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ABSTRACT

Memory fragmentation is the development of a langenber of separate free areas. Memory management
in embedded systems demand effective implementattbemes to avoid fragmentation problem. Existing
dynamic memory allocation methods fail to suit ré@le system requirements. Execution times nedzkto
deterministic and this motivates the need for atam and deallocation to be done in constant time
with the help of API's. In uC/OS-Il, memory alloéat is semi-dynamic and a buddy allocator
dynamic memory allocation algorithm is commonly disérogrammer must statically allocate a
memory and partition the region using pC/OS-Il KdrAPI. Tasks can only request pre-partitioned
fixed-size memory space from pC/OS-Il. Memory afiton times are influenced by the ratio of
memory allocation to the stack size of the taskthis research work memory management in LPC
1768 environment using RTOS pC/OS-1l is proposeffedfive sharing of memory blocks among
tasks co exists with partition. The captured resshows that the memory allocation and deallocation
suits real time. The implication of the work is ththe necessity to reserve a static set of loaatio
ahead of time is eliminated so that memory canlloe@ed at compile or design time.
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1. INTRODUCTION to execute a process, it calls the dispatcher wini¢hrn
check whether the process in queue is in memongotif
Optimal methods for memory management involve there is no free memory region, the dispatcher swam
allocating memory to a process when needed and degbrocess currently in memory and swap in the desired
locating memory when no longer in use. Swapping canprocess. It then reloads the register as normal and
make the memory used by all the running processes ttransfers control to the selected process. Vinwainory
exceed main memory and hence needs to be usethakes it possible to run a single program that uses
carefully. Medium-term scheduler removes the unduse memory than the main memory (normally RAM) avaiabl
process from memory. At some later time, the preces on the system. Programs refer to parts of memongus
can be reintroduced into memory and its executimm ¢ addresses. In a virtual memory system, these argalvi
be continued from where it left. Swapping is a teghe addresses. The virtual address is mapped onto gahysi
where processes are moved into and out of memory aaddresses by a Memory Management Unit (MMU).
and when memory is requested else remain free.
Swapping is handled by a medium-term scheduler. 2. MOTIVATION BEHIND THE
Swapping is also used in paging system where aepsoc RESEARCH WORK
that is swapped out will release all its page frarf@
use by other processes. Swapping requires a backing The need for effective memory management is
store (commonly a fast disk). The system maint@ins illustrated in the following examples. In data base
ready queue consisting of all processes whose isnaige  application there is a need to manage time varying
in backing store. Whenever the CPU scheduler decide data and they are referred to as temporal datasbase
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The temporal data model should be designed in a way In static memory allocation: Memory is allocated at
to reduce the cost of memory storage (Halawani andcompile or design time and allocation is prefixéd.
Al-Romema, 2010)". Anbumozhi and Manoharan dynamic memory allocation memory allocation is done
(2014) proposed a method of fuzzy based imageduring run time and it requires the status of memor
fusion in that the author highlighted the need for blocks at all instant. In this memory allocatiorcieated
limited memory buffers with low computational and destroyed during run time. Manual memory
complexity in order to reduce the hardware coste Du allocation is simply used for the purpose of
to the limited memory capacity of mobile devices th understanding the memory management concept. In
AST node is generated and executed only whenAutomatic memory allocation the allocation task is
required and there is no need of converting all AST executed by recycling the blocks and it eliminates
nodes to respective code bytes (Patral., 2013). memory allocation bugs.

In artificial Immune recognition system there iede
to allocate resources in such way that only limited 4. DYNAMIC MEMORY ALLOCATION

memory cells should be used but without reducirg th ALGORITHMS
accuracy of AIRS (Golzaret al.,, 2011). The main
objective in scanning of data base to mine theiaihat The different types of dynamic memory allocation

co-located moving objects is to minimize the algorithms are explained below.
computation cost and memory usage (Manikandan and . )
Srinivasan, 2013)". Revathy and Saravan@914) 4.1. Sequential Fit

proposed a efficient parity check decoder for lawvpr The algorithm uses single linear list of all free

applications. In this the author specified the im@oce  memory blocks, the blocks are allocated from tiss |
of effective utilization of hardware consideringeth e algorithm is easy to use but time consuming.
rapid growth of technology memory devices becomes

larger and powerful. The modern embedded system#.2. Indexed Fit
applications requires large quantity of memory esag
but in many cases an embedded system has Iimiteqre
memory capacity only and also size of input data
cannot be estimated in advance. 4.3. Bit Mapped Fit

In situations like above there is a need to design ) .
effective memory management system such that memory 1€ @lgorithm uses a bitmap to represent the ushge
can be utilized efficiently (Porwal and Mittal, 2)1. the heap.

