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ABSTRACT

/ Various system monitors and performance analysis methods
have heen surveyed. Software ané hardvare ‘techniéués are
compared with ré%erende to certain ,applicgtiéns. An
investigation of a general model for penfbfmance meésurement
tools has resulted in thé development of HIMOS, &ahybrid
interactive monitor system. It 1is designed for ‘a PDP-1%
‘minicomputer installation. The software and hardware parts

of the monitor are controlled from another PDP-11 computer.

The system can work in sampling and event driven mede., Its

!
’

ability to interfere actively with the performance - of the

mneasured system can be used for dynamic changes of the

measurement session. The control system provides online and

offline analysis of event reports. Monitor output is

directed to a graphic display uni% and canf be concurrengly

recorded on tape or disk. The usage of the monitcr .[in }
. .

several application fields is illustrated. through examples.
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/ Plusieurs moniteurs de systéme d'ordinateurs ainsi que

498 méthodeg d'analyse de performance ont été étudiés. Des

Eechniques de programmation et d'électronique ont été compa-
[¢:}

rées., Un moddle général d'instrument de mesure de perfor-

AT B L

‘mance a été examiné et il en a résulté le développement de
HIMOS, un systéme de moniteur hybride et 1nteractif. Il est
vconqu pour une installation de mini-ordinateur PDP—ll. Le
programme et l'électronique du moniteur sont controlés par

un autre PDP-11. Le systdme peut prendre des échantillonna~

T T E IR T T RARY

ges ou réaglr sur des &vdnements. Il peut intervenir sur la
pergprmance’de 1'ordinateur observé, change;nt ainsi la sé-.
ance de mesure. kLe systéme de controle permet 1'anhlyse des
rapports d'évdnements en ligne 6uferte ou fermée. Les ré-

sultats sont dirigés sur un écran cathodique et peuvent 8tre

N

enregistrés simultannément sur bande ou sur disque. L'emploi

" du moniteur est illustré par différents exemples.
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Introduction to Performance Evaluation

- ' . '\
1.1 Need for Fvaluation o

Prior to the description of the impleqentgéion, and
application of a practical téol for performancé measurements
in a computer system a discussion of the more general aspect
of performance evaluation for wﬁich'those ibols are reéuired
vill be presented.

The need for performance evaluation has ﬁdt ‘always gegn as

apparent as it is today. Pirst generation computer systems

had a very simple structure and the central processor unit

1

(CPU) was the dominant part of the installation. Peripheral '

devices such as maqgnetic tape drives, paper tape readers.and
punches were mainly used to ﬁaintain théktrafﬁiq‘of progranm,
data, and results between the system and the outside world.
The devices were under direct control of . the Cru.

COmputétion and I/0 vere not oveflapping because the CPU was

‘dedicated at any time to one or the other activity. For

scientific applications the power of a systen was mainly

dependent on the CPU speed. for, commercial use the

t

processing speed was generally limited by the performance og

0

peripheral equipment.
&

i The manager of a .computer cewtre was able to charge his -

customers by the clock on the wall. 'His main concern was to
insure'the availability of his system. Availability can be
defined as a measure of-the 1likelihood that a system is

J .
operating properly at a given moment, or as the percentage

»
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of time éurinq‘yhich it is wotking‘properly.
Wwith the égkent of secdnd ahﬁ tﬁird generation systems.';he
complexity of information processan ‘syséems has graown
considerably. For a human observer 1t became ippossible %b
_determine vhich job was executing at a certain time- in a.

multiprogramped environment. A scientific user could no

longer expect | the execution time of his program, to decrease

4

by factorvagl vhen the»”procgssing speed of the'CPU3 ués'
‘dOubled: fhe interaétioﬁs ﬁetweén’ - hardware, ’é}gtem
séftware, and user proqramsaacn far too complex:aé to'ailow'
thls kind of Slmpllfleﬁ deductlon,

It was not only for accountlng purposes that a whole

industry for ' performance measurement tools came into 3

sxistence. Very soon. it was. felt that it was not enough

1
!

just to write systenm and user softvafe'uith the only goal to

make it work. As the cost for maintaining computer systenms

1

vent up one became more concerned about their efficient use.
The performance of an existing installation had to be
»increased and. criteria. for future hard and software
dgvélopment had t6 be gathered. As a large variéty of

e

Sysfens is aoffered on the market, there must be a method to

Al
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e

compare the: different products with reéard to . the intended T,

application.

oo With the growing comploxity of modern operating s}étems it

€ alt vt e BT

- 'is dlfflcult to fully understand thelr behavxour. A system’ ‘ %
analystrhas to knov which parametérs affect whlch aspect o}

b the performance if he wants to tune a system. He nmay be

(Z) | cbnfrﬁnted with side effects which he ﬂid not'expect. His

decisions have to be based on information that he can only
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" obtain through performance measuremepts.

g

1.2 Some_Definitions L e .

' , T, . ‘
In order to define  performance of information
. ) - , ) ] N

processing systems some terms have to.be introduced first.

Throughput is the Tate at which a given'forkléad" can be

handled by the system. The workload'éan-consist’of payroll

<

‘payroll statements per hour. If we consider a network node,

this. measurs indicatés the number of messages switched per

hour. In a University environment we would be interested.

in the 'number of MLGOL or FORTRAN statements compiled per .

i

minute. A . detailed discﬁgsion of ‘wdrkléad’éhafacterizatidn
. is given by Ferrari [1].

. Depending on the application, another measure can- be nore

important: Turnaround time is defined as the delay betﬁéen

. . - . .
the presentation of input to a system and the receipt of

output from it [2, p.13]. Turnaround time is mostly used in,

4 -

P ] .
connection with batch processing Systems where {it _can

specifylthe time span from putting cards into the Hopper of 

a card reader and ‘getting a complete 1listing on [the line
\ .
printer. Other papers include human factors such as

L I . ,
operator handling. time, think time, debugging time etc. into

their definition (see for example [3, p.262]{.;’Buf in this

case we should speak about the :time which isr 'required for

one test and debugging cycle. ‘\

Closely related to turnaround time is the term "response -

time"., However this appligs more to real time apglibatibps;

Por industrial process control response timé  could meéasure

[N

v

f

., processing where thrbuﬁhput "would measure the number. 'of !

e
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the time elapsed between th~ arrival of a signal indicating
the position of a work piece and the emission of some
correcting signal from the <computer. In a time sharing
environment, responge time gives the period between a user's
request from the terminal and the moment at which the systenm
is able to service this request.

It should be pointed out, that system overhead (the
processing t}me which is spent 1in the operating system as
opposed to the time spent in a ;ser progranm) is not a
fundamental m2asure of performance. The goal of performance
improvement 1is not to decrease- - overhead but to increase
throughput and to decrease response time. Overhead can be
used as a descriptive parameter but it does not necessarily
affect ;;rformance.

Tn the previous examples, the term "performanc=" has been
used in different ways. Intuitively we can have a certain
feeling for what it stands. However performance as an
independent entity does not exist. It can be discussed only
in the <context 0f a specific application or a set of
applications.

For example 3 high level lanquage compiler may he judged by
its compilation speed. This is an adequate measure 1in an
educational environment whereas other users are much more
concerned about the qhality of the object code produced or
the storaqe requirements for the compiler.

In a commercial computer center, performance is relatad to

-

cost effectiveness. However this measure has to bhe

interpreted carefully with regard to the individual

A

application (3}. A fairly basic measure of performance,

A e, 5
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giving the mean cost of delay to each job is suggested by
Greenberqer [U4]. Generally we want sonme measure of
effectiveness that is related to the ability to process jobs

where jobs can bhe user programs or operating system tasks.

One approach to performance evaluation is to describe
the target system by means of an equivalent model. A m;del
is an abstraction of the real system containing only the
significant variables and relations. It 1is usually much
simpler than the system it models. On one hand, the input
to the model <can consist of data about the actual workload
of an existing computer installation. On the other hand
information about the expected task volume of a projected
computer Ssystem can be used. As this technique has tc
employ some simplifications in order to keep the volume of
the model at a feasible size, the result can only give an
approximation of the real performance; This method 1is
widely used in the field of system design and research.

More precise results about the performance of a working
system canh be obtained from the analysis of performance
measurements., Fspecially for the application in computing
centres where observations about the actual system usage are
necessary, this technique has known a growing popularity
during the last ten years.

Calingaert [2] has given a very good review of the
Aifferent performahce evaluation techniques. The decision
to use one or the other of thqﬂe methods depends on the

individual application. )

%
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In analytic models, the relation between systen

variables and performance parameters is described by a set
of mathematical equations. In accordance with real systen
behaviour it is assumed that events such as the arrival of a
new job at the input appear in a stochastic manner. This
means that variables can change their values in a randonm
fashion gﬁt the range of values and the probability of the
occurrenée of a certain value‘is known.

We may for eiample know a given workload for the system but
we cannot predict the sequence in which the jobs of this
vorkload will arrive at the input. Let us consider a simple
model of a batch processing system given by Grahan
[5,p.84067. In figure 1.1 new jobs which enter the system at
the input are stored in a first-in, first-out (FIFN) queue.
Time is divided into units called quanta, each of which is
exactly Q¢ $econds long. At the end of each quantum a new
job can arrive at the tail of the queue. The job at the
head of the queue is allocated to the processor where it is
axecuted until completion. Once the execution is terminated
it leaves the system at the output and the next job is
shifted to +the head of *he queue. If the queue 1is empty,

the processor remains idle.
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‘ QUEUE PROCESSOR
- Fiqure 1.1
To construct an analytical model, the job arrival time and
the execution times for each job are expressed by
probability distributions rather than in absolute terms.

