
  Discrete Mathematics (GTU)    1 Table of Contents 

 

Module 1 

Chapter 1 : Set Theory 1-1 to 1-61 

1.1 Sets ............................................................................ 1-1 

1.1.1 Notation ...................................................................... 1-1 

1.1.2 Some Special Sets (Number Sets) ............................ 1-2 

1.1.3 Definitions .................................................................. 1-2 

1.1.3.1 Subset ........................................................................ 1-2 

1.1.3.2 Equal Sets .................................................................. 1-2 

1.1.3.3 Proper Subset ............................................................ 1-2 

1.1.3.4 Universal Set .............................................................. 1-3 

1.1.3.5 Null Set or Empty Set ................................................. 1-3 

1.1.3.6 Singleton Set .............................................................. 1-3 

1.1.3.7 Super Set ................................................................... 1-3 

1.1.3.8 Finite Set .................................................................... 1-3 

1.1.3.9 Infinite Set .................................................................. 1-3 

1.1.3.10 Disjoint Sets ............................................................... 1-3 

1.1.3.11 Cardinality of Finite Set .............................................. 1-3 

1.1.4 Set Properties ............................................................ 1-3 

1.1.5 Computer Representation of Sets .............................. 1-3 

1.2 Venn Diagrams and Set Operations .......................... 1-4 

1.2.1 Venn Diagrams .......................................................... 1-4 

1.2.2 Set Operations ........................................................... 1-4 

1.2.3 Theorems ................................................................... 1-7 

1.2.4 Exercise Set 1 - (Solved) ........................................... 1-8 

1.3 Laws of Set Theory .................................................. 1-21 

1.3.1 Laws ......................................................................... 1-21 

1.3.2 Principle of Duality ................................................... 1-23 

1.3.3 Exercise Set 2 - (Solved) ......................................... 1-23 

1.4 Partitions of Sets ...................................................... 1-31 

1.4.1 Exercise Set 3 - (Solved) ......................................... 1-31 

1.5 Power Set ................................................................. 1-33 

1.5.1 Exercise Set 4 - (Sovled) ......................................... 1-33 

1.5.2 Exercise Set - 5 (Unsolved) ..................................... 1-33 

1.6 Functions .................................................................. 1-34 

1.6.1 Overview .................................................................. 1-34 

1.6.2 Examples ................................................................. 1-34 

1.6.3 Definitions ................................................................ 1-35 

1.6.4 Partial Functions ...................................................... 1-36 

1.6.5 Equivalent Functions ................................................ 1-37 

1.6.6 Constant Function .................................................... 1-37 

1.6.7 Primitive Recursive Function and Total Function ..... 1-37 

1.6.8 Exercise Set - 6 (Solved) ......................................... 1-37 

1.7 Types of Functions ................................................... 1-39 

1.7.1 Onto or Surjective Function ...................................... 1-39 

1.7.2 One to One or Injective Function ............................. 1-39 

1.7.3 One to One onto Function or Bijective Function ...... 1-40 

