ASTs) [12] to catch both the particular lexical complexities and the
generally syntactic designs of code, delivering them powerful apparatuses for code understanding and
examination [4]. We use the Theoretical Grammar Tree (AST) [17,21] approach for dead code disposal
and the Circle Invariant Code Movement (LICM) calculation for improving circle structures. These
refined strategies guarantee effective and exact code streamlining, upgrading execution and
practicality.

The key idea driving invariant code movement is to limit excess calculations inside circles by
migrating estimations that stay steady external the circle. Thusly, the recurrence of these calculations
diminishes, prompting upgraded runtime effectiveness. The calculation utilized in invariant code
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movement incorporates the Languid Code Movement (LCM) Calculation and the Circle Invariant
Code Movement (LICM) calculation [14]. The LCM calculation [6] epitomizes a mindful way to deal
with code movement, postponing the migration of calculations beyond circles until fundamental. This
purposeful postpone limits register pressure, alluding to the quantity of registers used by the program
during execution. Then again, the LICM calculation [31] explicitly targets circle structures,
distinguishing calculations that yield steady outcomes across all cycles and moving them outside the
circle to moderate excess estimations [16].

While both the Sluggish Code Movement (LCM) [14] and Circle Invariant Code Movement (LICM)
calculations [8] plan to upgrade circle productivity by migrating invariant calculations beyond circles,
LICM is by and large viewed as better due than its more forceful improvement system. LICM enhances
circles proactively, moving invariant calculations when they are recognized, possibly prompting more
prominent execution upgrades [15].

Besides, contextual analyses like the Deliberate Code and Resource Expulsion Structure (SCARF) [9],
which recognizes unused code and information resources, have shown the huge effect of dead code
disposal in industry settings. SCARF has had a significant effect at Meta. In the previous year alone,
it has disposed of petabytes of information across 12.8 million particular resources and erased more
than 104 million lines of code. An illustrative model is "The Mistake of Our Methodologies™ show at
the European Testing Gathering 2017 [7], where it was featured the way in which an organization
caused misfortunes totalling many millions because of dead code that was coincidentally enacted.

As of now, there exists an observable hole on the lookout for programming applications that flawlessly
incorporate both dead code disposal and circle invariant code movement methods for far reaching code
enhancement. By amalgamating these two strong enhancement techniques [1], a clever application
could essentially increase the presentation and productivity of programming frameworks.
Incorporating dead code end and circle invariant code movement would empower the application to
recognize and dispense with repetitive or unused code sections while advancing circle designs to limit
pointless calculations. This all encompassing way to deal with code enhancement would bring about
quicker execution times, diminished memory use, and by and large superior programming execution
[29]. So we created OptiCode, an application which kills 4.87% of dead code with a productivity of
5.38 and furthermore diminishes the gather time.

2. Objectives
To optimize the code by introducing the change in loop structure and remoing the dead code.

present a commonsense locale based halfway dead code disposal (PDE) calculation [22] in their
examination work, which is the progenitor of AST in the ORC compiler structure. Number-crunching
realities about PDE amazing open doors have been given utilizing 17 SPEC95 and SPECO00 number
benchmarks.

These calculations meet limitations with regards to established directions. A request for guidance is
displayed for instance; x =a+ b (p), y =x-1(q), x =c +d (r). Exemplary Fractional Dead Code End
(PDE) calculations can't accurately decide if the main task (x = a + b) is dead since they dismiss the
passing predicates p, g, and r. The task can be to some degree dead, completely dead, or not dead at
all relying upon these predicates' relationship with one another.
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The creators accomplished execution improvements by executing three speedups: pack benchmark
was accelerated by 3.75%, tricky benchmark - 2.81% and wolf - 2.53% [22].

The VISTA structure is presented [26] a clever methodology pointed toward lessening both stable code
extension and dynamic guidance include in programming benchmarks like 164.gzip, 175.vpr, 176.gcc,
and so forth, decided to the underlying GCC-improved code. Their discoveries uncovered critical
accomplishment with VISTA. Furthermore, better progress was seen while executing a de-
streamlining step before re-improvement, bringing about a normal stable code scope diminishing of
3.18%.