For example it can be assumed that a new job arrives in the

system at the end of each quantum O with probability pQ.

i
The resulting job arrival distribution is a special case of %
the discrete Bernoulli distributiop. The job's execution }
time can be chosen independently from a geometric 2
distribution, s, assuming that each Jjob requires an exact é

multiple of Q for processing. The probability that a job

requires n quanta for execution is then expressed by s (n).

g

Wwe can modify the previous model to study the round-robin :
¢ scheduling policy which may be used in time-sharing systems

(fig.1.2) . In this case the processor is only allocated to

one job for exactly one quantum of time, If the exésution
was not completed at the end of one quantum the jéb is fed
back to the end of the gqueue. There it waits together with
other incomplete or newly arrived jobs for its next time
slice in the processor. Assuming that a job's execution

time is exactly nQ, it will have travelled n times though

pn e m an

the system before it has completed.

v = s v e gy . e e
. i ol e R
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uncompleted jobs

meur ) -————)':___, 0 UTPOT

QUEUE PROCESSOR

Figure 1.2

Another version where this model is extended by a second

queue to buffer the incoming jobs 1is given by Blatney et.

al. [6,p.412]). According to a selection algorithm, jobs are
chosen from this auxiliary store to be placed at the end of
the queue of the previqus example which now serves as
intermediate storage area for uncompleted jobs. Further
levels of detail can easily be added to the model, but as is
shovwn in the above mentioned paper, a deep analysis of the
model can already become quite complex.

For the first tvo examples, Kleinrock {7] has derived
equations for the expected total time that a Jjob spends in
the'system under the above stated assumptions.

A more compley mnodel which analyzes the system throughput
as a function of 'input/output and processing overlap 1is
described by Hellerman and Smith [8]. Several simplifying
assumptions had to be adopted to keep the mathematical
framework within prac%ical limits. This shows already a
severe drawback from the technique of analytical models.
For complex systems, the relation between dif ferent
variables may even not be expressable by mathematical
functions.

Analytic models are most useful for the evaluation of

subsystems of limited size (e.g. drum paging efficiency
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{[9)). As they need a certain degree of detail for their
descriptive parameters they are in general usedq for
evaluation of existing systems. At earlier stages of systen
development ‘where this .information i§ not available, éhe

simulation technique is more appropriate. '

»

*

1.3.2 Lloqical Models

While for analytical nmodels, tgq system vst}ucture hﬁs
to be translated into mathematical terms the logical model
reflects this structure more 'directly. There are several
different ways to express a system structure.

The directed graph model is very similar to a flowchart of
some software. System states are represented by nodes and
transitions fronm oﬁe state into another are shown as
directed arcs. Mo%g details on this technique can bhe found
in the literature 610,11].

Another interestimﬁ approach to logical modelling is in the
use of Markovian mZGels. Foley [13] has described such a
model, using a digcrete time semi-Markov chain where the
time interval betwepn successive state transitions is fixed.
The chain is described by a transition probability matrix
whose elements are ,the probabilities of entering a certain
state from the current state of the system. The transition
probabilities can gither reppesent expected or estimated
values, or they can be obtained £fron measurements on the
executing target system.

Simulation which is the most frequently used technique
among logical models will be discussed in more degail in the

following section.
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The first st2p in simulation is to define a dynamic.model
of tﬁé investigated computer systen. The model consists of
classes of mrntities, the attributes 6f these classes, a set
of activities, and a set of events. A Jjob that is to be
executed by the system represents, for example, one class of
entities. It can be‘gescribed by attributes such as memory
requirement, I/0 activities, execution time etc, Activities
are, for example, arithmetic computations or waiting for I/0
completion. A job that enters the systenm causes‘an evelit;
T/0 interrupts can also be classified as an event. Events
have no duration but in general they induce some activity.
The basic concept of simulation |is time. Al though
simulation time is uswmally not equal to the real system
time, the simulator controls events and activities with
regard to its own time scale. Thus the simulator follows
the sequence of events which indicate changes of the systen
state over time. Models for simulaiibn of digital computer
systems increment iime in discrete intervals whose length
correspond to the simulation fimé between consecutive
events. ’

To simulate a system, a set of different expe;iments is
conducted on the model. In’bther words, a sequence of

different workloads is, presented to the input of 'the model

and results about the system performance on this ing;t are _

obtained.

Another way to drive the nmodel is to measure certain
parameters such asliob arrival time,'distribution of page
faults etc. in a real system and to use this data as input

to the moda1. buring ° simulation, other performance

]
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parameters can be varied tn find their optimal values. In

v

ﬁhis case we speak about trace driven modelling.

If req%ired, the simulation results of a series of
experiments can be formulated as mathematical equaticns
describing the relationship between system variables and
performance paramheters. This abstraction can then be used
to carry out further experiments more economically. This
indicates that there is no ~absolute separation between
analytic models and simulation models. For example, some
subcomponents of a system can also be described analytically
within a simulator. Of course, it is much easier to modify
some aspects of the system in a simulation model Jjust by
replacing attribute definitions than by modifying the
complex equations of the other nmodel. In simulation no
attempt 1is made to isolate relations between variables;
observations are merely carried out on how they change their
values withkfime.

In practice, the task of creating a simulation' model is
simplified by special purpose éimulation languages such as
GPSS (General Purpose Simulation System) or CSS (Computer
System Simulator) [14}. Those 1languages provide facilities
for varying parameters, for different experiments.

Especially at the planning stage of computer systen
developnent the simnulation model represents the most
cohvenient technique for performance evaluation. Tt is not
only the mést flexible of all models but it also can be
constructed to any level of detail. Concurrency of

activities can easily be modelled whereas analytic models

are not able to express this feature which is bacoming more

e oy

oo o
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and more important in modern computing systems.

However all modelling techniques have common disadvantages.

S

The obtained results can only be as gyood as the model.
Analytical models are oft4n oversimplified to reduce their

complexity whereas simulation models are very expensive.

simplifications and assumptions in less known areas of the
system cin lead to undetected distortion of results. The

validity of a model can be examined by comparing the results

with those obtained on a real system but of course this is

only possible if this system already exists. As the

performance of a system is a function of the input, the

experiments have to be designed at least as carefully as the

model.

1.3.3 Performance Evaluation Progranms

The tachniques described in this paragraph apply to

installed operational systems. They are mainly used :to

compére pecformance of different systems or to verify
expected improvements of system behaviour. Exeehting the
( same assembly run on two different machines, we may observe
different execution times just by looking at our watch. Put
even by timing the runs with a clock with a resolution of
one microsecond would not tell us why machine A 1is faster
than machine B. If we did the same test with another sample
job we could obtain the opposite result, computer B being
the faster one. In order to achieve more objective results’,
artificial workloads consisting of special programs or
(M> sequences of programs have been developed to =valuate the

performance of computing systenms.
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The simplest technique in the class of performance
evaluat%on programs is the instruction mix. The frequency
of a machine instruction is derived from a dynamic trace
under real workload. In the instruction mix, each

instruction execution time is then weighted by a coefficient

. based on the frequency measurements. A table of instruction

weights for a scientific and for a commercial mix are given
in [15]. Knowing the instruction execution times of the
target CPU a value representing the CPU performance can
ecasily be <calculated. The result depehds off the dynamic
trace which determines the relative importance of each
instruection with regard to the overall performance.

The kernel technique wuses another attempt to define a
representative workload. It 1is composed of one or more
assembler routines, each of which solves a specific
computatisnal problem, e.g. matrix inversion or evaluation
of a poiynomial. The set of problems that form a kernel is
considered to be representative of the predominant
application of the systenm.

The kernel technique has the advantage in that it is more
TPU independént than gthe instruction mix as it tests
performance on a task level rather than on the instruction
level. However an objective comparison of different CPU's
dependsl on the objective programming. The advantages and
disadvantagas of +the last two techniques are discussed
further in [ 2].

So far, the 1I/0 characteriséics of a system have not been
evq}uated. Benchmark problems include this feature in their

workload definition. A popular benchmark problem for
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commercial installations is the file updating program [16].
A processor reads a master file from dAisk or tape, upda;es
it according to a detail file and produces a report/file
containing a record of each transaction performed.

Many attempts have been made to standardize benchmar&s, but
in general, they still reflect a special application. This
.technique may be valuable to gain insight into the expeéted
performance of a system mainly used for a particular
application environment but it cannot give a global measure
of system performance.

Synthetic Jjohs as proposed by Buchholz [17] are more
flexible than benchmarks. Tn those programs, written in
high level lanquages, various resources may be
parametrically changed to fit the characteristics of a real
workload. This is done by several tasks which are executed
cyclically. As every task Eequests for another resource
(memory, CPU—tiﬁe, I/0 chanhels, etc.), the loop parameters
can be adjusted to the system size and the workload to bhe
simulated.

The techniques described so far evaluate syétem performance
under the condition that the test program is the -only one
executed in the system. In this case the execution time of
the Job is used for evaluation or comparison. For
timesharing systems we would égther want to measure the
response time under an artificial vofkload. This means
several wusers have to be simulated submitting different
tasks concurrently to the systenm. A description of an
internal driver simulating interactive usérs for the MULTICS

time sharing system is outlined in /[ 18]. Fach user is

&
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simulated by a process which can be considered an
interactive benchmark consisting of a fixed sequence of
comhands and fixed think times. -

Criticlzing performance evaluation programs, one can say
they rather define performance than evaluate it. 'Yet, if
well understood, they can give some information about
performance with reqard to the yielded application. If they
are used along with performance measurement ¢techniques
(vhich will be discusgsed in the next c¢hapter), the obtained

results can help to improve system performance under a well

defined uorklbad.