1.7.4 Everywhere Defined Function .................................. 1-40 

1.7.5 Exercise Set - 7 (Solved) ......................................... 1-40 

1.8 Composition ............................................................. 1-44 

1.8.1 Definition .................................................................. 1-44 

1.8.2 Exercise Set - 8 (Solved) ......................................... 1-44 

1.9 Identity ...................................................................... 1-49 

1.10 Inverse Function....................................................... 1-49 

1.10.1 Definition .................................................................. 1-49 

1.10.2 Theorem ................................................................... 1-50 

1.10.3 Exercise Set - 9 (Solved) ......................................... 1-51 

1.11 Basic Counting Principles ........................................ 1-52 

1.11.1 Addition Principle ..................................................... 1-52 

1.11.2 Multiplication Principle ............................................. 1-53 

1.11.3 Subtraction Principle ................................................ 1-53 

1.11.4 Bijection Principle ..................................................... 1-53 

1.11.5 The Pigeonhole Principle ......................................... 1-53 

1.11.5.1 The basic Pigeonhole Principle ................................ 1-53 

1.11.5.2 The Extended Pigeonhole Principle ......................... 1-53 

1.11.5.3 Examples ................................................................. 1-54 

1.12 Permutations and Combinations .............................. 1-56 

1.12.1 Permutation .............................................................. 1-56 

1.12.1.1  Permutation with Distinct Objects ............................ 1-56 

1.12.1.2 Examples ................................................................. 1-56 

1.12.1.3 Permutation of Indistinct Objects ............................. 1-57 

1.12.2 Combinations ........................................................... 1-58 

1.12.2.1 Combinations with Distinct Objects .......................... 1-58 

1.12.2.2   Combination with Indistinct Objects ......................... 1-59 

1.12.3 Binomial Coefficients ............................................... 1-59 

1.12.3.1 Binomial Theorem .................................................... 1-59 

1.12.3.2 Pascal’s Triangle ...................................................... 1-60 

1.12.4 Generating Permutations ......................................... 1-60 

1.12.5  Generating Combinations ........................................ 1-61 

Module 2 

Chapter 2 :   Logic 2-1 to 2-32 

2.1 Propositions ............................................................... 2-1 

2.1.1 Definition .................................................................... 2-1 

2.1.2 Notation ...................................................................... 2-2 

2.2 Connectives ............................................................... 2-2 

2.2.1 Negation ..................................................................... 2-2 

2.2.2 Conjunction (And) ...................................................... 2-2 

2.2.2.1 Examples on Conjunction (And)................................. 2-2 

2.2.3 Disjunction (or) ........................................................... 2-3 

2.2.3.1 Examples on Disjunction (or) ..................................... 2-3 

2.2.4 Conditional (If …then) ................................................ 2-3 

2.2.4.1 Examples on Conditional (If …then) .......................... 2-4 

2.2.5 Biconditional (If and only if) ........................................ 2-4 



  Discrete Mathematics (GTU)    2 Table of Contents 

 

