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Foreword

ISO/IEC 14756:1999(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in
liaison with ISO and IEC. also take part in the work.

In the fleld of information technology, ISO and IEC have established a joint technical committee, IS®/|

Draft |

ernational Standards adopted by the joint technical committee are circulated to national hodies

Publication as an International Standard requires approval by at least 75 % of the national bodies-casting
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techno

Annexg

ional Standard ISO/IEC 14756 was prepared by Joint Technical Committee ISOAEC JTC 1, |
bgy, Subcommittee SC 7, Software engineering.

s A to D form an integral part of this International Standard. Annexes E and.k‘are for information o

EC JTC 1.
for voting.
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Introduction

In both the planning and using of data processing systems, the speed of execution is a significant property. This
property is influenced greatly by the efficiency of the software used in the system. Measuring the speed of the
system as well as the influence of the efficiency of the software is of elementary interest.

In order to measure the influence of software on the time behaviour of a data processing system it is necessary to
measure the time behaviour of the whole system. Based on the metrics of the measurement procedure proposed in
this standrd it is possible to define and to compute the values of the time efficiency of the software.

It is important that time behaviour characteristics are estimated in a reproducible way. Therefore it is not posgsible to
use humah users in the experiment. One reason is that human users cannot reproduce longer phases of computer
usage seVeral times without deviations in characteristics of usage. Another reason is that it would-be too expensive
to carry oit such experiments with human users if the job or task stream comes from many users. Thergfore an
emulator is used which emulates all users by use of a second data processing system.

This means that measurement and rating of performance according to this International Standard needs a tqol. This
tool is the| emulator which shall work according to the specifications of this standard.\t has to be proven that the
emulator ysed actually fulfils these specifications.

All relevant details of this experiment are recorded in a logfile by the user emulator. From this logfile thg values
which dedcribe the time behaviour (for instance response times and throughput values) can be computegl. From
these performance values the software efficiency rating values will be computed.

simple workload having only a few interactive task types or only aisimple sequence of batch jobs is used, then only
a small sybset of all terms and values which are defined is required. This method also allows the measuring and
rating of g large and complex computer-based software system (CBSS) processing a complex job or task| stream
which is penerated by a large set of many different users. As far as it is necessary the definitions |include
mathematical terms. This is in order to obtain an exact‘mathematical basis for the computations of perfgrmance
and ratind values and for checking the correctness_of‘the measurement run and rating steps as well as| for the
(statistical) significance of the performance values and rating results.

Not all of these values are always necessary to carry out a measurement and rating procedure. For insta:[wce if a

The resulf of a measurement consists of the calculated performance values. These are throughput valyes and
execution|time values. The final result of performance assessment of a CBSS consists of the rating valugs. They
are gainedl by comparing the calculated performance values with the user’s requirements. In addition it is possible
- if desireq - to rate the performance yalues of the CBSS under test by comparing them with those of a reference
CBSS (for) instance having the same hardware configuration but another version of the application program pwith the
same fungtionality).

The resul{ of the rating procedure is a set of values, each being greater than, less than or equal to 1. The rating
values haye the meaning efbetter than", "worse than" or "equal to" the defined requirements (or the properfies of a
second system under testwised as a reference). The final set of rating values assesses each task type which are

defined sgparately in the*workload.

Annexes E and Feoentain software as well as special data that are not printable. Therefore they are delivered on the
CD-ROM hieh'‘\constitutes this International Standard. A short overview is provided in both annexes.

Vi
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— Measurement and rating of performance
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mputer-based software systems

on 1: General

Scope

This Infernational Standard defines how user oriented performance ofé{computer-based software systenps (CBSS)

may be
termina|

A CBS
realize

This In
may be
not limi
or, with
limited

This Inlt]ernational Standard specifies the key figures of user oriented performance terms and specifies a
i

measu
executi

The us
transac|
evaluat
behavid

The rat]

measured and rated. A CBSS is a data processing system as'it js seen by its users, e.g. by users
s, or as it is seen by operational users and business users.atthe data processing center.

5 includes hardware and all its software (system software and application software) which is

ernational Standard is applicable for tests of all.time constrained systems or system parts. Also
part of a system or may be the main subject.of’a test. The method defined in this International S
ed to special cases like classic batch or terminal-host systems, e.g. also included are client servg
a broader comprehension of the definitioncof ‘task’, real time systems. But the practicability of tes
Dy the expenditure required to test large;environments.

ng and rating these performance’ values. The specified performance values are those which de
bn speed of user orders (tasks), namely the triple of:

— execution time,

- throughput,

— timeliness.

br orders, subsequently called tasks, may be of simple or complex internal structure. A task may
lion, process™or a more complex structure, but with a defined start and end depending on the ng
br. When evaluating the performance it is possible to use this International Standard for measurin
ur with.reference to business transaction completion times in addition to other individual response

at various

heeded to

he data processing functions required by the users orWhat may influence to the CBSS’s time behaviour.

a network
tandard is
r systems
ts may be

method of
scribe the

be a job,
eds of the
g the time
times.

ng-is done with respect to users requirements or by comparing two or more measured systems

(types or

versions).

Intentio

nally no proposals for measuring internal values, such as:

— utilisation values,

— mean instruction rates,
— path lengths,

— cache hit rates,

— queuing times,

- service times,
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are given, because the definition of internal values depends on the architecture of the hardware and the software of
the system under test. Contrary to this the user oriented performance values which are defined in this International
Standard are independent of architecture. The definition of internal performance values can be done independently
from the definition of user oriented performance values. They may be used and can be measured in addition to the
user oriented performance values. Also the definition of terms for the efficiency with which the user oriented values
are produced can be done freely. In addition this International Standard gives guidance on how to establish at a
data processing system a stable and reproducible state of operation. This reproducible state may be used to
measure other performance values such as the above mentioned internal values.

This International Standard focuses on:

< apptication software;
- system software;

4 turn-key systems (i.e. systems consisting of an application software, the system software and the
hardware for which it was designed);

- general data processing systems.

This Interpational Standard specifies the requirements for an emulation (by a technical system - the sp-called
remote tefminal emulator (RTE) - of user interactions with a data processing system. It/issthe guideline for precisely
measuring and rating the user oriented performance values. It provides the guideline for estimating thesg values
with the rgquired accuracy and repeatability of CBSSs with deterministic as well as\random behaviour of users. It is
also a guiglance for implementing a RTE or proving whether it works according to.this International Standard

behaviour|when the accuracy and repeatability is required. It specifies n detail how to prepare and carry|out the
measurement procedure. Along with a description of the analysis{ofvthe measured values, the formtlas for
computing the performance value and the rating value, are provided;

This Interr:[ational Standard provides the guideline to measure and rate the-performance of CBSS with random user

This Interpational Standard also gives guidance on:

- how to design a user oriented benchmark test using a:
U transaction oriented workload,

O batch oriented workload,

O ortransaction and batch mixed workload.

It specifies:

-1 how to describe such a workload,
- how to perform the meastrement procedure,
- how to rate the measured results.

This Interpational Standard is 6finterest to:

- evaluators,

- developers;

4 buyers{including users of a data processing system),
- system integrators

of CBSSs

NOTE 1 The field of application of this International Standard may be extended to include the following aspects.
Workloads fulfilling the specifications of this standard and having a sufficiently general structure may be used as standard
workloads. They may be used to measure and rate performance of data processing systems used in specific fields. E.g. a
standard workload for word-processing may be used to compare the time efficiency of different software products or
different versions of the same product running on the same hardware system. Such a standard workload may also be
used if always applying the same application software version and the same hardware to compare the efficiency of the
system software. When applying the same application software and workload to different systems, consisting of hardware
and system software, as normally sold by system vendors, the efficiency of the data processing systems may be
compared with respect to the application and workload used.
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Rating a software system without comparing to another can be done following the rules of this International
Standard by rating against user requirements. In case of comparing performance values developed through the use
of this International Standard, the comparisons depends upon equivalent functions in the compared systems. The
values are most useful when comparing different releases or platform versions of the same software system, or
comparing software systems which are known to have equivalent functions, or comparing hardware by using
software with equivalent functions. The values are not useful for comparing software systems which do not have
known equivalency.

farm-to-this lnternational Standard the reauirements-in
To con £ £ g

shall bg

For resg
tests in
respons

Internafional Standard. Therefore the tester should supply additional doCcuments of their own choice in

the dod
party to

3

The foll
this Int

— subclauses 6.1 and 10.1 for descriptions of the configuration including the system under test;
— subclauses 6.2 and 10.2 and annexes A and C for user emulation,

— subclauses 6.3, 11, 12 and annex D for measurement procedures,

— clauses 7, 14 and annex B for calculating performance values,

- clauses 8, 9 and 15 for rating procedures

fulfilled.

ults of a measurement in addition all requirements in this International-Standard shall be fulfillg
6.4 and - in more detail - in clause 13 shall be carried out successfully'without any ensuing failurg
ibility of the tester to submit proof of the results of the measurements done in accordance

uments requested in this International Standard, which are/suitable to repeat the measurement
attain the same results.

Normative reference

owing normative document contains provisions which, through reference in this text, constitute pr

undate
maintai

ISO/IEQ

brnational Standard. For dated referemces, subsequent amendments to, or revisions of, any

references, the latest edition, of.the normative document referred to applies. Members of 1S(
N registers of currently valid International Standards.

[ 14598-1:1999, Information technology — Software product evaluation — Part 1: General overvie

d and the
s. It is the

with this
hddition to
by a third

bvisions of
of these

publications do not apply. However, parties.to-agreements based on this International Standard are encguraged to
investigate the possibility of applying thé most recent edition of the normative document indicated K

elow. For
D and IEC

V.



https://standardsiso.com/api/?name=e80583f65e517c3de1411b9983cefadf

ISO/IEC 14756:1999(E) © ISO/IEC

4 Definitions

For the purposes of this International Standard, the following definitions apply.

4.1 activity: An order submitted to the system under test (SUT) by a user or an emulated user demanding
the execution of a data processing operation according to a defined algorithm to produce specific output data from
specific input data and (if requested) stored data.

4.2 activity type: A classification of activities defined by the execution of the same algorithm.

4.3 dhain: One or more tasks submitted to the SUT in a defined sequence.

4.4 ghain type: A classification of chains which is defined by the sequence of tasks types:
NOTHS

2 The emulated users submit only chains of specified chain types to the SUT.

3 The mathematical symbol for the current number of the chain type is . The mathematical symbol for the total number
of chajn types is u.

4.5 gomputer-based software system (CBSS): A software system rdnning on a computer.

NOTH 4 A CBSS may be a data processing system as seen by human users at their terminals or at equivalent
machipe-user-interfaces. It includes hardware and all software (system, software and application software) hich is
necespary for realizing data processing functions required by its users.

4.6 dmulated user: The imitation of a user, with regard to the tasks he submits and his time bephaviour,
realized by a technical system.

4.7 gxecution time: The time which elapses between task submission and completion.
NOTHS

5 In case of a task is representing a batch, jobthe execution time is the elapsed time for the completion of the job. In
case (f an interactive task the execution time-is;the response time (submit until complete response) of the task.