Strikingly, this method beat normal re-improvement in four out of 6 occasions, highlighting the
adequacy of their strategy. Moreover, even as gathering for each benchmark as far as concerns me,
VISTA continually presented diminishes in every static code length (normal of 3.18%) and dynamic
tutoring depend (generally to be expected of three.28%), connoting its power and flexibility over one
among a kind programming circumstances. Circle invariant alterable hundreds or hard arithmetic
calculations that can't be also advanced the utilization of customary methods can present stressing
circumstances [26]. Raised test in use can delay further enhancements in code execution, making
exceptional improvements tons substantially less strong [26].

As confirmed inside the runtime assessment, higher runtime normal execution was accomplished even
as each of the 3 passes — Inlining, to be expected subexpression expulsion (CSE), and dead code end
(DCE) — had been empowered sooner or later of accumulation. Be that as it may, a major blast in
aggregate time with the asset of 772% changed into situated in evaluation to gathering and as of now
not the utilization of streamlining. Consequently, empowering this multitude of advancements
gathered is by all accounts exceptionally evaluated regarding uniting time.

It is clear that permitting the high level passes during aggregation diminishes runtime and increments
gather time. Regardless of the sizable blast in obtain time, the really take a look at makes a specialty
of the reduction in runtime, as the runtime is of fundamental difficulty. In this manner, the test
disregards the huge expansion in accumulate time even as estimating normal generally speaking
execution. Moreover, in view that collects time stays static regardless of the info length, the outcomes
flaunt better execution at a lower estimated cost [13].

2.5 In this study paper [25], they built an arrangement of limitations equivalent to a machine of
conditions, in which a requirement [ n] 1> 2isrevisedasn_l=n_1vm_ 2, with V being the most
un-high headed usable for 6. The genuine parts of those situations are monotonic, ensuring the ways
of life of a restrictive least response. Choosing the least response licenses for the most extreme dead
code to be dispensed with.

The examination was changed into carried out in a model framework, using the Synthesist Creator.
The arrangement of rules for working on the parsing has become written in the Synthesist Creator
Prearranging Language, STk, a vernacular of Plan, along with around 300 hints of code. Different parts
of the gadget worked with application improving, nonterminal show at application factors, syntax
creation, dead code featuring, and numerous others., involving around 5000 lines of SSL, the
Synthesist Producer Determination Language. All sentence structures for the models in the paper had
been regularly made utilizing the machine.
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The diminished projects generally showed improved runtime, decreased space usage, and more modest
code sizes, with speedup frequently being asymptotic. Expected for example, vain code end
empowered gradual determination type to progress from O(n2) time to O(n) time [25].

In this paper [23] Dead Infiltrator — a gadget that progressively recognizes each and every futile keep
in touch with memory in every execution and presents noteworthy criticism to the software engineer
— is characterized. Their assessment of the SPEC CPU2006 norms tracked down an exorbitant part
of dull composes. In particular, they concluded that the SPEC CPU2006 gcc benchmark showed a
normal of 61% pointless composes all through its source inputs. Dead Covert agent [23] really
recognizes the stock lines adding to such shortcomings. At the point when Dead Covert operative was
used to explore the reference executions of the SPEC CPU2006 benchmarks, it established that the
whole number benchmarks had more than 20% dead composes, while the drifting point benchmarks
had more than 9% futile composes. Once in a while, the SPEC CPU2006 403. Gce benchmark tried as
numerous as 76% inert composes. They saw that taking off vain composes radically progressed the
running season of gcc, with execution enhancements of up to 20-eight for a couple of data sources and
a mean improvement of 14% [23]. In addition, they have taken a gander at featuring that utilizing
fitting data frameworks, lightweight deliberations, and advanced collaboration among compiler
enhancement reaches can fundamentally work on generally execution. Straightforward code rebuilding
to dispose of futile composes accelerated essential by and large execution upgrades of 14. 3 %, 15.7%,
and 7.2% on normal for gcc, hammer, and bzip, separately.

Here essayist [13] utilizes the Inlining streamlining strategy to eliminate the working expense of
jumping to and returning from a subprogramme, really disposing of the summon working cost. By
designating stack outlines for every guest and callee by and large and clearing out the switch of control,
inlining saves a colossal amount of execution time. Furthermore, it can figure out advancement events
for every guest and the inline gadget's body through changes like actually normal subexpression
expulsion, dead code evacuation, and duplicate spread. In any case, the essential disadvantage of
inlining is that it increments code length, bringing about to some degree huge useful records [13].