CHAPTER 2

Performpang Jg.ggs..gﬂg-zgﬂninmg

Performance measurement or monitoran can be defined %f
the process of obtaining useful informatlon 6n1 the

performance of software and " .software contrélled computer

hardware. The earliest measurement tools were developed

around 1956. @hey were able to supply information such as
job execution time or core utilization which was opfainéd by'
core resident softwvare monitors. In 1958 IBM developed the
first laboratory version of an external hardware device for
performance measurement. Tablesu A.1 and A.2- give a
historical overview of some of the monitoping tool; and

their capabilities that have been implemented so far.

OBJECT SYSTEM

. . li Il , SENSO RS

SELECT SYSTEN

1

EVENT FILTER <

4
i
o &
= 4
'

MONITOR CONTROL

«
q
A
-
e 4

0OUTPUT
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The basic structure of a monitoring facility can be
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“descrihéd by the mod@l in fxquré 2._, reqardless of hardware

or softuate belnq used to xfr&ct the information.  The

compnter systém which is to be measured is cdlled the object

or host system, ~ Sensors collect siqnalq uhich indicate

changes in the's£ate of*thls SYStem. 'These changes are also
called events. The sensors can be 1mplementaa hy software
or’harduaﬁéix fheif {mplementation will be discussed in more
de@aii in tﬁe foilpwing ‘pﬁapters; A’ hardware sensor 'for
ei@hpig can fnﬂicate if ,the wait light ‘on the computer
consoie is on or off. On the other hand, a softvare sensor
can give an interrupt to the monitor whenever executionlof a

program passes over a predefined point in the code.. The

' select system chooses desired observation points at times

‘when their sta;és are of interest. The nmeasurements then

proceed through the next stage where the flow of avents is

~filtered so as to reject signals that are irrelevant for the

particular monitoring session. Both selecting systems are

supervised by the monitor control which receiyes the

’
1

preprocessed signals and produces some sort of ou@put.
Early monitoring devices in general recorded the collected

data on -magnetic tape. Programs were written to process

these tapes after a monitoring session, reducing the large

kg
amount of data and creating statistical réports. The

Jproblem‘ of interpreting monitor ré§ults is considered in
[31]. Later monitors reduce and process the incoming data
in real time besides producing a detailed record on mass
storage. Graphic %gisplays provide 'a convenient way of

visualizing inmediately systen activities as 'they take
o ; A o ' ”
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2.1 . Objwctives for Monitoring a

Monitoring is wused to obtain exact information about

the various activities in a computing system while it is
sxecuting some tasks. NOne of these tasks 1is the operating
system itself which normally is the most complex program of
A given systen. In general computer manufacturers offer a
range of op=2rating systems for different applications.

However the detailed specifications which depend on the

BER- Rt . g e

individual computing environment have to be entered in the
form of parameters to the system. Many of +these values,
2.g. the maximumr number of conmnected terminals or *%@ number

o
of tape andi disk drives can be determined riqght at the
heginning. However for tunipg the operating system to

achieve optimal execution a system monitor 1is almost

indispensible.

2.1.1 Measurement of System Activities
Before optimizing system or user software we have tc
get a picture of the real systen activities during
execution. Measurements can give a utilization report for
the different modules of an operating system. Based on this
information, more frequently "used modules can he made core
resident vhile others can be stored on disk or drum. The
statistical analysis of a disk usage report could show a
high probability that module B is accessed immediately after
module A on the same device. In this case seek times can be
(:> reduced by locating both files inh the sequence A,B close

together on the same device.

e s et . Py - .
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Many times device bottlenecks have slowed down a whole
computer system. It can be very painful to pinpoint the
source of troubles {if no monitoring facilities are
available. Using a monitor, an wunexpected overload of an
input/output channel can easily be detected ijust by sampling
the channel activities during peak periods. This can also
led to predicting future facility requirements of the
computing centre.

System measurement may also help to improve the coding of
software. “~antrell and Ellison [ 19) talk about "performanc=
bugs" by which they mean errors in evaluation or judgement
of performince optimization. If the performance of some
software is important it should be performance debugged hy
measurement and analysis. 1Inefficient parts of the program
can be detected and recoded.

Another way to use monitors which have already been proved
to be useful is 1in connection with simulation to produce
vhat 1is called "tracé driven modelling® [15]. A very
detailed profile of thel job’ stream, down to an almost
microscopic level is observed and supplied as input to the
simulation model.

Most operating systems are documented by numerous manualce
and even 1if }heir descriptions are accurate (which is not
always the case), system understanding is better facilitated
by monitoring devices that show what really happens in the
computer. A performance monitor with graphical output can
help teach different aspects of operating systenms. Such a
device «could also be used as feedback to the operators

enabling them to make decisions.
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™he main objective of monitoring in this thesis is to offer
a tool for operating system research and development. The
monitor can he wused to verify the efficiency of algorithms
for paging or task scheduling. For the MULTTCS operating
system [20] this application has proved to be very useful
[18). Performance measurement can also be used for general
software research such as program correctness proofs,
automatic flowcharting, tracing, and debugging (see for

example the SNUPER COMPUTER project [21]). Somne of these

possibiliti=s are discussed further in chapter #f.

2.1.2 DPrevantion, Detection and Recovery from_railnres

As mentioned in the last chapter, availability 1is an
important factor in computer system performance. The
conventional way to increase availability is to schedule
certain maintenance periods during wvhich the system 1is not
accessible to users.

Permanent nmonitoring of the activity of system devices,
including the CPU can help reduce maintenance time and yet
insure high reliability of the systen. Most operating
systems are already able to capture faglt conditions and
produce a corresponding message. Monitoring facilities can
go a step further, producing a precise report on all error
conditions to ., show the maintenance personal vhere tc
concentrate A their efforts. Further 1improvements  are
obtained when the monitorv analyzes fault conditions and

executes some of the diagnostic routines on the devices that

reported failures. When this is done during idle time of

the system, the time for maintenance <Tan be reduced even .

R, SRy & Tl 1 e Al e S

PO

R Y

- M T - o

P O



| =

e cat 4 Wm,mwmﬂw‘mwm oL,

b e e WTEM

]

21
further.

In every computing system there are some resources which
are vital to its operations, If the disk drive which
contains operating system modules, part of main memory or
even the CPUJ itself is working impropa2rly then the system is
"down". At installations that control important processes
such as air traffic céntrol or centrals for electric power
switching, backup equipment for the most important resources
is indispensible. In these systems a monitor could quickly
detect an error condition and initiate the“necessary actions
to replace the defective device by its ﬁackup. Tn computer
networks a node causing problems can be located and messages
can automatically be routed through another path aveiding
this node.

With the growing «complexity of operating systems and
multiprocessor hardware the reliability of computer
installations becomes an inchasinq problam. Many tinmes
users are frustrated by system crashes which are due tc
implementation errors. For the system manager it is often a
very difficult task to reconstruct and analyze +the reasons
for the malfunction. Dynamic verification and consistency
checks by a measurement device could help analyze and aven
prevent such events. Plausibility checks can, for example,
detect unreasonable overusage of resources vwhich may be a
hint for failure 1in the near future. This situation 1is
typical for ' deadlocks which occur when the resource
requirements of different tasks cannot be resolved: Qne
approach for dynamic verification of operating systenm

decisions is described by Fabry in [ 22].
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(- 2.2 goftware Monitors
The wearliest monitoring techniques developed used

programs in core to monitor what the system was doing.

These monitors are an integral part of the host system, i.e.
the system that is to be analyzed. Thus, the ;monitor is
both logically and physically a part of this system. The
primary attribute of an internal software measurement
. technique 1is that it has access to and can selectively

-
record system data stored in memory or CPU registers

(depending on the computer architecture, device registers :

and buffers can be examined too).

i When activated, the monitor interferes with the systen

operation to record and analyze values of interest. This

leads to some considerations for the development of software
moni tors:
- The monitor must not alter any system variables

except the ones that belong to the monitor itself.

- Resources used by the monitor, e.g. CPU time, memory

space, I/0 channels ﬂave to be well defined.
-8 - The presence of the monitor must be logically
invisible to the systen.

Normally a software monitor is written in aséembly
language. The reasons for this are twofold: first, the
execution time can be kept at a minimum and second, .the
access routines to system registers and wmemory locations
have‘to be written in a low level language.

( ) A survey of existing software monitors is given in appendix

4, table A.1.
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2.2.1 Sampling Technigue

The basic idea of +the sampling technigue 1is to
interrupt the normal flow of execution at periodic intervals
vhere control of the system is passed to the measurement
routine. The intervals can be determined by ayclock or a
combination of events in the system that meet some
criterion. The best choice for the sampling rate would be a
random time schedule which is known to be statistically
independent of any natural execution pattern in the proqgranm
to be analyzed. Thisavoids synchronization effects hetween
the mo;itor and the sampled events which otherwise could
amplify or zero out the recording of periodic events.

To obtain a compute time profile of a program, that progranm
is 1loaded and run in its normal fashion without any
modifications and without any nced ﬁfor prior {;owledge of
any of 1its characteristics. At the time of a sample,
execution is interrupted and values of interest are recorded
by the monitor. Some of the typical information gathered at
this point is given in the following list:

CPU active

Location of next instruction to be ®xecuted
Instruction code

Location of data referenced by the instruction
Processor status word (PSW)

Status of channels, control units, and devices

T/0 originators.

