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Abstract: Low-Level Virtual Machine (LLVM) compiler infrastructure is a useful tool for building
Just-in-time (JIT) compilers, besides its reliable front-end represented by clang compiler and its elab-
orated middle-end containing different optimizations that improve the runtime performance. This
paper addresses specifically the part of building a JIT compiler using LLVM with the scope of get-
ting the hardware architecture details of the underlying machine such as the number of cores and
the number of logical cores per processing unit and providing them to NUMA-BTLP static thread
classification algorithm and to NUMA-BTDM static thread mapping algorithm. Afterwards, the
hardware-aware algorithms are run by the JIT compiler within an optimization pass. JIT compiler
in this paper is designed to run on a parallel C/C++ application (which creates threads using
Pthreads), before the first time the application is executed on a machine. To do that, the JIT compiler
takes the native code of the application, gets the corresponding LLVM IR (Intermediate Represen-
tation) for the native code and executes the hardware-aware thread classification and the thread
mapping algorithms on the IR. The NUMA-Balanced Task and Loop Parallelism (NUMA-BTLP)
and NUMA-Balanced Thread and Data Mapping (NUMA-BTDM) are expected to optimize the en-
ergy consumption up to 15%, on NUMA systems.

Keywords: LLVM, JIT compiler, number of cores, number of logical cores, NUMA systems, thread classifi-
cation algorithm, thread mapping algorithm

1. Introduction

Through LLVM compiling infrastructure [1], one can build JIT compilers which are
used to interpret LLVM IR (Intermediate Representation) corresponding to language con-
structions that can be invented by the author. LLVM JIT [1] can also trigger LLVM opti-
mizations on the LLVM IR constructs. JIT compiler prototype in this paper does not inter-
pret new language constructs, but it is rather used to trigger an optimization pass which
executes NUMA-BTDM [2] and NUMA-BTLP [3] algorithms on the LLVM IR representa-
tion of the code. The algorithms get the hardware details of the underlying architecture
(number of cores and number of logical cores per processing unit) and perform a hard-
ware-aware thread mapping.

NUMA-BTLP [3] is a static thread classification algorithm implemented using LLVM
[1], which defines three types of threads depending on static criteria, namely autonomous
threads, side-by-side threads and postponed threads [2]. The algorithm associates a thread
with a tree node and adds the thread in a communication tree which defines the way
threads communicate with each other by their position in the tree e.g. if thread i has data
dependencies with thread j, than thread i could be the parent of thread j in the
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communication tree. Once having constructed the communication tree, the tree is trav-
ersed and each thread is mapped depending on its type which is stored in the correspond-
ing node in the communication tree [4]. The thread is mapped to one or several processing
units, based on the mapping rules defined by NUMA-BTDM algorithm [2] implemented
using LLVM [1] e.g. autonomous threads, that have no data dependencies with any other
thread, are distributed uniformly to processing units, side-by-side threads are mapped on
the same processing units as other threads with which the share data, while postponed
threads are mapped on the less loaded processing unit so far during the mapping process
(the processing unit is determined statically) [4].

For the NUMA-BTLP [3] and NUMA-BTDM [2] optimization algorithms to have any
effect, the parallel execution model used by the application is supposed to be Pthreads [5].
That is because the NUMA-BTLP algorithm [3] searches for pthread create calls [5],
which create the threads, in the LLVM IR [1] representation of the input code, to be able
to get the function executed by the thread and perform the static data dependency analysis
on it, resulting the thread type [4].

The issue is that, having these algorithms implemented in LLVM [1] involves getting
the hardware details at compile-time and having the application optimized for the same
machine where it was compiled. Therefore, the optimization would not have any effect
on other machines than the one for which the application was compiled. A solution to this
is constructing a JIT with LLVM [1] and triggering the thread classification and thread
mapping algorithms by the JIT, as an optimization pass, anytime the application is first
run on a machine.

