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METHOD AND APPARATUS FOR CODE SIZE

REDUCTION
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a method and appa-

ratus for code size reduction.
[0003] 2. Related Art

[0004] In computer science, program optimization or soft-
ware optimization is a process of modifying a software pro-
gram to work more efficiently or use fewer resources. Nor-
mally, after being optimized, a computer program can execute
commands more rapidly, operate with less memory storage or
other resources, or consume less power.

[0005] A compiler is a computer program that transforms a
source code written in a high-level computer language into a
low-level computer language. Usually, a compiler comprises
three main parts: the front-end, the middle-end, and the back-
end. The front-end parses a text-based programming lan-
guage into an intermediate representation (IR) of the source
code for the middle-end; the middle-end performs optimiza-
tions on the IR and generates another IR forthe back-end; and
the back-end translates the IR from the middle-end into an
assembly code.

[0006] Many compiler optimization techniques have been
developed to reduce the size of generated codes, and one such
technique is known as procedural abstraction. Procedural
abstraction identifies repeated segments of code, and then
extracts the repeated segments of code to construct a subrou-
tine and replace other repeated segments by procedural calls
to the newly created subroutine. As a result, the size of the
code can be reduced.

[0007] Conventional procedural abstraction techniques are
not perfect. In some circumstances, code size reduction
between a non-optimized IR code and an optimized IR code
is greater than that between the object code generated from a
non-optimized IR code and the object code generated from an
optimized IR code.

SUMMARY

[0008] One embodiment provides a method for code size
reduction, which comprises determining basic blocks in an
intermediate representation module; grouping those of the
basic blocks having duplicate code into groups; providing
weighting values corresponding to different instructions of
the module, wherein the weighting values are determined
based on a plurality of intermediate representation program
codes; determining a weighted size of the module, wherein
the weighted size of the module is determined by summing
weighted sizes of the basic blocks of the module, and the
weighted size of each basic block is determined by summing
products of numbers of different instructions of the basic
blocks and the corresponding weighting values; removing
duplicates in one of the groups of the module to obtain a
module having one processed group; determining a weighted
size of the module having one processed group, wherein the
weighted size of the module having one processed group is
determined by summing weighted sizes of the basic blocks of
the module having one processed group, and the weighted
size of each basic block is determined by summing products
of numbers of different instructions of the basic blocks of the
module having one processed group and the corresponding
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weighting values; and comparing the weighted size of the
module to the weighted size of the module having one pro-
cessed group.

[0009] Oneembodiment of the present invention comprises
an apparatus for code size reduction. The apparatus can com-
prise a computer processor and a procedural extraction
mechanism operated on the computer processor. The proce-
dural extraction mechanism is used to determine basic blocks
in an intermediate representation module, group those of the
basic blocks having duplicate code into groups, provide
weighting values corresponding to different instructions of
the module, determine a weighted size of the module, remove
duplicates in one of the groups of the module to obtain a
module having one processed group, determine a weighted
size of the module having one processed group, and compare
the weighted size of the module to the weighted size of the
module having one processed group. The weighted size of the
module having one processed group is determined by sum-
ming weighted sizes of the basic blocks of the module having
one processed group, and the weighted size of each basic
block is determined by summing products of numbers of
different instructions of the basic blocks of the module having
one processed group and the corresponding weighting values.
The weighted size of the module is determined by summing
weighted sizes of the basic blocks of the module, and the
weighted size of each basic block is determined by summing
products of numbers of different instructions of the basic
blocks and the corresponding weighting values. The weight-
ing values are determined based on a plurality of intermediate
representation program codes.

[0010] To better understand the above-described objec-
tives, characteristics and advantages of the present invention,
embodiments, with reference to the drawings, are provided
for detailed explanations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention will be described according to the
appended drawings in which:

[0012] FIG. 1 is a flowchart showing the steps of a method
for code size reduction according to one embodiment of the
present invention;

[0013] FIG. 2A illustrates a vector comprising grouped
basic blocks according to one embodiment of the present
invention;

[0014] FIG. 2B illustrates another vector, in which a group
of'basic blocks are removed according to one embodiment of
the present invention; and

[0015] FIG. 3 schematically shows an apparatus for code
size reduction according to one embodiment of the present
invention.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0016] The following description is presented to enable any
person skilled in the art to make and use the disclosed
embodiments, and is provided in the context of a particular
application and its requirements. Various modifications to the
disclosed embodiments will be readily apparent to those
skilled in the art, and the general principles defined herein
may be applied to other embodiments and applications with-
out departing from the spirit and scope of the disclosed
embodiments. Thus, the disclosed embodiments are not lim-



US 2014/0344791 Al

ited to the embodiments shown, but are to be accorded the
widest scope consistent with the principles and features dis-
closed herein.