This information, recorded on tape along with the sample

time is sometipes called a '"system's snapshots At the

o

i

At e .l o oA g 5N,



e

)

24
completion of the run this tape can, for example, be sorted
by interrupt 1location address and the resulting frequency
distribution printed. The accuracy of the sanmpling
téchnique is based on the central limit theorem [23]. The
central 1limit theorem states that the accuracy achieved
improves as the number of random samples increases. TIf Q000
samples are taken, the probability that we will be within 2%
of the actual value is 99.99%. After approximately 26000

samples, there is no substantial improvement in accuracy.

2.2.2 Intercept Tachnique

Another approach to software monitoring is to place
intercept points (or hooks) at strategic locations in systen
software and application programs. When the monitor 1is
enabled and execution passes over guch a point, control is
passed to the measurement program which records interesting
values just as in the samplinq mode before passing control
back to normal execution. Contrary to the method described
in the 1last chapter the intercept technique 1is very
operating system and machine dependent. This is mainly
reflected in the wvay how the hooks can be placed. In
systems with many different vectored interrupts where each
of them is responsible for a small group of peripheral
devices, the interrupts can be intercepted to ocbtain
information about I/0 activity. If additionally the
operating system and user programs exchange information by
means of sone sort of supefvisor calls which cause
interrupts, there is a convenient way of moﬁito;ing this

type of activity with the intercept method. In some systems
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an entire class of interrupts may be matched into a unique

kY

address. Generally within the system architecture there is

further information which identifies the specific nature of

the interrupt.
To create intercept points for events other than

interrupts, the source code has to be modified by insertion

of special intercept <code at interesting points of the

program. This 1is for example used to monitor if certain

.

locations such das branch entry points or subroutines are

axecuted. Details of the implementation of sampling and
intercept monitors are described in chapter 4. ﬁ
b}

With the intercept technique the requirement for software

¢ monitors to be logically invisible to the system when the
4

monitor is not active is nmore difficult to meet. While

there are no problems to deactivate hooks which capture

interrupts just by resetting the original addresses 1in the 1
interrupt vectors, this can cause more problems for hocks !
that were placed into the code. As changing the source code

to remove those point? is impractical, a way has to be found ;
to <change the hook command into a NOP (no operation)

comﬁand. In bigger systems like the IPM 370 series, this :
can be done by the EXECUTE instruction which has the ability
to define ; hook instruction either to be an interrupt

‘creating one or to be just a NOP. Microprogrammable

machines can support the same feature in a similar way just

by redefining a micro instruction. For computers from
Digital FEquipment (PDP11 family) the _problem has ¢to be
Qij solved in a different way vhich will be shown in chapter u.

Another technique which 1is for example used at the McGiil




0

26
computing centre should be mentioned. The software monitor
(SLACMON, [51)) is invoked whenever the CPU is idle in order
to use up all "spare" time. During those periods, a ccountet
is incremented at a fixed rate. The counter valne gives

then a measure of the CPU load.

2.2.3 Comparison of Sampling and Intercept Methods

— .

In a commercial computing environment where only the
overall system behaviour has to be controlled, thes sampling
monitor would be a sufficient tool. It 1is relatively easy
to handle and the degree of detail can be adjusted simply by
changing the sample frequency. On a CPU with an average
ins}ruction time of one micro second and a sample rate of
one milli second, statistically relevant information can be
obtained after only 10 seconds with a maximum of 1000
instructions between +two successive samples. Tn ;practice
this means that a system profile can be updated in gﬁ second
intervals. Hovever the choice of the sampling %fequency is
not’a trivial one and depends upon the yiel&éd information.
Another prohlem with sampling monitors is their low degree
of flexibility. The set qﬁ values collected per sample
during one session is mostly invariable. The selection will
have to be general enough to give all the required
information but it has to be detailed enough to mininize
redundancy in this %nformation. The number oé values
recorded per sample cannpt be too large to keep the ratio of
recording time to sampling period resonably 1low and thus

limit the overhead.

For applications where specific problems in a system have

L i
1

LRV UPRCITE PR S g



to be analyzed and where edach occurrence of certain events
has to be recorded, the intercept monitor is the nmore
appropriate tool. At initialisation a set of events can he
defined along with an individual description of the
information to be recorded for each of the events. This
feature increases the flexibility of/ihat monitor type and
decrézses the amount of redundant Qaéa recorded.

Assuming we want to monitor disk arm movement to find an
optimal arrangement of files on that disk we <can specify
that only values 1like physical disk address, seek time and
originator identification be recorded. 1If, in the same run,
paging activity 1is to be monitored, the events indicating
page faults etc., can produce a completely different set of
values. This distinction cannot be made in sawppling
monitors where we would have to record the union of both
sets for every event which . of course increases +the impact
that the monitor imposes on the system. .

In general, the main advantage of the intercept fechnique
is the ability to concentrate on a clearly defined range of
system activities and to generate a reproducible raport.
‘The monitor overhead in the sampling technique 1is readily
defined by the sampling rate and the number of values
recorded per sample. This is not so easy in the case of the

intercept technique. Actually the overhead is a function of

the event occurrence. Additionally, an exhaustive overall

'system profile based on a statistical evaluation cannot be

obtained.
As long as events can refer to interrupts, the installation

of an intercept monitor is no problem: the corresponding
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interrupt vectors just have to be modified to point to the #
( monitor routine. But the installation, activation, and

deactivation of hooks in the software code can cause some

headaches. As mentioned in chapter 2.2.2 this depends on

the system layout.- A quite unproblematic solution for

computars in the PDP 11 family is shown in chapter 4.

A1l software monitors require host system resources such as

CPU time, core memory, buffer space, I/0 channel time, and

mass storage. This of course is a disadvantage as the

monitor's operation may distort the normal system activities

and thus may lead to a situation which is known as the

Heissenberg wuncertainty. Therefore the impact of th

1]
S

monitor imposed on the measured system has to b

®

investigated carefully before the results of a monitoring

session can be analyzed.

il

2.3 Hardware_Monitors

2.3.17 Architecture_of Hardware Monitors

Rt datazsy o WA

In the previous section we Have seen that software
monitors use resources of the host system. Amonqg other
réasons this was one of the ‘drawbacks that 1led to the
development of hardware measurement techniques. Table A.2
shows some of the hardware monitors developed during the
last 18 . ears. A good description of the history of
hardware measurement techniques is given in [247].

(h) - Hardware monitors collect electrical signals that indicate

the state of ‘the host system. Probes are attached to test i

$
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points or pins on the back panel of the computer system.
(‘ These high impedance probes are completely passive +to the

host systenm. In other words, they do not affect the

performance of the computer in any-wavye. Hardware monitors

usually operate in sampling mode rather than .,in the event

"y

a

driven fashion. In the second case an event is caused by
the occurrence of an electrical signal at a probe point.

Once signals are presented to the monitor, they are

¢ generally made availahle at some form of 1logic plugboard.
This is used to accomplish first level data reduction on the

signals to determine states of coexistence and nmutual

exclusiveness. 1f, for example, the overlap of <PU and I/O

| channel activity has to be measured, we would "NR" the
active signals of all channels and combine this output via a

logical "AND" with the CPU active signal. More exémples for

the use of 1logical data reduction in hardware monitors are

sk o et

listed in [25].
The resultant signals are directed to several counters or
recorded together with a time stamp on a storage media.

Some of the more.recent hardvare monitors perform some real

T g e e SRR RS S o e

time evaluation of the incoming signals and update the
result periodically on a display unit. .

f \
The method by which the siqgnals are evaluated and recorded

constitutes the major difference between early mcnitors and

Hotoie

those avajilable today. It also defines the +ype of

measurement which the nonitor can perform:and thus is a

RS

means of classifying hardvware momitors-into major subgroups.
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The earliest hardware monitors developed by IBM were
summary type monitors (see appendix A, table A.2). They
racorded signals either by timing their duration or counting
the number of times they occurred. The counter contents was
periodi&ally read out and written on tape. Thus, the

summary type monitor could -.give information about the

percentage of time a signal was active over +he monitoring
period. When counting the signals it gave the frequency of

occurrence for the measured events.

It is important to note that any dynamic properties of the
system activities were lost in the accumulated information.

However for computing systems in the early 1960's this

monitor typ2 was good enough to give a <clue *o what was

happening in the computer. At many installations . this

b £t o,

technique is still used to produce overall systen
utilization reports. H
2.3.3 Dybhamic Monitors ”

With the increasing compleiity ' of computsr systems the .
need for nmore degéiled activity reports became imperative,
Information was reguired for input to various simulation
programs whose accuracy depended on the actual di§tribution

of I/0 and computing activities. The summary type monitor

vould indicate the CPU bheing much mote. utilized than

expected hut the cause of the inefficiency Femained unknown.
‘_lx ' ) . lf ‘ N o ;
(;) . One of the early attempts to overcome this problem by using.

"a dynanmic mﬁnitor is gtvén in (261. A dynaq@c-trqcé of the

5 P
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event "Jump instruction exsccuted”" was used to follow the
execution flow andﬂﬁo detect loops.