6 The reader should notify that the definition (and therefore the measurement and rating) of the begin and end of the
execufion time does not depend on the.task mode. In case of "NO WAIT" task mode for the following task it is |possible
and so¢lved by the method described, in this Intentional Standard, that the execution time of the following task may overlap
one o more preparation and executjon times of subsequent tasks of the same emulated user.

4.8 mean execution time: The mean value of all execution times of tasks of the j-th task type which were
submitted|within the rating-interval.

NOTH7 The mathematical symbol is TyE (j) corresponding to the j-th task type.

4.9 mean eXecution time rating value: The quotient (corresponding to the j-th task type) of the mean
execution|timé réference value and the measured mean execution time.

NOTEL8 The mathematical symbol is Rase () corresponding ta the j-th task type

4.10 mean execution time reference value: The mean execution time maximally accepted by the emulated
user. It shall be computed from the workload parameter set (see 9.1.1, 15.2.1 and clause B.1).

NOTES
9 The mathematical symbol is Tref () corresponding to the j-th task type.

411 observation period: The time interval, where the measurement procedure is observed for collecting
(logging) measurement results for rating or validation, consisting of the rating interval and the supplementary run.
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412 preparation time: The time which elapses before the task submission. The event of starting the
preparation time depends on the definition of the task mode of the following task. The preparation time value is the
random chosen representation of an distributed variable with a defined mean and a standard deviation. They
depend on the task type of the following task and the type of the emulated user generating the task.

NOTES

10 The preparation time starts with the preceding task completion of the same emulated user if task mode of the
following task equals 1, it starts with the preceding task submission if task mode equals 0, (see definition of task mode),
regardless whether the preceding task belongs to the same chain or to the preceding chain.

11 The mathematical symbol of the mean preparation time is h(i,j) with its standard deviation s(i,j) corresponding to the
i-thosertypethethrtask type:

413 rating interval: The time interval of the measurement procedure from the time the (SUT peaches a
stable dtate of operation to the time the measurement results are fulfilling the required statistical significanice.

NQTE 12 The mathematical symbol of the duration is Tr.

4.14 relative chain frequency: The relative frequency of using the I-th chain type*by an emulated user of
the i-th type.

NQTE 13 The mathematical symbol is q(i,/) corresponding to the i-th user type andhthe I-th chain type.

4.15 remote terminal emulator (RTE): A data processing system realizing a set of emulated user

U7

4.16 stabilization phase: The time interval of the measurement)procedure when the RTE starts submitting
tasks until the SUT reaches a stable state of operation.

417 supplementary run: The time interval of the measurément procedure from the time the measurement
results fulfil the required statistical significance to the time when all tasks, which were submitted during|the rating
interval| are completed.

4.18 system under test (SUT): The parts of.the CBSS to be tested. All components which may influence
the SUT’s time behaviour shall be part of the SUT and if the influence depends on some workload, thi§ workload
shall bg represented by the RTE too. Except if an-influence to the time behaviour is impossible or not gvident the
emulatipn of the parts beside may be omitted.

NQTE 14 The SUT may consist of hardware, system software, data communication features or application [software or
a gombination of them. Testing a part of a system, means that all parts of the system, which may influeng¢e the time
behaviour of the part to be tested,-are ‘an integral part of the SUT, e.g. testing the time behaviour of one host|application
begide others on the same host;.the workload of all applications have to be defined and emulated by the RTE with a
representative workload parameter set.

4.19 task: The combination of:

— a specific-activity;

— ademanded execution time, defined by a specific timeliness function;
— a specific task mode.

4.20 task completion: Timely event when for a specific task the total output string or, in case ¢f a set of

Out ut btrinac Al nartc Arn camnlatalh, racainad by ta tha amulatnd oy Ar anathar inctanen If thna tacl does not
puUt Strngs—all-paris-are-completelyreceived-by to-the-emulated-tseror-anstherinstanceH-the tas

submit an output to the user (i.e.: during the measurement: to the RTE) a functionality, producing an ,artificial
output®, indicating the task completion, may be added to the task for usage during the measurement.

NOTES

15 The time of task completion defines the end time of the preceding preparation time and the begin time of the
execution time of the following task.

16 The correctness of the received output is validated by checking the computational result of the task (see 6.4.3, and
in more detail 10.3.1 and 13.1).
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4.21 task mode: Indication of whether the user's preparation time begins immediately with the task
submission of the preceding task (value =0, i.e. "NO WAIT") or begins when the preceding task has been
completed (task completion) (value = 1, i.e. "WAIT").

NOTES
17 This is not standard usage mode of “Dialog” or “Batch” in UNIX based systems.

18 The mathematical symbol of the task mode is M(j) corresponding to the j-th task type.

4.22 task submission: Timely event when the input string is completely submitted from the emulated user
to the SUT-and the execution of the task may start_regardless if the SUT starts the execution immediately or not.
The task [submission is also indicated by the time when the action of the emulated user for this tasks ends.
Following [this International Standard, the task submission shall not be defined (and measured) by the-evernt, when
the SUT Has received or interpreted the input string or when a receipt string, which may be send by-the SUT after
receiving and interpreting the input string, is received by the emulated user.

NOTH 19 Normally the task submission is defined internally by the submission of a special character (e.g. [Carriage
Returp) or a character sequence at the end of the input string or at the end of several parts of the, input string. Alsp it often
happgns that the task submission event is defined by the submission of the last character of an specified| number
charagters in a string. For a classic batch task the task submission may be defined by the submission of the last dharacter
of the [last string of the batch command sequence.

4.23 task type: A classification of tasks which is defined by the combinatiof of:

- the activity type, or
a set of activity types which are all belonging to an identical timeliness function and task mode;

- the timeliness function;

- the task mode.

NOTHS

20 Emulated users submit only these types of tasks to thexSUT.

21 The mathematical symbol for the current number._gfthe task type is j. The total number of task types is m.

4.24 throughput: The rate (i.e. the average number per time unit with respect to the rating interval) of all
tasks of aftask type submitted to the SUT.
NOTHS

22 The mathematical symbol is B(j)'c¢orresponding to the j-th task type.

23 Usually throughput is defined by the rate of terminated tasks during a period of time. In order to gpecify a
suppl¢mentary run and not a(“heads run” in this standard, throughput is defined in this standard by the rate |of tasks
submifted. Nevertheless the‘earrect task completion is validated by checking the computational result of the task.

4.25 throughput ratingwalue: The quotient (corresponding to the j-th task type) of the (actual) thrpughput
and the thyoughput reference value.

NOTH 24 The'mathematical symbol is RTH (j) corresponding to the j-th task type.

4.26

—

hroughput reference value: The minimum throughput required by the set of emulated users.

NOTE 25 The mathematical symbol is Bref (J) corresponding to the j-th task type.

4.27 time class: A time limit, combined with a relative frequency corresponding to the ratio of the number of
tasks (of a specific task type) - with an execution time less than or equal to the corresponding time limit - to the total
amount of tasks (of that particular task type), used for comparison with the execution time of a task (of that
particular task type).

NOTE 26 The mathematical symbol for the total number of time classes of the j-th task type is z(j) ; the time limit

is g7 (j,c) where j is the current number of the task type and c is the current number of the time class, running
from 1 to z(j); the relative frequency is r7 (j,c) corresponding to the time limit g7 (j,c).
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4.28 timeliness rating value: The quotient (corresponding to the j-th task type) of the timely throughput and
the total throughput.

NOTE 27 The mathematical symbol is R7y (j) corresponding to the j-th task type.

4.29 timeliness function: A description of the user requirements with respect to the execution times of
tasks of a specific task type. It consists of one or more time classes. The relative frequency of the time class with
the highest time limit shall be 1.0 (i.e. = 100%).

NOTES

28 The timeliness function corresponding to the j-th task tyne consists of z(j) time classes_each time class consisting

of the pairs of numbers g7 (j,c) and rr (j,c).

29 An example of a timeliness function with 2 classes (z(j) = 2) is:

The completion of on-line transactions of a specific type have to be done within:
— 1,5 seconds by at least 90% of the transactions;

— 4,0 seconds by 100% of the transactions.

Up|to 10% of the response times may have more than 1,5 seconds but not more than 4,0 seconds; resppnse times
grepter than 4.0 seconds are not accepted. Assuming the timeliness function is defined for a task type with the number
j =K this would result in the following tabled timeliness function:

task type time class time class limit relative class frequency
=4 c=1 g7 (4,1) = 1,5 sec rr(4,1)=09
j=4 c=2 g7 (4,2) = 4,0 sec rr(4,2)=1,0
4.30 timely throughput: Throughput of all of those tasks . whese execution times are accepted wi|th respect

to the timeliness function.

NQTE 30 The mathematical symbol is E(j) corresponding todhe j-th task type.

431 user: A person (or instance) who uses the. functions of a CBSS via a terminal (or an jequivalent
maching-user-interface) by submitting tasks and recejvirig the computed results.

4.32 user type: A classification of emuldted users which is defined by the combination of:

— the relative frequencies of the,use of chain types;
— the preparation times (mean values and their standard deviations).

5 Abbreviations and-symbols

5.1 Abbreviations

For the |purposes:of this International Standard, the following abbreviations apply.

€BSS computer-based software system
LAN local area network

RTE remote terminal emulator

SUT system under test

WAN wide area network
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5.2 Symbols

For the purposes of this International Standard, the following symbols apply.