In this unique circumstance, the inlining offers opportunities for outrageous improvement inside the
code through dead code evacuation, common subexpression expulsion, and duplicate
transmission[27][28]. Hence, all the inlining, typical subexpression disposal, and dead code end
streamlining gorges were upheld, separately, to examine the general by and large execution
results[29][30]. Applying each of the three passes, on the whole, achieved a 44% blast in runtime [13].

The range of dead application points varies depending on this system and the feature of interest []. For
libraries like calends, good-sized dead code becomes identified, at the same time as for takr, nearly all
capabilities aside from the purpose pressure characteristic run-take were concerned with calling every
different. Highlighting facilitated the visualization of resulting stay or lifeless slices. In calendars, for
example, the slice for date, not year or month, has become necessary [25]. The range of preliminary
productions changed into a linear form in the size of the given software, and at the same time, the form
of resulting productions became about linear in the range of stay software elements. six in this paper,
they’ve implemented cXprop to research embedded and computing tool programs.
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When completed to TinyOS applications, cXprop [27] shows a decrease in code size by utilizing a
middle of 9.2% and distinguishes that 8.2% of the distance designated to worldwide factors isn't
reasonable.

CXprop can execute three first-rate programming program varieties. The first includes supplanting
constants and getting rid of dead code. In the second

one change, proclamations are acquainted with cut short execution if "dead" code is finished or on the
other hand if a variable consolidates a value open air of its broken down conceptual expense. For
example, if a variable has been chosen to have the ¢ programming language rate [2::15] at an
application part, cXprop might embed the resulting code:

attest (z >= 2 && z <= 15)

CXprop use its cost set region and atomicity-cognizant simultaneousness model to remove dead code
in awesome TinyOS programs, bringing about a normal code stage decrease of 9.2%.

While nesC as of now eliminates dead abilities and gcc performs intraprocedural dead-code disposal,
gcc's grant is significantly viable because of forceful inlining in TinyOS applications [27], which
disposes of around ninety% of static trademark brings in heaps of bundles. Notwithstanding, cXprop
gives cost through exceptional possibilities to intraprocedural assessment. Moreover, minor code
changes finished via CIL, which incorporate the approach of impermanent factors, block endeavors
with the guide of way of developing the size of the produced code by various rates. To counter this,
few peephole improvements were applied in CIL to switch those changes while CIL very prints a C
record.

2.6 In this examination paper, they utilized the Espresso [24] compiler for enhancement, bringing about
a broad standard speed increase and a model that is currently controlled with the helpful asset of clear-
up time. It is exciting to be cognizant that extensive circle invariant code movement come to chiefly
be obtrusive in this present circumstance, with 23 fill-ins made and various terminations found [24].

From the above equation, the most exhibition increment of 1.47x over the non-improved local
gathering source code was noticed, got inside the case (f = 2, p = 2). This articulation addresses the
mathematical assessment of an imperative at nl factors in the cross-section component K, processing
the nearby component lattice A. Capabilities a, B, and y are inconvenience specific and can
unpredictably convoluted, respect, for instance, the assessment of subordinates.

LICM [20] and articulation partition conform to this guideline, so they can be straightened out or
delayed to any area names including the numerical assessment of convoluted numerical expressions.
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Figure 5.1. COMPLETE FLOW OF CODE OPTIMIZATION

The flowchart is a detailed representation of a process designed to optimize code by eliminating dead
code and performing invariant code motion. Below is an enhanced and more detailed explanation of
each step in the diagram:

3.1. Start:

The process initiates at this point. This is the initial state where no actions have been taken yet, marking
the commencement of the code optimization journey.
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3.2. Input Source Code:

At this stage, the raw source code that requires optimization is provided as input. This unoptimized
code might contain inefficiencies such as dead code or invariant code within loops that need to be
addressed.

3.3. Dead Code Elimination:

This crucial step involves identifying and removing dead code, which refers to sections of code that
do not affect the program's output. Eliminating dead code enhances the code's efficiency and
performance by reducing unnecessary instructions.

Count of Dead Code Removed:

After the dead code elimination process, the system counts the number of dead code lines that were
eliminated. This count provides a quantitative measure of the extent of optimization achieved through
dead code removal.

Optimized Dead Code Removed:

The result of this step is an optimized version of the code with the dead code removed, making it
cleaner and more efficient.

Display Removed Dead Code with Line Numbers:

The system displays the lines of dead code that were removed, along with their respective line numbers.
This display aids in understanding which parts of the code were deemed unnecessary and removed,
providing transparency in the optimization process.