Instead of merelyfaccumulating the events, dynamic monitors
provide a trace in time of events as they occur. The major
problem in implementing these devices is that the computer
is generally able to change its state faster than the
monitor can record it. There are mainly two soluéicns to
the problem: either the monitor:s resolution is kept at a
frequency at which tlie storagé facilities are capable of
registering the events or as in {27) the mopitor 1is given
the ability tc stop the host system at «certain times to
follow up with the recording activity. However, the
interruption of the host compqtef is against the priﬂciple
of noninterference as stated above for the basic hardware
monitors. *urthermore it can hardly be tolerated 1in
compercial inétallations. Differeﬂtl buffering tachniques
have been implemented to increase the resolution of dynanic

monitors without losing too much information.
p
2.3.4 Modes of QOperation

Modern hardware monitors <combine dynamic as well as

summarizing features to provide information about dif ferent

ASpects of the hast system actjvities. Corresponding to the

“measuraenents made by the earlj monitors there are basically

three modes of operations

1. PBvent mapping (E-M2P) mode: _In ‘this nmode the

counters used Ey the early"summary'honitors ate replaced by

" - . words in th2 monitor's random access memory.. The address of

~a memory word .is ‘givem by the code of ‘the event; The.

'
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contents of each memory cell represents either the
accumulated count of the events or the total time a
particular event is active. In the first case, the content
of the according memory cell is incremented by one every
time the event occurs. In the second case, the monitored
signals are sampled at reqular intervals as specified by an
internal clock.

2. Time mapping (T-MAP) mode: While an input* signal is
active, a counter is incremented at a rate determined by an
internal clock. W®hen the specified signal becomes inactive

a memory locationh whose address 1is given by the <counter

value 1is incremented by one. The nmonitor's m=amory then

represents a frequency distribution for the duration of the (

observed signal. 7Tn practise this could be used to obtain"

?
the seek time distribution of a disk unit.

3. Store mode (S-MODE): The store mode corresponds to
tpe trac; measurements described in chapter 2.3.3. The
event codes :are simply written in consecutive memory
locations as they occur or at the frequency determined by
the inéernal sampling qlock. The memory 1is divided intc
buffer zones which are periodically dumped orn *ape to free
tﬁf Etoraqe spica. The choice of one of the monitor modes
depends on ' ti’e information requirements. Several examples

how these features of hardware monitors can be used are

presented by Epstein [28].°
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While hardware monitors can virtually measure any
significant physical machine event, they can cépture logical
events only in some cases. Protect key activity on IBM 360
systems for example is strictly a logical function of the
operating system, but *he register that contains the code
for the protect key of the contoll%nq task i544% a fixed
machine location and can therefore be monitored.

2 number of extremely important system characteristics are
never reflected directly in the hardware. Thus there is no
efficient way for a hardware monitor to determine how much
mémory 1is occupied by user programs, how ﬂ%ny jobs are
currently in the job queue, the reésons why many jgbs ma y
wait for resource allocation before being initiated or how
long a particular executive routine may reside in core.

The most evident advantage of hardware monitors is +that
they do n6£ affect tha host system in its performance. They
are capable of sensing a wide variety of hardwaré and even
some softwvare events but they are limited in their ability
to detect thn. stimulus for a set of responses. ™his cause
ana effect relationship can he better astablished by
software nmonitors which take advantage of the fact that they
reside within the host systen. They have access tc
virtdually any parameter which is controlled by the oper;tinq

system software. Espeéecially in multiprogramming systens,

the latter technique vaAn be used to investigate the systenm's

task table and correlate the location of an event with the

identification of the originating program. Physical machine
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avents, howevar, are beyond the reach of software monitors.
In table A.3 three mcnitoring techniques are compared with
regard to the mpost important criteria.

Fortunately, the capabilities of hardware and software
monitors complement each other and thus suqgest a solution
to this problem. The resulting type of systems monitor is
called a hybrid monitor. The underlying premise of the
hybrid monitor is that a hardware monitoring device is not
invisible to the operating system, but instead, it is
treated as an "intelligent" peripheral device.

This concept has been implemented at the MI™ Lincoln
Laboratory [29] where sensors and event counters are
ailocated to user programs under the control of software.
The user can define which activities are to he sensed and
the hardware device interrupts the user program as Soon as
it recognizes cne of these events. The device has been used
to derive an online histogram of the subroutine utilization,
to 1investigate virtual memory performance of a single
program and other similar tasks.

The distinquishing characteristic of hybrid monitors is
that software can be used to determine activities which are
to be measured by the hardware device. This 1implies that
the commands to a hardware monitor are no longe2r given by
buttons on the front pannel but +they are dynamically
supplied and altered by a software program. In table 3 the
difgerent monitoring techniques are comparad.

For exanple, suppose the memory activity of a certain
program is to be monitored. Soft hooks can be ?stablished

P .
in the supervisor's dispatching module to detect when the
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program is about to be execnted. At this point the software
monitor can take control and transmit to the hardware the
hase address and size of the prcgram. Since memdry activity
is to be monitored it also directs the hardware to select
the memory address register as the source for the
measuremnents,

one of the first hybrid monitors for systems with virtual
memory is +he DSP~-1 [30] which 1is currently used at the
McGill computer centre. It reduces the monitor overhead in
the above mentioned example in the following way: A map of
memory areas that have to be monitored is =ostablished by
software and sent to the device vhich then continously
samples the content of the program counter (PC) and compares
this value to the ones in the map. As soon as the PC enters
none of the specified memory areas, gﬁe noaitor starts to

record predefined system variables.

As we have seen, the monitoring devices have become
more sophisticated with increasing complexity of computer
systens. Rhile the first monitors purely recorded
sverything they were able to measure, the more advanced

techniques concentrate on the problem of screening the

sensad signals to eliminate redundant or unvanted

information p;ior to the necording.*' Plugboard logic and
event filters were improved but at the end ‘it became ohvious
that many problems could be solved if 5 second processor
vere used to perform the preliminary data reduction. This
has led to the last generation of performance measﬁrement

tools which will be the subject of discussion in “the
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CHAPTER 3

Monitoring with External Processors

3.1 A_General Instrumentation System

The DSP-1 mentioned in the last chapter is an elaborate
tool for performance measuraments. The sensory system which
had to be programmed for different logical combinaticns on

bulky plugboards in earlier systems is now controlled by
e

X

commands on a console. However, the most important feature
of the DSP-1 1is the possibility to transmit those commands
in remote mode from the host system, i.e. software residing
in the monitored computer can define the preliminary data
reduction and other parameters that cdntrol +the monitor's
operation.

As it has been shown, hybrid mpnitors combine the
advantages of hard and software nmonitors but they are not
flexible enough to change the monitorihq mode dynahically as
a function of the incoming events or to perform more conmplex
real time data reduction. Due to the storage requirements
of the'map and store modes, menmories were added to monitor
devices. Their internal control structure required an
increasing amount of hardware to supervise the data flow.
The DSP-1 monitor incorporates already a sbecial purpose
processor to take care of these functions. '

In this chapter one further step will- be t;ken and a ﬁoré
flexible instrumentation system will be discussed uﬁich

includes its own processor and software residing in the

“
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monitor's memory. This model is, at the same time, the
basis oft which a performance monitor was developed and which

will be the subject of the remaining chapters.

3.1.17 The feneral Model
Logically the monitor consists of three parts as shoun.
in figure 3.1. The softwvare monitor, operating in sampling
or event driven mode, resides within the hos* system where
it extracts information which 1is available in the host:.
memory. The hardvare monitor collects electrical signals
with 1its sensory system and performs first level data
reduction. Both units send‘ the preprocessed information to
the control or supervisor system. On the other hand, the
control system has the ability to send data back to either
of the monitors, interrupt their operation via control 1lines
and also interrupt the hogt system itself. This last éoint
is usually not found in commercial monitor devices.
"However, itvhas proven to be very useful for applications in
research and development. Finally, after having processed
the data, the control unit communicates the result over the
I/0 bus to some peripherals. |
In the following three paragraphs we will take a closer
look at each of the components. A functional drawing of the

configuration is given in appendix ), figure A.1.
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Software

Monitor Control

.&

Host Systenm

Sensor

Hardware

Monitor

Control

I1/0 Devices

Pigure 3.1: General Monitor Model

This part of the performance measurement system resides
in the host memory. For normal applications, the software
monitor runs in the intercept mode because the data gatherea\
in sampling mode can be extracteé more efficiently by tﬁ§;
hardware sensors.

As early as in 1967, as part of the "Snuper Camputer"
project [ 21], Estrin developeé an idea for hybrid monitors
wvhich has been’ included in- this systen. Tnstead of
inserting softhooks at strateg;cally impor%gnt pointé of
programs which aré)to be monitored, the‘softwére is analyzed
at compile time and the relativé program. counter value fot

those points is determin&d. The technique .used by Estrin is

!
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very similar to those used for program correctness proofs
[35] (see also Thapter 5). At load ¢time the absolute PC
values of the event locaEions are Jdetermined and passed on
to the sensory system which reéorts an event as soon as one
of thosa locations appears in the PC during execu%tion.

Of course, the method is not easy to implement as it
requires changes 1in the operating system software, namely
the compilers and loaders. It has the advantage that the
system degradation is placed into utiliéy tasks and the
program to be observed can run without any interference. It
is also a typical example for a situation where the
distinciion hetween operating system and software mcnitor
begins to disappear.

wWhen the monitor, running in intercept mode, has recognized

an event it will collect relevant data and send it together

with the event identification to the <control CPU. This

transmission can be done over a standard I/0 channel of the
host systen. The same channel is wused in the other
direction +o send information about the operating mode to
the monitor, This has to include interrupt vector
locations, a breakdown of events to be captured per

interrupt if the vectors are used for multiple functions,

and details about the required data per event.