[0017] In some embodiments, a new method for code size
reduction is disclosed. The new method is demonstrated
using an LLVM (Low Level Virtual Machine) infrastructure.
The new method is not limited to an LLVM infrastructure,
and is applicable to any suitable compiler infrastructures. In
some embodiments, the new method is applicable to a com-
puter program, code, module, or the like, wherein a module
may contain one or more functions, a function may comprise
a plurality of basic blocks, and a basic block comprises a
sequence of instructions. A basic block may have one entry
point and one exit point. An instruction may be any represen-
tation of an element of an executable program, such as a
bytecode. In some embodiments, a basic block may have a
terminator instruction such as a branch or a function return.

[0018] A basic block can have a size. The size of the basic
block can be represented by instruction counts or the number
ofinstructions of the basic blocks. A module M may comprise
a plurality of function (function,), each of which may com-
prise a plurality of basic blocks BB,,; however, some are
similar while others are not. The size, S(M), of the module M
can be determined by the following equation (1):

S(M) = InsiCni(BB,,) M

¥ function; €M ¥ BBy function;

[0019] The equation (1) can be utilized to evaluate the
effect of performing procedural abstraction, or procedural
extraction, to extract a group of a module including similar
basic blocks. The equation (1) is initially used to determine
the size S(M,,,,,) of the original module, and then to deter-
mine the size S(M,,, ,,,,..,) of the module that has a group whose
basic blocks’ duplicates are removed. If the size S(M,,,,,..) 18
less than the size S(M,,,.), the removal of the duplicates in the
group can be considered as being helpful in the optimization
of the module.

[0020] FIG.1 is a flowchart showing the steps of a method
for code size reduction according to one embodiment of the
present invention. Table 1 below illustrates a pseudo code
implementing the steps of the method for code size reduction
set forth in the flowchart of FIG. 1.

TABLE 1

line  Procedural abstraction algorithm

M is a LLVM Module; Prof is a profiling message of a hot-
spot basic block
select a basic block BB, for comparison
for basic block BB, in module M do
if BB, is equal to BB, then
if BB, is not in any group then
push BB, into vector V and mark BB, with group GP,
push BB, into vector V and mark BB, with group GP;
else
push BB, into vector V and mark BB, with group GP;
end if
10 end if
11 end for
12 calculate weighted size W(M)
13 for Group GP,inV do

NoNE-CEEN e N VRN N VO SR

14 copy Module M to another Module M,
15 extract the corresponding members (basic blocks)
of GP; from M,
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TABLE 1-continued

line  Procedural abstraction algorithm

16 calculate weighted size W(M,)

17 if W(M,) > W(M) then

18 remove members of GP; from V

19 end if

20 end for

21 for BB; in V do

22 if BB, is a hot-spot region in Prof then
23 remove BB; fromV

24 end if

25 end for

26 Reorganize V

27 for BB; in GP; in V do

28 extract BB, from M

29 end for

30 output M as a transformed file

[0021] Referring to FIG. 1 and Table 1, in Step S101, the
method performs initialization.

[0022] In Step S102, the method determines the basic
blocks of the module. In one embodiment, the module is an
intermediate representation (IR) module. Next, as also shown
in lines 2 to 11 of Table 1, the method iteratively traverses all
basic blocks of the module to determine basic blocks with
duplicate code, and then classifies the basic blocks with dupli-
cate code into the same group. Each classified basic block can
be pushed into a vector V. This step continues until all basic
blocks are classified.

[0023] For example, as shown in FIG. 2A, the method
initially selects a basic block BB_h1 for comparison, and then
compares the basic block BB_h1 with other basic blocks
(BB_h2, BB_h3, BB_tl1.1, BB_t2.1, BB_t2.2, BB_t3.1).
Next, the method determines that the basic block BB_t1.1
includes duplicate code, and then determines that the basic
block BB_h1 does not belong to a group yet. Thereafter, the
basic block BB_hl and the basic block BB_t1.1 are pushed
into a vector V respectively as the first element v[0] and the
second element v[1] of the vector V, and classified into group
GP,,. After all basic blocks are examined, the method selects
another basic block BB_h2 for comparison. Similarly, after
the basic block BB_t2.1 is identified as having duplicate code,
the basic block BB_h2 and the basic block BB_t2.1 are
pushed into a vector V, and classified into a new group GP,.
When the method further identifies a basic block BB_t2.2
having the same duplicate code, the basic block BB_12.2 is
pushed into the vector V and classified into the new group
GP,. After all remaining basic blocks are examined, the
method selects another basic block BB_h3, and compares the
basic block BB_h3 with other remaining basic blocks. The
selection and comparison steps continue until all basic blocks
are classified.

