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Why new layout?



Why new layout?

1. Unbundle from Android framework

2. Reduce layout nesting

3. First class support within Android Studio



1. Unbundled library

● Faster development and distribution

○ up to developers not phone manufacturers

○ distributed just like other support libraries

● constraint-layout-1.0.2.aar

○ ~150 referenced methods, < 40 KB disk size

● constraint-layout-solver-1.0.2.jar

○ ~500 referenced methods, < 100 KB disk size

● compatible with API 9 and up

○ 99.9% of Android devices 



2. Reduce nesting

● traditional layouts are simple

○ LinearLayout is either horizontal or vertical

○ cannot spread views equally with RelativeLayout

● simple layouts require nesting 

● nesting is bad for performance

○ the flatter hierarchy the better
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3. Better tooling

● have superb support within Android Studio

● new blueprint mode since AS 2.2 Preview

○ for both old layouts and new ConstraintLayout

● first time when UI editor actually is usable









Constraints



Constraint

● a connection

● between View and another View

● or to View and parent 

(ConstraintLayout)

● optional margin to create a gap

● … can be done with 

RelativeLayout

http://www.youtube.com/watch?v=MRHjExK6DQA


<?xml version="1.0" encoding="utf-8"?>
<android.support.constraint.ConstraintLayout xmlns:android="http://schemas.android.com/apk/res/android"
   xmlns:app="http://schemas.android.com/apk/res-auto"
   xmlns:tools="http://schemas.android.com/tools"
   android:layout_width="match_parent"
   android:layout_height="match_parent"
   tools:context="pl.pelotasplus.constraintlayoutworkshop.MainActivity"
   tools:layout_editor_absoluteX="0dp"
   tools:layout_editor_absoluteY="81dp">

   <TextView
       android:id="@+id/textView2"
       android:layout_width="wrap_content"
       android:layout_height="wrap_content"
       android:layout_marginLeft="50dp"
       android:layout_marginTop="50dp"
       android:text="First Name"
       android:textAppearance="@style/TextAppearance.AppCompat.Large"
       android:textSize="40sp"
       app:layout_constraintLeft_toLeftOf="parent"
       app:layout_constraintTop_toTopOf="parent" />

   <TextView
       android:id="@+id/textView"
       android:layout_width="wrap_content"
       android:layout_height="wrap_content"
       android:layout_marginLeft="0dp"
       android:layout_marginTop="50dp"
       android:text="LastName"
       android:textAppearance="@style/TextAppearance.AppCompat.Large"
       android:textSize="40sp"
       app:layout_constraintLeft_toLeftOf="@+id/textView2"
       app:layout_constraintTop_toBottomOf="@+id/textView2" />

</android.support.constraint.ConstraintLayout>



<?xml version="1.0" encoding="utf-8"?>
<android.support.constraint.ConstraintLayout xmlns:android="http://schemas.android.com/apk/res/android"
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   android:layout_width="match_parent"
   android:layout_height="match_parent"
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       android:text="First Name"
       android:textAppearance="@style/TextAppearance.AppCompat.Large"
       android:textSize="40sp"
       app:layout_constraintLeft_toLeftOf="parent"
       app:layout_constraintTop_toTopOf="parent" />

   <TextView
       android:id="@+id/textView"
       android:layout_width="wrap_content"
       android:layout_height="wrap_content"
       android:layout_marginLeft="0dp"
       android:layout_marginTop="50dp"
       android:text="LastName"
       android:textAppearance="@style/TextAppearance.AppCompat.Large"
       android:textSize="40sp"
       app:layout_constraintLeft_toLeftOf="@+id/textView2"
       app:layout_constraintTop_toBottomOf="@+id/textView2" />