2.3 Statement Form ......................................................... 2-5 

2.3.1 Exercise Set - 1 (Solved) ........................................... 2-5 

2.4 Truth Tables ............................................................... 2-8 

2.4.1 Exercise Set - 2  (Solved) .......................................... 2-9 

2.4.2 Normal Forms .......................................................... 2-12 

2.4.2.1 Disjunctive Normal Form .......................................... 2-12 

2.4.2.2 Conjunctive Normal Form (CNF) .............................. 2-12 

2.4.3 Truth Table Method  (To find DNF) .......................... 2-13 

2.4.3.1 Exercise Set – 3 (Solved) ......................................... 2-13 

2.5 Tautology and Contradiction .................................... 2-14 

2.5.1 Definitions ................................................................ 2-14 

2.5.2 Exercise Set - 4 ........................................................ 2-15 

2.6 Valid formulas and Equivalence of Statement Forms2-17 

2.6.1 Definition .................................................................. 2-17 

2.6.2 Exercise Set - 5 ........................................................ 2-17 

2.6.3 Theorem ................................................................... 2-23 

2.7 Laws of Logic ........................................................... 2-23 

2.7.1 Laws ......................................................................... 2-23 

2.7.2 Exercise Set - 6 ........................................................ 2-24 

2.8 Logical Implication .................................................... 2-27 

2.8.1 Exercise Set - 7 ........................................................ 2-27 

2.9 Quantifier .................................................................. 2-27 

2.9.1 Predicates ................................................................ 2-27 

2.9.2 Types of Quantifiers ................................................. 2-28 

2.9.2.1 Universal Quantifier .................................................. 2-28 

2.9.2.2 Existential Quantifier ................................................ 2-28 

2.9.2.3 Examples ................................................................. 2-28 

2.9.3 Negation of a Quantified Statement ......................... 2-29 

2.9.3.1 Examples ................................................................. 2-29 

2.9.4 Free and Bound Variables ....................................... 2-29 

2.9.5 Exercise Set - 8 (Solved) ......................................... 2-29 

Module 3 

Chapter 3 :   Relations 3-1 to 3-119 

3.1 Relations .................................................................... 3-1 

3.1.1 Set Arising from Relations .......................................... 3-2 

3.1.1.1 Definition .................................................................... 3-2 

3.1.1.2 Theorem ..................................................................... 3-2 

3.1.2 Representation of Relation ......................................... 3-3 

3.1.3 Examples ................................................................... 3-3 

3.2 Digraphs ..................................................................... 3-4 

3.2.1 Definition .................................................................... 3-4 

3.2.2 Examples ................................................................... 3-4 

3.3 Paths in Relations and Digraphs ................................ 3-6 

3.3.1 Definitions .................................................................. 3-6 

3.3.2 Examples ................................................................... 3-6 

3.4 Properties of Relations ............................................. 3-11 

3.4.1 Reflexive Relations .................................................. 3-11 

3.4.2 Irreflexive Relations.................................................. 3-11 

3.4.3 Symmetric Relations ................................................ 3-12 

3.4.3.1 Digraph of Symmetric Relation ................................ 3-12 

3.4.3.2 Connected Relation.................................................. 3-13 

3.4.3.3 Compatibility Relation .............................................. 3-13 

3.4.3.4 Compatibility Block ................................................... 3-13 

3.4.4 Asymmetric Relations .............................................. 3-13 

3.4.5 Antisymmetric Relations........................................... 3-14 

3.4.6 Transitive Relations ................................................. 3-14 

3.4.6.1 Theorem ................................................................... 3-15 

3.4.7 Examples ................................................................. 3-15 

3.5 Equivalence Relations ............................................. 3-18 

3.5.1 Definition .................................................................. 3-18 

3.5.2 Equivalence Relations and Partitions & Covering of Set
 ................................................................................. 3-18 

3.5.2.1 Refinement of Partition............................................. 3-18 

3.5.3 Equivalence Classes ................................................ 3-19 

3.5.4 Exercise Set - 1 ........................................................ 3-19 

3.6 Manipulation of Relations ......................................... 3-29 

3.6.1 Operations on Relations........................................... 3-29 

3.6.2 Theorems ................................................................. 3-29 

3.6.3 Composite Relation .................................................. 3-31 

3.6.3.1 Theorems ................................................................. 3-31 

3.6.4 Exercise Set - 2 ........................................................ 3-31 

3.7 Closure ..................................................................... 3-34 

3.7.1 Definitions ................................................................ 3-34 

3.7.2 Exercise Set - 3 ........................................................ 3-35 

3.8 Transitive Closure and Warshalls Algorithm ............ 3-38 

3.8.1 Transitive Closure .................................................... 3-38 

3.8.2 Warshalls Algorithm ................................................. 3-39 

3.8.3 Smallest Equivalence Relation ................................ 3-40 

3.8.4 Exercise Set - 4 ........................................................ 3-42 

3.9 Partially Ordered Relation and Poset ....................... 3-53 

3.9.1 Definitions ................................................................ 3-53 

3.9.1.1 Frequently Used Partially Ordered Relation ............. 3-53 

3.9.2 Dual of Poset............................................................ 3-54 

3.9.3 Product Partial Order ............................................... 3-54 

3.9.4 Exercise Set - 5 ........................................................ 3-54 

3.10 Representation of Partialy Ordered Relation  
Using Hasse Diagram .............................................. 3-55 

3.10.1 Procedure ................................................................. 3-55 

3.10.2 Exercise Set - 6 ........................................................ 3-55 

3.11 Chain and Antichain ................................................. 3-63 

3.11.1 Definition .................................................................. 3-63 

3.11.2 Exercise Set - 7 ........................................................ 3-63 

3.11.3 Maximal Element, Minimal Element ......................... 3-70 

3.11.3.1 Examples ................................................................. 3-70 



  Discrete Mathematics (GTU)    3 Table of Contents 

 