3.1.3 1Ihe Sensory Systenm

High impendance probes capture signals that -indicate
the state of the host CPU and its devices. In practibg, a
set of probe points is amplified in so called concentrators

hefore the signals arrive at the sensory system. More about
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hardware probe points can be found in the 1literature
[32,33). The signals then pass through logic circuits where
the first level data reduction takes place. The
combinatorial logic-can take many forms. Generally speaking
some logical relationship between the signals is determined.
Tnstead of using a plugboard to specify which signals have
to he compared and which logical function is to he used, the

combinations are defined by the control Processore.

Additionally this remote technique makes quick changes {
during a monitoring sassion possible. The ras®ting signéls :
are then presgnted at the input of buffer registers,
conunters or comparators. In the first case the data 1is
ready to bhe +transmitted +to the control CPU or directly

stnred into memory by means of a DMA channel. Otherwise

signals are either counted directly or used to open a gate
to increment the counter with a fixed £frequency during the

signal duration. These two techniques correspnnd to the

STORE or E-MAP mode and the the T-MAP mode respectively.
Although the control CPU maintains its own time base it can ;
be useful ¢to send the host time to the monitor. Provided

both systems increment time at the same rate, only an

initial synchronization is necessary.

Apart from checking the input signals, the use of
comparators leads to a new data reduction technigque called
sequencing. The first monitored value is compa’éd to the

f contents of a series of registers. The index f the first
hatchinq}register is remembexed. In case there is no match
(:) at all, éhe value is ignored, otherwise the next value is

compared with the register following the remembered one and

R . . .
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if the test is successful again, the index of the currently
matching re2gister is st+ored. This cdn be carried out a
certain number of times depending on the size of the
sequencer oOr infinitely if the comparator series \is
logically closed to form a loop. In a 1linear arrangement
the result of this brocedure indicates if a predefined
sequence of values occured in the host system or not. 1In
the case of a closed sequence, a counter can keep track of
how many times a loop was exacuted.

This idea can be carried further to analyze more complex
sequences with alternative branches by arranging the
comparator registers in the form of a finite state
auntomaton. For any state there is a predefined set of
events which can move the automaton in one of the successor
states. If the received signal does not belong to the set
or if the automaton enters a trap state the sequence of
signals is rejected as not belonging to the language {in
terms of the theory of formal lahgquages) which was defined
by the automaton.

Finally the «circuit can have a "“learning®™ ability if the
first sequence of n values defines the comparators And is
checked against the next n values. In the case of a match,
a loop 1is detected and the comparator values can be
transmitted to the control processcor to identify the loop or
else the second n values are used to redefine the comparator
values.

However these attractive features require complex hardware
and for economical reasons their implementation will have to

vait for further innovations in hardware technology.

N
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3.7.4 The Control Procassor

The choice of the control CPU is no easy task. The CPU
should have the following propertiess

1. Execution speed similar to the host systenm

2. Fast I/0 channels

3. A minimum of 32K words of memory
In general the control system is of a magnitude smaller
than the one to be measured. This means that, for example,
an IBM 360 installation should be monitored by a mini
computer or if a mini computer is to be supervised, it woulad
require a micrc computer in the control systenm. This,
however, creates difficulties regarding the first point
stated above, In most cases the speed\pf a Py degreases
with the size. The reason for this lies in the architecture
of the central processor control. , lLarge scale ;}stems have
many functional wunits working in parallel. Medium and
egspecially small scale CPU's have a sequential
microproqrammed controller which 'makes . them easier to
implement but slower in execution. This problem is inherent
in all yprocessor controlled wmwonitors. If the control
processor is not especially designed for this application,
the solution can only be found in the sensory system itself
and in alternating or rotating data buffers.

The main bottleneck of moni;orsflies in the transmission of

‘data between the sensory system and the control processor.

o

This is why most hardware monjitors perform some preliminary
data reduction with combinatorial 1logic. This .measure is
still insufficient for systems vhich produce events at an

L)
9 .
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axessive rate, For th;i,r“ason it 1is desirabls to have a
set of high speed registers in the sensory system which can
he used as buffers when data bursts arrive at the input. Tf
this is still insufficient there is only one way out of it,
namely to ;;terrupt the host system until the nmonitor has
caught+ up. The interrupt‘éhould ba directed to the software
moni tor ;hich can inhibit any processor activity until jt
gets the signal to release the ¢PU over the controlshost
communication channel. At installaiions where this cannot
be tolsrated, at least a data overrun indication is rscorded

~

along with the data. ,
A second speed problem can occur at the output channel when
data is recorded on mass sporage.' ﬁowever, the situation
becomes only serious when the. monitar is runningl in store
mode where every event is recorded without any data reducing
transformation. The monitor speed would then be limited by
the speed of the recording device. In all other nodes this
problem is not very ’likely to occur as firs+ a;d second
level data reduction as well as bgffering,techniques sﬁould
decrease the data rate solyhat it can be handled easily.

The memory requirement stated in the thi;d point'is‘due tc
several considerations. First, memory has to hold tﬁe\
decision and e;aluation SOEtﬁarg.' Second, it has to provide’
enough space for buffer zpheé and third, it,hés to have room
for‘ the ‘E-Map, ‘T=MAP fo# STORE ﬁodes. ‘Some of the
information that'. reathes the. hqhitot'ﬂqes not ha%e to be
processed immediqtéiy‘ *In this éﬁse the oﬁeration speed can

be accelerated when the processor and its 1/0. channels are

bypassed and the data " is stored via direct memoﬁy qccgsé,f”
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(DMR) . , . °

Apart from managing the data flow from the monitor units
the control processor has saver?l other tasks. Tt has to
perform second level data reduction and on-iine avaluation
and present the results mostly in statistical form to the
user. CRT displays or line érintegs can be used as output
devices. At the same time a more detailed record of systen
events has to, be huffered in the contréllmemory to Bbe dumped
periodically on a mass storage deine, e.g. a magnetic tdape.
Finally the processor has to accept commands from a
keyboard. This enables the‘user to set the monitoring mode,
the display mede, and other parameters to specify the
operations of the vhole performance measurement system. A
desirable feature would be to have not ‘only a manufacturer
supplied set of software routines. but a "manitoring -
operating systen" which incorporates the bhasic tasks of data
acquisition. 1In the CPH~X monitor [Juj,'the'most frequently
used routines for data reduction are programmeq in firmvare,
thchfagéin helps to ine¢rease the processing speed of the

CPU. The user shogld have the possibility to Qrite his own

d4valuation .software on top of <the utility routines. A

considerable amount cf flexihilifx uouid‘be added to the

system and programs to track down»‘épecial problems or to

v‘mééify‘the\evaluaéion techniques could be:vritten acc.ord ing

t&:in&ividdal-requiremeﬁts.

j
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3.2 Application_of _the_System

The interactive nature of this system offers a range of
new applications. The most difficult part of a monitoring
session is to set up the ©probe points, define the logic
combinations in the sensory system and to specify the events
to be intg;cepfed by the softwaré monitor. Finally the
secondary éZtﬁ?reduction procedure in the control processor
has to be chgsen. Experience has shown that tha first =etug

naver exactly gives the desired information. Several test

‘and correction cycles have to be carried out before the

result 1is satisfactory. '~ With the monitoring systenm

developed in this chapter, the adjustments can be done

interactively from the monitor's keyboard.

Let us consider a typical example. During system profila

measurements a significant opergting system overhead is
observed in ane of the utility programs. Without relocating
probe points or inserting new hpoks 1in the software, the
moni tor can subply the identification of the troublescne
routine as soon as it is loaded from disk to core by
associating the physical disk address with the _name of the
accessed module, assuming that the system device directory
is available for the 'monito:. Khowing the =size of the

> .
identified rontine a sampling run can be set up to observe

PC activity for the corresponding core segment. mhé start
of the sampling session can hel defined as the event  of
loading the routine the next time into c¢ore. Te resulting
execution profile will the;\show vhich parts of the routine

are responsable for the low performance, Conmands .for this

oo &
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tracing procedure can be given in a simple language

(possibly similar to BASIC) and the complete process can be
supervised from the monitor's console.

The centralized control over the measurement systen also
enables non specialists to handle the monitor. Operators
can ask for continuous feedback for their decisions at the
host system console and can immediately see if the system
load 1is optimal. The real time display showing the
different system activities is a valuable tool for teaching
purposes. The pedagogical value of a dynamic display is
obviously better than static explanations on the blackboard.

Finally the interactive monitor is an efficient tool for
system development and researgh. In the .eXperiment?I
computing environment the host system can be iﬁterruptedrgr
slowed down. While e?ents have to be otherwise captured "on
the £ly" and the results are displayed in summary) fecrm or
svaluated offline, in this application a detailed online
analysis 1is possible. IThe monitor can be regarded as a°
sophisticated debugging routine. The hardware probes allow
an instruction trace much faster than any conventional trace
routine. If the monitor has the ability to alter the state
of the host system, e.qg. changing the PC, atacﬁypointers
eté., all the requirements for a powerful debugging toc¢l are

met.
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THAPTER 4

gIMQS_=-_Hybrid Interactive Mopitor System

ohjectives of the design of a

monitoring system for the mini computer installation in 'the

School of Computer Science at McGill University was to

provid2a a method to 1increase the availability of the

computers., It was planned to develop a technique for

automatic loading and axecution of diagnostic

»

programs as

sooNn as a system failure vas detected. During the analysis

of the problem the idea was abandoned for several reasons.

turned out that monitoring was a prerequisite te

accomplish the original goal. Although there was a

multitude of literature on computer systen instrum;\phtig;,

the subject seemed promising for further research. Second

£

it wvas found that problems other than availability, yet

related to monitoring, were more pressing. At the same, time

the prbject offered the possibility ¢to test tha real time

capability of the nmini computer used to control the

monitoring process.

