05/18/961SRC technology transfer course

Example: Cache Coherance in a Multiprocessor SystemGitanjali M. SwamyThe VIS GroupDept of Electrical Engg and Computer Sciences

05/18/962SRC technology transfer courseModel: Multiprocessor System

uComponents:SProcessors PiSCaches CiSDirectory + Arbiter +Main Memory D

Cache Coherancy Problem: Processors

are writing and reading from same

memory. Need to ensure that correct data

is read by each processor.

05/18/963SRC technology transfer courseModel: A Multiprocessor System

P1Processor_state : IDLE,READING,WRITING

P2P3Inst : COMPUTE READ_WORD WRITE_WORDany_address :any_value :C

3cacheblock_addblock_valueblock_state:INVALID, SHAREDEXCLUSIVE

read_req :write_req :address :data :

cache_req :ok,blk_rreq, blk_excl, noop

Dmain_mem arbitercache_Wlistcache_Rlist

blk_ok :blk_data :

write_back_req :inval :blocknum :

back_data :

acknowledge :indata :05/18/964SRC technology transfer courseAnatomy of a Write

P1Processor_state : WRITING

P2P3Inst : WRITE_WORDany_address :any_value :C1C

address : data :Cache_status :Wwait ->Wgrant

cache_req :blk_exclDmain_mem inval :blocknum :

cacheblock_state:INVALIDblk_ok :cacheblock_state:

05/18/965SRC technology transfer courseAnatomy of a Read

P1Processor_state : READING

P2P3Inst : READ_WORDany_address :read_req :address :C1

Cache_status :Rwait->Rgrant,

cache_req :blk_rreqDmain_mem

arbitercache_Wlistcache_Rlistblk_ok :blk_data :

write_back_req :cacheblock_state:EXCLUSIVE->SHARED

cacheblock_state:SHAREDacknowledge :indata :

05/18/966SRC technology transfer course

Processor

INST=COMPUTE

IDLEREADINGWRITINGINST=READ_WORDINST=WRITE_WORDAcknowledgeAcknowledgeAcknowledgeAcknowledge

read_reqwrite_req

05/18/967SRC technology transfer courseCache Controller

ReadyRwaitRgrantWwaitWgrantMISS && read_reqinval ||write_back_reqMISS && write_reqinval ||write_back_req

blk_ok

blk_ok

cache_req =blk_rreqcache_req =blk_wreqcache_req =noopcache_req =okcache_req =ok

05/18/968SRC technology transfer course

Cache (For an Address)

INVALIDSHAREDEXCLUSIVEinvalinvalinval

read_req &&blk_okwrite_req &&blk_okread_req &&

write_req &&blk_ok

If block_address = address&& block_state != INVALID then HIT else MISSblock_addressblock_valblock_state

05/18/969SRC technology transfer course cache_Wlist[ ]cache_Rlist[ ]Directory+Main Memory +Arbiter

MAINMEM

CACHESTATUSREGTWON Processor Arbiter (2N states)

ONEWAITWOWAITmain_mem[ ] ONE blk_rreq1 && other (j) has address in EXCLUSIVEokok

elseblk_rreq2 && other has address in EXCLUSIVEelseokok

TWOSERVEONESERVE

05/18/9610SRC technology transfer courseSimplifying Assumptions

uNumber of Processors = 2uSize of Cache = 1uSize of Main Mem = 2

05/18/9611SRC technology transfer courseProperties

uSome correctness criteria:STwo caches cannot be simultaneously in EXCLUSIVE for the address 0.uAG(((cc1.block_state = EXCLUSIVE) * (cc2.block_state = EXCLUSIVE))-> ((cc1.block_address =0)*(cc1.block_address=0))) SThe cache state stored in the directory and the

05/18/9612SRC technology transfer courseProperties

uA memory system is Coherent ifSA READ by Pi to X

WRITE

by P i to X (X=A)

, with no WRITE

by other Pk return value A . S A READ P i to X that follows a

WRITE by Pk to X (X=A)

, returns value A. S WRITE

s to X by i , Pk

are

serialized.

05/18/9613SRC technology transfer courseExercise

uRead Verilog code, convince yourself of the correlation with FSM�s.uRead into VIS, and compute reached states (will take too long). Try re-orderinguRead given ordering and compute reached states.u

properties (english) specified hold.

05/18/9614SRC technology transfer courseExercise(cont)

uFormulate properties in CTL, and model check.uDoes the design satisfy the property ?uIf not modify the design to make property pass.uNote that arbiter is inefficient. Construct a u Write a property to show your arbiter is

better.

05/18/9615SRC technology transfer courseA Few Pointers

uMake sure your CTL formulae refer to the Blifmv variable names (These are not the same as Verilog names).uUse the ordering file provided.uRemember that latched variables are output at the next clock cycle, but wires are output immediately.

Keep in mind your property may be

wrongly formulated.