This research is a case study of building a LLVM JIT for running NUMA-BTLP [3]
and NUMA-BTDM [2] algorithms on the LLVM IR [1] of C/C++ applications that use
Pthreads parallel model for the scope of saving energy by applying a hardware-aware
thread mapping.

In previous researches [2-4], it is shown how the NUMA-BTLP [3] and NUMA-BTDM
[2] algorithms improve the energy consumption by inserting a Pthreads thread mapping
call after each Pthreads thread creation call, that maps the thread by taking into account
the number of cores and the number of logical cores per processing unit, in establishing
the affinity of the thread. The affinity of a thread is defined as the cores on which the
thread runs, in Pthreads parallel model.

The advantages of using the hardware-aware mapping in [4] is that the threads that
share data can be are mapped on the same cores and the threads that don’t share data
with others can be are mapped to cores in a balanced manner. Both ways of mapping
mentioned earlier improve balanced data locality, which, in its turn, saves energy.

The paper is structured as follows: the background and related work are presented
in Section 2, then NUMA-BTLP algorithm [3] is presented in Section 3, followed by the
ways of mapping threads, proposed by NUMA-BTDM [3] algorithm, in Section 4, while
in Section 5, the materials and methods for measuring the power consumption are pre-
sented, followed by the experimental results in Section 6, discussions in Section 7 and
conclusions, in the last section.

2. Background and related work

The purpose of a JIT compiler is to compile code when it is needed, and not compile
the entire program to the disk as a compiler commonly does [1]. This is done by making
the LLVM IR code executable in the context of the JIT process and by adding it to execu-
tion using the addModule function call [1]. Next, a symbol table is constructed and by
using the lookup function call [1], every symbol in the table that has been not yet com-
piled, it is compiled. JIT can keep the optimizations that a common compilation would
do, by creatinga 11vm: : FunctionPassManager instance and configuring it with a set
of optimizations [1]. Then, PassManager is run on the on a Module to get a more opti-
mized form while keeping the semantics [1]. To optimize the code, JIT process uses an
optimizeModule function call. Reaching the code is done by calling an add method on
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an OptimizeLayer object instead of calling addModule function [1]. The drawback of
using LLVM JIT is that LLVM needs to be installed and compiled on the same machine as
the one code needs to be run on.

Usually, JIT compilation is used to compile new features of a language that would
otherwise not be compiled as usual during the compilation process, but rather by the JIT,
before runtime. Instantiation of a language construct can be also JIT compiled. Paper [6]
uses LLVM to build a JIT. In paper [6], the function templates are instantiated at runtime
by providing non-constant expressions to the non-type template parameters and strings
from which the type is deduced by conversion to type template parameters. Another pa-
per [7] allows multiple definitions for the same language construct, producing different
Abstract Syntax Trees (AST). While LLVM Clang is used to separate the unique AST from
the redefined ones, the redefined AST is JIT compiled [7]. JIT compiled code can be also
optimized [8].

Unlike in this present paper, where insertion of code is done in the LLVM IR, another
paper would perform the insertion in the machine code [9]. The code that is inserted is
delimitated by a region. Changing and deletion of the machine code is done in a similar
way using delimitating regions [9]. The approach in paper [9] increases flexibility. How-
ever, in this paper, the same LLVM IR code is added anywhere in the input code. There-
fore, this is not affecting the flexibility of the design.

LLVM ]JIT Framework is used to construct rules written in LLVM IR that would
match to the language constructions from the input file. The process is called JIT compi-
lation of the input file. Therefore, many times JIT compilers are used for compiling pro-
gramming languages that are invented by the writer.

The custom JIT compiler in this paper does not create any construct rule, instead, the
JIT compiler is able to create a 11vm: : FunctionPassManager instance [1] and to add
to it the NUMA-BTLP [3] optimization pass. This way, the JIT compiler avoids compiling
all the code for applying the optimization pass, before each time an application is first run
on a machine.

