MULTIPROCESSOR MESI
IMPLEMENTATION

1. TWO TIGHTLY-COUPLED PROCESSORS WITH LOOK-THROUGH L1
AND WRITE-BACK L2 CACHES USING MESI PROTOCOL

2. PROCESSOR COMPLEX = PROCESSOR (WITH L1 CACHE) + L2
CACHE

3. EXAMINE READ & WRITE OPERATIONS BY PROCESSOR B WITH
VARIOUS SCENARIOS

TWO PROCESSORS WITH WRITE-
BACK CACHES




INITIAL STATES OF CACHE LINES
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READ SCENARIO ONE

1. INITIAL CACHE STATES ARE: COMPLEX A-L1 IN S STATE AND A-L2 IN E
STATE.

2. AREAD MISS OCCURS IN COMPLEX B (BOTH B-L1 & B-L2). COMPLEX B
REQUESTS FOR A CACHE LINE-FILL.

3. AN ADDRESS SNOOP HIT IS DETECTED BY COMPLEX A.

4. A L2 CACHE ASSERTS CHIT# TO NOTIFY COMPLEX B THAT THE DATA IS
SHARED. AFTER THE READ, THE CACHE LINE IS SET IN S STATE.

5. B-L2 CACHE DRIVES WB/WT# LOW TO CAUSE THE B L1 CACHE LINE TO
BE STORED IN S STATE.




READ SCENARIO TWO

1. INITIAL CACHE STATES ARE: COMPLEX A-L1 IN E STATE AND A-L2 INM
STATE.

2. AREAD MISS OCCURS IN COMPLEX B (BOTH B-L1 & B-L2). COMPLEX
B REQUESTS FOR A CACHE LINE-FILL.

3. AN ADDRESS SNOOP HIT IS DETECTED BY COMPLEX A.

4. CHIT# AND CHITM# ARE LOWERED TO NOTIFY B-L2 TO BACK OFF. B-
L2 CACHE ASSERTS BOFF# TO FORCE PROCESSOR B TO HALT THE
CURRENT BUS CYCLE.

5. A-L2 USES AHOLD & EADS# TO INFORM PROCESSOR A TO SNOOP
THE ADDRESS FOR THE READ FROM THE BUS MASTER.




6. PROCESSOR A ASSERTS HIT# TO NOTIFY A-L2 CACHE THAT THE
INQUIRY RESULTS IN A HIT AND A-L2 CONTAINS THE MOST
RECENT DATA.

7. A-L1 CHANGES THE CACHE LINE STATE FROME TO S.

8. A-L2 PERFORMS WRITE-BACK TO MEMORY, AND TRANSITIONS
THE CACHE LINE FROM M TO S.

9. A-L2 DEASSERTS CHIT# & CHITM# AND ALLOWS COMPLEX B TO
PROCEED THE MEMORY FETCH.

10.COMPLEX A DETECTS A SNOOP HIT AGAIN AND ASSERTS CHIT#.
THIS TELLS B-L2 THE SHARED LINE IS READY IN MEMORY.

11.B-L2 ACCESSES THE LINE, SETS IT IN S STATE AND FORWARDS IT
TO B-L1 WITH A WB/WT# LOW SIGNAL. THIS TELLS B-L1 TO
STORE THE LINE IN S STATE.




READ SCENARIO THREE

1. INITIAL CACHE STATES ARE: COMPLEX A-L1 IN M STATE AND A-L2 IN M
STATE.

2. AREAD MISS OCCURS IN COMPLEX B (BOTH L1 & L2). COMPLEX B
REQUESTS FOR A CACHE LINE-FILL.

3. AN ADDRESS SNOOP HIT IS DETECTED BY COMPLEX A.

4. CHIT# AND CHITM# ARE LOWERED TO NOTIFY B-L2 TO BACK OFF. B-L2
CACHE ASSERTS BOFF# TO FORCE PROCESSOR B TO HALT THE
CURRENT BUS CYCLE.

5. A-L2 USES AHOLD & EADS# TO INFORM PROCESSOR A TO SNOOP THE
ADDRESS FROM THE BUS MASTER.

6. PROCESSOR A ASSERTS HIT# & HITM# TO NOTIFY A-L2 CACHE
THAT THE INQUIRY RESULTS IS A HIT AND A-L2
CONTAINS STALE DATA.
7. PROCESSOR A PERFORMS A WRITE-BACK THROUGH A- L1 TO
UPDATE MEMORY.
8. A-L1 CHANGES THE LINE STATE FROM M TO S. A-L2 TRANSITIONS
THE CACHE LINE FROM M TO S.
9. A-L2 DEASSERTS CHIT# & CHITM# AND ALLOWS COMPLEX B TO
PROCEED THE MEMORY FETCH.
10. COMPLEX A DETECTS A SNOOP HIT AGAIN AND ASSERTS CHIT#,
TELLING B-L2 THE SHARED LINE IS READY IN MEMORY.
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INITIAL STATES OF CACHE LINES
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WRITE SCENARIO ONE

