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Why SPEC? 

• Goal: an ounce of honest data is worth a pound of marketing hype.[2]

• Even if 1970s and 1980s benchmarkers are honest,
comparable measurements are a lot harder than measurements.

• Case study: a 1985 performance guide. [3] [4]

• 164 glossy, typeset pages
• Allegedly “Internal Use Only”
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Instruction timing for 7 different CPU models
10 pages of detailed comparisons
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Instruction timing for 7 different CPU models

10 pages of detailed comparisons

But . . .

• Only within that vendor’s systems.
• The benchmark is not public.
• The benchmark is in assembler.

• Customers do not know whether their applications use fast or slow 
instructions.
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“Industry Standard” Applications
Excerpts [no ellipses markings]

• industry-standard FORTRAN benchmarks are described in Table 
6-13.  Several have been altered to reduce variability.

• Harris Test is an industry-accepted benchmark that exercises 
features commonly found in APL programs.  Many vendors have 
advertised results. Because data arrays are often limited in 
these advertisements, be aware that they may not accurately 
represent performance.

• IFTEST and LITTL have zero elapsed time.  FORTRAN version 4 
detects “dead code” yielding zero elapsed runtime.

SPEC Retrospective  J.Henning Aug-2022 8



“Industry Standard” Applications
Not in assembly, and claimed to be widely available.

But … 
•Unclear which versions were used.
• Source code was changed.   The exact changes are unclear.
•Dead code is present.
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Transaction processing

•40 pages of detail about orders, inventory, sales, receiving.
• Enormous effort building RTE (remote terminal emulators), 

workload, systems under test.  

But . . .
•Compares only a single vendor’s systems.
•Benchmark sources are not available.
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Whetstone and Dhrystone

•References were provided to specific source versions.
•Dhrystone includes “run rules”, reducing ambiguity.
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Whetstone and Dhrystone

•References were provided to specific source versions.
•Dhrystone includes “run rules”, reducing ambiguity.

But . . .
•Both had several versions, and advertisements were not 

always clear about which was used.
•Both were “synthetic” collections of program fragments.
•Dhrystone did not have a rule enforcement mechanism.
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SPECmark – lessons learned vs. predecessors
• Start from real application programs, which are more meaningful than 

instruction times and synthetic kernels
• In order to enable comparisons: 
• Require full disclosure of 

test conditions
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SPECmark – lessons learned vs. predecessors
• Start from real application programs, which are more meaningful than 

instruction times and synthetic kernels
• In order to enable comparisons: 
• Require full disclosure of test conditions
• Require that everyone test the same source code and data.
• Specify run rules.
• Review each others’ rule compliance.  

• Validate program output 
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SPECmark – lessons learned vs. predecessors
• Start from real application programs, which are more meaningful than 

instruction times and synthetic kernels
• In order to enable comparisons: 
• Require full disclosure of test conditions
• Require that everyone test the same source code and data.
• Specify run rules.
• Review each others’ rule compliance.  

• Validate program output 

“I can make it run as fast as you like if you 
remove the constraint of getting correct answers.”
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SPEC met with rapid success

•By 1995, result publications included: Bull, CDC, 
Compaq, Cray, Dansk, Data General, DEC, Gateway, 
Hitachi, HAL, HP, IBM, Intel, Intergraph, Micronics, 
Motorola, Pyramid, SGI, Siemens-Nixdorf, Solbourne, 
Sun, Tricord, Unisys [5]

• ISCA '95: Proceedings Of The 22nd Annual 
International Symposium On Computer Architecture: 
16 papers used SPEC benchmarks [6]
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Not to mention that it was fun!
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SPECmark showed 
that 1989 single-
chip systems were 
~10x as fast as the 
1978 VAX 11/780



Number of Published Results – SPEC CPU [7]

958   SPEC CPU 92

2,574   SPEC CPU 95

7,654   SPEC CPU 2000

48,381   SPEC CPU 2006

28,357   SPEC CPU 2017 as of Aug-2022
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SPEC also published benchmark results for: 
file servers                     web servers
virtualization mail servers
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SPEC also published Java benchmark results
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SPEC also published benchmarks for: 
Software Development Environment
High Performance Computing
Power
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Wildly ambiguous
Thus for over 25 years, it has been wildly ambiguous to refer to:
• “SPEC results”
• “SPEC95”
• “SPEC2000”

The correct form is: SPEC <benchmark> <year>
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Wildly ambiguous
Thus for over 25 years, it has been wildly ambiguous to refer to:
• “SPEC results”
• “SPEC95”
• “SPEC2000”

The correct form is: SPEC <benchmark> <year>

Lesson learned: nobody forgets your childhood nickname.
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SPEC CPU Further Evolution / Lessons Learned
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Prefer real apps.   SPECmark89 started this; 
it expanded with each subsequent suite.