The advantage of NUMA-BTLP [3] being a static optimization for mapping threads
is that, regardless of the number of threads that are created, every thread is mapped con-
sidering the communication with the overall pool of threads. NUMA-BTLP [3] detects the
LLVM IR [1] that creates the thread, and adds after each such call, another call that maps
thread. Paper [10] disagrees with having a static thread mapping, and presents a mecha-
nism for shared memory, through which the operating system can map the threads at
runtime based on the communication between threads. However, mapping a thread in
paper [10] does not consider the communication of the thread with all other threads, but
rather the communication of the thread with another sharing the same data [10], which
reduces the replication of data in different caches, thereby increasing the cache space
available to the application [11]. Postponed threads are one of the type of threads pro-
posed by the thread classification of NUMA-BTLP [3], which are mapped on the less
loaded core. This paper supports the idea that postponed threads assure the balance of
the computations and that they are mapped depending on all other threads, which cannot
be guaranteed if mapping is performed at runtime, since not all other threads are mapped
when the postponed thread is to be mapped.

Along with thread mapping, paper [12] also uses data mapping to minimize the num-
ber of RAM memory fetches. Paper [13] analyses many other aspects besides RAM
memory fetches, including “L1 I/D-caches, I/D TLBs, L2 caches, hardware prefetchers, off-
chip memory interconnects, branch predictors, memory disambiguation units and the
cores” to determine the interaction between threads. Another research [14] concludes that
having threads executed close in term of NUMA distance to where the main thread is
executed is better than having threads executed on cores far from the core that executes
the main thread, since it improves data locality. However, research in [15] states that lo-
cality-based policies can lead to performance reduction when communication is imbal-
anced.
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3. NUMA-BTLP Algorithm

3.1. Data dependencies considerations

To find the type of the thread, NUMA-BTLP algorithm [3] searches for data depend-
encies between each thread in the communication tree added so far and the thread created
by the pthread create call [5]. To get the data dependencies between a thread that is
candidate to be added in the communication tree and a thread that is already added in the
tree, a static analysis of the data used in the function attached to a thread from the com-
munication tree and the data used by the function attached to the candidate thread, is
performed [4].

An autonomous thread does not have any data dependencies with any other thread
[2]. Such type of thread does not read any data written by other threads, does not write
any data read by other threads and can only read data read by another thread [4].

A thread i is side-by-side relative to J if the two threads have data dependencies [4].

A postponed thread is in side-by-side relation only with the generation thread [4].

3.2. Data structures used in the implementation

The algorithm uses two tree data structures in its implementation that contain rele-
vant information for the mapping: a thread generation tree and a thread communication
tree. The tread generation tree is constructed as follows:

1. The main thread which executes the main function is the root of the generation tree
and forms the first level of the tree

2. Threads that are created in the main function via pthread create call [5] are sons
of the root, forming the second level on the tree

3. The threads that are created in the functions executed by the treads (so called at-
tached functions) in the second level form the third level in the tree and so on until
the last level is formed.

Therefore, if a thread creates another thread the first tread will be the parent of the
second in the generation tree.

The communication tree defines the data dependencies between the treads each cor-
responding to one or multiple nodes in the communication tree and it is constructed ed
on the following rules:

1. The main thread which executes the main function id the root of the communication
tree and forms the first level of the tree

2. If the execution thread that is candidate to be added in the communication tree is
determined to be autonomous or postponed, the candidate is added in the commu-
nication tree as son threads of his parent from the generation tree

3. If the execution thread is side-by-side, the candidate is added as son thread of all the
threads added already in the communication tree, with which the candidate is in
side-by-side relation.

4. Mapping of NUMA-BTDM Algorithm

NUMA-BTDM algorithm [2] maps the threads to cores depending on their type and
on the hardware details of the underlying machine. Mapping is performed by traversing
the communication tree and assigning a core to each thread in the tree [4]. NUMA-BTDM
algorithm [2] performs a logical mapping [4] by inserting a pthread setaffinity np
call [5] in the LLVM IR of the input code, after each pthread create call [5]. The
pthread setaffinity np call [5] maps the thread to one or several cores. However,
the real mapping is done at runtime, by calling the pthread setaffinity np call [5].