ALPHA Confidence coefficient of mean execution time

B() Throughput corresponding to the j-th task type

Brer () Reference value of throughput corresponding to the j-th task type

c Current number of a time class in a timeliness function

d@) Half width of the confidence interval of mean execution time corresponding to the
j-th task type

DELTAR Required RTE precision indicator of mean preparation time. It is the maximally acceptpd
relative difference of the actual mean preparation time to h(i,j)

DELTAq Required RTE precision indicator of chain frequency. It is the maximally accepted relative
difference of the actual chain frequency to q(i,/)

DELTAg Required RTE precision indicator of the standard deviations ¢of the preparation times. [t is the

maximally accepted relative difference of the actual standardydeviations of the preparation
time to s(i,j)

DIFF, RTE precision indicator of mean preparation time. Iti$ the relative difference of the acfual
mean preparation time to hA(i,j) that has occurred-during the observation period

DIFF, RTE precision indicator of chain frequency.dt is-the relative difference of the actual chpin
frequency to q(i,/) that has occurred during the observation period
DIFFg RTE precision indicator of the standard ‘deviations of the preparation times. It is the re|ative

difference of the actual standard deyiation of the preparation time to s(i,j) that have o¢curred
during the observation period

() Timely throughput corresponding to the j-th task type
fll.k) Task type of the k-th taskiin a chain of the I-th chain type
dr (.c) Time limit of the c-th time class of the timeliness function corresponding to the j-th task type
Ha.j) Mean preparation time

of the j-th task-type and corresponding to emulated users of the i-th user type
i Current humber of the user type
Ji Current number of the task type
K Serial number of a task in a sequence of tasks

(‘the k-th task of a particular type in the observation period’ or ‘the k-th task in a chain’
K() Total amount of tasks of the j-th task type which were submitted within the rating interyal
/ Current number of the chain type

Lchain () Total number of tasks in the chain of the I-th chain type (i.e. length of the chain type)

m Total number of different task types

M(j) Task mode corresponding to the j-th task type

n Total number of different user types

Niot Total amount of emulated users to be emulated by the RTE


https://standardsiso.com/api/?name=e80583f65e517c3de1411b9983cefadf

© ISO/IEC

ISO/IEC 14756:1999(E)

Nyser (i) Total amount of emulated users of the i-th user type
P Total number of different timeliness functions
q(.l) Relative chain frequency;
the relative frequency of using the I-th chain type by an emulated user of the i-th user type.
rr (,c) Maximum accepted relative frequency of tasks
of the j-th task type whose execution times are less than or equal to the time limit g7 (j,c)
Rue (1) Mean execution time rating value corresponding to the j-th task type
Ry (1) Throughput rating value corresponding to the j-th task type
R () Timeliness rating value corresponding to the j-th task type
s(ij) Standard deviation of the preparation time
of emulated users of the i-th user type and of tasks corresponding to the j-th task type
to Start time of the RTE, begin time of the stabilization phase
t Begin time of the rating interval
tind Begin time of the individual rating interval of a specificcemulated user
to End time of the rating interval,
begin time of the supplementary run
toind End time of the individual rating interval,
begin time of the individual supplementary-run of a specific emulated user
t3 End time of the supplementary run
t3ing End time of the individual supplementary run of a specific emulated user
ty End time of the latest ending-individual supplementary run
ter (k) Execution time
of the k-th task (of the'j-th task type) which was submitted within the rating interval
Tme () Mean execution-time corresponding to the j-th task type
TuRr Mean duration of the individual rating intervals of all emulated users, i.e. the mean ¢f all
Tring.Values
Tr Duration of the rating interval from t; to f>.
Trind Duration of the individual rating interval of a specific emulated user from tzjng to tojdq -
Trer (1) Reference value of mean execution time corresponding to the j-th task type
u Total number of different chain types
7 Totaumer of differentactivity types
z(j) Number of time classes of the timeliness function corresponding to the j-th task type
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Section 2: Principles of measurement and rating

6 The measurement

6.1 Configuration requirements

A CBSS ’to be measured shall consist of a specified configuration of its hardware, its system softhire and
application software. All the hardware components (including interconnections of the hardware components jand the
used WANIs and LANSs) and all software components shall be specified in detail.

All the stdred data required for correct work of the SUT (i.e. data files, content of a used data‘base system, etc.)
shall be dgscribed in detail.

None of the components shall have any changes or special modifications with respect to(getting better resulfs in the
measurement. Because of the responsibility of the tester to submit the results of themeasurement to pfoof the
tester shall supply additional documents of the configuration (hardware, software, internal data) of their own choice
in addition| to the documents requested in this International Standard, which are stitable to repeat the measdyirement
by a third party to attain the same results.

6.2 Wser emulation

6.2.1 Random user behaviour

In reality, [human users do not work strictly deterministically*but have random behaviour (i.e. randomly changing
preparation times, randomly changing sequences of tasks;"etc.). This influences the SUT and results in [internal
queuing problems. Therefore, users' behaviour shall\not be described by fixed sequences of jobs| tasks,
transactiops or process starts (which have a fixed preparation time before task initialisation and similar prgperties)
but shall e described by statistically significant properties. This yields the following descriptive values e.g.:
- mean preparation times and its standard deviations;

- relative frequencies of the task-types.

6.2.2 Remote terminal emulator

The real Users, submitting tasks(@and receiving computational results, are connected to a CBSS (see figure 1).

tasks
D REITTIT :
; user 1
: user 2
terminal lines, ——
CBSS — or LAN/WAN, —
or other network —
. ;
: user X
.............. - i
) ]
computational !
results |
. I |
l« SUT >« real users —|

Figure 1 O CBSS in real operation

10
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The group of real users of the SUT shall be emulated by use of a remote terminal emulator (RTE). This RTE shall
be connected to the SUT via the real LAN or WAN and the real terminal connection lines. The RTE is driven by the
workload parameter set (see 6.2.3). The RTE emulates each user separately and in a real time mode (see figure 2).

The ch
paramse
necess
values

realized

6.2.3

The se
paramg

tasks
D [RRRECEEEERREE |
— terminal lines, |— emulator workload
CcBSS — or | AN/'WAN i— parameter
— or other network—|  System et

:
1
--------------- |
1
1
l

computational
results

|
|
| |
: |
! suT e

Workload parameter set
ters. The set of parameters is:

— task types, each including:
O activity type,
U timeliness function,
O task mode,
submitteehby’'the emulated user;

6.2.4

Figure 2 O CBSS in measurement

hin sequences are random, reflecting the relative frequencies*of the task types as defined in thg
ter set. For special cases this task stream may contain, fixed sequences of chains, dependi
ties of the function of the application software. The preparation times shall be varied randomly .
and standard deviations of the preparation times, asdefined in the workload parameter set, sh
. Details of the RTE functions are described insannex A. The RTE shall be implemented by
separate data processing system. It shall not be implemented by a program running on the SUT itself.

of emulated users and their work_ipvrelation to the SUT shall be classified and described b

— number of user types andnumber of emulated users of each type;

— chain-types arranging the defined sequence of the task types;
— relative frequencies of submission of the chain types by each user type;
—-Amean preparation time values and their standard deviations of all task types for each user typ

The deiadeddescupﬂamoﬂhn&paxameleu&&guenmﬂand_amua— ipti i isgi i

RTE |
(set of emulated, tsers) —|

workload
ng on the
The mean
all also be
use of a

y a set of

1%

Parameter set for proving the accuracy of the user emulation

The user emulation shall be proved by a set of described parameters which are:

- the required accuracy of the RTE’s time behaviour (see 13.2);
— the required statistical significance of the measurement results (see 13.3).

11
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6.3 The measurement procedure

6.3.1 The time phases of the measurement procedure

The measurement procedure consists of three basic time phases:

— stabilization phase,
— rating interval,
— supplementary run,

© ISO/IEC

as shown [in figure 3 and the

observation period
which conkists of the rating interval and the supplementary run.

+«—— observation period ——»:

gstabilizationg rating ésupplementary
phase interval : run :

>
v,

P »eé »&
€ L)

» time

| : : : : |
RTE [ t; t, ts RTE
Start Stop

Figure 3 0O Phases of the measurement procedure

The meagurement begins with a stabilization phase. At the beginning of this phase the login procedures of the
emulated |users may be performed. The stabilization phase is also needed to bring the SUT in a stable state of
operation [(e.g. because of the effects of caches).During this stabilization phase the tasks (except the login

procedures if any) should be submitted according to'the workload parameter set (see 6.2.3).

When the|system has reached the stable state of operation the rating interval starts. The task submission ghall be
performed according to the workload parameter set. Each task submitted during this phase is taken into account for
rating. Its furation has to be chosen appropriately to the application which is represented by the software under test.

At the end of the rating interval the/RTE shall not be stopped yet. It shall continue submitting tasks as spegified by
the workldad parameter set. It shall;only be stopped when the supplementary run is finished, which means fthat the
RTE shal] continue submitting tasks until all tasks, which had been submitted within the rating interyal, are
completed. This is necessary for achieving the same (statistically) influence over the performance of all ratefl tasks.
The influehce on the performance shall be the same on those tasks which are running during the rating intgrval as
on those which are still{funning during the supplementary run but which were submitted during the rating intejval.

The phas¢ from thé beginning of the rating interval to the end of the supplementary run is the observation| period.

The meadqurement shall run under validated conditions during the whole observation period and not only during the

rating intefvat;

For this p{riod thezmeasurement procedure is validated by checking all tasks submitted during this period (See 6.4).

12
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6.3.2

Writing a measurement logfile

ISO/IEC 14756:1999(E)

The required history data of all tasks which are submitted during the observation period shall be recorded in the
logfile. The main information is:

— the identification of the emulated user who submitted the task;
- the task type;

— the task submission time stamp;

— the task completion time stamp

Further
6.3.3

Results
results,

include
doubt.

6.4

6.4.1

The ou
been s3

details are given in 12.1 and annex D.
Writing a computation result file
produced by the tasks running on the SUT shall be stored during the observationperfiod in the

delivered by the SUT, may be stored shortened or compressed by the RTE. The cemputation resu
the total computed results or information that allow the proof of the correct computation of the S

Proof of validity of the measurement

Proof of the CBSS's computational correctness

put of all tasks which were initiated and terminated withinxthe observation period shall be proved
itisfactorily completed, and having produced correct computational results. If the computational reg

CBSS are not equal to the defined correct results, the proofZof the CBSS’s computational correctness

measur

Further
6.4.2

The ad
deviatid
worklod
shall nd
impreci

Further
6.4.3
The st

theory
not exc

ement is invalid.

details are given in 13.1.
Proof of the remote terminal emulator's*accuracy

tual values of mean preparation~times, relative chain type frequencies and preparation time
ns shall be computed from the logfile. These actual values shall be compared to the values def
d parameter set. The differences between the actual values and the defined values shall be com
t exceed the defined relativelimits DELTA (e.g. DELTA = 1%). Otherwise the measurement is inv
sion of the RTE, in which(case the measurement shall be repeated using a more precisely working

details are given in 13,2
Proof of the measurement result's statistical significance
tistical significance of the measurement results shall be tested. With the sequential test (so-calle

f mathematical statistics) the statistical error of the measured mean execution time shall be prov,
bed a\given level, defined by ALPHA and d(j) (see 10.3.4).

RTE. The
It file shall
UT without

for having
ults of the
fails. The

standard
ned in the
puted and
alid due to
RTE.

d from the
en. It shall

Further

détails are given in 13.3.

NOTES

31

The method of this standard makes no effort to get measurement runs which are reproducible in m

inute detail

because this does not correspond to the situation in the reality of data processing. But with respect to the macroscopic
(i.e. the statistical) properties the method is precise. This is ensured by use of statistical tests and the proof of the CBSS's
correct work.
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7

32 Whenever a data processing system is working the details of time behaviour are random. This is due to (among
others):

— technical reasons like changing disc spindle resolutions;

— small differences of the clock frequency;

- random command and data collisions on buses, channels and networks;

— random occupation of cache stores.

Therefore the mean values which are calculated from measured response times of task (or jobs) differ randomly to a
certain extent if the measurement is repeated. This means that the mean values delivered by a measurement deliver
some uncertainties in themselves. Every mean value differs by a random amount from the unknown real value.

Calculation of the performance values of the SUT

When cal¢ulating the performance values listed in this clause, the values shall be computed fromthe data r¢corded
in the logfile (see 6.3.2). To calculate these performance values, only the tasks submitted within the rating|interval

shall be tgken into account (see 6.3.1).

7.1

For each fask type the mean execution time ("average") shall be computed with respect to the rating interval

7.2

Mean execution time

Throughput

For each fask type the average number of submitted tasks per time unit shall be computed with respect to the rating

interval.