3.4. Put the Optimized Dead Code in Source Code Box:

The optimized code, now free of dead code, is placed back into a source code container or editor. This
step prepares the code for the next phase of optimization.

3.5. Invariant Code Motion:

This step applies the optimization technique known as invariant code motion. This technique implies
moving code that remains constant (invariant code) outside of loops. By doing so, the number of
instructions executed within each loop iteration is reduced, thereby enhancing performance [20]([].

Count of Invariant Code Removed:

Similar to the dead code count, this metric counts the number of invariant code lines moved out of the
loops. This count indicates the extent of optimization achieved through invariant code motion.

Compiled Optimized Code:

The result of invariant code motion is compiled to ensure the correctness and efficiency of the
optimized code. This compiled code is ready for further use or deployment, ensuring that the
optimization has not introduced any errors.
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Display Removed Invariant Code with Line Numbers:

The system displays the invariant code that was moved, along with its original line numbers. This
display helps in understanding which parts of the code were optimized.

3.6. Optimized Code:

The outcome of both the dead code elimination and invariant code motion processes is the fully
optimized code. This code is more efficient and performs better due to the removal of unnecessary and
redundant instructions, making it ready for further use, testing, or deployment.

3.7. End:

The optimization process concludes at this point. The optimized code is now ready for further steps,
such as additional testing, deployment, or use in other development processes.

Mathematical Model:

AE: This characterizes the complete progress in code effectiveness completed by combination loop
invariant code motion and dead code elimination optimizations.

u-P-Q: This term denotes the product of coefficients u, P and Q. In loop invariant code motion, if the
consequences do not shift within the loop, computation their creation external of the loop can increase
efficiency. Here's the classification of the components:

U u can be defined as the ratio of the time saved by moving the invariant computation outside the
loop to the original execution time.

p=1- T optimized
Toriginal

P: Represents the total of loops in the original code.

Q: Represents the average number of lines in each loop.

Practical Implications of p

High p: If p is high, it indicates that loop-invariant code motion has a substantial negative impact on
performance. This would be typical in cases where invariant computations within loops are
computationally expensive.

Low w: If p is low, it suggests that the optimization has a positive impact. This might occur if the
invariant computations are relatively inexpensive.

(1-R): This term represents the code adjustment ratio afterwards applying modification.

R — Soptimised - Soriginal

Soriginal
Sorigina Total size of the original codebase before optimization (in lines of code).

Soptimisea: 10tal size of the optimized codebase after applying optimizations (in lines of code).
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Iremoved_DCE: This denotes the volume of dead code eliminated during dead code elimination. Dead
code elimination is a compiler optimization technique that takes away code that has no impact on the
program's behaviors. It typically results in a decrease in code size.

Ssize: This symbolizes the size of the code before dead code elimination. It's the total number of lines
or fonts in the original code.

Toptimized: Represents the time shown to perform the optimized code. Dead code elimination can
enhance the implementation of time of the code by eliminating needless calculations.

Torignal: Represents the time taken to execute the original code. This is typically used for comparison
purposes to measure the impact of optimization techniques on program performance.

5.2. Calculation for measuring compile time:

Setup and Timing Execution: The time it module sets up the environment for running the code,
ensuring that it only measures the execution time of the code snippet itself, without any overhead from
the setup.

Repetition: To get a fixed and consistent length, time it turns the code snippet several times. The
defaulting number of duplications is 1,000,000 for very small extracts, but this can be changed using
the number restriction.

Averaging: After in succession of code snippets several times, time it analyses the overall time takes
and then separates it by the number of duplications to get the median implementation time. This helps
to flow out any alternatives caused by temporary system contents or other exterior considerations.

Overall Equation

1 T optimi
AE = <1 _ removed_DCE>< optlmzzed> % ((,UPQ) _ (1 _ R))

Ssize Toriginal

Impact of Dead Code Optimization and Loop Invariant Movement

~
=)

Before Optimization
After Optimization

Execution Time (ms)
[ w Y (v =)}
o = o o =]

—
o

o

Dead Code Optimization Loap Invariant Movement
Optimization Techniques

Fig. No. 2: Impact of code optimizatio

Fig. No. 2 is a bar chart illustrating the impact of Dead Code Optimization and Loop Invariant
Movement on execution time. It compares execution times before and after applying these
optimizations, showing significant improvements in performance.

