The fate of a successful benchmark It is to be replaced / abandoned after a while. 

  optimized for the benchmark(s), only!

  VLDB tried a dedicated track (G. Alonso).Attempts to use (scientific) workflow tools to model / capture the experiments. Informative for the scientific wokflow experts.... VLDB tried a dedicated track (G. Alonso).Attempts to use (scientific) workflow tools to model / capture the experiments. Informative for the scientific wokflow experts....
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	Pros There are so many of them Existing problems and challenges Cons There are so many of them Proprietary datasets and workloads Compare to others Raj Jain, The Art of Computer Systems Performance Analysis (Wiley, 1992) Running experiments has produced the following results: Workload 1 2 System A 10 30 System B 30 10 Compare the performance of the two systems and show that: 1 System A is better. 2 System B is better. The following choices are rarely "consciously" made Yet there should be some questioning. Others may question the choices even if you don't! Better be the first. Depending on: problem, knowledge, background, taste, available resources etc. Distributed hardware: Rent out from cloud providers (Amazon Web Services, Google Cloud, Microsoft Azure etc.) Lab cluster Distributed network (of clusters), e.g. Grid5000 in France Which DBMS to use? Commercial Require license / "free" versions (limitations?) Limitations on publishing results No access to code Established systems benefit from 100s MxY of development, testing. Distinguish from the latest start-up bunch of code. Open source Freely available No limitations on publishing results Access to source code Other choices depend on your problem, knowledge, background, taste, etc. Operating system Programming language Compiler Scripting languages System tools Visualization tools Basic Throughput: queries per time Evaluation time wall-clock ("real") CPU ("user") I/O ("system") Server-side vs. client-side; centralized vs. distributed (parallel) Memory and/or storage usage / requirements Comparison Scale-up Speed-up Analysis System events & interrupts Hardware events Tools, functions and/or system calls to measure time: Unix /usr/bin/time, shell built-in time Use timings provided by the tested software (DBMS) IBM DB2 db2batch Microsoft SQLserver GUI and system variables PostgreSQL postgresql.conf log_statement_stats = on log_min_duration_statement = 0 log_duration = on "We run all experiments in warm memory." "We run all experiments in warm memory." Depends on what you want to show / measure / analyze No formal definition, but "common sense" Cold run A cold run is a run of the query right after a DBMS is started and no (benchmark-relevant) data is preloaded into the system's main memory, neither by the DBMS, nor in filesystem caches. Such a clean state can be achieved via a system reboot or by running an application that accesses sufficient (benchmark-irrelevant) data to flush filesystem caches, main memory, and CPU caches. Hot run A hot run is a run of a query such that as much (query-relevant) data is available as close to the CPU as possible when the mea-sured run starts. This can (e.g.) be achieved by running the Be aware and document what you do / choose -frerun-loop-opt -DNDEBUG " Sparc CPU type 50 MHz CPU speed 200 MHz UltraSparc UltraSparcII 296 MHz Alpha 500 MHz R12000 300 MHz 50 MHz CPU speed 200 MHz 296 MHz 500 MHz 300 MHz VTune, oprofile, perfctr, perfmon2, PAPI, PCL, etc. Sparc CPU type UltraSparc UltraSparcII Alpha R12000 The graph doesn't look good :-( query (at least) once before the actual measured run starts. Laptop: 1.5 GHz Pentium M (Dothan), 2 MB L2 cache, 2 GB RAM, 5400 RPM disk TPC-H (sf = 1) MonetDB/SQL v5.5.0/2.23.0 measured last of three consecutive runs cold hot Q time (milliseconds) 1 2930 2830 Laptop: 1.5 GHz Pentium M (Dothan), 2 MB L2 cache, 2 GB RAM, 5400 RPM disk TPC-H (sf = 1) MonetDB/SQL v5.5.0/2.23.0 measured last of three consecutive runs cold hot Q user user ... time (milliseconds) 1 2930 2830 Laptop: 1.5 GHz Pentium M (Dothan), 2 MB L2 cache, 2 GB RAM, 5400 RPM disk TPC-H (sf = 1) MonetDB/SQL v5.5.0/2.23.0 measured last of three consecutive runs cold hot Q user real user real ... time (milliseconds) 1 2930 13243 2830 3534 Laptop: 1.5 GHz Pentium M (Dothan), 2 MB L2 cache, 2 GB RAM, 5400 RPM disk TPC-H (sf = 1) MonetDB/SQL v5.5.0/2.23.0 measured last of three consecutive runs cold hot Q user real user real ... time (milliseconds) 1 2930 13243 2830 3534 optimization enabled, while B had not ... -funroll-loops -frerun-cse-after-loop Sun LX system Sun Ultra SunUltra DEC Alpha Origin2000 -misses & memory accesses Sun LX system Sun Ultra SunUltra DEC Alpha Origin2000 Be aware what you measure! Once upon a time at CWI ... Two colleagues A & B each implemented one version of an algorithm, A the "old" version and B the improved "new" version They ran identical experiments on identical machines, each for his code. Though both agreed that B's new code should be significantly better, results were consistently worse. They tested, profiled, analyzed, argued, wondered, fought for several days ... Once upon a time at CWI ... Two colleagues A & B each implemented one version of an algorithm, A the "old" version and B the improved "new" version They ran identical experiments on identical machines, each for his code. Though both agreed that B's new code should be significantly better, results were consistently worse. They tested, profiled, analyzed, argued, wondered, fought for several days ... ... and eventually found out that A had compiled with DBG configure -enable-debug -disable-optimize -enable-assert CFLAGS = "-g [-O0]" OPT configure -disable-debug -enable-optimize -disable-assert CFLAGS = " Simple In-Memory Scan: SELECT MAX(column) FROM table Memory CPU [nanoseconds] elapsed time per iteration 150 50 250 200 100 Simple In-Memory Scan: SELECT MAX(column) FROM table No disk-I/O involved Up to 10x improvement in CPU clock-speed ⇒ Yet hardly any performance improvement!?? Simple In-Memory Scan: SELECT MAX(column) FROM table No disk-I/O involved Up to 10x improvement in CPU clock-speed ⇒ Yet hardly any performance improvement!?? Research: Always question what you see! Simple In-Memory Scan: SELECT MAX(column) FROM table No disk-I/O involved Up to 10x improvement in CPU clock-speed ⇒ Yet hardly any performance improvement!?? Research: Always question what you see! Standard profiling (e.g., 'gcc -gp' + 'gprof') does not reveal more (in this case) Simple In-Memory Scan: SELECT MAX(column) FROM table No disk-I/O involved Up to 10x improvement in CPU clock-speed ⇒ Yet hardly any performance improvement!?? Research: Always question what you see! Standard profiling (e.g., 'gcc -gp' + 'gprof') does not reveal more (in this case) Simple In-Memory Scan: SELECT MAX(column) FROM table Memory CPU [nanoseconds] 150 250 200 File avgs.out with times over three runs: File avgs.out with times over three runs: ('.' decimals) Effort continued next to SIGMOD until 2012, with Effort continued next to SIGMOD until 2012, with 1 Planning a b a b diminishing participation and visibility. diminishing participation and visibility. Use info provided by the tested software (DBMS) IBM DB2 db2expln Microsoft SQLserver GUI and system variables 2 Repeatability Portable parameterizable experiments Test suite Documenting your experiment suite 1 13.666 2 15 3 12.3333 4 13 1 13.666 2 15 3 12.3333 4 13 Copy-paste into a French-set spreadsheet: (expecting ',' Failure: pubzone.org. Failure: pubzone.org. elapsed time per iteration 50 100 MySQL, PostgreSQL EXPLAIN select ... MonetDB/SQL decimals) 3 Summary a Repeatability has become a conversation topic Repeatability has become a conversation topic b 1 13666 CMT has started to be configured with repeatability CMT has started to be configured with repeatability -O6 -fomit-frame-pointer -finline-functions Need to dissect CPU & memory access costs 2 15 questions! questions! -malign-loops=4 -malign-jumps=4 -malign-functions=4 -fexpensive-optimizations -funroll-all-loops 0 1992 year 1996 1997 1998 2000 Use hardware performance counters to analyze cache-hits, 0 1992 year 1996 1997 1998 2000 3 123333 4 13 Is this a good thing? :)
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Analysis: CSI Investigate (all?) details Analyze and understand behavior and characteristics Find out what happens and why! Publication "Sell your story" Describe picture at large Highlight (some) important / interesting details