7.3

Timely throughput

The timely throughput is the average number of-all jobs per time unit which have been completed within time with
respect tq the defined timeliness function. Jdt\shall be computed for each task type with respect to the |defined

timeliness|function of this task type and to the-rating interval.

8.1

Basic data for rating

WUser requiretments

The user [requirements are defined by specifying timeliness functions for all task types. The timeliness function
describes|the reguirements of time behaviour for the execution time of a specific task type. They are used for rating

the mean pxecution time, the throughput, as well as the timeliness.

8.2

NOTE 33 No application of a computer is useful'in practice if it works too slow in view of user requirements. Tn order to
rate a CBSS with respect to its time behaviour it is necessary to describe the user requirements. This is done by using the
timeliness functions.

The reference environment for rating software efficiency

If in addition to the performance of a CBSS it is also planned to assess the efficiency of some parts of the software
then a reference environment shall be defined.

14
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8.2.1 Reference environment for assessing application software efficiency

A reference environment for assessing the efficiency of application software shall be defined. Essential parts of the
basic information for rating the efficiency are the (reference) hardware, on which the software is intended to be
used, and its (reference) system software, e.g. the operating system, compiler type and module library, network
system, etc. All components shall be defined and listed in full. The software configuration and installation
parameters shall be clearly specified and documented, including all system software components which may have
influence on the SUT’s time behaviour. This comprises the reference environment.

The calculated results of the application software efficiency always refer to the reference environment used.

N g M g P P YP Limed to be
avdilable to the user. For example, when constructing a bookkeeping program the designer has to considerifif will be run
on p small or large PC, a PC network including a data server, a workstation, a midrange multi-user system; a mainframe,
or @ny other type of data processing architecture. The computer intended for use greatly influences the, software design;
an ppplication software package is always designed for a particular hardware configuration and its system software.

8.2.2 Reference environment for assessing system software efficiency

A refergnce environment for assessing the efficiency of the system software shall bé defined. Its components shall
be defined and listed in full detail, analogously to 8.2.1.

The calculated results of the system software efficiency always refer to the referehce environment used.

9 Rating the performance values

9.1 Computing the performance reference values

9.11 Mean execution time reference values
The reference values for the execution times.result from the user's time requirements, defined to be|the mean
values ¢f the timeliness functions. Mean exegution time reference values shall be computed for all task types.

NQTE 35 Example: If 90% of the tasks are allowed to have an execution time of 1.5 seconds and the remgining 10%
are|allowed to have an execution time'of 4.0 seconds, then the reference value for the mean execution time is:

0,9x15sec + 0,1x4,0sec = 1,75 sec
9.1.2 Throughput referepce-values
The reference values forythe throughput result from the hypothetical situation that the mean execution times of the

SUT (fpr each taskitype) exactly equal the corresponding mean execution time reference values (fee 9.1.1).
Throughput reference values shall be computed for all task types.

9.2 Computing the performance rating values

9.2.1 The mean execution time rating values

The mean execution time reference value divided by the measured mean execution time value produces the mean
execution time rating value for each task type.

9.2.2 Throughput rating values

The measured throughput divided by the reference throughput produces the throughput rating value for each
task type.
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9.2.3 The timeliness rating values
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The value of timely throughput of a task type divided by the measured (total) throughput of this task type produces
the timeliness rating value for each task type.

9.3 Rating the overall performance of the SUT

The rating values for the throughput, the mean execution time and the timeliness shall be calculated separately
from a measurement and computed for each task type.

NOTH

Therefore they cannot be computed one from another.

Wheneve
weak.

Wheneve

task type is too long .

Wheneve

is acceptaple with respect to the user's requirements which are defined by the timeliness functions.

NOTH
timelir]
conce

36 The rating values for throughput, mean execution time and for timeliness are not or only slightly-edrrelated.

one of the throughput rating values is less than 1 then the throughput of the related task type is too

one of the mean execution time rating values is less than 1 then the mean execution time of theg

related

one of the timeliness rating values is less than 1 there are more executiontimes which are too Igng than

37 It could happen that the mean execution time rating value for the ¢related task type is sufficiently high, the
es rating value is less than 1. In this case, although the mean exec(tion time is as required, the task type

ned would then carry out excessive "runaway" execution times.
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9.4 Assessment of performance

94.1 The steps of assessment process

The steps for an assessment are shown in figure 4.

assessment
start

Measurement togfite
from RTE run Y
not
. , correct debug SUT's
L R N RN — |
: »-{ prove SUT’s correct work software
lcorrect
insufficient
. accurac i
------------ » prove RTE's accuracy —y> lmé)_rrcl)zve
: lsufficient
: accuracy
. not
. prove statistical significance| significant lengthen
e e e mm e, — . .
. of measured values rating interval
lsignificant
compute performance values
"""""" B, E, Tue

repeat

measurement

;

computate rating values
Ry, Rme, Rn

successful
assessment

Figure 4 — Assessment of a CBSS with respect to its performance

9.4.2 Weak reference environment

If, one or more rating values of the reference environment (see 8.2) remain less than 1, the internal speed of the
hardware of the chosen configuration (see 8.2) is too weak, regardless of whether several efforts had been made to
improve the efficiency of the tested software. Therefore, to improve the situation, a faster computer may be used as
a reference and a new "reference environment” may be established. In this case the measurement and rating
values obtained using the previous reference environment shall be ignored.

17
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Section 3: Detailed procedure for measurement and rating
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10.1

10.1.1

The propg
should co

The speci

10.1.2

The set of]
a convent
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Input requirements

The SUT description

© ISO/IEC

Specification of the hardware architecture and configuration

rties of the hardware shall be described comprehensively. The specification of hardware arch
htain a description of:

single point of processing system or the client server system, including the type of commul
network;

the main processor unit(s), for instance mono processor system or multi processor system with 1
multi processor architecture etc.;

the front-end processor(s), if used;

the types of end user communication interface(s), for instance alphanumeric/graphic terminal, v(
input/output, etc. .

ication of the hardware configuration should contain (for instahce at conventional system architect

manufacturer, distributor;

CPU model, serial number, date of shipping;
number of processors;

size of main memory (Mbytes);

type, size of instruction/data cache;
configuration of 1/O-channels;

secondary storage configuration
(i.e. number of disks, type, contrellers, disk cache type and size, solid state disks - if used, etc.);

mass storage (optical, magnetic, etc.);
the interconnections of the_hardware components;

the network architecture; components and their configuration, as far as they are used or as th
have influence to the-accuracy (repeatability) of the measurement.

Specification of the’ system software configuration

the software"components shall be described comprehensively. The specification of system softwa
onal system architecture) should contain manufacturer name, type, and release date of:

the operating system;

itecture

nication

ype of

ce

Lires):

ey may

ire (e.g.

additional system components as far as used (i.e. job scheduler, software cache for disks, etc.);

the compiler for each used programming language; additionally, if used, the run time system,
mode, used optimizer options and data compression features shall be listed;

the data base system (if used);

shared

the data configuration, as far as it may influence the accuracy (repeatability) of the measurement, shall

be listed;
the network software as far as used.
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10.1.3 The application programs

All programs used by the emulated users shall be presented on a digital storage medium. These programs shall be
ready for use on the SUT (either as an executable program or the complete source code).

10.1.4 Additional software required for the measurement run
A list of all additional software components or standard system software modules (for instance system programs,

libraries, compilers, data base systems, etc.) which are needed to run, shall contain their exact name, version,
release, distributor or manufacturer.

10.1.5 The stored data

All datq, which are needed by the programs for their correct working or which have any-influenge on the
performjance of the SUT so long as they are not contained in the descriptions of the task-type inpuf, shall be
presented in their entirety on digital storage medium. They shall be formatted ready for immediate use and storage
on the $UT without any further modification.

NQTE 38 Examples of such data can be:

— data files, required for a correct computation;

— output data files used by the programs, which are not empty when starting:the test;
— the basic data of a data base system.

10.1.6 Additional information for proof

It is thg responsibility of the tester to submit the results of the measurement to proof. Therefore the tester shall
supply [additional documents of his own choice in addition *to’ the documents requested in this International
Standafd, which are suitable to repeat the measurement by _af’external person/group to attain the same results.

10.2 The workload parameter set

The valpes for the set of parameters described in'6.2.3 shall be defined as follows:

— The total number of user types-n;
— The total number of emulated users Nyser (i) of each usertype i =1, ..., n;
— The total number of activity types w;

— The total number of timeliness functions p;
this value may differ, from the total number of task types, if different task types are defined with the
same timeliness-function;

— The total number of task types m,

- The mean-alue of preparatlon time and their standard dewatlon h(i,j) and s(i,j)
of eachUser type i = ,hand each tasktypej=1, ..., m

— The-total number of cham types u.
Further| shall be described the activity types (see 10.2.1), the activity input variations (see 10.2.2), the [task types

with timelibess function and task mode (see 10.2.3), the chain types and their relative frequencies (see 1D.2.4); (for
the preparation times’ mean values and their standard deviations see 10.2.5).

10.2.1 The activity types

Each activity type (i.e. activities with a similar algorithm of execution) and its input shall be described uniquely.

The definition of the begin and the end point of a specific activity type may be chosen depending on the execution
time the tester are interested in.
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The activity type may consist of several sequential steps, each with a small preparation time and each with a small
amount of execution time. In this case the input of all characters and the processing of the whole sequence shall be
defined as one activity with internal steps. If defined in this way, the sum of all partial preparation times shall be
defined as the preparation time in the sense of this International Standard and the sum of all partial execution times
shall be defined to be the execution time in the sense of this International Standard. (Example: Each single keyed
character of a field is processed separately with some leading "keying time", the contents of the field is processed
after keying in the last character.)

Normally parallel tasks are seen as to be submitted by different, parallel acting emulated users. In some special
cases the system performance of a CBSS which uses one or more sets of parallel steps submitted by one emulated
user is to be measured. This means, that at a defined point, steps are forked from a single path of execution to
parallel pgths and later on are synchronised again to the earlier path. Also such CBSSs can be measured-by use of
an RTE as defined in this international Standard because the synchronisation is done by an executablé_step of the
SUT itself] In this case not the single steps but the whole structure (the "network of steps") shall be defined as one
activity tyge. The reference values and the rating values (of the throughput of the SUT, the preparation time jand the
execution|time values) in the sense of this International Standard shall be defined as the valuésyreferring [to such
activity types. There is no disadvantage that the RTE specifications defined in this International Standard pear no
functionality for doing the synchronisation. If interested in measuring and rating the mean\execution timg¢ or the
timeliness| of a specific step inside the activity structure, this may be done additionally)and analogously to the
measurement and rating of specific task types described in this International Standard:

10.2.2 Activity input variation

The input| to a particular activity type may be varied for different tasks,of-the same activity type, e.g. running
numbers i case of opening accounts, access to different data elementssete. If there is any use of activity type input
variation, then all rules of input variation shall be defined comprehensively“and uniquely.