</android.support.constraint.ConstraintLayout>



<?xml version="1.0" encoding="utf-8"?>
<android.support.constraint.ConstraintLayout xmlns:android="http://schemas.android.com/apk/res/android"
   xmlns:app="http://schemas.android.com/apk/res-auto"
   xmlns:tools="http://schemas.android.com/tools"
   android:layout_width="match_parent"
   android:layout_height="match_parent"
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   tools:layout_editor_absoluteX="0dp"
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       android:id="@+id/textView2"
       android:layout_width="wrap_content"
       android:layout_height="wrap_content"
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       android:layout_marginTop="50dp"
       android:text="First Name"
       android:textAppearance="@style/TextAppearance.AppCompat.Large"
       android:textSize="40sp"
       app:layout_constraintLeft_toLeftOf="parent"
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   <TextView
       android:id="@+id/textView"
       android:layout_width="wrap_content"
       android:layout_height="wrap_content"
       android:layout_marginLeft="0dp"
       android:layout_marginTop="50dp"
       android:text="LastName"
       android:textAppearance="@style/TextAppearance.AppCompat.Large"
       android:textSize="40sp"
       app:layout_constraintLeft_toLeftOf="@+id/textView2"
       app:layout_constraintTop_toBottomOf="@+id/textView2" />

</android.support.constraint.ConstraintLayout>



How to create constraints?

● manually

● in the XML or even in the Java code

● auto infer

○ works most of the time

○ don’t break already existing constraints

○ don’t move widgets around

● autoconnect

○ per widget basis

● select few widgets and group them



Sizing



Size types

● wrap_content

● fixed size 72dp

● match_parent

● wrap_content 

● fixed size 72dp

● 0dp aka “match_constraint”

classic layouts ConstraintLayout



match_parent

0dp

aka

match constraint



Fully constraint w/ bias



Fully constrained 

● has constraints from both sides

● centered by default



Fully constrained 

● has constraints from both sides

● centered by default

● drag view or bias slider to change 

bias

● … actually can be done with 

PercentRelativeLayout



<?xml version="1.0" encoding="utf-8"?>
<android.support.constraint.ConstraintLayout
   xmlns:android="http://schemas.android.com/apk/res/android"
   xmlns:app="http://schemas.android.com/apk/res-auto"
   xmlns:tools="http://schemas.android.com/tools"
   android:layout_width="match_parent"
   android:layout_height="match_parent"
   tools:context="pl.pelotasplus.constraintlayoutworkshop.BiasActivity">

   <TextView
       android:id="@+id/textView2"
       android:layout_width="wrap_content"
       android:layout_height="wrap_content"
       android:layout_marginLeft="0dp"
       android:layout_marginRight="0dp"
       android:text="First Name"
       android:textAppearance="@style/TextAppearance.AppCompat.Large"
       android:textSize="40sp"
       app:layout_constraintHorizontal_bias="0.301"
       app:layout_constraintLeft_toLeftOf="parent"
       app:layout_constraintRight_toRightOf="parent"
       tools:layout_editor_absoluteY="231dp" />

</android.support.constraint.ConstraintLayout>



Dimension ratio



Dimension ratio

● useful for ImageView but can be used with all kinds of Views

● one size locked other flexible,

or both can be flexible

● ratio provided as W:H (16:9)

● … actually can be done with PercentRelativeLayout





   private static class Image {
       String url;
       String dimension;

       Image(String url, String dimension) {
           this.url = url;
           this.dimension = dimension;
       }
   }

   public static List<Image> getImages() {
       List<Image> ret = new ArrayList<>();

       ret.add(new Image(
               "https://example.com/file0.png",
               "1:1"
       ));
       ret.add(new Image(
               "https://example.com/file1.png",
               "16:9"
       ));
       return ret;
   }



   private static class Image {
       String url;
       String dimension;

       Image(String url, String dimension) {
           this.url = url;
           this.dimension = dimension;
       }
   }

   public static List<Image> getImages() {
       List<Image> ret = new ArrayList<>();

       ret.add(new Image(
               "https://example.com/file0.png",
               "1:1"
       ));
       ret.add(new Image(
               "https://example.com/file1.png",
               "16:9"
       ));
       return ret;
   }