Command line tool ⇒ works with any executable Reports "real", "user" & "sys" time (milliseconds) Measures entire process incl. start-up Note: output format varies! gettimeofday() System function ⇒ requires source code Reports timestamp (microseconds) Ioana Manolescu (INRIA) Principles of Experimental Evaluation Summer School MDD 2014 34/111 Metrics: How to measure? Tools, functions and/or system calls to measure time: Windows TimeGetTime(), GetTickCount() System function ⇒ requires source code Reports timestamp (milliseconds) Resolution can be as coarse as 10 milliseconds QueryPerformanceCounter() / QueryPerformanceFrequency() System function ⇒ requires source code Reports timestamp (ticks per seconds) Resolution can be as fine as 1 microsecond cf., http://support.microsoft.com/kb/172338 Ioana Manolescu (INRIA) Principles of Experimental Evaluation Summer School MDD 2014 35/111 Metrics: How to measure? Ioana Manolescu (INRIA) Principles of Experimental Evaluation Summer School MDD 2014 38/111

(PLAN|EXPLAIN|TRACE) select ...

Of apples and oranges

Once upon a time at CWI ...

Two colleagues A & B each implemented one version of an algorithm, A the "old" version and B the improved "new" version

They ran identical experiments on identical machines, each for his code.

Though both agreed that B's new code should be significantly better, results were consistently worse. .2,1.3,1.4,2.1,2.2,2.3,2.4,3.1,3.2,3.3,3.4,4.1,4.2,and