4.4. Two Level Segregated Fit (TLSF)
3. MEMORY ALLOCATION METHODS
TLSF is a combination of segregated and bitmap fit

In RTOS there are two types of memory allocation; algorithms. It solves the worst case bound probdemi
static and dynamic. The classification of memory produces high efficient allocation and deallocation
allocation is shown iffrig. 1. real time applications.

The algorithm uses an indexing data structure like
e to found the free blocks.

Memory allocation technique

1
[ |

Static memory Dynaric memory
allocation allocation
[ I
Manual allocation Automatic
allocation

Fig. 1. Memory allocation methods
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Table 1. Comparison between memory allocation algorithms 5.1, Virtual Memory and Benefits

Parameters . . .

Virtual memory is a hardware technique where the
Algorithms Response time Fragmentation COMPuter system appears to have more memory than it
Seg Jential fit Slo?/v Large actually does (Gopadt al., 2010). This is done by time
Indqexed fit Fast Large sharing the physical memory and executing a process
Bitmapped fit Fast Large that may not be completely in main memory. The
TLSF Faster Small advantages include:
STﬁ;Z;STeOn? allocator ;:;? fastest L;ggllest A program would no longer be constrained by the

amount of physical memory that is available
e Since each program could take less physical memory,
4.5. Buddy Allocator more programs could be run at the same time

It uses an array of free lists, one for each allWea <+ Less I/O would be needed to load or swap each
block size. The buddy allocator rounds up the retpee user program into memory. So each user program
size to an allowable size and allocates from the would run faster
corresponding free list. If the allocated free isempty . .
then another free list is selected. The main acgnof 5.2. pC/OS-Il API and its Functions
buddy system is that freed blocks can be foundkiyic OSMemCreate(), OSMemGet(), OSMemPut() and
by simply address computation¥able 1 shows the  OSMemQuery() are the main RTOS functions used in
comparison between different dynamic memory this research work. The pC/OS-lIl API's and their

allocation algorithms. purpose is listed ifable 2
5. PROPOSED METHOD EOR MEMORY 5.3. Identified Hardware Setup
MANAGEMENT In this study the combination of LPC 1768

hardware and uC/OS-Il kernel are used to minimize

Malloc() and free() is dangerous in embedded real-the complexity of the system (Srikanth and Samunuri
time system as inability to obtain a single combigs  2013)". The LandTiger V2.0 NXP LPC1768 ARM
memory area due to fragmentation can be fataldevelopment board is a 32 bit Microprocessor used f
(Krishnaveni and Sivakumar, 2013)". Execution tinfe ~ e€mbedded system applications. The Board has
malloc() and free() are also nondeterministic. When following features:
using dynamic memory allocation de-fragmentation of
memory will be required, but that can be time
consuming. To avoid the above issues, all the mgmor i
allocations have to be done initially in the praograso *
that there is no uncertainty about the availabilitfy R
memory during runtime. In pC/OS-Il, fixed-sized Two CAN bus communication interfaces
memory blocks are created from a partition made of RS 485 communication interface
contiguous memory area as showrFig. 2. All memory ~ *  RJ45-10/100M Ethernet network interface
blocks are the same size and the partition contams * DAC olp interface and ADC i/p interface
integral number of blocks. Allocation and dealléoatof ~ * USB 2.0 interface
these memory blocks is done in constant time and iss SD/MMC card (SPI) interface
deterministic. pC/OS-Il controls the partitions it ¢ Color LCD display interface

memory control blocks. LPC 1768 is a high performance and Low power

The run-time mapping form virtual to physical consumption Microprocessor. pC/OS-Il is a real time

address is done by at harg{lwalge device §n? for\r/nvs gh?nulti tasking operating system kernel version 2islt
memory managément unit.. Frogram —status - Wordsqeq for inter task communication and synchrorsrati
(PSW) controls the order of instruction executiola 4.4 it has the following features:

contains various information about the state ofacess.
There are three types of PSW’s namely; current PSWe  Portable, preemptive, multitasking kernel
new PSW and old PSW. e It can handle 64 tasks

