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I ntroduction

For Parasol | a model needed to be created that could perform the following functions:
o Correctly represent existing (‘real’) machines.
o Allow user to change the parameters, thus creating virtual machines.
o Return requested parameters to the SAD evaluator.

These points are explained in more detail below.

1 Machinerepresentation

To correctly represent a real machine in a model, we need to look at what influences the machines
performance, e.g. afaster integer multiplication (usually) leads to faster execution of (most) programs.

Themodel presented here containsall parameters of the machinethat (can) influencethe performance.
This can be split up into three sections by separating processor, topology and SPMD programming
models. These points will be discussed later in this section.

Some data can be combined to form ‘other data’, giving a better insight into machine performance.
Two levels can be distinguished: combinations of data at processor level and combinations of data at
machine level.

e Interesting indexes at processor level are ratios between arithmetic performance and communica-
tion speed. Ratios against latency do not seem so interesting.

e Few indexes are interesting when one number represents a machine. [Markatos92] presents the
sum of the maximum transfer rates of all the processors as a useful index for the communications
performance. FLOPS en MIPS might beinteresting for a sequential machine or asingle processor,
but not for parallel machines.

1.1 Processor representation

Processor parameters that influence performance are:
e arithmetic speed
e branch cost

e process management
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e delay caused by communication

The arithmetic speed can be split up per numeric type (integer, long integer, float and double). For
each type the timing per arithmetic function has to be specified. The assignment, compare and cast
functions are also seen as arithmetic functionsin this context.

The execution time of an instruction can vary. A multiplication by zero or one is likely to be
completed faster than multiplication by e.g. 123. An averageistaken. Thefetch time of the instruction
and its two operands may vary depending on whether they are present in cache memory or not. Here an
averagetimeischosen. Thisaveragetimeisthen combined with instruction and operand size and added
to the time needed to execute the instruction. This result is the time returned to execute the instruction.

Due to this, memory timings do not need to be added to the model separately. Having separate
memory timings would introduce several complications; it is extremely difficult to measure memory
speed on a multiuser system (with caching) and it would be difficult for the SAD evaluation level to
have to consider these timings.

The branch cost influencesthe performance when an instruction pipelineis present (see [ Sarkar89]).
The average delay caused by a branch by ‘an average program’ is returned.

The process management can introduce serious overhead when many processes are active or when
process switching or process creation is expensive. Average timing for switching and creation need to
be present in the model.

The delay caused by communication is usually very low. State of the art transfer rates are always
realized by separate communication processors (using DMA), or by fast processors that would spend at
most a few percent of the cycles communicating. Nevertheless delays caused by receiving and routing
are taken into account. When a separate routing processor is present, delay caused by routing is likely
to be 0%.

1.2 Topology representation

Topology parameters that influence performance are;
e processor interconnection
e connection speeds
e creation time for virtual topologies

In order to model a machine correctly, it is necessary to have information about the hardware
processor interconnection, but also about how virtual processor interconnection is implemented on the
hardware level. Processor interconnection is specified link by link. For each link timings (latency and
transfer rate) and connected processors are specified. This style of specifying topologies is extremely
elaborate but provides a system for defining any possible topology.

However: Benchmarking a real machine can be quite some work. Obtaining correct parameters for
al the links needs to be done automatically. When doing this, one needs to store all the results. This
is done in a datastructure, which can be written to disk. It is not necessary (nevertheless possible) to
specify all the links by typing them.

Creating or changing to other virtual topologies can be quite an overhead. Although this is almost
never done in SPMD programs, it is provided in this model for completeness.

1.3 SPMD model representation
Two SPMD supporting programming models are provided in this model:



2 INTERFACEWITH THE SAD EVALUATOR

¢ PVM
e Express

2 Interface with the SAD evaluator

To interface with the SAD evaluator, all the data with respect to the (possibly virtual) machine need to
be present in the Parasol | layer. The dataiis present in two levels: on disk and in memory. The global
ideais sketched in Figure 1.
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Figure 1: General overview for Parasol |

2.1 TheSAD interface functions

It is at present unknown at which level the SAD evaluator will be reguesting information on machine
parameters, and in which form or method this information will be needed.

Current ideas on the matter suggest that the code returning the machine parametersis linked with
the SAD evaluator level. The parameterswill then be communicated through function calls.

Other possibilities, such as several message passing methods for UNIX machines, are subjects for
future research.

2.2 Thedatastructure

The description of the machineis stored in memory in ahierarchial (tree-like) form. At the highest level
alinked list of machinesis stored. Each machine has four ‘children’. The reference to the processor
description points to the first element of alinked list. The communication description is nothing more
than a pointer to a list of topology descriptions. The references to the SPMD supporting models are
combined and form the machine descriptions third child. This hierarchial structure is represented by
Figure 2. The combined global machine information (fourth child) is not shown in Figure 2 because
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Figure 2: General overview for Parasol |

it is extremely straight-forward (see the introduction of Section 1). The maximum total transfer rateis
stored in this fourth child (as a double precision floating point number).

For each processor parameter as br anchdel ay (see Section 1.1), cr eat ej ob, etc. thereisan
entry in the structure describing the processor. Also there are four references to the arithmetic timings,
onefor every numeric type modelled. All timings are stored as double precision floating point numbers.
The remaining two references are to the cache parameters and the combined processor data.