   @Override
   protected void onCreate(Bundle savedInstanceState) {
       super.onCreate(savedInstanceState);

       LayoutDimensions2Binding binding =
               DataBindingUtil.setContentView(this, R.layout.layout_dimensions2);

       loadImage(binding.image1, getImages().get(1));

       loadImage(binding.image2, getImages().get(0));
   }

   private void loadImage(ImageView imageView, Image image) {
       ConstraintLayout.LayoutParams layoutParams =
               (ConstraintLayout.LayoutParams) imageView.getLayoutParams();

       layoutParams.dimensionRatio = image.dimension;

       Glide.with(this).load(image.url).into(imageView);
   }



   @Override
   protected void onCreate(Bundle savedInstanceState) {
       super.onCreate(savedInstanceState);

       LayoutDimensions2Binding binding =
               DataBindingUtil.setContentView(this, R.layout.layout_dimensions2);

       loadImage(binding.image1, getImages().get(1));

       loadImage(binding.image2, getImages().get(0));
   }

   private void loadImage(ImageView imageView, Image image) {
       ConstraintLayout.LayoutParams layoutParams =
               (ConstraintLayout.LayoutParams) imageView.getLayoutParams();

       layoutParams.dimensionRatio = image.dimension; // “16:9” or “1:1”

       Glide.with(this).load(image.url).into(imageView);
   }



Guidelines



Guidelines

● a new View

● used to generate new equations

● … but not when layouting or drawing

● have a relation to parent

● can be in 40dp or 40%





<android.support.constraint.ConstraintLayout
   ...>

   <android.support.constraint.Guideline
       android:id="@+id/guideline"
       android:layout_width="wrap_content"
       android:layout_height="wrap_content"
       android:orientation="vertical"
       app:layout_constraintGuide_percent="0.2" />

   <ImageView
       android:id="@+id/avatar"
       android:layout_width="219dp"
       android:layout_height="183dp"
       android:layout_marginLeft="64dp"
       android:src="@drawable/avatar"
       app:layout_constraintLeft_toLeftOf="@+id/guideline"
       tools:layout_editor_absoluteY="76dp" />

   ...

</android.support.constraint.ConstraintLayout>



<android.support.constraint.ConstraintLayout
   ...>

   <android.support.constraint.Guideline
       android:id="@+id/guideline"
       android:layout_width="wrap_content"
       android:layout_height="wrap_content"
       android:orientation="vertical"
       app:layout_constraintGuide_percent="0.2" />

   <ImageView
       android:id="@+id/avatar"
       android:layout_width="219dp"
       android:layout_height="183dp"
       android:layout_marginLeft="64dp"
       android:src="@drawable/avatar"
       app:layout_constraintLeft_toLeftOf="@+id/guideline"
       tools:layout_editor_absoluteY="76dp" />

   ...

</android.support.constraint.ConstraintLayout>



<android.support.constraint.ConstraintLayout
   ...>

   <android.support.constraint.Guideline
       android:id="@+id/guideline"
       android:layout_width="wrap_content"
       android:layout_height="wrap_content"
       android:orientation="vertical"
       app:layout_constraintGuide_percent="0.2" />

   <ImageView
       android:id="@+id/avatar"
       android:layout_width="219dp"
       android:layout_height="183dp"
       android:layout_marginLeft="64dp"
       android:src="@drawable/avatar"
       app:layout_constraintLeft_toLeftOf="@+id/guideline"
       tools:layout_editor_absoluteY="76dp" />

   ...