10.2.3 The task types with timeliness function and task mode

For each fask type the following list of information or values shall be defined:

- The activity type including the input information which have to be submitted to the SUT ("input stfing"). If
variations of the input are required, see 10:2.2;

< The timeliness function consisting of;

O The number of time classes Z(j)
of each timeliness function fop'the task types j =1, ..., m,

O The time class limit gr(c)
of each task type j =@;\~., m and of each the time class ¢ = 1, ..., z(m),

O The relative frequeney rr (j,c) corresponding to
each task type.J.=)1, ..., mand to each the time class ¢ = 1, ..., z(m);

-4 The value of the-task mode M(j) of each task type j = 1, ... , m. If synchronisation to different pre¢eding
tasks (steps)dsynéeded, see 10.2.1

< The correctcomputational results of the tasks (see 13.1) of each task type.

Any variaﬂon of thesxcombination activity type, timeliness function and task mode shall result in a different task type.
The variatjon ofiinput of an activity type (see 10.2.2) should not result in different task types.
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10.2.4 The chain types and their frequencies

For each chain type the following values shall be defined where /is the current number of the chain type:

- The length of the chain Lcpain (1), i.e. the number of tasks which are contained in the sequence;
NOTE 39 For independent tasks a chain type of length 1, containing only one task type, is to be defined.

— The sequence in which the tasks of the chain shall be processed, represented by the numbers of the
task types:

(1), f1,2), ... ,f0,k), ..., f{(l, Lcpain () )
where f(l,k) is the task type of the k-th task in a chain of the I-th chain type.

For ea¢h chain type the relative frequency shall be defined. This shall be done separately for, each |user type.
Therefgre it is necessary to define the following n rows each having u values where n represents the humber of
user tyges and u represents the number of chain types:

for user type 1:
q(1,1)to q(1,u)

for user type 2:
q(2,1)to q(2,u)

i‘or user type n:
q(n,1) to q(n,u)

where §(i,/) is the relative frequency by which the I-th chain typetis.used by an emulated user of the i-th usgr type.
NQOTES

40 If a chain of a certain type (the I-th chain type) dogsinot occur in the task stream submitted by an emulgted user of
a cgrtain type (the i-th user type) then q(i,/))has the valug0.

41 The sum of the relative frequencies q(ll) of all chaintypes /=1, ..., u, submitted by a particular user type, is
alwiays 100%. This is valid for all user types i =, ., n:

Zq(i,l)=

Thip may be used as a control for the’ g-values.
10.2.5 Preparation times' méan values and their standard deviations

For eagh user type thefollowing list of preparation time mean values h(i,j) and corresponding standard |deviations
s(i,j) halve to be defined;. is the current number of the user type and j is the current number of the task type:

For user type 1:
h;1) to h(1,m),
s(,1)to s(1,m).

D

For user type 2:
hZ,1)to h(2,m),
s(2,1)to s(2,m).

i:or user type n:
h(n,1)to h(n ,m),
s(n,1)to s(n,m).
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10.3 Input for measurement validation

10.3.1 Correct computation results

For all task types the correct results, including changes on the stored date (see 10.1.5) shall be specified and listed
or stored on a digital storage medium in order to be able to prove the SUT’s correct working.

10.3.2 Variation of input data and its resulting output

If there is_any use of activity type input variation (see 10.2.2), then all modified results and or variations of task
output shall be listed, corresponding to the rules of activity type input variation comprehensively and uniquely.

10.3.3 Criteria for precision of working of the RTE

The following values shall be stated as the criteria for a sufficiently precise working of the RTE (sée 13.2):

- DELTA

q
(this is the maximum accepted relative difference of the actual relative, ¢hain frequencies and the
defined values)

4 DELTAj
(this is the maximum accepted relative difference of the preparation.time’s actual mean values jand the
defined values h(i,)) );
4 DELTAs

(this is the maximum accepted relative difference of the preparation time's actual standard deyviations
and the defined values s(i,j) ).

10.3.4 Criteria for statistical validity of results

~—

The followiing values shall be stated as the criteria for statisticat validity of the measurement results (see 13.3):

< the confidence coefficient ALPHA of mean execution time;

the m confidence intervals 2d(j) of mean(éxecution times of all task types. It is recommended to|choose
the same relative value for the confidence interval for all task types.

11 The measurement

Fundameitals of the measurement are specified in clause 6

111 The measurement procedure

The measprement proecedure is carried out in the following 12 steps.

Step 1: Ipstall the SUT (including terminal network and other communication features). Its hardware, [system
software and application software shall be checked to ensure that they correspond to the desgriptions
eeiflied in 101 (101210 10.1.4)

Step 2: Install a RTE which is constructed according to the RTE specifications of this International Standard (see
also annex A) and which is proven to fulfil these specifications.

Step 3: Connect the SUT to the RTE using the data communication features used in step 1.

Step 4: Load the workload parameter set (see 10.2), the set of all input strings, and if necessary, also the
activity type input variation rules (see 10.2.1), into the RTE.

Step 5: Load the stored data (see 10.1.5) into the SUT.
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Step 6: Estimate the duration Tr of the rating interval.

Step 7: Start running the RTE (this is time fp) and wait for the end of the "stabilization phase".

Step 8: Start recording the logfile and the computation result file. For each task:

- the log record shall be written to the measurement logfile (see 12.1 and annex D);
— the tasks' complete output shall be written to the computation result file (see 12.2, for use when
controlling the correct computation of the CBSS, see 13.1).

Step 9: Start the rating interval, if the SUT has reached a stable state of operation (there is no requirement for the
diration aftha ‘ctalhilizatinin nhacn’ Aand Affarant ovctame mav haovn diffarant doratian) Thic o tinan tl
duration-of-the—stabilizationphaseand-differentsystemsmay-have-ditferent-ehiration)—histstme {5 .

If using ‘individual rating intervals’, see 11.2.

Step 10: Record the end of the rating interval at the time t> =t; + Tg.

Although the rating interval is finished, the RTE shall continue in full operation for_the supplemgentary run
(submitting tasks in the defined distribution for all emulated users according to the.workload parameter set)
until step 12.

If using ‘individual rating intervals’, see 11.2.

Step 11: The end of the supplementary run is reached, when all those tasks“which were submitted befofe or at t»

are completed. The time is f3.

If using “individual rating intervals®, see 11.2.
NOTE 42 Those tasks, which are submitted within the.rating interval (i.e.: submission after t; and|before t2),
are taken into account for computing performance values‘regardless of whether they are completed within the
rating interval or in the supplementary run. Not included"in the rating process are those tasks, the supmission of
which fall into the supplementary run (i.e.: submission after t2 and before t3). Nevertheless all the fasks which
were submitted within the rating interval or within-the supplementary run (i.e.: within the observation period;
submission after t7 and before t3) are required-for validation of the measurement (see clause 13).

Step 14: The recording of the logfile may be terminated, the logfile shall be saved. If no immediate pioof of the
CBSS’s computational correctness has”been done, it shall be ensured, that the contents of the
computational result file have been saved.

The RTE may be halted.

11.2 Individual rating interval

The us¢ of so called individdalrating intervals is a slight modification of the procedure described in 11.1. |t is useful

for shoftening the duration-of the rating interval.

NQTE 43 The/ackground is, that - after finishing the stabilization phase - the emulated users typically dg not start a
new chain at a cemmon moment &z. Also - coming to the end of the rating interval - the users typically do nof finish their
chgins at a common moment tz. In consequence the rating interval contains incomplete chains. This is disadvgntageously
for pchieving-the stated values of the indicators DIFFy , DIFFs and DIFFg . Typically long rating intervals are ngeded.

Shortering_the rating interval is possible as follows: If at the planed time t; (the end of the stabilization phase) the

actual tesk/of an particular emulated user is naot completed,then a later ‘individual rating interval begin' t1j,4 for this

particular emulated user may be used in order to complete the current chain and to start a new chain. If at time £,
(the planed end of the rating interval) or t3 (the end of the supplementary run) the actual task of an emulated user is
not the last task of the current chain of this emulated user, then (for this particular emulated user) a later
‘individual rating interval end’ g, respectively later ‘individual supplementary run’ f3j,¢g may be used in order to
complete the current chain.
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The meas

urement procedure varies as follows:

Step 1to 8: Similar to ‘step 1’ to ‘step 8" in 11.1.

SO/IEC

Step 9: Start an individual rating interval for each emulated user, if the SUT has reached a stable state of operation
(there is no requirement for the duration of the ‘stabilization phase’ and different systems may have

d

ifferent durations). For each emulated user this is the individual time tzjnq .

Step 10: Record for each emulated user the end of the rating interval at the individual time tjng = t1ing + TRind -

Although the individual rating interval is finished, the RTE shall continue in full operation for the

=

Step 11:

~ < -

Step 12: V

—

I

—

1

If using in

The calcu

U PNZCONEE SR TR T -G S~ “U-CN T WV 3 1 HZNE 1 28 dafinad-dictribtian—fax I na-Hatad—it x PP HY
PPTCTITCTTIAT Yy TOTT (SUUTTTITUT Y tTASRS 1T U U T e U TS TToUtioT T TUT A CTTUTatC U O STTS At TUTUITTY

orkload parameter set) until step 12 (see below).

he end of the individual supplementary run of each emulated user is reached, when all those-task
ere submitted by the particular emulated user before or at toj,g are completed. The (individual
Bind -

NOTE 44 Those tasks, which are submitted within the rating interval (i.e.: submission after t1jng an
toind ), are taken into account for computing performance values regardless of (whether they are cqg
within the rating interval or in the supplementary run. Not included in the rating’ process are those t3
submission of which is in the supplementary run (i.e.: submission after tojng-and before t3jng). Neverth
the tasks which were submitted within the rating interval or within the-supplementary run (i.e.:
observation period; submission after t1jng and before t3ing) are requiredforvalidation of the measuren
clause 13).

Vhen all emulated users have reached their individual time t3j,g5the common time is t4. The reco
he logfile may be terminated, the logdfile shall be saved.

no immediate proof of the CBSS’s computational correctness has been done, it shall be ensur
e contents of the computational result file have been saved.

he RTE may be halted.

lividual rating intervals the following requirements shall be fulfilled:

The latest individual rating interval begin-time t1j,9 of any emulated user shall not differ by mg
10% of the mean rating interval Tyr-from the earliest time t3;,¢ of any emulated user.

The maximum duration of an individual rating interval shall not exceed 120% of the mean rating
TvRr -

The maximum duration efan individual supplementary run shall not exceed 150% of the
duration of any individual supplementary run.

ation of the performanice values varies in case of using individual rating intervals:

The mean execution time Ty (j) (see 14.1) shall be computed by dividing the sum of all e
times of that(spécific task type by the total number of occurrences of this particular task typq
were submiitted in the set of individual rating intervals of all emulated users.

