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vMIPS MARS
vARMsim
vx86
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Windows 10
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Mac Desktop

https://courses.missouristate.edu/KenVollmar/MARS/download.htm
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It works!
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Registers
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Display
Buffer

Printer
Buffer
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Memory Map
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Tools

X-Ray
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Yikes!  No code editor!
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tinyurl.com/armsimcsun

v. 2.0.1
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tinyurl.com/armsimcsun

NOT available for Mac!
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NOT available for Mac!
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Don’t do this!
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Angel SWI
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Angel SWI
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Angel SWI
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gcc
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GEM5
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GEM5
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vPerformance Metrics à slide 29
vAdv Performance (P&H) à slide 39
vSgl Core Benchmarks à slide 50
vMT Benchmarks à slide 66
vOther CPU/GPU Benchmarks à slide 73

q Cheats à slide 73
q Geekbench à slide 78
q PassMark à slide 84
q Techspot à slide 96
q Apple M1 à slide 105
q Misc à slide 115

vGraphics/Gaming Benchmarks à slide 123
vMobile Benchmarks à slide 129
vSIMD Benchmarks à slide 151
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vMIPS
vCPI vs. IPC
vP&H (textbook)
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IPC = N* (1/CPI)

CPI = 1.3 à 1/1.3 = 0.77

Examples for N at 1 GHz

TYP

N = 1 à IPC = 0.77 à MIPS = 770
N = 2 à IPC = 1.54 à MIPS = 1540

N = 4 à IPC = 3.08 à MIPS = 3080



COMP222

© Jeff Drobman
2020-22CPU Performance

Clock rate = 1/Clock cycle time

Ø Dynamic Instruction count

(not Static)
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Time Size CPI = Fn(ISA) 1/Freq

Hennessy & Patterson

=MHz/CPI



COMP222

© Jeff Drobman
2020-22U Wisc Slides: Perf

1/fCPI

MIPS
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CPU performance
v faster – Moore’s Law has guided the shrinkage of transistors which 

has an attendant increase in frequency. we have seen CPU clock 
frequency go from 1GHz to up to 5GHz (but mostly 2-3 GHz) 
today.

v performance of CPU’s is measured in “throughput” = clock period 
(1/freq) * instructions per cycle per (1/CPI) * number of cores (or 
execution units, i.e., pipelines), or   Perf = N / (f * CPI)

v we have seen minor (~5-10%) improvements in CPI over the past 10 
years, mostly due to hardware assisted out-of-order and speculative 
execution. number of threads has gone up, esp. in wide superscalar.

Ø we have essentially reached the end of the line for scalar single-
core CPU architecture improvements. Processor frequencies
have been topping out along with the end of Moore's Law 
transistor shrinkage.

Ø so we are now seeing more parallelism – in terms of both cores 
(CPU and GPU) and superscalar EU’s.
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1. transistor switching frequency (inverse 
function of feature sizes, e.g., 7-10 nm)

2. single vs. double clock phases
3. instruction cycle times:  determined by 

slowest pipeline stage
4. gating pipeline stage = longest logic gate 

path in the “ICU” state machine

v factors determining
max instruction cycle frequency

or minimum cycle time per core or pipeline (if superscalar):
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v MT
v Superscalar
v Branch prediction
v Instruction scheduling

q out-of-order
q speculative

v Pipeline management:  operand 
forwarding

vMicro Architecture
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1. cache performance: miss rates, refill rates, line sizes, coherence 
and locality of reference for both instructions and data

2. context switch rates: events such as system calls, traps, 
exceptions and interrupts.

3. branch prediction performance coupled with branch rates
4. number of cores
5. number of threads per core
6. rate of multi-cycle instructions such as integer and floating-

point multiply, divide, other floating-point operations such as 
add, subtract.

7. degree of extractable (usable) parallelism in the given code 
determines effective utilization of cores, threads and co-
processors (e.g., floating-point units)

vperformance issues that make the CPU run 
slower than the max frequency:
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vSec 6.4
vSec 6.10
vSec 6.11
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Hennessy & Patterson

knee
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P&H zyBook
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P&H Ch 6 (6.10-11)
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P&H Ch 6 (6.10-11)Floating-point Perf

Memory Constraints
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P&H Ch 6 (6.10-11)
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P&H Ch 6 (6.10-11)

AMD Opteron
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P&H Ch 6 (6.10-11)
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P&H Ch 6 (6.10-11)
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P&H Ch 6 (6.10-11)
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P&H Ch 6 (6.10-11)
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vPerf metrics
q Functions/steps/loops per second

Ø Big is better
q Seconds per Function/step/loop

Ø Small is better
vOld std benchmarks

q Whetstones
Ø Floating-point

q Dhrystones
Ø Integer
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FP
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Integer
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Integer
DEC VAX 11/780 = 1 MIPS
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Hennessy & Patterson



COMP222

© Jeff Drobman
2020-22Performance

Hennessy & Patterson



COMP222

© Jeff Drobman
2020-22Performance

Hennessy & Patterson
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https://www.anandtech.com/show/16261/investigating-
performance-of-multithreading-on-zen-3-and-amd-ryzen-5000/2

SMT ON vs OFF

https://ece757.ece.wisc.edu/lect03-cores-multithread.pdf



COMP222

© Jeff Drobman
2020-22SMT Performance

P&H zyBook
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SMT ON vs OFF
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SMT ON vs OFF
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https://www.cpubenchmark.net
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https://www.techspot.com/review/1885-ryzen-5-3600-vs-core-i5-9400f/
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Sgl-core
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Multi-core
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Frames/sec



COMP222

© Jeff Drobman
2020-22CPU Performance

Frames/sec
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Gary’s Youtube channel
https://www.youtube.com/watch?time_continue=13&v=nvbjAhM6K1I&feature=emb_logo

https://www.youtube.com/watch?time_continue=13&v=nvbjAhM6K1I&feature=emb_logo
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