</android.support.constraint.ConstraintLayout>



Chains
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Chains

● a way of grouping of Views within ContrainLayout

● defined by constraining two or more views to each other

○ A constrained with B and B constrained with A

● allows to apply “some magic” to whole group of views

○ aka create a virtual view group

● … make ConstraintLayout act as LinearLayout



LinearLayout

ConstraintLayout
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packed

spread

spread inside

spread/spread inside
with weights



<?xml version="1.0" encoding="utf-8"?>
<android.support.constraint.ConstraintLayout ...>

   <TextView
       android:id="@+id/view1"
       android:layout_width="wrap_content"
       android:layout_height="50dp"
       android:text="1"
       app:layout_constraintHorizontal_chainStyle="packed"
       app:layout_constraintLeft_toLeftOf="parent"
       app:layout_constraintRight_toLeftOf="@+id/view2"
       tools:layout_editor_absoluteY="39dp" />

   <TextView
       android:id="@+id/view2"
       android:layout_width="wrap_content"
       android:layout_height="50dp"
       android:text="2"
       app:layout_constraintLeft_toRightOf="@+id/view1"
       app:layout_constraintRight_toLeftOf="@+id/view3"
       tools:layout_editor_absoluteY="38dp" />

   <TextView
       android:id="@+id/view3"
       android:layout_width="wrap_content"
       android:layout_height="50dp"
       android:text="3"
       app:layout_constraintLeft_toRightOf="@+id/view2"
       app:layout_constraintRight_toRightOf="parent"
       tools:layout_editor_absoluteY="39dp" />

</android.support.constraint.ConstraintLayout>



<?xml version="1.0" encoding="utf-8"?>
<android.support.constraint.ConstraintLayout ...>

   <TextView
       android:id="@+id/view1"
       android:layout_width="wrap_content"
       android:layout_height="50dp"
       android:text="1"
       app:layout_constraintHorizontal_chainStyle="packed"
       app:layout_constraintLeft_toLeftOf="parent"
       app:layout_constraintRight_toLeftOf="@+id/view2"
       tools:layout_editor_absoluteY="39dp" />

   <TextView
       android:id="@+id/view2"
       android:layout_width="wrap_content"
       android:layout_height="50dp"
       android:text="2"
       app:layout_constraintLeft_toRightOf="@+id/view1"
       app:layout_constraintRight_toLeftOf="@+id/view3"
       tools:layout_editor_absoluteY="38dp" />

   <TextView
       android:id="@+id/view3"
       android:layout_width="wrap_content"
       android:layout_height="50dp"
       android:text="3"
       app:layout_constraintLeft_toRightOf="@+id/view2"
       app:layout_constraintRight_toRightOf="parent"
       tools:layout_editor_absoluteY="39dp" />

</android.support.constraint.ConstraintLayout>



Visibility











Visibility

● hiding Views doesn’t work well with RelativeLayout

● in ConstraintLayout a View that is GONE is mapped to a single point

● so has no size and no margin

● but still its constraints still apply when doing calculations



ConstraintSet



ConstraintSet

● pack many constraints into a set

● can later be applied to 

ConstraintLayout

● make fancy animations with 

help of TransitionManager

API 19

● from code

● form XML file

● from other ConstraintSet



http://www.youtube.com/watch?v=lsl_KfGkdts






public class TransitionActivity extends AppCompatActivity {
   private boolean lessMode = true;

   private ActivityTransitionBinding binding;

   private ConstraintSet moreConstraintSet = new ConstraintSet();
   private ConstraintSet lessConstraintSet = new ConstraintSet();

   @Override
   protected void onCreate(Bundle savedInstanceState) {
       super.onCreate(savedInstanceState);

       binding = DataBindingUtil.setContentView(this, R.layout.activity_transition);

       lessConstraintSet.clone(this, R.layout.activity_transition);
       moreConstraintSet.clone(this, R.layout.activity_transition_2);

       binding.moreButton.setOnClickListener(new View.OnClickListener() {
           @Override
           public void onClick(View v) {
               TransitionManager.beginDelayedTransition(binding.constraintLayout);

               if (lessMode) {
                   moreConstraintSet.applyTo(binding.constraintLayout);
                   lessMode = false;
               } else {
                   lessConstraintSet.applyTo(binding.constraintLayout);
                   lessMode = true;
               }
           }
       });
   }
}
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public class TransitionActivity extends AppCompatActivity {
   private boolean lessMode = true;
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           }
       });
   }
}