1. INITIAL CACHE STATES ARE : COMPLEX A-L1 IN S STATE AND A-L2 IN E
STATE. COMPLEX B-L1 & B-L2 IN | STATE.

2. A WRITE MISS OCCURS IN COMPLEX B (BOTH L1 & L2). B-L2 REQUESTS
FOR A MEMORY UPDATE.

3. A-L2 DETECTS AN ADDRESS SNOOP HIT. IT TRANSITIONS ITS CACHE
LINE FROME TO I.

4. A-L2 ASSERTS AHOLD & EADS#, PASSES ADDRESS TO A-L1, AND
ASSERTS INV TO INVALIDATE THE LINE IF A SNOOP HIT OCCURS (A-L1
TRANSITIONS THE LINE FROM S TO I).

5. COMPLEX B COMPLETES THE WRITE OPERATION (W/T ALLOCATE-ON-
WRITE).
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WRITE SCENARIO TWO

1. INITIAL CACHE STATES ARE : COMPLEX A-L1 IN E STATE AND A-L2 IN
M STATE. COMPLEX B-L1 & B-L.2
IN | STATE.

2. AWRITE MISS OCCURS IN COMPLEX B (BOTH L1 & L2). COMPLEX B
REQUESTS FOR A MEMORY UPDATE.

3. AN ADDRESS SNOOP HIT IS DETECTED BY COMPLEX A.

4. CHIT# AND CHITM# ARE LOWERED TO NOTIFY B-L2 TO BACK OFF. B-L2
CACHE ASSERTS BOFF# TO FORCE PROCESSOR B TO SUSPEND
THE CURRENT BUS CYCLE.

5. A-L2 USES AHOLD & EADS# & INV TO INFORM PROCESSOR A TO
SNOOP THE ADDRESS FOR THE WRITE FROM THE BUS MASTER.

15

6. PROCESSOR A ASSERTS HIT# TO NOTIFY A-L2 CACHE THAT THE
INQUIRY RESULTS IN A HIT AND A-L2 CONTAINS THE MOST
RECENT DATA.

A-L1 CHANGES FROM E TO I.

8. A-L2 PERFORMS WRITE-BACK TO MEMORY, AND IT TRANSITIONS

THE CACHE LINE FROM M TO I.
9. A-L2 DEASSERTS CHIT# & CHITM# AND ALLOWS COMPLEX B TO
PROCEED THE MEMORY WRITE (W/T ALLOCATE-ON-WRITE).

N
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WRITE SCENARIO THREE

1. INITIAL CACHE STATES ARE: COMPLEX A-L1 IN M STATE AND A-L2 IN
M STATE. COMPLEX B-L1 & B-L2 IN | STATE.

2. AWRITE MISS OCCURS IN COMPLEX B (BOTH L1 & L2). COMPLEX B
REQUESTS FOR A MEMORY WRITE.

3. AN ADDRESS SNOOP HIT IS DETECTED BY COMPLEX A.

4. CHIT# AND CHITM# ARE LOWERED TO NOTIFY B-L2 TO BACKOFF. B-
L2 CACHE ASSERTS BOFF# TO FORCE PROCESSOR B TO SUSPEND
THE CURRENT BUS CYCLE.

5. A-L2 USES AHOLD & EADS# & INV TO INFORM PROCESSOR A TO
SNOOP THE ADDRESS FOR THE READ FROM THE BUS MASTER.
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6. PROCESSOR A ASSERTS HIT# & HITM# TO NOTIFY A-L2 CACHE
THAT THE INQUIRY RESULTS IN A HIT
AND A-L2 CONTAINS STALE DATA.
7. PROCESSOR A PERFORMS A WRITE-BACK THROUGH A-L1 TO
UPDATE THE MEMORY.
8. A-L1 CHANGES FROM M TO I.
9. A-L2 TRANSITIONS THE CACHE LINE FROM M TO |.
10. A-L2 DEASSERTS CHIT#& CHITM# AND ALLOWS COMPLEX B TO
PROCEED THE MEMORY WRITE (W/T ALLOCATE-ON-WRITE).
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WRITE SCENARIO FOUR

1. INITIAL CACHE STATES ARE: COMPLEX A-L1 & A-L2 IN S STATE.
COMPLEX B-L1 & B-L2 IN S STATE.

2. B-L1 & B-L2 EXPERIENCE A WRITE HIT. COMPLEX B INITIATES A
MEMORY WRITE (WITH WRITE-THROUGH).

3. THE B-L1 & B-L2 CACHE LINES ARE UPDATED AND SET IN S AND E
STATES, RESPECTIVELY.

4. A-L2 SNOOPS THE MEMORY WRITE. IT ASSERTS AHOLD, EADS# &

INV, AND PASSES THE ADDRESS FOR A-L1 TO SNOOP THE
ADDRESS.

A-L2 INVALIDATES THE LINE.
A-L1 INVALIDATES THE LINE IN CASE OF A SNOOP HIT.
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