
 Advanced Microcontroller (GTU) 1 Table of Contents 

 

Unit - I 

Chapter 1 : ARM Introduction 1-1 to 1-16 

1.1 Types of Computer Architectures ................................................................................................................................................. 1-1 
1.1.1 Von Neumann Memory Organization ............................................................................................................................................ 1-1 
1.1.2 Harvard Memory Organization ...................................................................................................................................................... 1-2 
1.2 ISA's and ARM ............................................................................................................................................................................. 1-2 
1.3 Difference between RISC and CISC ............................................................................................................................................. 1-3 
1.4 RISC Design Philosophy .............................................................................................................................................................. 1-4 
1.4.1 Register Window .......................................................................................................................................................................... 1-4 
1.4.2  Miscellaneous Features of RISC Systems .................................................................................................................................... 1-5 
1.5 ARM Design Philosophy ............................................................................................................................................................... 1-8 
1.6 History of ARM Microprocessor .................................................................................................................................................... 1-8 
1.6.1 Terms Related to ARM Instruction Set ....................................................................................................................................... 1-11 
1.7 ARM Processor Family ............................................................................................................................................................... 1-12 
1.8 Development of ARM Architecture.............................................................................................................................................. 1-13 
1.9 Embedded System Hardware and Software ............................................................................................................................... 1-15 
1.9.1 Embedded System Hardware ..................................................................................................................................................... 1-15 
1.9.2 Embedded System Software ...................................................................................................................................................... 1-16 

Unit - II 

Chapter 2 : ARM Architecture and Pipeline Structure 2-1 to 2-45 

2.1 The Acorn RISC Machine ............................................................................................................................................................. 2-1 
2.2 ARM Core Data Flow Model ......................................................................................................................................................... 2-1 
2.2.1 5 Stage ARM9 Core Architecture.................................................................................................................................................. 2-1 
2.2.2 Understanding the ARM Instruction Execution .............................................................................................................................. 2-2 
2.2.3 Execution of Data Processing Instruction in ARM ......................................................................................................................... 2-3 
2.2.4 Execution of the Branch Instructions in ARM Processor ............................................................................................................... 2-4 
2.3 Architectural Inheritance ............................................................................................................................................................... 2-5 
2.4 The ARM7TDMI Programmer’s Model: General Purpose Registers, CPSR, SPSR ...................................................................... 2-7 
2.4.1 General Purpose Registers ........................................................................................................................................................ 2-10 
2.4.2 Program Status Registers (CPSR and SPSR) ............................................................................................................................ 2-12 
2.4.3  Barrel Shifter .............................................................................................................................................................................. 2-15 
2.5 ARM Memory Map# .................................................................................................................................................................... 2-16 
2.6 Data Format ............................................................................................................................................................................... 2-17 
2.7 Load and Store Architecture ....................................................................................................................................................... 2-18 
2.7.1 Addressing Modes for Data Processing Operands (i. e. op1) ..................................................................................................... 2-18 
2.7.2 Addressing Modes for Memory Access Operands ...................................................................................................................... 2-19 
2.8 ARM 3 and 5 Stage Pipeline ....................................................................................................................................................... 2-21 
2.9 Pipeline Hazards ........................................................................................................................................................................ 2-24 
2.9.1 Methods to Resolve the Data Hazards and Advances in Pipelining ............................................................................................ 2-26 



 Advanced Microcontroller (GTU) 2 Table of Contents 

 

2.9.1(A) Pipeline Stalls ............................................................................................................................................................................. 2-26 
2.9.1(B) Data Forwarding: An Hardware Solution ..................................................................................................................................... 2-26 
2.9.1(C)  Dynamic Instruction Scheduling (or) Out-Of-Order (OOO) Execution ......................................................................................... 2-27 
2.9.2 Handling of Branch Instructions to Resolve Control Hazards ...................................................................................................... 2-27 
2.9.2(A) Pre-Fetch Target Instruction ....................................................................................................................................................... 2-27 
2.9.2(B) Branch Target Buffer (BTB) ........................................................................................................................................................ 2-28 
2.9.2(C) Loop Buffer ................................................................................................................................................................................. 2-28 
2.9.2(D) Branch Prediction ....................................................................................................................................................................... 2-28 
2.9.2(E) Pipeline Stall (Delayed Branch) .................................................................................................................................................. 2-28 
2.9.2(F) Loop Unrolling Technique ........................................................................................................................................................... 2-28 
2.9.2(G) Software Scheduling or Software Pipelining ............................................................................................................................... 2-29 
2.10 Stack Implementation in ARM .................................................................................................................................................... 2-29 
2.11 Endianess .................................................................................................................................................................................. 2-29 
2.12 Condition Codes ......................................................................................................................................................................... 2-29 
2.13 Processor Core Vs. CPU Core ................................................................................................................................................... 2-30 
2.14 ARM7TDMI................................................................................................................................................................................. 2-30 
2.14.1 Features of ARM7TDMI .............................................................................................................................................................. 2-31 
2.14.2  Block Diagram and ARM7TDMI Interface Signals ...................................................................................................................... 2-33 