4.1. Getting the hardware architecture details of the underlying architecture

To obtain the hardware architecture detail to customize the mapping, NUMA-BTDM
algorithm [2] executes twice the system call from inside LLVM IR code. First system call
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gives the number of cores of the underlying architecture and second system call gives
the total number of logical cores. Dividing the number of logical cores to the number of
cores gives the number of logical cores per CPU, used by the custom mapping in the
NUMA-BTDM algorithm [2], assuming the architecture is homogeneous.

Physical number of cores is obtained by executing from the code of NUMA-BTLP
algorithms [3], the system calls with the following parameter: system("cat /proc/cpuinfo |
awk '/*processor/{print $3}' | wc -1; grep -c “processor /proc/cpuinfo”). The logical number
of cores is obtained by executing the system with the following parameter: system("grep
~cpul\ \scores /proc/cpuinfo | uniq | awk '{print $4}"). The /proc/cpuinfo file in Linux is
written at every system start-up and contains relevant hardware information about the
machine. By dividing the result of the second system call to the result of the first, the log-
ical number of cores per processing unit is obtained. The number of cores and the number
of logical cores per processing unit are used in the mapping of NUMA-BTDM algorithm

[2].

4.2. Mapping autonomous threads

To get the autonomous threads, the communication tree is traversed, and the auton-
omous threads are stored in list. Then, the thread is mapped uniformly processing units
in the following manner:

core]DForThreadi=floor((kx(i-1)) modulo j)

where i=1—threadNo, threadNo=total number of autonomous threads M

and k = (threadNo (total number of autonomous threads))/(coreNo (to-
tal number of cores) )

Given the thread ID for an autonomous thread, the information is stored in an unor-
dered_map defined by (key, value) pairs, in which the thread ID is the key and the ID of
the core to which the thread is mapped, is the value. Then, the LLVM IR input code is
parsed and on every pthread create call [5] found, which creates an autonomous
thread, a pthread setaffinity np call [5] is inserted after it, mapping the autono-
mous thread to its core by using the information in the unordered_map. The correspond-
ing core of the autonomous thread is quickly accessed due to the hash-based implemen-
tation of the unordered_map that stores the pairs (threads ID, core ID).

4.3. Mapping side-by-side threads

The communication tree is traversed searching for side-by-side threads. Once a side-
by-side thread is found, it is added in an unordered_map similar as for autonomous
threads. Once all side-by-side threads are added in the unordered_map, the code is parsed
to reach the pthread create calls [5] corresponding to each side-by-side thread. The
call is reached uniquely by the thread ID, by the containing function i.e. called parent
function and by the executing function i.e. called function attached to the thread, infor-
mation that has been stored inside the tree node.

Every node in the communication tree corresponds to a pthread create call [5]
that creates a thread. Anyway, multiple nodes in the communication tree can define the
same thread. A shared flag between multiple nodes in the tree that represent the same
thread is set to “mapped” in the tree node once the first side-by-side thread e.g. that is
created enclosed in a loop structure, is mapped. Therefore, the static analysis of NUMA -
BTLP algorithm [3] considers all the threads created in a loop to all have the same map-
ping [4]. Anyway, the static analysis considers that the pthread create call [5]ina
loop maps a single thread because the compiler parses only a pthread create call [5]
by the static point of view [4]. So, the relation between the affinity of the mapped
thread(s) and the pthread create call [5] is one-to-one.

Another way of having multiple nodes in the communication tree defining the same
thread is when the same pthread create call [5] is called from another code path. In
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the static analysis of NUMA-BTLP algorithm [3], two or many nodes in the communica-
tion tree can each describe the same thread meaning the thread has the same ID, the same
parent function and function attached in multiple nodes, when the parent function is
called from different paths in the LLVM IR code. In this case, the static analysis [3] con-
siders that the pthread create call [5] creates the same thread from whichever path is
called.