512KB on chip flash program memory
64KB SRAM for high performance CPU
Standard JTAG test/debug interface
Two RS 232 serial interfaces
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It supports processors up to 64 bit

It has deterministic execution times

MC/OS-Il is simple to use and simple to implement
KERNEL

An real time operating system (uC/OS-II) fulfillset
requirements of events that happens in real tinTlOR
gives an efficient solution for memory managemeith w
variable sizes of memory blocks required for difar
processes (Wang al., 2011).

6. DEVELOPMENT CYCLE

The various steps involved in memory allocation and
deallocation is presented here. A new memory pantit
is created using OSMemCreate() and as an illustréii
blocks with block size of 5 is created. A requestthe
memory blocks to remain in a loop until no moreda®
are available is placed. At each stage the amdumnsex
and free memory available in the memory block is
dynamically tracked. The memory blocks in a loop ar
released until all the blocks are released anddlt stage

the amount of used and free memory available in theOs Task Name EN
memory block is displayed. The sequence of stepsOS_Mem Create()

illustrating the above is given Fig. 3.
6.1. Algorithm

The algorithm for task 1 and interrupt handler is
given below:

. Get memory Status using OSMemQueryAPI

. Display the used and free memory of the partitio
. Get memory block from partition using OSMemGEt A
. Display the used and free memory of the partitio
. If memory block is not NULL go to step 3

. Display the used and free memory of the partitio
. Put memory block to the partition using OSMen¥&Rit
. Display the used and free memory of the partitio
. If used memory in the partition exceeds 0 getép 7
10. Display the used and free memory of the pantiti
11. End

OCoO~NOOTA,WNE

The task for the above algorithm is created with
function App_Taskl Create() and a stock of suffitie
size is created to run task properly with function
OSTaskCreate(). Priority of the task is passedRob using
the function APP_TASK1 PRIO.OSMemCreate(),

OSMemGet(), OSMemPut() and OSMemQuery() are used

to create a memory partition ,to get a block frame t
memory partition, to put the memory block to thetipan
and to query the status of the memory partitiopeetvely.
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Fig. 2. Memory block partition

Table 2.uC/OS-1l API's and its functions

nC/OS-11 API Functions

App_Task 1 create Used to create Application Taskl
Os Task create Used for Task creation
Used to enable Task name
To create new Memory Partition
Get Memory and Allocate the block
Return all the Memory blocks
to a memory partition
Used for Memory initialization
To start the Task Priority
Start Multitasking
To get details about Memory

OS_Mem Get()
OS Mem Put()

Mem_Init()
App_Task_Start PRIO
OS_Start

OS_Mem Query

1483

6.2. Code Implementation in C

The following are the codes for Task Creation, Task
Memory Partition initialization and global declaoais.

6.2.1. Task Creation

Void App TaskCreate(void)

{

CPU_INTOS8U os err;

Os_err = 0s_err;
UARTO_SendString(“Creating
Management) with priority 58\r\n”);
Os_err = OSTaskCreate((void(*)(void*))uctsk_Task1,

Task 1(Memory

(void *)0,

(OS_STK¥) &
App_Taskl1stk[APP_TASK_STK_SIZ
E-1],
(INT8U)
APP_TASK1_PRIO);

# if OS TASK NAME EN>0
JCS
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6.2.2. Task 1

Static void uctsk_Task1 (void*pdata)
{
INT8U err=0;
Int cnt = 0O;
OS_MEM_DATA mem_data;
pdata = pdata;

UARTO_SendString(“Task1(Memory Management) is

Created\r\n”);