Unit - III 

Chapter 3 : ARM7TDMI Assembly Language Instructions and Programming 3-1 to 3-44 

3.1 Different Types of Instructions ...................................................................................................................................................... 3-1 
3.2 ARM Instruction Set ..................................................................................................................................................................... 3-1 
3.3 Data Processing Instructions ........................................................................................................................................................ 3-2 
3.4 Arithmetic and Logical Instructions ............................................................................................................................................... 3-3 
3.4.1 Comparison and Test Instructions ................................................................................................................................................ 3-5 
3.4.2 Logical Instructions ....................................................................................................................................................................... 3-6 
3.4.3 Shift Operation using RS Lower Byte ........................................................................................................................................... 3-9 
3.5 Rotate and Barrel Shifter .............................................................................................................................................................. 3-9 
3.6 Program Control Flow/ Branch Instructions ................................................................................................................................ 3-11 
3.7 Load and Store Instructions ........................................................................................................................................................ 3-13 
3.7.1 Load and Store Word or Unsigned Byte Instruction .................................................................................................................... 3-13 
3.7.2 Load and Store Half Word and Load Signed Byte ...................................................................................................................... 3-14 
3.7.3 Counting Leading Zeros Instruction ............................................................................................................................................ 3-15 
3.7.4 Semaphore / Swap Register Instructions .................................................................................................................................... 3-18 
3.8 Software Interrupt Instructions .................................................................................................................................................... 3-19 
3.8.1 Co-processor Instructions ........................................................................................................................................................... 3-19 
3.9 Program Status Register Instructions ......................................................................................................................................... 3-22 
3.10 Conditional Execution ................................................................................................................................................................. 3-24 
3.11 Multiple Register Load and Store Instructions ............................................................................................................................ 3-25 
3.12  Stack Instructions ...................................................................................................................................................................... 3-26 
3.13 Thumb Instruction Set ................................................................................................................................................................ 3-27 
3.13.1  Introduction to Thumb Instruction Set ........................................................................................................................................ 3-27 



 Advanced Microcontroller (GTU) 3 Table of Contents 

 

3.13.2 Switching between ARM State and Thumb State ....................................................................................................................... 3-27 
3.13.3 Thumb Programmer's Model ...................................................................................................................................................... 3-28 
3.13.3(A) Branching Instructions of Thumb ................................................................................................................................................ 3-29 
3.13.3(B) Thumb Software Interrupt Instruction .......................................................................................................................................... 3-30 
3.13.3(C) Thumb Data Processing Instructions .......................................................................................................................................... 3-30 
3.13.4 Advantage of Thumb Instructions ............................................................................................................................................... 3-31 
3.13.5 Instruction Timing ....................................................................................................................................................................... 3-31 
3.14  Assembler Rules and Directives ................................................................................................................................................ 3-32 
3.15  Assembly Language Programs .................................................................................................................................................. 3-33 
3.16  Interrupt Latency ....................................................................................................................................................................... 3-39 
3.16.1  Interrupt Service Routine ........................................................................................................................................................... 3-39 
3.16.2  Interrupt Priorities ...................................................................................................................................................................... 3-39 
3.16.3  Interrupt Nesting ........................................................................................................................................................................ 3-40 
3.16.4  Interrupt Latency ....................................................................................................................................................................... 3-40 
3.17 Interrupts/Exception Handling in ARM ........................................................................................................................................ 3-41 
3.17.1  Exception Process ...................................................................................................................................................................... 3-41 
3.17.1(A)  Reset Handling ........................................................................................................................................................................... 3-42 
3.17.1(B)  Undefined Instructions ................................................................................................................................................................ 3-42 
3.17.1(C)  Software Interrupt ....................................................................................................................................................................... 3-42 
3.17.1(D) Prefetch Abort Vector ................................................................................................................................................................. 3-42 
3.17.1(E)  Data Abort .................................................................................................................................................................................. 3-43 
3.17.1(F) Interrupt Request (IRQ) .............................................................................................................................................................. 3-43 
3.17.1(G) Fast Interrupt Request (FIQ)....................................................................................................................................................... 3-43 
3.17.1(H) High Vectors ............................................................................................................................................................................... 3-43 
3.18 Exception Priorities ..................................................................................................................................................................... 3-43 
3.18.1   Interrupt Handlers and Interrupt Handling Schemes ................................................................................................................... 3-43 
3.18.2 Example of Interrupt Handler : NVIC (Nested Vector Interrupt Controller) in LPC17xx ................................................................ 3-44 