Read input data.
SPECmark89 had some programs 
where the compiler could see everything.

Centralize all user changes to 1 file. 
In 1989, there were many Makefiles

Full disclosure is good.  Fuller is better.
Requirements were added to disclose 
more detail, and several kinds of 
automatic disclosure were added. [8]



Lessons specifically from SPEC CPU 2017 

• As noted by Professor Lizy John[9], there was an 11-year gap between 
CPU 2006 and SPEC CPU 2017.
• What took so long?
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Lessons learned from SPEC CPU 2017 (1) 
Pick parallelization targets early
• SPEC CPU 2017 evaluated benchmark candidates that used:

Unix pthreads Windows threads
OpenMP MPI
Intel Threading Building Blocks

These led to continual arguments, such as:
“We can easily build a shim layer.” ”It’s not so easy”
“System X can’t run benchmark Y”  “Who cares?”
”Do we require parallelism?  “For which benchmarks?”
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Lessons learned from SPEC CPU 2017 (2)

(re-learned) Kernels are less interesting than real apps
• One author submitted 11 small candidates
• None survived the final cut
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Lessons learned from SPEC CPU 2017 (3)

Specify resources (time / memory) up front
• There were too many arguments about how-long-is-too-long.
• And how-big-is-too-big.
• And how these are to be measured.
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Lessons learned from SPEC CPU 2017 (4)

Figure out validation early
• Multiple benchmark candidates had no 

validation method.
• SPEC’s image validator[10] implements 

SSIM, which solved the problem for 
several benchmarks.
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Lessons learned from SPEC CPU 2017 (5)

(re-learned) Portability is hard
• One author submitted 17 candidates claiming that all were highly 

portable.

• The basis for this claim turned out to be that the benchmarks had 
indeed been tested on multiple hardware types, but: 

- using only one compiler 
- on one operating system
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Lessons learned from SPEC CPU 2017 (6)

(re-learned) Licenses are important
• Each version of SPEC CPU has drawn on the open source community, 

starting with SPECmark89 and 001.gcc from the Free Software Foundation 
• A license review near the end of the SPEC CPU 2017 development cycle 

turned up a few surprises, such as:
regexp.c
Copyright (c) 1984 AT&T All Rights Reserved THIS IS 
UNPUBLISHED PROPRIETARY SOURCE CODE OF AT&T The copyright 
notice above does not evidence any actual or intended 
publication of such source code. 

A different regexp solution was found. [11]
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Lessons learned from SPEC CPU 2017 (7)
Recurring benchmarking pitfalls will recur

In addition to the various benchmark candidate pitfalls mentioned above, 
some other recurring problems include:

• A benchmark candidate measures something different than expected.

• The benchmark candidate is a library with hundreds of functions.  The 
workload exercises 2 of them.

• Minor FP differences unexpectedly cause differing work.

A list of good[12] and bad[13] benchmark characteristics was published with 
the release of SPEC CPU 2017.
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Lessons learned from SPEC CPU 2017 (8)

Subjective criteria are inevitable; don’t wait until the 
end to expose them
What is most important among these? 

Application domain Modern code
Large user base Exercises main memory 
Well-known application Non-peaky profile
State of the art algorithm Expert author
Not ”just a toy” program Avoids repeating identical work
Robust code Easily ported to new systems
Compiler challenge Not previously in a SPEC CPU suite
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Applied lessons - SPEC CPUv8 Search program[14]

www.spec.org/cpuv8
• Requires both objective and subjective criteria at each step
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Applied lessons - SPEC CPUv8 Search program

www.spec.org/cpuv8
• Requires both objective and subjective criteria at each step
• Specifies parallelization technologies
• Specifies which suites require parallelism.
• Specifies run time, memory size, and how these are measured.
• Requires early review of licenses
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Speaking of the SPEC CPUv8 Search program

www.spec.org/cpuv8
• It’s not too late

•Fill out your entry form by 12-Sep-2022

• (You do not have to finish all the steps by 
12-Sep!  Just get the process started.) 
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