UARTO_SendString(“\\n***MEMORY  BLOCKS

ALLOCATION****\r\n\n");

6.2.3. Memory Partition Init and Global Declaratson

OS_MEM*CommMem;
INT8U*msg[6];
INT8U CommBuf[5][5];

Void Mem__Init(void)

INT8U err;
CommMem=0SMemCreate(&CommBuf[0]
[0],5,5,&err);
}

6.3. Experimental Setup

USB cable of the LPC 1768 Board is connected to
USB port of the system and Serial port of the LFFG8&
Board is connected to Serial port of the system The
memory management program is compiled and
downloaded to the LPC 1768 board By resetting the
board, the allocation and de allocation of memory
blocks in hyper terminal can be seen. The experiaten
setup is shown ifig. 4.
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E2
[ Gets memory status using OSMemQuery API ]
[ Display the used and free memory of the partition ]
v

Get Memory block from partition using OSMemGet API ]

v

[ Display the used and free memory of the partition ]

If Memory block | =NULL?

[ Display the used and free memory of the partition ]

v

—D[ Put Memory block to the partition using OSMemPut API ]

v

[ Display the used and free memory of the partition ]

If used memory in the
partition > 0?

[ Display the used and free memory of the partition ]

v

Fig. 3. Steps in memory management
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7. RESULTS one by one is shown iRig. 6. In which it is clearly
seen that free and used memory status is updated
Real time implementation of memory allocation is dynamically each time a block is allocated. Sinfylar
demonstrated ifFig. 5 which shows a creation of new release of memory blocks after use is showfig 7,
memory partition with block size of 5 and taskifor here also used and free memory status displayeld eac
memory block allocation, release and display ofusta time a block is released. The results shows thanong
of memory blocks. The allocation of memory blocks &llocation is done in real time.

Fig. 4. Experimental setup 1. USB Cable of LPC 1768(ConnectédiSB Port of PC), 2. Serial port of LPC 1768(Conmne¢tePC
Serial port)
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Fig. 5. Real time implementation of memory management
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wunxENORY BLOCKS ALLOCATTIONwexx

Nunber of memory blocks free:6 Blocks
Hunber E{ "E“05¥ blocﬁs used:0 Blocks
enory block allocate Free and Used Memory sttus updated
Number of memory blocks free:d Blocks % pypamicaly aﬁmgzmaﬁm
Nunber of memory blocks used:1 Blocks & aocasd
Henory block allocated Alocation s dstrated
Nunber of memory blocks free:k Blocks
Number of memory blocks used:? Blocks
Henory block allocated
Nunber of memory blocks free:d Blocks
Nunber of memory blocks used:3 Blocks
Henory block allocated
Nunber of mewory blocks free:2 Blocks
Nunber of mewory blocks used:& Blocks
Henory block allocated
Nunber of memory blocks free:1 Blocks
Nunber of mewory blocks used:5 Blocks
Henory block allocated
Nunber of mewory blacks free:0 Blocks
Nunber of memory blocks used:6 Blocks

Fig. 6. Memory blocks allocation

wxxfEHORY BLOCKS RELEASExx»x

Nunber of memory hlocks free:0 Blocks

Nunber of memory hlocks used:6 Blocks

nemgry b%ock relegiedk oot Block

unber of memory hlocks free:1 Blocks+—

Nunber of memory blocks used:5 Blocks4*'$§j;iﬁf§iii$ﬂ$§j”5
Hemory block released Hlock s released.
Nunber of memory blocks free:2 Blocks  pealacationis iustrated.
Number of memory blocks used:& Blocks

Memory hlock released

Nunber of memory hlocks free:3 Blocks

Nunber of memory blocks used:3 Blocks

Hemory block released

Nunber of memory blocks free:& Blocks

Nunber of memory hlocks used:2 Blocks

Hemory block released

Nunber of memory hlocks free:S Blocks

Nunber of memory blocks used:1 Blocks

Memory hlock released

Nunber of memory hlocks free:6 Blocks

Nunber of memory blocks used:0 Blocks

Fig. 7.Memory blocks deallocation
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