The throughput (see 14.2) and the timely throughput (see 14.3) shall be computed individually f
emulated user with respect to the duration of its individual rating interval Tgjng . The throughpu
B(j)xand the timely throughput values E(j) respectively are the sum of the individual values
emulated users.
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12.1

Output from measurement procedure

Measurement logfile

ISO/IEC 14756:1999(E)

This file contains all the logdfile records according to step 8 in 11.1. Each logdfile record contains the following
information for the corresponding task:

— a serial number of the task within the observation period, arranged in chronological orde
regardless of which emulated user has submitted the task;

NOTES

45
the

46

trapsactions and timesharing commands. If there are otherclasses of tasks (for instance information tra

netj

12.2

All com
comput

NO
car
RT
sto
pro

- an individual identification of the emulated user which submitted the task (see note 45);
— the user type of the emulated user which submitted the task;

- the type of the task;

— the type of the chain to which the task belongs;

— the serial number of the task within the chain;

- the time stamp when the preparation time started for this task (see note 46).,This time is iden
task submission or task completion time stamp of the preceding task’of the same emul
depending on the task mode;

— the task submission time stamp (see note 46);
— the task completion (see note 46).

For instance the user-identification, as used by the operating system, can be used as the individual ide
emulated user

It is recommended that the values for registered times"have a typical precision of 1/100 second

ork or real-time functions) then proper values (which are‘typically shorter than 1/100 second) may be state

Computation result file

putational results of the observation«périod (rating interval plus supplementary run) shall be stg
ption result file. This file is used for controlling the correct working of the SUT. This means that:

- the computed output submitted by the SUT to the emulated users has to be recorded (and st
computation result file) for all the tasks submitted after t; or t1jhg respectively;

— changes on the "stored data" (see 10.1.5), have to be recorded (and stored in the computg
file) at t3 or after the latest t3j,g respectively.

TE 47 If the SUF:.is\a large CBSS the computed output, which is submitted by the SUT to the set of emu
be a large amount,of data and a problem may arise in storing this data. The alternate solution may be chos
E verifies each’ task response immediately to ensure it is correct. Only those outputs which are not corr
ed for feeding~an error analysis. But, if there doesn't exist a correct output, the measurement is still not v
pf of the computational correctness has failed.

r from tz,

tical to the
ated user,

tification of

for on-line
hsport in a
.

red in the
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13 Validation of measurements

Only when the measurements are successfully completed (i.e. after executing the steps 1to 12 in 11.1 or 1
validation shall be carried out. It shall not be attempted before completion of the measurement.

13.1 Validation of the computational correctness of the SUT

SO/IEC

1.2) the

The computation result file (see 12.2) shall be analysed. For all recorded tasks the results computed by the SUT
shall be compared to the defined correct computation results (see 10.3.1). This may be done by a validation

program. [T all tTaSK'S TESUNS WeTre COMpIete and provemn 10 DE COorTect themn the measurermernt S dcceplal
respect td the correctness of the SUT. This includes that a measurement shall always start with the-san
configuratjon, except if the influence of the data configuration shall be tested. For instance the database
shall be tHe same at each start.

NOTH 48 See also note 47 in 12.2.

If the SUT| apparently failed the evaluation shall neither be published nor rated. After correction of the failur
evaluatior] shall only be carried out with a new successful validation based on the new measurement.

13.2 Validation of the accuracy of the RTE

13.2.1 Validity test by checking the relative chain frequencies

The lodfile shall be analysed. The relative chain frequencies of all those chains started during the obs
period shall be computed. This shall be done separately for all user types and all chain types used. T
differencep for all these relative chain frequencies, as they are computed from the logdfile, to the values g(i,/),

are defined in the workload parameter set, shall be calculated~For the calculation use the formula of DIFFy,

is given in/the normative annex B.4.1.

If it holds that:

Qo

FF,(i,l) < DELTA,(i,])
(peparately for all emulated user types™ and for all chain types /),
then the afccuracy of the RTE with respect\to the chain generation is within the allowed tolerances.

If the evgluation provides results aof minor RTE accuracy the evaluation shall neither be published nor ratg
improving|the RTE an new evalgation shall only be carried out with a new successful validation based on
measurenment.

13.2.2 Validity test by‘checking the preparation times
Analogou$ to 13.2Iythe entries in the logfile have to be analysed for observation period with regarg
preparation times:—The mean values and the standard deviations of the preparation times shall be calculats
shall be dpne,separately for all user types and for all task types used (for all of those tasks which were sy
and compjeted during the observatlon penod) Then for all these mean values and standard deV|at|ons the

le with
he data
content

P anew

Prvation
hen the
as they
which

d. After
he new

to the
bd. This
bmitted
relative

differences

ated. For

the calculation use the formulas of DII—'F;7 and DIFF; , wh|ch are glven in the normat|ve Annexes B 4 2 and B 4.3.

If there holds:

DIFF,(i,j) < DELTA,(i,j) and DIFF,(i,j)< DELTA(i,})

(separately for all emulated user types i and for all task types j),

then the accuracy of the RTE with respect to the preparation time generation is within the allowed tolerances.
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Otherwise the RTE does not work precisely enough and the measurement results are not acceptable. Therefore, a
new measurement using an improved RTE shall be carried out.

13.3 Validation of the statistical significance of the measured mean execution time
For each task type a test concerning the statistical significance of the measured mean execution time values shall
be performed.

NOTES

49 A S
thepry of mat

hematical statistics presen

mepn value (which was computed from the measured values) to the unknown real mean value. The leonfidence interval
always refers to a so-called confidence coefficient ALPHA. ALPHA, if multiplied by 100, is the percentage pf cases in
which the error of the determined mean value possibly is greater than the confidence interval.

50 Example of confidence interval and confidence coefficient:

Frgm the measurement for the j-th task type Ty (j) = 10,0 sec is determined and the confidence coefficient is gpecified to
be ALPHA = 0,05 . The result of the test may produce the confidence interval d(j) = 3,5 sec;

Th¢ meaning is that, with a probability of 5%, the unknown real value is not within the range of 10,0 3,5 sec. r, in other
wolds, the unknown real value is with a probability of 95% within the cited range.

Confidgnce intervals for the execution time shall be used as follows:

The| confidence coefficient ALPHA is specified in 10.3.4. Additionally, the value d(j) for each tdsk type is
spegified. It is the maximum tolerated error of the mean execution time Tyge (j). After or parallel to the
megsurement the sequential test as specified in annex B.6-.shall be performed for each task typel The test
examines - for the j-th task type - the values tet (j,1), teT (,2)"... , teT (J,K(j)) which are also used for fomputing
the mean execution time (see 14.1). This test shows.~by a result of “OK” or “NOT OK”- for which of the
task|types the confidence interval (with respect to the specified confidence coefficient ALPHA) is not gijeater than
the Upper limit d(j).

The|demanded performance values are only valid When the test signs are on "OK” for all task types. In| any other
case, the results are not sufficient significant.

NQTE 51 A typical reason for getting a*NOT OK” is that there are too less samples with respect to the thosen d(j)
valyies. A new measurement run may be done using a longer measurement interval resulting in more samples and a
grepter chance of getting confidence intervals which are not greater than the specified limits d(j).
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14 Calculation of the performance values of the SUT

14.1 Mean execution time

The mean execution time Ty (J) is the average value of the execution time of all tasks of the j-th task type which
were submitted to the SUT within the rating interval with the duration Tg:

() - ter(j2) + ter(j2)+ o +ter(JK)+ ... +ter().K()))
/1= - [\
R{J)

where K() is the total amount of tasks of the j-th task type
submitted to the SUT within the rating interval

and teT (j,k) is the duration of the execution time of the k-th task of the j-th task type
submitted to the SUT within the rating interval.

Tume () shall be computed for all task types, i.e. forj=1,2, ..., m.

If during thhe measurement procedure ‘individual rating intervals’ are used, see 11,2.

NOTH 52 In case of "NO WAIT" task mode (M = 0; asynchronous mode) ‘the execution times of sefjuential
submijtted tasks may overlap. The execution times are added with theijr full duration in every case (synghronise
or asynchronous) in the same way for getting the correct measurementresults and rating.

14.2 Throughput

The throuphput B(j) is the average number of all tasks of thelj-th task type submitted to the SUT within the rating
interval pgr time unit:

Number of tasks of the j - th type,
_ submitted to the SUT within the rating interval

B ) 2

B(j) shall :[e computed for all task typess.iie. forj=1, 2, ..., m.

If during the measurement procedute findividual rating intervals’ are used, see 11.2.

14.3 Timely throughput

The timely throughput-E(j) is the rate of tasks of the j-th task type, submitted to the SUT within the rating|interval
and having measured'execution times which are completed in time with respect to the corresponding tinmpeliness
function:

Number of timely tasks ot the j - th task type
E(j) _ submitted to the SUT within the rating interval
TR

E(j) shall be computed for all task types, i.e.forj=1,2, ..., m.

If during the measurement procedure ‘individual rating intervals’ are used, see 11.2.

NOTE 53 The procedure showing how to compute E(j) is somewhat sophisticated. It is described in annex B.3.
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15

15.1

Rating the measured performance values of the SUT

Specification of rating level

ISO/IEC 14756:1999(E)

Rating shall be done by matching the results of the measurement with user requirements and a given rating level
(see ISO/IEC 14598-1). In this International Standard the user requirements are represented by the timeliness
functions, from which the performance reference values are computed (see 8.1 and clause 9). A rating level shall
be specified in conjunction with the user requirements (e. g. by the timeliness functions).

15.2

15.2.1

For ead
j-th tash

from vdlues which are defined in the workload parameter set. All m mean execution’time reference valug

compuf]

NO
15.2.2
For ead
is requi

defined
given in

NO
anf

15.3

1531

For all

shall bg
and the

Computing performance reference values

Mean execution time reference values

h task type j =1, 2, ..., m there is a reference value Tger (j). It is (according to the timeliness fung
type) the maximum accepted mean execution time for tasks of the j-th task type. Trer (j) shall be

pd. The general formula is given in annex B.1.
TE 54 An example is given in 9.1.1.
Throughput reference values
h task type j =1, 2, ..., m there is a reference value Bgrer (j)Itis the throughput of the j-th task t
red, as the minimum value, by the set of emulated users.~Bgrer (j) shall be computed from values

in the workload parameter set. All mthroughput referenee-values shall be computed. The general
annex B.2.

TE 55 The formula showing how to compute Bref\(j)is somewhat sophisticated. It is described and il
ex B.2.