The topologies (as mentioned in Section 1.2) are stored in a very elaborate manner. For each link
parameters are stored. These parameters will be used intensively in calculating global communication
speeds, therefore they are stored in an array instead of alist. Next to this array of link descriptions,
topology parameters such as the topology creation time are also stored here. A link description consists
of two arrays (one for the processorsit connects, the other to define the type of the processor), latency
time, transfer speed, and a boolean to defineif thisisan 1/O link.

The SPMD models are represented using expressions with references. References (as explained
later in Section 2.4) have to be looked into in the very near future; this however does not influence the
datastructure in which these expressions are stored. Expressions are stored in tree format. References
will have afunction-like form.

2.3 Thedisk format

The description of the machine as stored on disk can be divided into the four sections discussed in
Section 1. These four sections have no specific order, but they must be preceded by a header indicating
that the section has started. For example:

machi nenane = "A Virtual Machine"
processor =1
. (description for processor "1")
processor = 2
.. (description for processor "2")
topol ogy = 100
. (description for topology "100")
machi neconbi nati ons
(conbi ned machi ne paraneters)
nmodel section = PVM
(performance parans for PVM i npl ementation)
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nodel secti on = Express
(performance parans for Express inplenentation)

machi nename = "Anot her Virtual Machi ne"

(etc.)

First the machine is named "A Virtual Machine". Thisis just for human convenience and doesn’t

influence the model. Then the description of the first processor starts. This processor will be referred
to asprocessor ‘1. Thislineis seen as a header for the processor definition. The processor description
may contain the following definitions:

name = "Sone Processor”
fp_type = floating
manti ssa 24 nunmber of bits in the manti ssa

exponent = 8
pi pel i nesi ze =
branchdel ay = 20.0
maxrecvdelay = 30.0
maxr out edelay = 5.0
createjob = 1.2e+3
jobswitch = 6e+2

i nteger _timngs

I ong_i nteger _timngs
float timngs
doubl e_ti m ngs
processorcache

conbi nati ons

nunber of bits in the exponent
instructions lost in branch

del ay i n nanoseconds

delay in percentage, 0% = no del ay
delay in percentage

time in nanoseconds

time in nanoseconds

H o HHHHHH

Thelatter 6 entries are headersfor further subsections. The subsections define average times for the

four numeric types; integer, long integer, float and double, and specify some cache parameters and the
combined processor parameters. These subsectionswill not be discussed here.

Then another processor (referred to as processor ‘2') is defined. Thisis done in the same style as

processor ‘1. This section isfollowed by atopology specification. This topology will be referred to as
topology ‘100°. Topologies may have the same numbers as processors, as they are of different types.
Thelineis again seen as a header for the topology definition. The topology description may contain the
following definitions:

t oponane = "pipeline"

hardware = 1

create time = 3.2e+3 # time in nanoseconds
numlinks = 2

| i nknunber = 0

(etc.)

Thelast entries are headersfor link specification sections. In thisexampletwo linkswill be specified.

One of these link specifications could be:
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I'i nknumber =0
linkio =0
linklatency = 2.3e-1
| i nkspeed = 2667231
procs_connected = 2
processortype0 =1
processor number = 43
processortypel = 1
processor nunber = 45

copi ed from previous ...
yes, no,true,false, 1,0

time in nanoseconds

nunber of bytes per second
1 =1/0 >2 =e.g. Ethernet
refers to processor |ID

HHHHH R

H*

refers to processor |ID

Here processor 43 and processor 45 are interconnected by alink with alatency of 0.23 nanoseconds
and a transfer rate of 2667231 bytes per second. Both processors are of type ‘1’, which in this case
would be * Some Processor’. Thislink is not an 1/0O link.

This topology definition indirectly specifies the number of processors in the machine. If a link
is connected to ‘processor number 43’, evidently processor 43 will be in the machine. All links are
assumedto befull duplex. Thisreducesthe amount of data needed to specify atopology and isalso very
intuitive. The ‘real’ machines we wish to represent with this model (Parsytec GCel and a SUN Sparc
station pool) are suitable for this assumption.

The combined machine parametersare preceded by the header * machinecombinations’. Thissection
isvery short (see Section 1). Thereis one possible entry:

maxt ot al speed = 1.1e+9 # nunber of bytes per second

The SPMD supporting programming models that may be specified are ‘PVM’ and ‘Express'. Each
hasdifferent parametersthat canbe/ needto be specified. These parametersare all represented asexpres-
sionswith referencesto other fields in the database. Thesereferencesare explained in Section 2.4. That
section refers to future research, so the file format can not be specified precisely at this point. However
for the PVM definition the following PVM primitives will be described: spawn, sync, br oadcast ,
mul ti cast, send, recei ve, packbyt e, packdoubl e, packf | oat, packi nt, packl ong,
packstring,unpackbyt e, unpackdoubl e, unpackf | oat , unpacki nt, unpackl ong and
unpackstring. For Express the following primitives will be described: sync, br oadcast,
mul ti cast,send,recei ve, exchange, cormbi ne andconcat .

The reason these parameters are all specified, in referencesto the other fields and parameters, is they
are of greater complexity and depend entirely on external parameters. The part that is internalized by
these expressionsis the implementation of the models on the machine.

24 Referring to other fields and parameters

To correctly represent time responses for SPMD programming models the source for these functions
will need to be examined and split up into an expression referring only to primitive functions, whose
timings are specified elsewhere in the machine description.

The execution time for these functions becomes an expression depending on the parameters to the
function and the timing of primitive functions for the machine.

How this will be represented on disk and in the datastructure is material for future research.
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