Dead Code Optimization reduces execution time by removing unused or unnecessary code.

Loop Invariant Movement minimizes redundant computations within loops, enhancing efficiency
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Conclusion

The thorough examination of OptiCode and its contrasts with other software programs highlight how
well it works to improve software performance by utilizing cutting-edge code optimization methods.
OptiCode reduces superfluous calculations and streamlines execution routes by utilizing loop invariant
code motion and dead code eradication. As a result, runtime efficiency is increased and build time is
significantly reduced.

OptiCode outperformed Taskapp (3.89), Agilla (3.67), and Rfmtoleds (3.45) with its greatest
efficiency rating of 5.38 on a 10-point scale in our comparison research. The 731 lines of code in the
OptiCode codebase include 150 lines of dead code and 57 variables that aren't used. Compile time was
lowered from 1.13 milliseconds to 0.90 milliseconds through optimization, demonstrating a notable
increase in compile efficiency.

The information shows that OptiCode's optimization methods efficiently handle a sizable codebase by
eliminating a sizable portion of unnecessary variables and dead code.

3. Methods

The flowchart is a detailed representation of a process designed to optimize code by eliminating dead
code and performing invariant code motion. Below is an enhanced and more detailed explanation of
each step in the diagram:

3.1. Start:

The process initiates at this point. This is the initial state where no actions have been taken yet, marking
the commencement of the code optimization journey.

3.2. Input Source Code:

At this stage, the raw source code that requires optimization is provided as input. This unoptimized
code might contain inefficiencies such as dead code or invariant code within loops that need to be
addressed.

3.3. Dead Code Elimination:

This crucial step involves identifying and removing dead code, which refers to sections of code that
do not affect the program's output. Eliminating dead code enhances the code's efficiency and
performance by reducing unnecessary instructions.

Count of Dead Code Removed:

After the dead code elimination process, the system counts the number of dead code lines that were
eliminated. This count provides a quantitative measure of the extent of optimization achieved through
dead code removal.

Optimized Dead Code Removed:

The result of this step is an optimized version of the code with the dead code removed, making it
cleaner and more efficient.
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Display Removed Dead Code with Line Numbers:

The system displays the lines of dead code that were removed, along with their respective line numbers.
This display aids in understanding which parts of the code were deemed unnecessary and removed,
providing transparency in the optimization process.

4, Results

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut labore et
dolore magna aliqua. Laoreet id donec ultrices tincidunt arcu. Sollicitudin aliquam ultrices sagittis orci
a scelerisque. Sit amet aliquam id diam maecenas ultricies mi. Proin fermentum leo vel orci porta non.
Ornare arcu dui vivamus arcu. Lorem ipsum dolor sit amet consectetur. Cras fermentum odio eu feugiat
pretium nibh ipsum. Sapien nec sagittis aliguam malesuada bibendum arcu vitae elementum curabitur.
Rhoncus est pellentesque elit ullamcorper dignissim cras tincidunt lobortis feugiat. Venenatis urna
cursus eget nunc scelerisque viverra mauris in. Diam volutpat commodo sed egestas egestas fringilla
phasellus faucibus. Sit amet volutpat consequat mauris nunc congue nisi vitae. Tincidunt ornare massa
eget egestas purus viverra accumsan in nisl. Semper quis lectus nulla at volutpat diam ut. Lobortis
feugiat vivamus at augue eget arcu dictum varius duis. Vel facilisis volutpat est velit egestas dui id
ornare arcu.

5. Discussion

The thorough examination of OptiCode and its contrasts with other software programs highlight how
well it works to improve software performance by utilizing cutting-edge code optimization methods.
OptiCode reduces superfluous calculations and streamlines execution routes by utilizing loop invariant
code motion and dead code eradication. As a result, runtime efficiency is increased and build time is
significantly reduced.

OptiCode outperformed Taskapp (3.89), Agilla (3.67), and Rfmtoleds (3.45) with its greatest
efficiency rating of 5.38 on a 10-point scale in our comparison research. The 731 lines of code in the
OptiCode codebase include 150 lines of dead code and 57 variables that aren't used. Compile time was
lowered from 1.13 milliseconds to 0.90 milliseconds through optimization, demonstrating a notable
increase in compile efficiency.

The information shows that OptiCode's optimization methods efficiently handle a sizable codebase by
eliminating a sizable portion of unnecessary variables and dead code.
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