Computing rating values

Computing mean execution time-rating values

ask types j = 1, 2, ..., m the'mean execution time rating values:
Rue(2), Rue(2), - . Rue(h), .. Rye(m) ,

computed. Rye(f)is (for the j-th task type) the quotient of the mean execution time reference va

measured mean’execution time Tye (f):
A TRef(j)
Ryel= -
ME( ) TME(I)

tion of the
computed
bs shall be

pe, which
which are
formula is

ustrated in

ue Tref ()
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15.3.2

For each t

Computing throughput rating values

ask type j =1, 2, ..., m the throughput rating values:

Rru(2), Rru(2), - . Rr(f), - JRyy(m)

SO/IEC

shall be computed. Rty (j) is (for the j-th task type) the quotient of the actual throughput B(j) and the throughput
reference value Brer (J):

=
RyulJ) = -
BRef(f)
15.3.3 Computing timeliness rating values
For all task types j = 1, 2, ..., m the timeliness rating values:
R(2), Rry(2), ..., Ry()), ..., Ry(m) ,
shall be computed. Ry (j) is (for the j-th task type) the quotient of the timely throughput E(j) and the measure
throughput B(j):
y_ EU
RT/(/) = ﬁ

154

As shown

to the (acI:TI'uaI) throughput B(j). This normalisation.causes that a value of 1 for a rating term is the ideal c3

measure
the measy

The rating
a SUT ex
(but it mu
For furthe

1541

If the meqn execution ime rating value of the j-th task type Ruye (j) is equal to or greater than 1 then th

execution

NOTE
30% f

=

Rating
in 15.3 the rating values Rye(j) and Rry(j) are\normalized to the reference values and Ry(j) is nor

ent. A value less than 1 means that the_user requirement is not fulfilled. A value greater than 1
red value is better than the user requirement.

process focuses primarily on the aspect if the SUT fulfils a stated target. But it cannot be conclu
ceeding the target is rated insgeneral as "good“ as one just fitting the target. It might be more ex|
5t not do so). It is in the responsibility of the user of this International Standard how to rate this s
help see note 60.

Mean execution time-fating

time of the SUT corresponding to this task type stated by the user requirements is fulfilled.

56 Thevinterpretation of a value of Ry () = 1,30 is that the mean execution of the corresponding tas
hster, than specified by the user requirements.

d (total)

malized
\se of a
means

led that
pensive
tuation.

£ mean
k type is

time of

If the mesd

n-execution time rating value of the j-th task type Ryge (j) is less than 1 then the mean response

the SUT ¢

orresponding to this task type is unsatisfactory.

This rating shall be carried out for all m task types.
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15.4.2 Throughput rating

If the throughput rating value of the j-th task type Rt (j) is equal to or greater than 1 then the throughput of the SUT
corresponding to this task type stated by the user requirements is fulfilled.

NOTE 57 The interpretation of a value of RTH (j) = 1,10 is that the throughput of the corresponding task type is
10% higher than specified by the user requirement.

If the throughput rating value of the j-thtask type Rty (j) is less than 1 then the throughput of the SUT
corresponding to this task type is unsatisfactory.

Thls raf'nn chall bha carerind ot for Al tacle v nac
oS ot e oot ot 1 oIty P or

15.4.3 Timeliness rating

If the tifneliness rating value of the j-th task type Ry () equals 1 then the timeliness of the SUP corresponding to
this task type stated by the user requirements is fulfilled.

If the tifneliness rating value of the j-th task type Ry (J) is less than 1 then the timelingss of the SUT corrgsponding
to this task type is unsatisfactory.

NQTE 58 The interpretation of a value of R7y (j) = 0.90 is that 10 % of the taskS ‘of the corresponding task type have
not|finished their execution in the time limits specified by the timeliness function,. ifesthe user requirement.

This rating shall be carried out for all m task types.

NOTE 59 The timeliness rating values Ry (j) can not exceed the vallg 1. The reason is that in the best cage all tasks
willlbe completed in time, and dividing this number by all submitted{tasks (the same number of tasks) equals to 1. But
never could more tasks be completed in time than be submitted.

15.4.4 Overall rating

If at legst one of the 3 x m rating values (i.e. m values;R7 (j) and m values Ry (j) and m values R7; (j) ) is less
than 1 then the SUT fails to fulfil at least one criteria of the user requirements, specified within thg workload
paramgter set. Therefore the SUT shall be rated with respect to a rating level (see 15.1) as being unsatigfactory or
rated t¢ a rating level equivalent to unsatisfactory. Otherwise, if it works sufficiently according to all the time
behaviqur requirements and no rating values (s'ess than 1, the SUT shall be rated as being satisfactory pr rated to
a rating|level rating level equivalent to satisfactory.

NQTE 60 Today’s data processing ‘systems are typically not able to realise exact conformity to the performance
ref¢rence values of a defined workload description. This is due to insufficiencies of the schedulers. Therefore itfis - in sight
of the SUT'’s endusers - important/to test the fulfilling of its expectations, i. e. to test the fulfilling of the pprformance
ref¢rence values. But the user‘not always can rate an over-fulfilling. On the other hand over-fulfilling may (byt must not)
resplt in a higher price of the SUT. If so, the over-fulfilling would be a disadvantage from the SUT buyer’s viejvpoint. It is
felt|that - if including costsZ)one can not conclude in general that the specific SUT is "good™ or not. If including costs one
car| conclude only, thatthe specific SUT is conforming to the assigned profile or not. If not conforming the deviations from
the| profile are visille by the differences of the R-values to 1. The user of this International Standard is free to define
personal bandwidths for the R-values (for instance by setting x-values as follows) and to accept only SUTs within such
ranges:

XWEower < RMEO) < XME-upper
XTH-lower < R THO) < XTH—upper
Xrower <Rp() <1

But he should be aware of the consequence that, if at least one of the values of Xuve-ower , XTH-lower , XTr-lower Will be defined to
be below 1.0, the meaning is, that the tester may accept a SUT the time behaviour of which is clearly insufficient in sight of
the SUT’s endusers.
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Annex A
(normative)

Specification of the RTE's basic functions

The RTE emulates Alfuf users—Thisvalue is the sum of the numher of emilated tisers of all Liser fypnc =1..Nn

Niot = Nuser (1) + Nyser (2) + ... + Nyser (i) + ... + Nyser (n)
All emulatpd users shall be emulated independently. An emulated user works as follows:

The emulated user submits chains of tasks to the SUT. The sequence of the tasks corresponds to the[chosen
chain typd (see 10.2.4). The emulated user randomly chooses a chain type, both at start- of his work and @gain at
the end offeach chain, and submits the tasks in the sequence given by the specificationofthe chain type.

The chairj types shall be chosen randomly by the i-th emulated user but according‘to the defined values of the
relative chain frequencies q(i,1), q(i,2), ... , q(i,u).

NOTH 61 Assuming the emulated user of user type i has chosen a chain©f*the chain type /7. The emulaled user
submits tasks according to the specification of task type sequence of the /1-thrchain type.
Having completed this sequence the emulated user randomly chooses a-new chain type. The number of this chain type is
2 with the relative chain frequency q(i,/2 ). The emulated user submits tasks according to the task type sequenge in the
definijon of the chain type /2. And so on. Naturally the emulated user,never chooses a chain of the th chain tyde if q(i,/)
equalg zero,

The submjssion of the tasks of a chain shall be as follows:

() The emulated user waits for the (randomly taken) preparation time and submits a task corresponding to
the first task type in the chain definition (see 10.2.4). Assuming this first task type is j; and the next
task type is j>  the emulated user considers the task mode M(j>) of the j,-th task type.

D) If M(j2) equals 1 (i.e. emulating "WAIT" mode) then the emulated user waits first for the outpyt of the
proceeding task (i.e. the waitingtime in this state is equal to the execution time of the task of type j1 );
having received completely this” output than the emulated user waits for the (randomly| taken)
preparation time of task typeYg ,"after which the task of the type j» is submitted.

B) If M(j>) equals 0 (i.e. emulating "NO WAIT" mode) the emulated user does not wait for the outplit of the
proceeding task. The (randomly taken) preparation time of the task type j> starts immediately when
submitting the task (of)the type j; . After expiration of this preparation time, the task of the type j> is
submitted.

1) Continue with-steps (1) to (3) until the last task of the chain

b) This procedur€ is also valid, when a chain is completed and a new one is chosen. As describegl above
the emulated user acts according to the task type and task mode of the first task of the new ch%ﬂn. The

~~

~~

A~

task mode of this task defines whether the emulated user waits for the completion of the last tagk of the
preceding chain before starting the preparation time of the first task of the actual chain or stafting the
preparation time immediate after the submission of the last task of the preceding chain.

The duratteref Prepat atton-tmes-ofthe—emutateduserof-the—dset typc +shat-be-taken—+at |duu|:y btt-ace dlng to
the preparation time mean value h(i,j) and standard deviation value s(i,j) which follows the considered preparation
time (see definition of A(i,j) and s(i,j) in 10.2.5 where jis the type of the submitted task.
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Annex B
(normative)
Additional calculation formulas
B.1 Formula of mean execution time reference value Trer ()

The mdthematical terms are defined in 5.2.
NOTE 62 lllustration of the Trer (j) formula:

Thd
fas

This means that the relative frequencies of the execution time values corfespond to the requirements of the
funttion. The value rr (j,c) is the maximum accepted relative frequency-of tasks of the j-th task type the execut
which are less or equal to the time class boundary g7 (j,c). The value r.(j,c-1) is the maximum accepted relative
of tasks of the j-th task type the execution times of which are less_arequal to the time class boundary gr (j,c-1

the

The
val

The
No

In general the.méan value is the sum of the terms “execution time multiplied with its relative frequency”. Hg

def]

()
Teer (1) = Z g:(j.c) Eﬁrr(j,c) -r(j.c —1)] , where by definition r(},0)=0.
c=1

mean execution time reference value results from the hypothetical situation, that the SUT executes the tg
as needed to fulfil the timeliness function. No task is executed faster and no.task is executed slower.

relative frequency of tasks of the j-th task type the execution time of which is in the time class
gT(/rC'l) to gTO:C)

rr(@,c) - rr(,c-1) .

situation that the SUT executes the tasks just as fast as needed implies that it responds only with exg
es which equal the upper time class boundaries. I. e. the execution time values of tasks of the j-th task type

gr(.1) or gr(,2) or ... or gr:z(j) -
last value is the upper time class\boundary of the highest time class of the j-th task type.

(v we have to determine the execution times and their relative frequencies:

— The relative frequency‘corresponding to the execution time gr (j,1) is rr (j,1).

— The relative frequency corresponding to the execution time g7 (,2) is rr (,2) - rr (j, 1).
— The relative frequency corresponding to the execution time gr (j,3) is rr (j,3) - rr (,2)
— and so on-

ning rr (j:0).= 0 we find the right hand side of the Trer(j) formula.

ISO/IEC 14756:1999(E)

sks just as

timeliness
on times of
b frequency
. Therefore

cution time
are

trewith and
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B.2

BRef(j):i

The math
Additional

34

Formula of throughput reference value Bret ()

SO/IEC

NOTH

The ré
(for eg
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For th
tasks
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The n

several chain types occurring with the relative chain frequencies q(i,/). Therefore we have to follow the rule that t

numb
the “r
“durin

Becal
term
name

Becal
above

d Y q d
a . . . a
O Nuser(l)@[q(lil)@(jr/)] 0 O
0 = O O
D u % mcha/n (I) Charn (’) -1 D D HD
. Dati)y > i1, ) §+ > [Taur () Mtk + ) | B T (1, Lo 1) 1) B8
4 B
o B Sy
ematical terms used in this formula are defined in 5.2.
vy is defined:
A) a(.l) the number of tasks of the j-th task type within a chain of the I-th chain type;
u
0= ¥ [alo) w{r(12)
63 lllustration of the Brer (j) Formula:
ference values for the throughput result from the hypothetical situation that the mean execution times of the SUT
ch task type) exactly equal the corresponding mean execution time refefence values Trer (J).
Ain compute the throughput reference value of the j-th task type aecording to the general definition of thrpughput:

Jhput is number of tasks divided by the time in which these tasks.were submitted.

