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* User has control over instruction types and dependence
relations introduced

* Executable meeting user specifications is created and
executed

* Underlying performance counters are used to collect
run-time information

* Tool desighed to be used across different platforms for
comparison of results
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— desire to obtain closer estimates of cpiO

* Processor benchmarking

— desire to empirically infer architectural limitations across
architectures

- need to empirically understand performance utilization
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Instruction level

- inter-queue influence
- intra-queue influence
- link-length

- link-width
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* Intra-queue influence

- dependence involving two instructions that reside in different
on-chip instruction queues

* link-length
- # of consecutive linked dependences between two instructions
* |ink-width

- # instructions between two dependent instructions in program
order
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Floating point store (fs) * Integer store (is)
Floating point load (fl) * Integer load (il)
Jumps*

*version including jumping iswork in progress
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* SynBAD creates basic block with user-specified qualities
* Only allowable dependences created (errors caught)
* SynBAD creates executable code using basic blocks

* Executable code contains negligible cache misses,
Icache misses, branches

* Spread-sheet ready output from counters stored in
specified files
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- 83 is data dependent on sO (s3 needs sO’s data to complete)

- this dependence is a linked dependence with length 3 (i.e.
dependence is sO->s3->s0->s3)
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Basic Block Basic Block
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well as an infinite link

* link-width: varied by creating larger basic instruction
sets, making for larger basic blocks

* instruction types: varied by inserting instructions of
acceptable types in different mixes, numbers, etc.

- this allows varying the inter-queue and intra-queue influence
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* use basic instruction sets of length 4
* use all combinations (256) with a single dependence

* jsolate for combinations that allow link-length > 1
dependence from first to fourth instruction (sO->s3)

* 16 combinations found
* vary link-length and link-width
* analyze results
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- 4x4 means 4 instr in basic instruction set
- 8x8 means 8 instr in basic instruction set
- fix location of dependence (from sO->s3) regardless of basic
instruction set size
* Analyzed 16 fitting criteria

* Dependences found and analyzed:
- fa->fm, fm->fa
- la->ia
- fs->fm, fs->fa, is->ia
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- no link-length influence for 16x16 and above
- performance increases with link-width to a plateau above
16x16
* ja->ia
- increasing trends for 4x4 show degradation of performance as
link length increases
- no link-length influence for 8x8 and above

- performance increases with link-width almost immediately

above 8x8
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— no sensitivity to this type of dependence
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* Expand to CISC-based processor to prove portability
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e Utilization of architectural features

* Separation and quantification of other effects (data

dependency etc)

November 13-19, 1999 19 Los Alamos
HKTIO TORY

JNAL LABORA



* Analysis Assumptions:

- no data dependency, uniform instruction distribution, branches

and Icache misses negligible

e Saturation based bottleneck analysis
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Multi Instruction fetch/decode

Branch Pred/ Register Rename

mCcmaco n
mcmcOo —
mcmco =
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t.=7.- = =inter - arrival distance (r islast occurrenceof thistype)
X = servicetimein cyclesfor C,
=avginter - arrival distance (no unit)

X = avgservicetimein cyclesfor thistype
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m= number of serversfor type
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In use

p=(AxX)/m

* Capacity: max rate system can perform work
C=m
* Work rate: avg rate of work demanded from system

R=AXX

November 13-19, 1999 24 Los Alamos

INAL LABORATORY



e else It R>C then system capacity Is insufficient

* Instructions such that R/C > 1 limits IPC by causing
architecturally limited stalls

* For such cases we can calculate IPC,

Ideal ipco = (t xm) /X
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* Benchmarks: ASCI application benchmark codes

* General Characteristics:

- Branches < 10%, miss-pred_branches < 1%
- Icache misses < 0.1%
- All t's converge to constants (steady state)
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* Graduation Rates: 2/cycle for FP, 2/cycle for INT,
1/cycle for Mem

* Qutstanding Misses: 4 on Origin2000, £ 2 on

PowerChallenge
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Sweep Dsweep Heat Hydro Hydro-t
Pm | Bi Pr A Pm | P Ps Pm Pi Pr § Pm | Pi Pr I Pm | Pi Ps
Power Challengef 1.41] 0.63| 0.66 §1.84| 0.68| 0.40 § 1.43]| 0.84 ] 0.45§41.08] 1.05| 0.40§1.08] 1.06 | 0.40
Origin 2000 §1.42| 0.62| 0.67§1.89| 0.65]| 040 ] 142] 0.84]| 045]109]1.05] 040]1.08] 1.06| 0.40
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