[0024] Referring to FIG. 1 and lines 12-20 of Table 1, in
Step S103, which is a prep-extract step, the module comprises
aplurality of instructions, and the method provides a plurality
of'weighting values corresponding to different instructions of
the module. In one embodiment, the plurality of weighting
values can be selected from an instruction weight table (S
104), and at least one weighting value is not equal to one.

[0025] Next, the method uses the following equation (2) to
multiply the numbers of different instructions (Instr,) of each
basic block of the module by corresponding weighting val-
ues, and sums the products to obtain a weighted size of the
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basic block and to sum the weighted sizes of the basic blocks
of the module to obtain the weighted size (W(M)) of the
module.

W(instry) @

o= 3y

Y function;e M ¥ BBy € function; ¥ Instry, BBy

[0026] Subsequently, the method creates another module
M, by making a copy of the module M. The method then
selects a group of basic blocks of the module M, and removes
or eliminates the duplicates in the group. Next, the method
uses the equation (2) to multiply the numbers of different
instructions (Instr;) of each basic block of the module M, by
corresponding weighting values, and sums the products to
obtain a weighted size of the basic block and to sum the
weighted sizes of the basic blocks of the module M, to obtain
the weighted size W(M, ) of the module M, . In Step S105, the
methods compare the weighted size W(M) with the weighted
size W(M,) to determine whether such a removal of dupli-
cates in the group can create more benefit than cost. If the
removal of duplicates in a group creates more benefit, the
group will be left in the vector, and it and other remaining
groups will be extracted in a later optimization process.

[0027] In one embodiment, in each cost-benefit analysis,
only one group of basic blocks are extracted or processed.

[0028] For example, in the embodiments of FIGS. 2A and
2B, the duplicates of the group Gp,, are eliminated. Because
the weighted size W(M,), is greater than the weighted size
W(M), the group Gp, is removed from the vector V so that the
group Gp, will not be extracted in a later optimization pro-
cess, and a significant performance gain can be ensured.

[0029] As shown in FIGS. 2A and 2B, after the group Gp,
is processed, the basic blocks of the group Gp, are extracted,
and another weighted size W (M, ) is calculated and compared
with the weighted size W(M). Because another weighted size
W(M,) is less than the weighted size W(M), the group Gp, is
left in the vector V. Similarly, the group Gp, having a
weighted size smaller than the weighted size W(M) is left in
the vector V. Finally, the module M is optimized with the basic
blocks of the remaining groups Gp, and Gp, being extracted.

[0030] Referring to FIG. 1 and lines 21 to 25 of Table 1, in
Step S106, after all groups are processed, the method uses a
profiler to check whether the remaining basic blocks include
ahotspot. Once ahot spot has been identified, the method will
remove the basic block including the hot spot.

[0031] Referring to FIG. 1 and lines 27 to 30 of Table 1, in
Steps S107 and S108, the method optimizes the module M,
during which the method only extracts the basic blocks of the
remaining groups in the vector V to generate or output a
transformed file or code.

[0032] The following demonstrates the generation of the
instruction weight table, while the present invention is not
limited to such a disclosure.

[0033] A plurality of IR (intermediate representation) pro-
gram codes of number i are provided. The program code may
comprise a library, a benchmark program, a function of a
benchmark program, a function, or an optimized IR program.
Next, a plurality of parameters (x;) are used to correspond-
ingly represent IR (intermediate representation) instructions.
The parameters (x;) can be organized into a vector as shown
below.
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X1 (3)

X2

=l
I

xn

[0034] Each IR program code is iteratively examined to
count the number of each IR instruction until all IR instruc-
tions are exhausted. Thereafter, a set of equations can be
obtained.

z @

Zai'j Xx; = b,

=1

[0035] where i denotes an index between one and n, j

denotes an index between 1 and m, n is an integer, m is an

integer and may be equal to n, a,; represents the numbers of

instruction j in the i” IR program code, and b, represents the

code size of the compiled i IR program code.