There is also another way of having multiple nodes in the communication tree point-
ing to the same thread. The same pthread create call [5] can be represented by multi-
ple nodes in the tree showing the thread created by the Pthreads call [5] has different data
dependencies with different nodes from the communication tree. For instance, a thread
that is side-by-side related to two threads will be the son of each of the two threads in the
communication tree. Let’s discuss this situation in the following. The pthread create
calls [5] corresponding to the son thread and to the two parent threads in the generation
tree are reached by parsing the LLVM IR code and data dependencies are found between
the son thread and the two other threads so called parent threads. Finally, the two parent
threads will determine the son threads to be added in the communication tree in two dif-
ferent places, as son of the first parent thread and as son of the second parent thread. Once
having reached the pthread create «call [5] of the son thread, the
pthread setaffinity np calls [5] for the son thread and for the parent threads are
inserted in the LLVM IR in the following way. Son thread is added to the communication
tree as son of the first parent thread, son thread reunites its affinity with the affinity of the
first parent thread, resulting its new affinity, son thread is added to the second parent
thread in the communication tree, it reunites its newly computed affinity (computed as
son of the first thread) with the affinity of the second parent resulting a new affinity for
the son threads which is updated automatically in the son node from the first and the
second parent thread. A good example for such a case is a data dependency between two
threads created earlier in the parent function and another thread created afterwards in the
same parent function which depends on the data used by the two threads.

In Figure 1 there is a thread with ID 0 which is the main thread executing the main
function and the threads with IDs 1 and 2 are created using pthread create calls [5]
from inside the main function. The figure shows the communication tree for the threads
described earlier. Given that thread 0 has data dependencies with thread 1, thread 1 has
data dependencies with thread 0 and thread 2, all threads in the figure are of type side-
by-side. According to earlier mentions in the paragraph below, thread 1 appears in two
places in the communication tree because it is in side-by-side relation with two threads,
namely 0 and 2. Thread with ID 0 is mapped on core 0 and thread with ID 2 is mapped on
core 1, so the son thread with ID 1 of both threads with ID 0 and 2 will be mapped on
cores 0 and 1, therefore, taking the affinity of both parent threads.

Figure 1. Mapping of a side-by-side thread having multiple parents in the communication tree.

4.4. Mapping postponed threads

Postponed threads are mapped each to the less loaded core [4], after mapping the
autonomous and the side-by-side-threads. The less loaded core is considered the one that
has the lowest number of threads assigned to it, at the specific moment. To find the less
loaded core, the unordered_map is traversed and the (key, value) pairs are reversed and
added in a map. Therefore, the (key, value) pairs in the unordered_map will become
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(new_key, new_value) in the map, where the new_key is a value in the unordered_map
(i.e. value becomes thread ID) and the new_value is the key from the unordered_map (i.e.
key becomes the list of core IDs where the thread is mapped). map container is sorted
ascending by the number of threads assigned to each core. The postponed threads will
always be mapped, one by one, to the first core in the map. However, if the first core
changes, the postponed threads will be mapped to the new first core in the map.

5. Materials and Methods

To obtain the experimental results, power consumption has been measured for sev-
eral real benchmarks, namely cpu-x, cpu, flops and context switch. Power consumption
gain for each real benchmark was obtained by subtracting the power consumption meas-
ured without applying the NUMA-BTLP algorithm [3] to the real benchmark and the
power consumption measured when the algorithm was applied to the benchmark [4].
Power consumption measurements above were obtained both on a NUMA system, which
has a complex memory hierarchy and on a UMA system which has a single shared
memory. The same system was configured as NUMA and the as UMA, by accessing its
BIOS. So, the following measurements were done on both UMA and NUMA and with and
without applying the NUMA-BTLP algorithm [3]. Each real benchmark except cpu-x
which runs in infinite loop, was run 40 times and the average execution time of the 40
rounds was obtained [4]. The real benchmarks were also run 40 times to get the average
power consumption both on the CPU and on the entire system [4]. CPU power consump-
tion was measured using turbostat tool, which is a Linux program, and system power
consumption was measured with physical device WattsUp [4]. The rate for obtaining both
measures was 1 second [4]. Real benchmarks running for more than 15 minutes were
stopped by using timeout system call [4]. The minimum, the maximum, the average, the
variance and the standard deviation for the 1 second rate measurements of each of the 40
rounds, were computed [4]. The experimental results on the benchmarks were obtained
by manually inserting pthread setaffinity np calls [5]in the code of the real bench-
marks, according to the rules of the thread classification and mapping algorithms.