Unit - IV 

Chapter 4 : Embedded C Programming for ARM 4-1 to 4-72 

4.1 ARM Development Environment Embedded Software .................................................................................................................. 4-1 
4.2 Overview of C Compiler and Optimization .................................................................................................................................... 4-1 
4.2.1 Disadvantages of Assembly Programming ................................................................................................................................... 4-2 
4.2.2 C Programming ............................................................................................................................................................................ 4-3 
4.2.3 Using ARM GCC Tool Chain ........................................................................................................................................................ 4-3 
4.3 Speed of Code or Optimization of Codes...................................................................................................................................... 4-4 
4.4 Source Code Engineering Tools for Embedded C / C++ ............................................................................................................... 4-5 
4.5 Integrated Development Environment (IDE) ................................................................................................................................. 4-5 
4.6 Optimization of Memory Needs .................................................................................................................................................... 4-6 
4.7 Basic C Data Types ...................................................................................................................................................................... 4-7 
4.7.1 Character Set of C ........................................................................................................................................................................ 4-8 
4.7.2 Keywords ..................................................................................................................................................................................... 4-9 
4.7.3 Identifiers...................................................................................................................................................................................... 4-9 



 Advanced Microcontroller (GTU) 4 Table of Contents 

 

4.7.4 Scalar Data Types in C ............................................................................................................................................................... 4-10 
4.7.5 Constants and Variables ............................................................................................................................................................ 4-11 
4.7.6 Escape Sequences .................................................................................................................................................................... 4-11 
4.7.7 Unary Operators ......................................................................................................................................................................... 4-12 
4.7.8 Binary Operators ........................................................................................................................................................................ 4-15 
4.7.9 Ternary Operator ........................................................................................................................................................................ 4-17 
4.7.10 Assignment Operators and Statements ...................................................................................................................................... 4-18 
4.7.11  Selection Operators ................................................................................................................................................................... 4-19 
4.8 C Looping Structures .................................................................................................................................................................. 4-19 
4.8.1 if-else Selective Statement ......................................................................................................................................................... 4-19 
4.8.2 Looping Statements ................................................................................................................................................................... 4-21 
4.9 C- Control Structures for Iteration ............................................................................................................................................... 4-21 
4.9.1 for Loop ...................................................................................................................................................................................... 4-21 
4.10 Register Allocations .................................................................................................................................................................... 4-26 
4.10.1 Storage Class ............................................................................................................................................................................. 4-27 
4.11 Function Calls ............................................................................................................................................................................ 4-29 
4.12 Pointers ...................................................................................................................................................................................... 4-32 
4.12.1 Pointer Aliasing .......................................................................................................................................................................... 4-34 
4.13  Structure Arrangement ............................................................................................................................................................... 4-34 
4.14 Bitfields ...................................................................................................................................................................................... 4-35 
4.15  Unaligned Data and Endianness ............................................................................................................................................... 4-36 
4.15.1 Unaligned Data ........................................................................................................................................................................... 4-36 
4.15.2  Endianness ............................................................................................................................................................................... 4-36 
4.15.3  Division...................................................................................................................................................................................... 4-36 
4.16 Floating Point ............................................................................................................................................................................. 4-37 
4.17 Inline Functions and Inline Assembly ......................................................................................................................................... 4-37 
4.17.1  Inline Assembly ......................................................................................................................................................................... 4-37 
4.18 Portability Issues ........................................................................................................................................................................ 4-39 
4.19 LPC2148# .................................................................................................................................................................................. 4-39 
4.20 Features of LPC 2148# .............................................................................................................................................................. 4-40 
4.21 Architecture of LPC2148#(Block Diagram and its Description) ................................................................................................... 4-41 
4.22  System Control Block (PLL and VPB Divider) ............................................................................................................................ 4-49 
4.22.1 PLL ............................................................................................................................................................................................. 4-49 
4.22.2 VPB Divider ................................................................................................................................................................................ 4-49 
4.23 Memory Map .............................................................................................................................................................................. 4-49 
4.24 Fast General Purpose Parallel I/O (GPIO) .................................................................................................................................. 4-50 
4.24.1 Features of GPIO ....................................................................................................................................................................... 4-50 
4.25 Pin Connect Block ...................................................................................................................................................................... 4-51 
4.26 Timers ........................................................................................................................................................................................ 4-51 
4.26.1 Features of Timers ..................................................................................................................................................................... 4-51 
4.27 Interfacing GPIO using Timer ..................................................................................................................................................... 4-52 
4.27.1 Interfacing Light Emitting Diode (LED) and Seven Segment Display (SSD)................................................................................ 4-52 
4.28 Interfacing DC Motor Using PWM ............................................................................................................................................... 4-57 
4.29 Interfacing GSM Module Using UART ........................................................................................................................................ 4-59 



