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4) (10 pts) Draw the result of deleting the value 40 from the red-black tree shown below. In the
drawing below, red nodes are indicated with a letter 'R' next to the number stored in the node. In
your solution, please put an 'R' in each node that is red. (Note: use the regular binary tree rules
for deleting a value which is stored in a node with 2 children.) If you explain your thinking, you
may get partial credit for incorrect solutions.
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Note: When deleting 40, we can either delete the physical location of node 30 or 60. Due to
the length of the solution, this solution only shows the result of deleting the physical
location of the 30. A second correct answer exists (and was properly graded for) where the
physical node storing 60 is deleted.

After we denote the physical node storing 30 to be deleted, we copy 30 into the node that
originally stored 40. Here is the state of affairs from that point, just for the subtree rooted

at 30:
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Initially, the null node is a double black. We push the double black up one level.

Then, we deal with a double black that has a red sibling:
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This is the original picture. = Here is when we right rotate =~ Push the double black up
making 8 the root and 20 red. one level, fixing the issue.
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Here is the final tree after those changes are made:

Note: if we had deleted the physical node storing 60 instead of the one storing 30, the only
difference in the final answer is that 60 would be a black child of 20 and 30 would be a red
left child of 60.

Grading: Give full credit if final tree is correct. If incorrect, give partial as follows:

1 pt - deleting physical node of 30 or 60.

2 pts - db null node

2 pts - pushing up db to 30 or 60.

3 pts - restructuring with 8 at root, 4 to left and 20 to right
2 pts - push up double black
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