3.11.4 Greatest Element, Least Element ............................ 3-71 

3.11.4.1 Examples ................................................................. 3-71 

3.11.5 Upper Bound, Lower Bound ..................................... 3-72 

3.11.5.1 Examples ................................................................. 3-72 

3.12 Lattices ..................................................................... 3-74 

3.12.1 Definition .................................................................. 3-74 

3.12.1.1 Examples ................................................................. 3-74 

3.12.2 Sublattice ................................................................. 3-77 

3.12.2.1 Examples ................................................................. 3-77 

3.12.3 Properties of Lattices ............................................... 3-78 

3.12.3.1 Dual of a Lattice ....................................................... 3-78 

3.12.4 Examples ................................................................. 3-78 

3.13 Isomorphic Lattices .................................................. 3-80 

3.13.1  Examples ................................................................. 3-80 

3.14 Types of Lattices ...................................................... 3-81 

3.14.1 Bounded Lattice ....................................................... 3-81 

3.14.2 Distributive Lattice .................................................... 3-81 

3.14.2.1 Examples ................................................................. 3-81 

3.14.3 Complemented Lattice ............................................. 3-82 

3.14.3.1 Examples ................................................................. 3-82 

3.15 Boolean Algebra ....................................................... 3-83 

3.15.1 Examples ................................................................. 3-83 

3.15.2 Exercise Set - 8 ........................................................ 3-86 

3.16 Recurrence Relations ............................................. 3-104 

3.16.1 Linear Recurrence Relations with  
Constant Coefficients ............................................. 3-104 

3.16.2 Homogeneous Solutions ........................................ 3-104 

3.16.2.1 Case of Distinct Roots ............................................ 3-105 

3.16.2.2 Case of Equal Roots .............................................. 3-105 

3.16.2.3 Case of Complex Roots ......................................... 3-105 

3.16.3 Exercise Set - 9 ...................................................... 3-105 

3.16.4 Inhomogeneous Equations .................................... 3-110 

3.17 Total Solutions ....................................................... 3-111 

3.17.1 Algorithm for Inhomogeneous Linear Recurrence 
Relation .................................................................. 3-111 