The resulting objective was to design an interactive hybrid
monitor, controlled by‘a dedicated processor as outlined in
figure A.1. Because ;ﬁe . monitored system was underutilized

most of the time, the improvement. of perfermance

Pl i

characteristics was fot one of the prime considerations

although with the igcreasing workload, . this may becone an
n/\l
4
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important point in the future. But, as nmentioned before,
moni tors can be used in many other applications. During the
last year mainly three directicns emerged for research on
the mini computer installation:

1. Multiprocessor systems: This subject 1is specially
attractive as there are already ¢two mainframes
available in ¥ the department. In the 1long run it is
planned to extend the system by several micro cémputers
to build a network for research purposes which could be
supervised by the monitor.

2. Operating systems: Apart from the system software
required for point one, there are projects on paging
algorithms and task scheduling routines in progress.
Recently two new time sharing systems (UNIY ([36] and
concurrent PASCAL [37]) were acquired and the monitor
should he of help in wunderstanding and extending those
systens which are not very well documented.

3. Programming languages: This field offers a wide range
of moni tor apblications. It is planned that one of the
projects uses the monitor to produce flowcharts
dynamically according to the real execution. This
topic 1is closely related to the problem of program
correctness proofs‘ for which the monitor offers scme
practical poisibilit;es (see ch. 5)a

These threa points can only give a rough overview of the
possible applications. One side effeqt of th; mopixoring
system for example showed up during the development‘of the
monitof itself. The currently used operating system, RT-11

(supplied by Digital Equipment {38]), employs several
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technigques which were not described in the aecompaqyinq
manuals. Already the very first version of the monitor
detected several wunknown scheduling techniques and the
knowledge of their eiistence induced new implement%tion
ideas. | |

Pinally the  monitor will asgist 'in teaching several
hardwas"and software courses. for a course in introduc*ion
to combuter architecture, hardware probes can be connected
to the host system and dynamic changes df the méchine st;te
can be demonstrated under reduced execution speed on the
graphic display. For students in software oriented courses,
the real time creation of the execution profile for a sample
program will aid in understanding ¢the relation between
static and dynamic program structures. The computer will no
longer appear as the "mystic black box" and terms 1like
progran counter or interrupt will become more rea listic once

they are visualized.
4.2 computing Envigohment

4.2.1 System Confiduration

The computing facilities in the School of Computer
Scienca are subject to continuoué improvements in soft and
hardware. Therefore réferences to the systenm configufation

are as of March 1976.

The complete computing equipment vas mnmanufactured by

Digital Squipment Corporation {D.E.C.). There are mainly
two independent systems. One 1is based on a PDP 11/20

érocessor vith 28 ~ K words of core memory, one 2.5 Megabyte

N - /.
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disk drive, two 288 Kilobyte DPEC-tape drives and a Tektronix-
4012 graphic display which serves as a console device. This
installation is used as the control system for HIMOS.

The host system is built around a PDP 11/45 CPU with 40 K
words of core memory, a memory management unit, one floating
point processor, one 2.5 Megabyte disk drive and two systenm
consoles <consisting of a 300 baud hardcopy terminal
(DEC-Writer) and a 1200 baud video display (Beehive).

The two systems are physically 1located close together.

They are connected via two communication channels. One

consists of two interconnected serial a synchronous j}

interfaces operating at approximately 10 Kilobaud; the

second link operates by means of two parallel asynchronous
16 bit interfaces at an average transmission rate of 40,000
words per second. A third parallel interface establishes
the communication between the PDP 11/20 and the hardware

monitor. All interfaces were originally designed by DEC but

o

were modified to fit the special needs for high reliability

and increased data transfer rates. '

The complete system configuration is shown in the appendix,

figurs 1.2.

4.2.2 PRDR_1l Fapily

In order to fully understanﬁ some of the monitoring
techniques applied i%,HIHOS, it is necessary to hav? a basic
knovledge of the PPP 11 system architecture. Thisvgaragraph
‘: * will only highlight the features which are :eievant to
. (ﬁ) monitor imyle@entation{ aspecially with regard to the PDP

11/45 structure as this computer was chosen for the host.

o
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Further details ahout the PDP 11 strycture, the
i
corresponding processor handbooks should be consulted ([39]

t

and [uo0o)). A detailed description of
*

systen.

peripherals and
interfaces can be found in [41].

The PDP 11/45 is a 16 bit parallel processor which can run
in kernel, supervisor or user mode. It can perform DMA data
transfer as well as CPU controlled interrupt or flag driven
I/0. The interrupt system has a U level priority scheme and
the rPU can be,on one of 8 different priority levels. The

16 qgeneral purpose registers (GPR's) are functionally

divided into two sets of 6 registers each, 3 stackpoinﬁers

|

(SP) , each for one of the three different operating modes

and the program counter (°PC). The address space ranges fron
0 to 32 K words and can be extended up to 128 K words under
memory management. The wupper 4 K of address space are
reserved for I/0 devices and thg lover 256 words are used
for interrupt vectors. The CPU interprets 78 instructions
which can be used in 12 different addressing modes.

One of the most important features of the PDP 1l design is
the UNIBUS concept: A1l system components and peripherals
are connected to a single bidirectional asynchronous bus,
called the UNTBUS., Since all system elements, including the
tpy, communidate with each other in identical fashicn via
the UNIBUS, no distinction can be made between memory access
or input/output operations. Althougﬂ this technique
facilitates prograﬁming!it caused some problems - for the
monitor inplementation.

The HIMOS intercept technique 1is based‘ on the interrupt

mechanism of PDP 11 computers, Interrupts can be caused by

LR —
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peripheral devices or the CPU itself. R hardware interrupt
occurs when a device wishes to indicate that a specific

condition has occured. Jhe relative priority of the request

is determined by the processor's priority and the level at

which thelrequost is made. If the device's priority 1is
higher than the current processor level the following
actions take place:

1. The pfo&essor relinquishes control of the bus passing

-

it over to the requesting device. :

2. The device sends a unigque memory address as base of
the interrupt vector. The first word of the vectcr
contains a pointer to the interrupt service routine,

while the second 1location holds the new processor: -

status word (PS).
4 3. The CPU stores the current PS and PC in temporary
registers.
4. The new PC and PS are taken from the interrupt vector.

The old PS and PC are pushed in that order onto the

current stack and the service routine is initiated.

Upon the RTI command (return from interrupt) these actions
are executed in the reverse order.
The following commands in the ©PDP 11 instruction set can

cause an interrupt sequence:

BPT, INT™ (Breakpoint and I/O traps):

A

The first command is used for debugging teéhniques
vhere breakpoints can be created by substituting the
original instruction by the BPT che. IOT can be used
: to schedule I/0 actions. '
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EMT, TRAP (Emulator trap and trap):
mhose two instructions are used for several dispatching
techniques. The high byte contains the operation code
while the low byte contaims a user defined constant in .
the range frgm 0 ¢to 377 [(octal). In RT-11 the EMNMT
instruction is used as supervisor call.
PIRQ (Programmed interrupt request):
ihis instruction offers another way for task
dispatching. The request is treated in a similar way
as device interrupts because the priority level can be
specified. .
Finally there are 3 important vector locations reserved for
processor fault conditions. As soon as one of the

I3

conditions occurs, ?he ‘processor traps to the corresponding

vector.

Trap to 4:

Most novice programmers are confronted with this error
condition. It indicates the processor "time out"®

signal. The reasons can be access to nonexisting

memory or device locations and odd address in a word
instruction.

Trap to 103

The processor has encountered an illegal operation
‘code. This situation is typical for attemps to mxecute
data instead of program code.

Trap to 2Uu:

Rhenever the .power drops beyond a' certain limit the

o processor traps to this location to initialize the

power fail routine. When power 1is restored a trap to
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the same location will start the power-up routine,

4.2.3 The 3T-11 Operating System

Originally it was intended to monitor the PDP 11/45
under the UNIY time sharing system. However, for technical
reasons the UNIX system generation was delayed. At the

beginning of 1976 the implementation of HIMOS was started

- under RT-11 (Version 02B-SJ) which is, at this time, the

only aVailéble operating systenm.

R™ 11 is a single user operating system for computers of
the PDPP 11 series. On the PDP 11,45 and 11,70 the CPU is
permanently kept in kernel mode while executing RT-11 or
user tasks scheduled by the system. It requirﬁé a minimum
of 8 K words of core and can handle a maximum of 32 K words
address space. Tt 1is designed for pregram devnlopmeﬁi and
real time applicatioﬂs. Tt supports PAL-11 and MATRO, the
PDP 11 assembler languages, FORTRAN IV and DBASIC. Several
utility proqrams are available such/ as the text editor
(%pI7), and on line debugging aid (ODT), a file handler
(PIP), several device handlers and a batch utility. It can
accept device interrupts and service the two most important
error traps (trap to 4 and 10).

In the following some of the aspects of RT-11 which are
important for monitoring will be discussed., Tyrther
information can be obtained from the manuals [ 38, 42].