[0036] The set of equations can be converted into a matrix
-

equation (5), MXx=b

ay anp ... an |[x by (&)
ay Ay ... Gy || X2 by
[, S N | b

[0037] An approximate vector X can be obtained by solv-

ing the equation (5), and each element of the vector X repre-
sents an estimate of the corresponding IR instruction, which
can be used as a weighting value.

[0038] In one embodiment, the vector X is determined by
calculating a generalized inverse or pseudo-inverse of the

matrix M. In one embodiment, the vector X is calculated by
a constrained least squares method. In one embodiment, the

elements of the vector X are constrained between 5 and 35.
[0039] FIG. 3 schematically shows an apparatus for code
size reduction according to one embodiment of the present
invention. Referring to FIG. 3, the apparatus 3 comprises a
computer processor 31. A procedural extraction mechanism
311 can be operated on the computer processor 31. The pro-
cedural extraction mechanism 311 is used to a) determine
basic blocks in an intermediate representation module, b)
group those of the basic blocks having duplicate code into
groups, ¢) provide weighting values corresponding to difter-
ent instructions of the module and including at least one being
not equal to one, d) determine a weighted size of the module,
e) remove duplicates in one of the groups of the module to
obtain a module having one processed group, f) determine a
weighted size of the module having one processed group, and
g) compare the weighted size of the module to the weighted
size of the module having one processed group. Moreover, the
procedural extraction mechanism 311 can be further used to
h) remove the one of the groups if the weighted size of the
module having one processed group is greater than the
weighted size of the module. Moreover, the procedural
extraction mechanism 311 can be further used to repeat step
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e) to step h) until all groups are processed and to remove
duplicates in the remaining groups.

[0040] In one embodiment, the weighting values can be
determined based on a plurality of intermediate representa-
tion program codes. In one embodiment, the weighting values
can be determined based on a plurality of intermediate rep-
resentation program codes and sizes thereof. In one embodi-
ment, the weighting values can be determined based on a
plurality of intermediate representation program codes, the
number of the intermediate representation instructions of
each intermediate representation program code, and the size
of each intermediate representation program code.

[0041] As shown in FIG. 3, a profiler 313 can be operated
on the computer processor 31 to remove any of the remaining
basic blocks, including a hot spot before the step of removing
duplicates in the remaining groups.

[0042] In addition, a weighting value generating mecha-
nism 312 is operated on the computer processor 31 to provide
a plurality of intermediate representation program codes of
number i; provide a plurality of parameters (x;) corresponding
to all intermediate representation instructions of an interme-
diate language; count a number (a, ) of each intermediate
representation instruction used in each intermediate represen-
tation program code; compile each IR program code of the
plurality of intermediate representation program codes to an
object code; determine a size (b,) of each object code; and
determine the plurality of parameters (x;) by the following
equation,

n

Za‘-,jxxj =b;,

J=1

[0043] where n is an integer.

[0044] The apparatus 3 can comprise a memory 32, which
can be disposed with the same system, including the proces-
sor 31, or can remotely communicate with the processor 31.
The memory 32 can store an instruction weight table, which
can be formed according to the above plurality of parameters
(x;). The computer processor 31 can select required weighting
values from the instruction weight table.

[0045] The data structures and code described in this
detailed description are typically stored on a non-transitory
computer-readable storage medium, which may be any
device or medium that can store code and/or data for use by a
computer system. The non-transitory computer-readable
storage medium includes, but is not limited to, volatile
memory, non-volatile memory, magnetic and optical storage
devices such as disk drives, magnetic tape, CDs (compact
discs), DVDs (digital versatile discs or digital video discs), or
other media capable of storing code and/or data now known or
later developed.

[0046] Themethodsand processes described in the detailed
description section can be embodied as code and/or data,
which can be stored in a non-transitory computer-readable
storage medium as described above. When a computer system
reads and executes the code and/or data stored on the non-
transitory computer-readable storage medium, the computer
system performs the methods and processes embodied as data
structures and code and stored within the non-transitory com-
puter-readable storage medium. Furthermore, the methods
and processes described below can be included in hardware
modules. For example, the hardware modules can include, but
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are not limited to, application-specific integrated circuit
(ASIC) chips, field-programmable gate arrays (FPGAs), and
other programmable-logic devices now known or later devel-
oped. When the hardware modules are activated, the hard-
ware modules perform the methods and processes included
within the hardware modules.

[0047] It will be apparent to those skilled in the art that
various modifications and variations can be made to the dis-
closed embodiments. It is intended that the specification and
examples be considered as exemplary only, with a true scope
of'the disclosure being indicated by the following claims and
their equivalent.

