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21st Century Computing:

² Very complexprograms(100'sor 1000'sof developers)

² Graphical | easeof usecritical

² Not much math

Examples: Graphical operating systems(Windows); word
processors;spreadsheets;large databases;graphicsprograms
(Photoshop); Web browsers;games



Scienti¯c Computing:

² Complex programs(106 lines, perhaps1-30developers)

² No time to develop graphical interface

² Much math | °oating point very important! \Computa-
tionally expensive."

Needsof scienti¯c computing can be vastly di®erent than a
user-friendly graphical program. Java makesgreat applets but
is horribly slow for computations.



Some de¯nitions

Bandwidth: The rate at which data can
°ow.

Bus: A physical data pathway connecting,
e.g., the CPU to a graphics card or
other device.

Cache: Small storagearea for frequently
accesseddata which providesfaster data
access.

CPU: Central ProcessingUnit, or \pro ces-
sor," this is the brain of the computer
and doesmost computational work.

Disk: A magnetic storagedevice,typically
a hard disk drive, used to store data
which won't ¯t in memory. Much slower
accessthan memory.



Floating poin t: Data representing a real
number, or operations (such as multi-
plication) on such data. Longer/costlier
than integers.

Instruction: An elementary, low-level
commandthat the CPU understands.
Each CPU hasan \instruction set" that
it can interpret.

In teger: Data representing an integer, or
operations (such as multiplication) on
such data.

Kernel: The coreof the operating system.
Linux is actually an OS kernel; the
support software comesfrom the GNU
project (MIT).

Memory: Typically refers to random ac-
cessmemory (RAM) (or \ph ysical



memory"). \Virtual memory" simulates
additional RAM by using disk space.

OS: Operating system. The kernel plus
essential support software (e.g., ¯le
utilit y programs, system management
tools, graphical user interface).

Register: One of the handful of memory
locations on the CPU itself.

Swap space: (Also paging space) Disk
spaceused to store data which won't
¯t in physical memory, i.e., virtual
memory.

Virtual memory: Maps logical memory
addressesto physical memoryaddresses.
Program memory is divided into pages,
someof which may actually resideon
disk.



Word: A ¯xed number of bytes appropriate
for a given data type. Often 4 bytes (32
bits) for an integer and 8 bytes (64 bits)
for a °oating point number.



RISC vs CISC

CISC (Complex Instruction Set Computers): Older machines,
many current and most older PC's. Advantages: program
requiresfewer instructions (¯ts in lessmemory, requiresfewer
memory fetches). Disadvantages: compilerscan't ¯gure out
how to take advantage of complex instructions (including
Pentium MMX and SSEinstructions!).

RISC (ReducedInstruction Set Computers): Modern work-
stations (e.g., IBM, Compaq) beginning in mid 1980's. PC's
moving this way since1990's(IBM/Motorola/Apple PowerPC).
More memory now, faster accessdue to cachesand pipelines
| advantagesof CISC not as great. Easier to pipeline due to
smaller set of instructions.



Pip elines

Instructions typically takemorethan oneclock cycleto execute.
In pipelining, after launching one instruction, you immediately
launch another on the next clock tick, without waiting for
the ¯rst one to complete. Possiblefor CISC, easierfor RISC
(uniform instruction length, simple addressingmodes).





Parallel RISC

Superscalar: Multiple pipelines (e.g., °oating point and
integer pipelines). Depend on compiler to give good
mix of instructions and branch processorto overseetheir
scheduling. Examples: IBM RS/6000, DEC Alpha, even
Intel Pentium.

Superpip eline: Break up stagesof instruction into smaller,
simpler, faster stages,making pipeline go faster.

Long Instruction Word: Like superscalarbut depend en-
tirely on compiler to make the instruction stream parallel;
puts RISC °oating point and integer operations together
into big instruction.



Memory and Caches

Advancesin memorytechnologyhavenot kept up with advances
in processorspeed. Hence,accessingmemory substantially
delays computations. Cachesstore frequently accesseddata in
a small, expensive, high-speedmemory area. When we fetch a
new memory element, that element and the memory around it
are transferred to a cacheline of the cache.

Direct Mapp ed Cache: If the computer has a 32K cache,
then in the direct mapped scheme, memory location 0 is
mapped to cache location 0, as are memory locations 64K,
96K, 128K, etc. Problem: if we needdata elements more than
32K apart, we'll never ¯nd the next item in the cache! (Cache
miss; cachethrashing).



Fully Associativ e Cache: Each cache line can map to any
memory location. Performswell, very expensive.

Set Associativ e Cache: Two or four (or more)direct mapped
cachessideby side; lesslikely to miss if we hop back and forth
betweentwo areasin memory.

REAL*4A(1024), B(1024)
DO10 I=1,1024

A(I) = A(I) * B(I)
10 CONTINUE

END



Memory Pages

In the virtual memory scheme,memory is divided into pages.
Each program addressesits memory as a block from 0 to N ,
eventhough this may bedistributed nonsequentially in physical
memory. A pagetable translates virtual memory locations to
physical memory locations. Simple for the program, bad for
performance.

A translation lookasidebu®er(TLB) is a special cache for page
tables, speedingup virtual to physical translation.

A pagefault results when a requestedmemory location is not
in cache (cachemiss) or in the TLB (TLB miss) or in the list
of valid pages(page invalid or on disk). TLB is refreshedand
new pageis createdor loadedfrom disk (swapped).



Benchmarking

User time: The time spent by the CPU on the user'scompu-
tation.

System time: The time spent by the systemin tasksrequired
by the computation; typically I/O time.

Wall time: The actual time elapsedby a \clo ck on the
wall." This is the most relevant time and the most useful
benchmark assumingthe machine is not busy with other
things.

Standard Benchmarks: e.g.,SPEC benchmarks
User Benchmarks: Most relevant



Suggested Reading

\High PerformanceComputing," Kevin Dowd (O'Reilly,
Sebastopol, CA, 1993).

\C++ and C e±ciency," David Spuler (Prentice Hall, New
York, 1992).