3.17.2 Exercise Set - 10 .................................................... 3-112 

Module 4 

Chapter 4 :   Algebraic Structures 4-1 to 4-44 

4.1 Binary Operations Revisited ....................................... 4-1 

4.1.1 Examples ................................................................... 4-1 

4.1.2 Tables ........................................................................ 4-2 

4.1.3 Algebraic System ....................................................... 4-2 

4.1.4 Properties of Binary Operations ................................. 4-2 

4.1.5 Examples ................................................................... 4-3 

4.2 Semigroups, Monoids and Groups ............................. 4-3 

4.2.1 Semigroup .................................................................. 4-3 

4.2.1.1 Definition .................................................................... 4-3 

4.2.1.2 Examples ................................................................... 4-3 

4.2.1.3 Sub-semigroup ........................................................... 4-4 

4.2.2 Monoid ....................................................................... 4-4 

4.2.2.1 Identity ........................................................................ 4-4 

4.2.2.2 Definition .................................................................... 4-4 

4.2.2.3 Examples ................................................................... 4-4 

4.2.2.4 Submonoid ................................................................. 4-4 

4.2.3 Group ......................................................................... 4-4 

4.2.3.1 Inverse ....................................................................... 4-4 

4.2.3.2 Definition .................................................................... 4-5 

4.2.3.3 Commutative/Abelian Group ...................................... 4-5 

4.2.3.4 Finite and Infinite Group ............................................. 4-5 

4.2.3.5 Exercise Set - 1 (Solved) ........................................... 4-5 

4.2.3.6 Additive Modulo m ................................................... 4-13 

4.2.3.7 Examples ................................................................. 4-14 

4.2.3.8 Multiplication Modulo 'P' ........................................... 4-14 

4.2.3.9 Examples ................................................................. 4-15 

4.2.3.10 Cyclic Group ............................................................. 4-16 

4.2.3.11 Subgroups ................................................................ 4-16 

4.2.3.12 Proper Subgroup ...................................................... 4-17 

4.2.3.13 Generation of  Subgroups ........................................ 4-17 

4.2.3.14 Examples ................................................................. 4-17 

4.2.3.15 Coset ........................................................................ 4-18 

4.2.3.16 Normal Subgroup ..................................................... 4-18 

4.2.3.17 Examples ................................................................. 4-18 

4.2.3.18 Product Group .......................................................... 4-19 

4.2.3.19 Quotient Group ......................................................... 4-19 

4.2.3.20   Exercise Set - 2 (Solved) ......................................... 4-19 

4.3 Isomorphism, Automorphism and  
Homomorphism of Group ......................................... 4-23 

4.3.1 Isomorphism............................................................. 4-23 

4.3.1.1 Examples ................................................................. 4-23 

4.3.2 Automorphism .......................................................... 4-24 

4.3.3 Homomorphism ........................................................ 4-24 

4.3.4 Congruence Relation ............................................... 4-24 

4.3.5 Exercise Set - 3 ........................................................ 4-25 

4.4 Rings ........................................................................ 4-28 

4.4.1 Definition .................................................................. 4-28 

4.4.2 Special Types of Ring .............................................. 4-28 

4.4.3 Cancellation Laws in a Ring ..................................... 4-29 

4.4.4 Basic Properties ....................................................... 4-29 

4.4.5 Subring ..................................................................... 4-30 

4.4.6 Exercise Set - 4 ........................................................ 4-30 

4.5 Integral Domains and Fields .................................... 4-36 

4.5.1 Integral Domains ...................................................... 4-36 

4.5.2 Fields........................................................................ 4-36 

4.5.3 Theorem ................................................................... 4-36 



  Discrete Mathematics (GTU)    4 Table of Contents 

 

4.5.4 Exercise Set 5 .......................................................... 4-37 

4.6 Ring Homomorphisms Ring (Siomorphisms) ........... 4-39 

4.6.1 Ring Homomorphism ............................................... 4-39 

4.6.2 Exercise Set - 6 ........................................................ 4-39 

Module 5 

Chapter 5 :   Trees 5-1 to 5-28 

5.1 Definitions .................................................................. 5-1 

5.1.1 Graph ......................................................................... 5-1 

5.1.2 Degree ....................................................................... 5-1 

5.1.3 Loop ........................................................................... 5-1 

5.1.4 Isolated Vertex ........................................................... 5-2 

5.1.5 Adjacent Vertices ....................................................... 5-2 

5.1.6 Path ............................................................................ 5-2 

5.1.7 Circuit ......................................................................... 5-2 

5.1.8 Connected Graph ....................................................... 5-2 

5.1.9 Discrete Graph/ Null Graph ........................................ 5-3 

5.1.10 Complete Graph ......................................................... 5-3 

5.1.11 Linear Graph .............................................................. 5-3 

5.1.12 Subgraph .................................................................... 5-4 

5.1.12.1 Spanning Subgraph ................................................... 5-4 

5.1.12.2 Complement of Subgraph .......................................... 5-4 

5.1.12.3 Subgraph Isomorphism .............................................. 5-4 

5.1.13 Directed Graph ........................................................... 5-4 

5.1.13.1 Initiating and  Terminating Node, Loop,  
Distinct Edges, Parallel Edges ................................... 5-4 

