Simics 2 and Simics 3 comparison study

What has been studied here?
  

We ran over a hundred simulation runs with both Simics 2.2 and Simics 3.0.11 and tried to observe the differences in some of vital statistics that GEMS reports. We studied the behavior of GEMS both with and without Opal and with LogTM.
Results Summary: When migrating from Simics 2.2 to Simics 3.0.11 with GEMS, 

· Using only Ruby, we see no change in major statistics reported by GEMS

· Using Opal along with Ruby and with LogTM, we observe variation in major statistics reported by GEMS on a run-by-run basis. However, over a set of runs, the variations are statistically insignificant.
· We did not observe any non-determinism with either Simics 2.2 or Simics 3.0.11

Details:
Simulation Set 1: Simics + Ruby (no Opal)

Workloads:

Name
  Simulation length


--------------------------------


Apache  500 transactions

Oltp 
  100 transactions

Jbb
  10000 transactions

Zeus
   500 transactions

Each of the workloads is run for 10 different random seeds (different values of parameter “g_RANDOM_SEED” in Ruby configuration). This makes a total 40 comparative runs between Simics 2 and Simics 3 for each configuration.

(a) Processor Configurations:

Number of chips: 1 


Processor per chip: 16 (in-order)


Coherence protocol: MOESI_CMP_directory_m


L1 Cache: 32KB, 4-way


L2 Cache: 16MB, 8-way

(b) Processor Configuration:

Number of chips: 1 


Processor per chip : 8(in-order)

Coherence Protocol: MOESI_CMP_directory_m


L1 Cache: 64KB, 4-way

L2 Cache: 8MB, 8-way

*Major change in the configuration from the previous sub-set of run is in “italics
c) Processor Configuration:


Number of chips: 8(in-order)

Processor per chip: 1  

Protocol : MOSI_SMP_bcast_m
L1 Cache: 64KB, 4-way

L2 Cache: 8MB, 8-way

Results/Inferences:
Over all the above three sub-sets of comparative simulation runs between Simics 2 and Simics 3 ( total 120 runs each with Simics 2 and Simics 3 ), we find following invariants hold good.

For a given configuration (e.g. 1(b)) and given random seed value (value of the Ruby parameter “g_RANDOM_SEED” ),
1. Ruby cycles are exactly same for runs with Simics 2 and Simics 3. This means if one changes the front-end of his/her simulation infrastructure from Simics 2 to Simics 3, he/she should not expect any change in the Ruby_cycles value reported by GEMS.

2. Number of instructions executed remains unaltered irrespective of whether 

Simics 2 or Simics 3 is used.

3. a) There is an increase in number of data request seen by Ruby’s SimicsDriver class, when we switched from Simics 2 to Simics 3. 

b) Similarly, there is an increase in number of non-stallable accesses seen by Ruby’s SimicsDriver class, when we switched from Simics 2 to Simics 3.

c) The increase in number of data request seen by Ruby is solely contributed by the increase in the number of non-stallable accesses observed. That is why we see no change in Ruby cycles even though number of data request has gone up ( Note: for non-stallable accesses given by Simics, Ruby is bound to return “0” latency).

Further investigation on ASI accesses and Simics 3 documentation yielded that, the way block transfers are handled, has substantially changed between Simics 2 and Simics 3. In the following we quote from the Simics 3 manual on this issue.

“SPARC targets only: Block ASI accesses are sent to the memory system as

   eight separate operations where only the first is stallable. The MMU still

   only gets a single call for each access.”

In summary, while simics 2 was giving us just one 64-byte access for block ASI

accesses, Simics 3 gives 8 separate 8-byte accesses. First of these 8 accesses will be a stallable access, while later seven accesses will be non-stallable. This has caused Ruby to see more non-stallable data requests in case of Simics 3.

Simulation Set 2: 

Simics + Opal + Ruby

Workloads

Apache  500 transactions

Oltp 
  100 transactions

Zeus
   500 transactions


Processor Configuration:





Number of Chips: 8 ( out-of-order processors)




Protocol : MOSI_SMP_bcast_m




L1 Cache: 64KB, 4-way




L2 Cache: 8MB, 8-way


Opal configuration: Default Opal configuration with GEMS2.1 release. 

Results/Inferences:

For a given configuration and given random seed value (value of the Ruby parameter “g_RANDOM_SEED” ),
1. Ruby cycles are NOT same between runs with Simics 2 and Simics 3. Average change in Ruby_cycles varies from 2.92% to -0.554 %, depending upon the workloads.

2. Number of instructions executed varies from Simics 2 to Simics 3 runs. Average change instructions executed varies from 3.14% to -0.531 %, depending upon the workloads.

The reason for this variance with Opal is yet unknown and is being investigated.

Simulation Set 3: 

Simics + Ruby + LogTM

Workloads

Raytrace  teapot

Genome g256-s16-n8192


Processor Configuration:





Number of Chips: 16




Protocol : MESI_CMP_filter_directory




L1 Cache: 32KB, 4-way




L2 Cache: 8MB, 8-way


LogTM configuration:



EagerCD_EagerVM_Base_NoPred-Perfect_

                                    LazyCD_LazyVM_Base

Results/Inferences:

For a given configuration and given random seed value (value of the Ruby parameter “g_RANDOM_SEED” ),

1. Ruby cycles are NOT same between runs with Simics 2 and Simics 3. 

2. Number of instructions executed varies from Simics 2 to Simics 3 runs. 

However, over a set of random seeds, the run time (Ruby_cycles) reported on both Simics 2 and Simics 3 based systems are statistically identical. 

The reason for the variance with LogTM is yet unknown and is under investigation.