6. Results

Figure 2 shows for each real benchmark the power consumption gain in percentages
by optimizing using the NUMA-BTLP algorithm [3], for both UMA and NUMA system,
measured on a 32 core Fujitsu machine, configured with two NUMA nodes, each of 16
cores.

The cpu-x real benchmark run is infinite loop with less than 12 side-by-side that can
be configured at runtime by the user. As expected, side-by-side threads produce the big-
gest optimization since the side-by-side threads use the same data which is kept in the
cache avoiding memory fetch operations.

cpu benchmark runs with 16 autonomous threads. The optimization for cpu is lower
as in case of cpu-x, because each autonomous thread is mapped on a separate core, so the
threads fetch the required data in the L1 cache 16 times, or more as required. However,
the difference between the optimization on UMA and the optimization on NUMA is lower
in case of cpu benchmark, showing that fetches from a main memory (UMA) are more
expensive than from the L1 cache (NUMA) as the number of fetches increases, in case of
autonomous threads.

flops real benchmark runs with 2400 autonomous threads. The optimization is lower
as in case of cpu-x and cpu because the thread overhead is bigger in case of flops. How-
ever, flops benchmark is optimized more on NUMA, showing that as the number of
threads increases the bigger is the optimization using the algorithms, on NUMA systems.

context switch runs with 2 autonomous threads. The optimization is low because the
number of threads is small. The algorithms in this paper prove to perform better on me-
dium number of threads, preferably side-by-side threads in majority.
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OPTINIZATION ON UMA VS. NUMA FOR DIFFERENT
BENCHMARKS

. il L - -

cpu-x cpu flops context switch
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Figure 2. Experimental results of energy optimization percentage on different real bench-
marks

Table 1 shows the power gain (by applying NUMA-BTLP [3]) for each benchmark in
Watt/s and in percentages, on both UMA and NUMA systems.

Table 1. Power gain in Watt/s and in percentages when applying NUMA-BTLP [3] to each bench-
mark that is run on both UMA and NUMA systems

Optimization in W/s Optimization in %
Real Benchmark
UMA NUMA UMA NUMA
cpu-x 1.29 0.19 67.63 10.75
cpu 7.56 0.9 15.79 1.88
flops 0.3 0.6 0.41 0.82
context switch 0.77 0.32 1.57 0.76

7. Discussion

NUMA-BTDM [2] is a static mapping algorithm applied to parallel applications us-
ing Pthreads library [5] for spawning the threads. The algorithm decides the CPU affinity
of each thread based on its type [3]. The type of the thread is assigned based by NUMA -
BTLP algorithm [3]. The algorithm classifies the execution treads into autonomous, side-
by-side and postponed based on the static data dependencies between threads [4]. Both
NUMA-BTDM [2] and NUMA-BTLP [3] algorithms contribute to better balanced data lo-
cality on NUMA systems by optimizing the mapping of threads on the systems [4]. More-
over, the energy consumption is optimized [4]. NUMA-BTDM [2] uses Pthreads library
[5] for setting the CPU affinity, enabling better proximity in time and NUMA distance
threads and the data they use [4]. The novelties of tis paper consist of the following:

