	
	Undo
	Redo
	Undo/Redo

	 Rules
	1. Modify X in Main Memory -> write old value of X to log in disk -> write new X to the disk

2. all the changes write to the disk -> write COMMIT record to log in disk
	  1. Modify X in Main Memory -> keep X’s new value in the log 
 2. write a COMMIT record first to log in disk when T’s finished
 3. then write all the changes to the disk
	 1. Write<T, X, v, w> to log after every modify in main memory.
 2. Write to the disk can happen either before or after the <COMMIT T> write to the log. 

	Recovery 
	1. if T’s COMMIT log is there, do nothing.

2. if T’s incomplete / aborted, change T’s element according to log
	  1. Identify the committed transactions
 2. scan log for each <T, X, v>, to see if :

 a) T is committed, write new value v for X

 b) T is not committed, do noting.

 3. for each incomplete T, write<ABORT T>, then flush the log
	 1. Redo all the committed transactions in the order earliest-first.
 2. Undo all the incomplete transactions in the order latest-first.

	Non
quiescent -  CKPT
	  1. write <START CKPT(T1,…)>
 2. wait until all above T stop, while not forbid new T from start
 3. when all above T stop, write <END CKPT>
	  1. write<START CKPT(T1,…)>
 2. write all the elements modified in buffer by the transactions completed when <START CKPT…> wrote, to the disk

 3. write<END CKPT>
	 1. write<START CKPT(T1…)>
 2. write to disk all the dirty buffers 

 3. write <END CKPT>

	Non
quiescent -  CKPT Recovery
	  1. if we first meet <END CKPT>, apply undo recovery policy to all the T recorded in or start after<START CKPT>.
 2. if we first meet<START CKPT>, then apply undo recovery policy to all the T in log. 
	  1. if first meet <END CKPT>, apply redo recovery policy to all the T recorded in or start after<START CKPT>.
 2. if first met <START CKPT>, then apply undo-redo recovery policy to all the T in log.
	 1. if we first meet <END CKPT>, apply undo-redo recovery policy to all the T recorded in or start after<START CKPT>.
 2. if we first meet<START CKPT>, then apply undo-redo recovery policy to all the T in log.


P.S.  For quiescent checkpoint (which only happen in undo), it follows these step:

1. stop accepting new T

2. wait till all current T stop (COMMIT/ABORT)

  


3. flush log to disk

  


4. write a <CKPT> to log

  


5. resume accepting new T
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