Df j-th type in this chain. The duration of a chain is the time from the beginning of the preparation time of the
chain to the beginning of the preparation time of the first task of the next chain.

Limber of tasks of the j-th task type in a chain of the/l-th chain type may be named with a(j,/). In general t

pr of tasks of the j-th type is the sum of the tetms “number of tasks of the j-th type in the chain® a(j,/) multip
plative frequency of the regarded chain type* q(i,/). The average number of submitted tasks of the j-th {
) a chain“ therefore is:

Z[ q(i, ) caj.1) ]

se there are in general Nuse (i) which submit chains simultaneously we have to multiply the sum by Nuse
as to be divided by the"mean duration of the chains generated by a user of the i-th type. This duration
tehain (). The number ©ffasks of the j-th task type submitted per time unit from all users of the i-th type is:

[[EZ[ (i.1) //]

cham (I )

P time we take the mean duration of the chain. Consequently for the number of tasks we have to take the nimber of

first task

nere are
e mean
lied with
ask type

(0. This
may be

sum the

se there-are in general n groups of users (users of type 1, users of type 2, ..., users of type n) we have to
written term for this n user types and we get:
o
ENuse, DEZ[ 00
a L
Z a ) 0
D chaln D
B B
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B.3

Let

amount may, be understood as the committed work to the SUT. The timeliness function stipulates ho
these cpmmitted tasks are to be considered as completed in time, partitioned by time classes.

This is the right hand term of the Brer(f) formula. The illustration of the Brer(j) formula now is complete
demonstrate the computation of terain(i). This will be done as follows:

ISO/IEC 14756:1999(E)

except to

The duration of a chain of the I-th type generated by a user of the i-th type may be named f (1,i). This user type

submits chains with the relative frequencies q(i,/). Therefore the mean duration of a chain submitted by a
i-th type is:

tchain(i) = Z{ q(i’l) Dch(/'i) }

This is the denominator in the Brer (f) formula.

TU i“ubll dlt l.iIE bUIIIpUlaLiUII Uf l‘ch(l’,l) l.ill:? fU“UVViIIy Iriay IUE UIUIIU.
ten(l,i) consists of two sums and an additional term:
u

tonainli) = Z{ G(0,1) Gt (1) + tama(11) * ta(1,1) ] }

The first sum tsumz (1,i) (compare the denominator of the Brer(j) formula) is easy torurnderstand. It is
the mean preparation times included in the chain.

chain

touma (1,1) = L Z(I/)v(/ 7((1,k))

The second sum tsumz (1,i) is also easy to understand. It is the sum.af.the mean execution times (wh
Trer (j) values) of certain tasks. These are the tasks the computational result of which is needed by
the following task (i. e. the user is waiting for the task completion before he starts his preparation
following task).

Lchain (/ ) -1

tane (1) =

Not taken into account hereby is the last task of.the chain. This will be done by the term tias: (1,i) as foll

Teos (1K) (f(1, K + 1)) ]

Opposite to the tasks within the chain the successor task of the last task of a chain is unknown. It is t
of the next chain. In case of this first task-of the successor chain having a task mode M = 1 the execu
the last task of the chain is part of thenduration of the chain elsewhere it is not. The type of the n
randomly chosen and the relative frequency of taking a chain of the I-th type is q(i,/). Therefore

compute the relative frequency ef\cases in which the chain starts with a task having the task mode M
the term M*(i) (see formula “B)“below the Brer (j) formula). The mean execution time of the last task

is Tret (f(l,Lchain (1)). The praduct of Trer (f(l,Lchain(l))) and M*(i) is the mean value of the last part of the
the chain.

tlast(lii) = TRef (f(l, Lchain (I))) DV’ * (I)
This completes the illustration of the above Brer (j) formula.

Algorithm.farcomputing the timely throughput E(j)

b(j) = Bj)Tx(j) the amount of tasks of the j-th type submitted to the SUT within the rating ints

user of the

the sum of

ich are the
he user for
time of the

pWS!:

he first task
tion time of
bxt chain is
e have to
=1.Thisis
bf the chain
duration of
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The number of tasks of the j-th type timely completed in the c-th time class may be named ey (j,c). For ¢ > 0 (the
smallest time class is given the value 1) e (j,¢) is defined by the following recursive formula:

0 -1 0
e, (j.c)= min g o (7R ter(i.k) = 9:(1.0) ) = 3 enCiyd ano [ (.00 (.o 1)) o)

o

for c>0, and
k' running in the interval 0 < k'< K(j), and

where by definition e, ( J ,O) =0 .

N this formula:

min{al AND az} ,

$ a function which chooses the smallest value from the tuple az, a»>. The function:
No (TR| condition) ,
gounts the number of tasks of the j-th type fulfilling the specified condition:

The number of timely tasks of the j-th task type, submitted within the ratingdnterval is:

2(j)

j)= ;ex(j,c)

D

The timely throughput of the j-th task type, submitted within the°duration T of the rating interval is (see 14.3)

-9

NOTHS
64 Explanation of the ex(j,c) formula:

The mjaximum number of completed tasks of the c-th time class, is defined by the product of the relative class frgquency,
rr (,c] - rr (c-1), and b(j) . This isthegright-hand term in the min function.

The lIgft-hand term in the min\function takes the number of task requests whose execution time does not ex¢eed the
c-th time class limit. However,.not all these execution times contribute to the number of completed tasks in this time class.
On tHe contrary, the number of execution times, which have already been accounted for in the timdg classes
1,2, 3 ..., (c-1), have to be subtracted. The left-hand term may be smaller than, equal to, or greater than the right-hand
term. The min function takes, if unequal, the smaller term. This is the number of completed tasks of the c-th time class.

65 Illustration.of the e(j) formula:

e(j) is|defined~as the number of timely executed tasks of the j-th type in all time classes. It is the sum of the nymber of
timely|executed tasks ex(j,1) in the first execution time class, the number of timely executed tasks ex (j,2) in thg second
execulion“time class and so on. The execution time classes are defined by the timely function of the j-th task type. The
c-th time class is the interval [g7 (j,c-1) to gr (j,c)]. By definition is g7 (j,0) = O.

The values of ex (j,c) can be determined as follows:

The total number of tasks (of the j-th task type) the task starts of which are within the rating interval is b(j). Classify all
these tasks with regard to the execution time classes. This means that you have to count the number of tasks the
execution times of which are in the 1st, 2nd, ... time class. The counted numbers may be named bciass (j,1), bciass (J,2),
beciass (j,3), ... , bciass (,2(J)). z(j) is the number of time classes of the timeliness function. Additionally count the number of
tasks the execution time of which is greater than gr (j,z(j)). This is the overflow class. The counted number in the overflow
class may be named bciass (j,2(j+1)).
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1. Determination of the reference values brerciass (j,¢) of numbers of tasks in each class. ¢ is the number of the class
and j is the task type. brerciass (J,C) is the product of the actual number of tasks and the required relative frequency.

(For the required relative frequency see also the illustration of the Trer (j) formula in B.1). I. e. it holds:
bretciass (,€) = b(j) * (rr(.c) - rr(j,c-1))
By use of this formula the values brerciass (j, 1), bretciass (j,2), ... can be computed.
2. Determination of the ex (j,c) values:
a) Start with the first class:
If holds

The
intq
rep

beiass (j, 1) < brefciass (1) ,
then

ex(j,1) = bciass (,1) .
But if holds

beiass (j, 1) = brefciass ;1)
then

ex (j,1) = brerciass (j,1) and the value of beass (j,2) has to be corrected. The new value of beiag
sum of the old value plus the value of bciass (j, 1) - brerciass (j, I

s (,2) is the

The reason for the correction is that the SUT had executed(more tasks with short execution time than

required in the actual time class and they therefore are timely also with regard to the next class.
steps always use this new value of bciass (J,2).

b) Examine the second class.
If holds
beiass (j,2) < brefciass (j,2)
then
ex(j,2) = bciass (j,2) .
But if holds
bciass (j,2) = bretciass (j(2),
then

ex (j,2) = bretciass (j,2) and the value of bcass (j,3) has to be corrected. The new value of bciag
sum of the ‘ald value plus the value of bciass (j,2) - bretciass (j,2).

In the next steps always use this new of value of bciass (j,2).

¢) And so on7still to the z(j)-th class. It is natural not to perform a correction in this last step (beca
higherclass is not defined in the timeliness function).

Now the valdes ex(,1), ... , ex(j,z(j)) are determined and the sum of them can be computed. It is the value

readersmay not be irritated by the fact that the values of bciass (j,C), Drerciass (j,C), €x(j,1) and e(j) are in
gervalties opposite to the value of b(j) which is always an integer value. They are pure arithmetical values
esent real numbers of executed tasks.

In the next

s (j,3) is the

use a next

P(]).

jeneral not
and do not
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66

The following example may explain how the algorithm acts:

©

ISO/IEC

In the situation of a lower time class being fulfilled by its frequency but a higher not, it should be observed, that a over-
fulfilled time class can be used to balance an unsuccessful higher time class. But never a over-fulfilled time class can be
used to balance an unsuccessful lower time class.

The timeliness function of a specified task type j may be:

nmay be:

time class time class limit relative class frequency
1 < 3sec 0,8
4 <6 sec 0,9
3 <20 sec 1,0

Tlhe duration of the rating interval is assumed to be
Tr =30 min.
Tlhe result of the measurement with
b(j) = 50 tasks

time class time class limit executed tasks
1 <3sec 41 tasks
2 <6sec 43 tasks
3 < 20 sec 50 tasks

Tlhe numbers of tasks from the time classes above arranged:

ime | efeeued asks | excaited s | cueriiod o overtiiting | ‘accodng®o | o 1o | oo
class time class time class tirl;oer ::T;Sss E%x; lgl‘g:sr tmﬁmgﬁs this time class
1 41 tasks (0 tasks) 41 tasks (0 tasks) 40 tasks 40 tasks 1 tapsks
2 43 tasks 41 tasks 2 tasks 1 tasks 5 tasks 3 tasks 0 tasks
3 50 tasks 43 tasks. 7 tasks 0 tasks 5 tasks 5 tasks 2 tapks

38

exd,l) =40

nd one task\will be added to time class 2. Therefore the corrected number of tasks in time class 2 is 3.
mber has“o be compared with the number of required tasks in this time class (which is 5). Time class

fulfilled\and it holds:
ex(,2) =3

time class 1 are 4d-tasks but only 40 are required. Time class 1 is over-fulfilled. It holds: fulfilling

[his new
2 is not

In time class 3 are 7 tasks with no correction form time class 2. But only 5 tasks are required. Therefore it holds
ex 0,3) =5

Because a 4th time class doesn’t exist the over-fulfilling of time class 3 can not be used for balancing. Therefore
2 tasks are “lost".

The sum of the ex values is the number of timely tasks of the j-th task type:
e()=40+3+5=48
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