 Advanced Microcontroller (GTU) 5 Table of Contents 

 

4.29.1 GSM Modem and its Interfacing with Microcontroller .................................................................................................................. 4-59 
4.29.2  Interfacing GSM with LPC2148.................................................................................................................................................. 4-59 
4.30 Interfacing EEPROM using I2C Communication Protocol ........................................................................................................... 4-62 
4.31 Interfacing Memory Using SPI Protocol ...................................................................................................................................... 4-63 
4.31.1 Interfacing SD-MMC with LPC2148 using SPI ............................................................................................................................ 4-64 
4.32 Interfacing Internal ADC ............................................................................................................................................................. 4-64 
4.32.1 Interfacing DAC .......................................................................................................................................................................... 4-66 
4.32.2 Interfacing Sensors to LPC 2148 ................................................................................................................................................ 4-70 

Unit - V 

Chapter 5 : Cache and Memory Management and Protection 5-1 to 5-32 

5.1 Memory Technologies .................................................................................................................................................................. 5-1 
5.2 Memory Hierarchy : Need and Organization ................................................................................................................................. 5-3 
5.3 Cache Memory : Concept and Cache Consistency ....................................................................................................................... 5-4 
5.3.1 Cache Operation .......................................................................................................................................................................... 5-4 
5.3.2 Principles of Locality of Reference ............................................................................................................................................... 5-5 
5.3.3 Cache Performance ..................................................................................................................................................................... 5-6 
5.3.4 Cache Design ............................................................................................................................................................................... 5-7 
5.3.4(A) Look-Through Cache Designs ...................................................................................................................................................... 5-7 
5.3.4(B)  Look-Aside Cache Designs ......................................................................................................................................................... 5-8 
5.3.5 Cache Consistency (Also Known as Cache Coherency) ............................................................................................................... 5-8 
5.3.6 Write Policy .................................................................................................................................................................................. 5-9 
5.3.7 Replacement Algorithms ............................................................................................................................................................ 5-11 
5.3.8 Multiple Levels of Cache: Cost and Performance Measurement ................................................................................................. 5-15 
5.3.9  Cache Coherency with L1 and L2 Cache ................................................................................................................................... 5-15 
5.4 Cache Mapping Functions .......................................................................................................................................................... 5-16 
5.4.1 Direct Mapping Technique .......................................................................................................................................................... 5-16 
5.4.2 Fully Associative Mapping .......................................................................................................................................................... 5-18 
5.4.3 Set Associative Mapping ............................................................................................................................................................ 5-19 
5.5 Unified and Split Cache .............................................................................................................................................................. 5-20 
5.6 ARM Memory Hierarchy ............................................................................................................................................................. 5-21 
5.7 ARM Cache Features ................................................................................................................................................................. 5-21 
5.7.1 Coprocessor 15 for Cache System Control and Various Processes ........................................................................................... 5-21 
5.8 ARM Memory Map ...................................................................................................................................................................... 5-22 
5.9 Protected Systems ..................................................................................................................................................................... 5-22 
5.9.1 Memory Protection Unit (MPU) and ARM Processor with MPU .................................................................................................. 5-22 
5.10 Memory Management Unit (MMU) Advantage ............................................................................................................................ 5-24 
5.11 Virtual Memory ........................................................................................................................................................................... 5-24 
5.12 Virtual Memory Translation ......................................................................................................................................................... 5-25 
5.12.1 Paging Mechanism or Memory Management Unit ...................................................................................................................... 5-27 
5.12.2 Segmentation ............................................................................................................................................................................. 5-28 
5.12.3 Physical Memory vs. Virtual Memory .......................................................................................................................................... 5-28 
5.13 Multitasking with MMU ................................................................................................................................................................ 5-29 