e  The ability to allow the parallel applications written in C that use Pthreads library [5]
to customize and control the thread mapping based on static characteristics of the
code by inserting pthread setaffinity np calls [5] in the LLVM IR of the input
code after each pthread create call [5]. Thus, the mapping is not random

e The disadvantage of not knowing the number of the execution threads at compile-
time is eliminated by inserting pthread setaffinity np calls [5] in the LLVM
IR of the input code after each pthread create call [5], allowing all threads to by
mapped regardless of their number

e  Paper defines original static criteria for classifying threads in 3 categories and defines
the categories
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e  Mapping of threads depending on their type. The autonomous threads are distrib-
uted uniformly on cores allowing better balance in achieving balanced data locality.
A side-by-side tread is mapped on the same cores as each other thread with respect
to which it is considered side-by-side allowing better data locality [4]

e  The definition of the static criteria of classifying the execution threads in three cate-
gories and the classification itself. If two threads are data dependent (i.e. the data
send to a thread execution is used in the execution of the other thread), they are clas-
sified as side-by-side [4]. If a thread has no data dependencies with any other thread,
the thread is of type autonomous [4]. If a thread has data dependencies with its par-
ent thread only, the thread type is postponed [4]. The data dependencies are revealed
by NUMA-BTLP algorithm [3] which is implemented in LLVM, but not yet part of it

e  Mapping execution threads based on their type. The execution of autonomous
threads is spread uniformly to cores, which ensures the completion of the balance
criteria in achieving the balanced data locality [4]. A side-by-side thread is allocated
for execution on each of the cores on which the threads in relation of side-by-side to
the thread, are mapped. The previous ensures achieving optimized data locality [4].
The postponed threads are mapped to the less loaded core so far, once they are iden-
tified in the traversing the communication tree. The distribution of postponed
threads ensures also balanced execution as the distribution of autonomous threads

e Integrating the implementation of the classification and mapping algorithms in a
modern compiling infrastructure such as LLVM

e Using two trees, a generation and a communication tree in mapping the execution
threads. The communication tree describes the data dependencies between threads
and the generation tree describes the generation of the execution threads [4]. The way
in which the communication tree is constructed represents novelty. The rules of con-
structing the tree are the following: any autonomous or postponed thread is added
as a son thread to every occurrence in the communication of its parent in the gener-
ation tree and every side-by-side thread is added as a son thread to every thread with
which he is in side-by-side relation. By constructing the communication tree in the
above manner, one can find out the way threads are communicating, by traversing
the tree.

8. Conclusions

In this paper was presented a prototype of a LLVM JIT. The JIT can turn the native
code of a C/C++ application that uses Pthreads [5], into corresponding LLVM IR [1], is able
to call the NUMA-BTLP optimization pass which adds the Pthreads mapping calls [5] into
the LLVM IR. Finally, the LLVM IR is converted back to native code.

NUMA-BTDM [2] (called by NUMA-BTLP algorithm), is among the few static thread
mapping optimization designed for NUMA systems. The NUMA-BTDM [2] and NUMA-
BTLP [3] algorithms improve the balanced data locality in an innovative manner [16]. The
algorithms map autonomous threads to cores so that the overall execution of the applica-
tion is balanced [16]. The previous avoids loading one core with the execution of multiple
threads, while the other cores haven’t got any thread to execute. Another novelty of the
two algorithms is that they ensure the proximity in time and NUMA distance of the exe-
cution of side-by-side threads to the data they use [16]. Furthermore, the postponed
threads do not steal the cache from the other threads since they are mapped on the less
loaded cores [16].

The algorithms in this paper improve the power consumption for a small number of
autonomous execution threads with 2%, for a small number of side-by-side threads with
15%, for a medium number of autonomous threads with 1% and the algorithms do not
degrade the execution time [16].

Balanced data locality is obtained by sharing the same L1 cache by threads and by
distributing the threads uniformly to cores [16]. Moreover, the energy spent with the in-
terconnections is reduced when the number of execution threads is medium [16].
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