What is claimed is:

1. A method for code size reduction, comprising the steps
of:

a) determining basic blocks in an intermediate representa-

tion module;

b) grouping ones of the basic blocks having duplicate code
into groups;

¢) providing weighting values corresponding to different
instructions of the module, wherein the weighting values
are determined based on a plurality of intermediate rep-
resentation program codes of number i;

d) determining a weighted size of the module, wherein the
weighted size of the module is determined by summing
weighted sizes of the basic blocks of the module, and the
weighted size of each basic block is determined by sum-
ming products of numbers of different instructions of the
basic blocks and the corresponding weighting values;

e) removing duplicates in one of the groups of the module
to obtain a module having one processed group;

f) determining a weighted size of the module having one
processed group, wherein the weighted size of the mod-
ule having one processed group is determined by sum-
ming weighted sizes of the basic blocks of the module
having one processed group, and the weighted size of
each basic block is determined by summing products of
numbers of different instructions of the basic blocks of
the module having one processed group and the corre-
sponding weighting values; and

g) comparing the weighted size of the module to the
weighted size of the module having one processed
group.

2. The method of claim 1, further comprising a step of:

h) removing the one of the groups if the weighted size of the
module having one processed group is greater than the
weighted size of the module.

3. The method of claim 2, further comprising the steps of:

repeating step e) to step h) until all groups are processed;
and

removing duplicates in remaining groups.

4. The method of claim 3, further comprising a step of
removing any remaining basic blocks, including a hot spot,
before the step of removing duplicates in remaining groups.

5. The method of claim 1, further comprising the steps of:

providing the plurality of intermediate representation pro-
gram codes of number i;

providing a plurality of parameters (x,) corresponding to
all intermediate representation instructions;

counting a number (3, ;) of each intermediate representa-
tion instruction used in each intermediate representation
program code;
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compiling each intermediate representation program code
of the plurality of intermediate representation program
codes to an object code;

determining a size (b,) of each object code; and

solving the following equation for the plurality of param-
eters (X)),

where n is an integer;

wherein the weighting values are selected from the param-
eters (X;).

6. An apparatus for code size reduction, comprising:

a computer processor; and

a procedural extraction mechanism operated on the com-
puter processor, wherein the procedural extraction
mechanism is used to:

a) determine basic blocks in an intermediate representation
module;

b) group ones of the basic blocks having duplicate code
into groups;

¢) provide weighting values corresponding to different
instructions of the module;

d) determine a weighted size of the module;

e) remove duplicates in one of the groups of the module to
obtain a module having one processed group;

f) determine a weighted size of the module having one
processed group; and

g) compare the weighted size of the module and the
weighted size of the module having one processed
group;

wherein the weighting values are determined based on a
plurality of intermediate representation program codes
of number i;

wherein the weighted size of the module is determined by
summing weighted sizes of the basic blocks of the mod-
ule, and the weighted size of each basic block is deter-
mined by summing products of numbers of different
instructions of the basic blocks and the corresponding
weighting values;

wherein the weighted size of the module having one pro-
cessed group is determined by summing weighted sizes
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of the basic blocks of the module having one processed
group, and the weighted size of each basic block is
determined by summing products of numbers of differ-
ent instructions of the basic blocks of the module having
one processed group and the corresponding weighting
values.

7. The apparatus of claim 6, further comprising the proce-
dural extraction mechanism used to h) remove the one of the
groups if the weighted size of the module having one pro-
cessed group is greater than the weighted size of the module.

8. The apparatus of claim 7, further comprising the proce-
dural extraction mechanism used to repeat step e) to step h)
until all groups are processed; and to remove duplicates in
remaining groups.

9. The apparatus of claim 8, further comprising a profiler
used to remove any remaining basic blocks, including a hot
spot, before the step of removing duplicates in remaining
groups.

10. The apparatus of claim 6, further comprising a weight-
ing value generating mechanism used to:

provide the plurality of intermediate representation pro-

gram codes of number i;

provide a plurality of parameters (x;) corresponding to all

intermediate representation instructions;

count a number (g, ;) of each intermediate representation

instruction used in each intermediate representation pro-
gram code;

compile each intermediate representation program code of

the plurality of intermediate representation program
codes to an object code;

determine a size (b,) of each object code; and

solve the following equation for the plurality of parameters

x),

where n is an integer;

wherein the weighting values are selected from the param-
eters (X;).