 Advanced Microcontroller (GTU) 6 Table of Contents 

 

5.14 MMU Organization in Virtual Memory System ............................................................................................................................ 5-29 
5.14.1 Page Tables ............................................................................................................................................................................... 5-30 
5.14.2 Translation Look Aside Buffer..................................................................................................................................................... 5-31 
5.14.3 ARM MMU .................................................................................................................................................................................. 5-31 
5.14.4 Fast Context Switch Extension ................................................................................................................................................... 5-31 
5.15 Tightly Coupled Memory (TCM) .................................................................................................................................................. 5-32 

Unit - VI 

Chapter 6 : ARM Peripherals and Versions 6-1 to 6-19 

6.1 Advanced Microprocessor Bus Architecture (AMBA) Bus System Overview ................................................................................ 6-1 
6.1.1 Advanced High-Performance Bus (AHB) ...................................................................................................................................... 6-2 
6.1.2 Advanced System Bus (ASB) ....................................................................................................................................................... 6-2 
6.1.3 Comparison of AHB and APB Buses of AMBA Architecture ......................................................................................................... 6-2 
6.1.4 Advanced Peripheral Bus (APB) ................................................................................................................................................... 6-3 
6.1.5 A Typical AMBA-based Microcontroller......................................................................................................................................... 6-3 
6.1.6 AHB Bus Transfer and APB Bridge .............................................................................................................................................. 6-4 
6.1.7 APB Bus Transfer......................................................................................................................................................................... 6-4 
6.2 Overview of ARM Versions: ARM v5, ARM v6, ARM v7, ARM v8 ................................................................................................. 6-5 
6.3 ARM v7 : Cortex-A, Cortex-R and Cortex-M ............................................................................................................................... 6-10 
6.3.1 Cortex-A Series .......................................................................................................................................................................... 6-10 
6.3.2 Cortex-R Series .......................................................................................................................................................................... 6-11 
6.3.3 Cortex-M Series.......................................................................................................................................................................... 6-11 
6.4 Cortex-A Processor Series Survey : Features, Versions and Applications .................................................................................. 6-12 
6.4.1 Cortex-A57 ................................................................................................................................................................................. 6-13 
6.4.2 Cortex-A53 ................................................................................................................................................................................. 6-13 
6.4.3 Cortex-A17 ................................................................................................................................................................................. 6-14 
6.4.4 Cortex-A15 ................................................................................................................................................................................. 6-14 
6.4.5 Cortex-A9 ................................................................................................................................................................................... 6-14 
6.4.6 Cortex-A7 ................................................................................................................................................................................... 6-14 
6.4.7 Cortex-A5 ................................................................................................................................................................................... 6-15 
6.5 Cortex-R Processor Series Survey : Features, Versions and Applications .................................................................................. 6-15 
6.5.1 Comparison of Various Cortex-R Processors ............................................................................................................................. 6-15 
6.5.2 Cortex-R4 Processor .................................................................................................................................................................. 6-16 
6.5.3 Cortex-R5 Processor .................................................................................................................................................................. 6-16 
6.5.4 Cortex-R7 Processor .................................................................................................................................................................. 6-17 
6.5.5 Applications of ARM Cortex-R Processors ................................................................................................................................. 6-17 
6.6 Cortex-M Processor Series Survey : Features, Versions and Applications ................................................................................. 6-18 
6.7 ARM Optimization Techniques ................................................................................................................................................... 6-18 

 Appendix : Solved University Question Paper of Winter 2020 ........................................................................... A-1 to A-2 





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