Internals



Google wasn’t first

● https://github.com/anandsainath/constraint-layout (Nov 2013)

● https://github.com/alexbirkett/android-cassowary-layout (Oct 2014)

● But first to have

○ working production version

○ superb UI editor capabilities

● Apple’s AutoLayout

https://github.com/anandsainath/constraint-layout
https://github.com/anandsainath/constraint-layout
https://github.com/alexbirkett/android-cassowary-layout
https://github.com/alexbirkett/android-cassowary-layout


public class ConstraintLayout extends ViewGroup {
   
   ...
   
   public ConstraintLayout(Context context) {
       super(context);
       this.init((AttributeSet)null);
   }

   public ConstraintLayout(Context context, AttributeSet attrs) {
       super(context, attrs);
       this.init(attrs);
   }

   public ConstraintLayout(Context context, AttributeSet attrs, int defStyleAttr) {
       super(context, attrs, defStyleAttr);
       this.init(attrs);
   }

   ...

}

RelativeLayout RecyclerViewLinearLayout



public class Guideline extends View {
   public Guideline(Context context) {
       super(context);
       super.setVisibility(View.GONE);
   }

   public Guideline(Context context, AttributeSet attrs) {
       super(context, attrs);
       super.setVisibility(View.GONE);
   }

   public Guideline(Context context, AttributeSet attrs, int defStyleAttr) {
       super(context, attrs, defStyleAttr);
       super.setVisibility(View.GONE);
   }

   public void setVisibility(int visibility) {
   }

   public void draw(Canvas canvas) {
   }

   protected void onMeasure(int widthMeasureSpec, int heightMeasureSpec) {
       this.setMeasuredDimension(0, 0);
   }
}







Cassowary

● Greg J. Badros, Alan Borning (University of Washington)

● Peter J. Stuckey (University of Melbourne)

● The Cassowary Linear Arithmetic Constraint Solving Algorithm

● https://constraints.cs.washington.edu/solvers/cassowary-tochi.pdf

● Cassowary Algorithm

An incremental constraint solving toolkit that efficiently solves systems of 

linear equalities and inequalities

y = 2x + z y = x * zy <= x + 30

https://constraints.cs.washington.edu/solvers/cassowary-tochi.pdf
https://constraints.cs.washington.edu/solvers/cassowary-tochi.pdf




A = ?

B = A + 80

C = B + Q

Q = 100

Q R

S

A B C D

T

D = C + U U = (T - R) / 2

U

R = 100

S = 500

T = S - C



A = 0

B = A + 80

C = B + Q

Q = 100

Q R

S

A B C D

T

D = C + U U = (T - R) / 2

U

R = 100

S = 500

T = S - C



A = 0

B = 0 + 80

C = B + Q

Q = 100

Q R

S

A B C D

T

D = C + U U = (T - R) / 2

U

R = 100

S = 500

T = S - C



A = 0

B = 0 + 80

C = 80 + 100

Q = 100

Q R

S

A B C D

T

D = C + U U = (T - R) / 2

U

R = 100

S = 500

T = S - C



A = 0

B = 0 + 80

C = 80 + 100

Q = 100

Q R

S

A B C D

T

D = C + U U = (T - R) / 2

U

R = 100

S = 500

T = 500 - 180



A = 0

B = 0 + 80

C = 80 + 100

Q = 100

Q R

S

A B C D

T

D = C + U U = (500 - 180 - 100) / 2

U

R = 100

S = 500

T = 500 - 180



A = 0

B = 60

C = 160

Q = 100

Q R

S

A B C D

T

D = C + U U = 120

U

R = 100

S = 500

T = 320



A = 0

B = 60

C = 160

Q = 100

Q R

S

A B C D

T

D = 160 + 120 U = 120

U

R = 100

S = 500

T = 340



A = 0

B = 60

C = 160

Q = 100

Q R

S

A B C D

T

D = 280 U = 120

U

R = 100

S = 500

T = 340



Q&A
Aleksander Piotrowski
@pelotasplus