5.1.13.2 Incidence .................................................................... 5-5 

5.1.13.3 Indegree, Outdegree  and Total Degree of a Node .... 5-5 

5.1.13.4 Converse (Reversal or Directional Dual) of a Digraph5-5 

5.1.14 Simple Graph ............................................................. 5-5 

5.1.15 Multigraph .................................................................. 5-5 

5.1.16 Labelled and Weighted Graph ................................... 5-6 

5.1.16.1 Triangle Inequality of Weighted Graph ....................... 5-6 

5.1.17 Handshaking Lemma ................................................. 5-6 

5.1.18 Theorem ..................................................................... 5-6 

5.2 Reachability and Connectedness ............................... 5-6 

5.2.1 Simple Path ................................................................ 5-6 

5.2.2 Elementary Path ......................................................... 5-7 

5.2.3 Cycle .......................................................................... 5-7 

5.2.4 Simple Cycle .............................................................. 5-7 

5.2.5 Elementary Cycle ....................................................... 5-7 

5.2.6 Reachable Node ........................................................ 5-7 

5.2.7 Geodesic Distance ..................................................... 5-7 

5.2.8 Reachable Set ............................................................ 5-7 

5.2.9 Connectedness of Nodes ........................................... 5-7 

5.2.9.1 Weakly Connected Digraph ....................................... 5-7 

5.2.9.2 Unilaterally Connected Digraph ................................. 5-7 

5.2.9.3 Strongly Connected Digraph ...................................... 5-7 

5.2.9.4 Subgraph Generated by X ......................................... 5-8 

5.2.9.5 Strong Component, Weak Component,  Unilateral 
Component ................................................................. 5-8 

5.2.9.6 Theorems ................................................................... 5-8 

5.2.10 Resource Allocation of an Operating System ............ 5-8 

5.2.11 Matrix Representation of Graphic .............................. 5-9 

5.2.11.1 Definition .................................................................... 5-9 

5.2.11.2 Bit Matrix / Boolean Matrix ......................................... 5-9 

5.2.11.3 Path Matrix ............................................................... 5-10 

5.2.11.4 Warshall’s Algorithm ................................................ 5-10 

5.2.12 Exercise Set - 1 (Solved) ......................................... 5-11 

5.3 Tree .......................................................................... 5-13 

5.3.1 Different Terms Related to Tree ............................... 5-13 

5.3.1.1 Leaf .......................................................................... 5-13 

5.3.1.2 Branch Nodes .......................................................... 5-13 

5.3.1.3 Ancestor and Descendant ........................................ 5-13 

5.3.1.4 Brother ..................................................................... 5-14 

5.3.1.5 Level......................................................................... 5-14 

5.3.1.6 Depth ........................................................................ 5-14 

5.3.2  m-ary Trees .............................................................. 5-14 

5.3.3 Binary Tree ............................................................... 5-14 

5.4 Types of Binary Trees .............................................. 5-14 

5.4.1 Strictly Binary Tree ................................................... 5-14 

5.4.2 Complete Binary Tree .............................................. 5-14 

5.4.3 Almost Complete Binary Tree .................................. 5-15 

5.5 Operations on Binary Trees ..................................... 5-15 

5.6 Binary Tree Traversal ............................................... 5-15 

5.6.1 Preorder Traversal ................................................... 5-16 

5.6.2 Inorder Traversal ...................................................... 5-17 

5.6.3 Postorder Traversal .................................................. 5-18 

5.7  Different representation of Binary Tree .................... 5-19 

5.7.1 Implicit Array Representation of Binary Trees .......... 5-19 

5.7.2 Dynamic Node Representation ................................ 5-22 

5.7.3 Choosing a Binary Tree Representation .................. 5-24 

5.7.4 Representing List as Binary Trees ........................... 5-24 

5.7.4.1 Finding the kth Element ........................................... 5-25 

5.7.4.2 Deleting an Element ................................................. 5-25 

5.7.4.3 Converting any m-ary Tree to a Binary Tree ............ 5-26 

5.7.4.4 Applications of Linked List Data Structure ............... 5-27 

5.7.4.5 Applications of Linked List in Real World ................. 5-27 

5.7.4.6 Applications of Graph Data Structure....................... 5-27 

 

 



<<
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