When RT~11 is bhooted it determines the physically available

core (the maximum for RT-11 is 28 K words) and loads itself

on top of the memory. The resident system part needs

approximately 4 X words. The trap vectors and the nmost

e, BT A
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important device vectors ar~e then initialized. When Adevice

handlers are brought into core, RT-11 locates them dust

below the system. Normally, user programs are loaded at

address 1000 (this and following addresses and memory values
The resulting

are given in octal if not stated otherwise).

memory layout is given in fiqure 4.1.

- 32 K
Device Registers
28 K
N RT-11 Systenm
Utility Routines
User
Programs
1000
Inter. Vectors
0

Fiqure U4.1: Hemory Layout under RT-11

An executible program image is called a SAV-module. It
always represents core locations from zero to the high linmit

of the codg. This enables a programmer to define certain

vector values statically in his progranm.

J

To make sureé that

no vital system vectors are erased when a user program is
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loaded, the systenm resets some vectérs after a proqram load.
The vectors to be restored are indicated in a protection
table within the system. This technique is obviously not
the most elegant way of system protection. On the other
hand, RT=11 cannot take advantage of a. hardw;re memory
protection as this is not a standard item and is only
stplied vith the memory manaqement.unit. fherefore RT=-11
can only protect itself at program load time and also
aqaingt keyboard commands from the console (like BExamine or
Deposit). This 1is not the case during run time. A user
program has access to any existing address within 32-K. The
subject of memory protection has considerably influenced the

implementation of HINOS.

The communication between the operating system and a user

" program as velllas internal RT-11 scheduling 1is performed

.via FEMT-calls. The usé of the EMT instruction is therefore

T

exclusively dedicated to system actions. A large macro

' library contains all system utility routines, for example,

READ and WRITE requests. The macros usa THMT-calls to
transnit a comman%kvia software interrupts to PT-11. For
exampl2 the ®XIT m;cro call at the dynamic end of a program
is translated into an "EMT 550" instruction vhere the number
350 serves as a function code for RT-11. '

Disk and tape storage is 'blocked into records of 256

{decimal) words. Oon RKO5 cartridge disks this corresponds

‘to one sector. At the beqginning of a tape or disk a file

directory 1is located. It contains starting address and

lengths of the files on the device. Files” are stored

. sequentially but after several file manipulations there may
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he gaps betwean individual files.
RT-11 has no file protection: Fach wuset Can. access any
information on a device. Only the directory is protected,

provided system macros for file manipulation are used.

4.3 Concept of HIMOS
The HIMOS system was speci&lly devéloped for the systenm
configuration described above. However it can.be used to
moni tor anf other computer within the PDP 11 family,
provided a second CPU for the control system is available.
System dependency is introduced DBy the software monitor
which is desiqneé to operate under RT-11: The hardware
monitor part is more flexible although some’'of its léqip has
to meat special requirements of the PDP 11/45 architecture.
The PRP  11/U45 Qas chosen‘ to be the host systam which is
-monitored under control of the 11/20.‘ This choice is due to
the fact that the bigger 11,45 has more homponénts of
interest such as the floating point processor aﬁd thé‘memory
management unig. Originally i; was planned to execute the

control sSoftware on the recently announced Lsi-11 mid;o

computer (manufactured by DEC) but it was not available on’

time, However, the control progranm can eaiily he

transferred at any time since the 1instruction set is

-

compatible.

HIHéS was implemented in three steps. . A first wersion of

the software moniio# allowed some initial experiments to
become fawmiliar with various problems. ., This version ran

like the ea:ly'soféware monitors on the host system which

vas used at the same time toTanalyze events and to output
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the results. Second, the hardvare .monitor was designed and

)

third the control system was implemanted on the 11/20. This

appro&éh 1éd to a modular design of the instrumentation

' systan. Bach monitor «can operate on its own. fOnly the

superviser CPU 1is necessary to receive information and to

control the operating modes.

4.3.1 software Monitor Funcfionk. ,

The software monitor S~M0ﬁ is core resident in.the
hosgt system where it is cted Hy RT=11. When a
specified event occurs it is captured by S-MON which
accumulates pertinent infdrm&tion in a bu%fer " hefore
transmitting the complete event record to the control systen
(cé). The event record is headed By the event codé (EC) and
caﬁ virtually contain an unlimited' number of additional

words indicating the state of the host system at the time of

the event. Tn a commercial ‘environment S-4ON would release

+he CPU after . having gathered +the ‘ihformation and would ,
.o L] ' w !

transfer the record concurrently with the <continued .

'_gxecution of the interrupted task. In HINOS however, the

racord isitransmitted and a response from the control system

I8

has to b?'recéived before S-MQN.relegses the Cpui Althouéh
this technique ingéeases‘ the ‘mdﬂ;tér overhead | itl is
negeéséry to allow interactive re§pénsa,from thexéuperyisor.
If a‘hséeéial event is detécéed “in the control system,'the
monitér © mode may be qhénggd{l‘ tﬁev hardware moyitor

initiaiized etc,lbefore .the hpst éyétem changes 1its state.

This feature opens a wide field'of,gpplicatipns for HIMOS

which  are not. ~possible 'in' . most othel . monitor

[

)
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implemantations. Any hard or software event may be
dynamically declared as a special event. The list of these

BZ's is kept in the control system.

From its desiqgn the software monitor uses exclusively the

intercept technique. As will be shown later, even the
sampling mode is implemented déinq the same technique. At
initialization time %!: vectors for all interrupts to be
recorded are replaced by pointers into the monitor program.
The original vector values afe savednin S-MON. The choice
of the vectors can be interpreted as the first level of data
reduction (as a matter of fact it is data elimination). At
the same time a list ¢f items has to be specified which are
to be recorded wupon the occurrence of an event. Fvery
ipdividual event can have its own set containing items of

‘

interest. This gives the second level of data reduction.

‘

At this point it is helpful to follow an event through the

~

software monitor (see fig. 4.2). Let us assume "trap to 10"
ié speéified a; an event. As soon as the CPU encounters an
illegal instruction code, the executiopn flow is interrupted
and control is passed to the location pointed at by memory
address 10. As a result the PC will contain the entry point
of .S-MON. The event}code is,cémputed and used in the main
dispatcher as an index to call the corresponding. event
handler (CH) « 'There, the system gﬁatet according to a
sPecificapion list, is stored into a buffer and the complete
record is sent to the supégy}sor system.: Assumin@-ﬁhag the
event analysis did not jindicate‘ a sbecial event, the
%dbervisor simply .-sends an acknowledgement and S-MON will

tréngfer,contnol'back.to RT-11  as indicated by the original

'
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contents of the interrupt vector. ’ Q\\ '
f - )
@
i
Interrupt Entry
For Selected
wvents ;
Main Dispatcher :
To Event :
) Handlers ‘
I L ;
2 l i :‘3
tﬂ [&:H EH BH EH :
' |
, 1 !
3 3
! Buffer Transm. 3
And g
System Reset 3
’ 3
f £
!
Return To )
?| Normal System
Operation ;
- i
]
R . . E4 _ ’ . . —§
Pigure 4.2: Functional Diagram of S-MON [ 3
-
. The procedure is completely transparent +to the user and ta é
. RT-11, as' long as the evept is acknowledged by the control {
' syéxem. Tf a special event was detected the control CPU has
$ T i the possibility to change the system stat® in the host in -

vhich ~ case HIMOS iﬁ?@éferes .activly with the host

o performance. e S » . -
“ ' N . " X i " ,
L‘t? . . . o .': P v g
%yz ‘{> As. mentioned befote, the sampling' mode is handled in a
‘:\‘:»} "f’lﬂ‘j’:h ’ * . . ) ‘ 2 ' . . \ . *
i ; ’ similar way: ‘the 11/45 clock interrupt is intercepted and

the evéht is :onrtéd to the supérvisqr,/ ‘To transfer

an,

S . o~ W,
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control back to the point where a task was interrupted the

necessary information is taken from the system stack. This

solution offers the possibility to combine interrupt and
. sampling techniques during the same monitor session. For
nxample device and "PU activity can be monitored while every
second a sample interrupt is created. This can be used tc
monitor if tie system is still in working order or if, for

example, the CPU was stopped by a HALT instruction.

4.3.2 Hardyape Monitor Design >

The desiqgn of a hardvare device to moni tor PDP 11
computers requires some special considerations. Mainly the
way how I/0 activity is handled causes practical prohlenms.

Any T/0 operation is performed on the UNIBUS and except far

interrupts it cannot be distinguished from a regular memcry
access. Purther difficulties are due to the fact that there

are not nmany meanianui probe points available at the CPI '

backplane. To monitor, for example, the PS or PC requires . .
complex and dapgerous'manipulation on the CPU boards. Ttl'is
desirable thag tﬂe computer design fqr next generation
- systems' take that problem into  account and * hring out

sufficient ﬁrbbe éoints for easy access. However scme of 4

Hhica

e . 'thefimgprtant sigﬁa&g ipn PDP 11 CPU's are brought to a plag -

yhicﬁ is used for haintenahcelpurposes.' This has simplified

access to a subset of important probe points.

&

A general des#gn of the har@ﬁafe monitoi (H-MOW) ‘was qiven -

> . to the Department of. Blectrical Engeﬂeering at McGill where.
» o ¢ . . o B .

g&A ’,kit shoiild have been inplemented as part of a course project.

> . Dua to’lprob{emé' with the deliﬁery of components the
o A - T , . K i ‘
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implamentation has not baen possible so far. Based on a
detailed design together with the angeneer ing drawings, the
function of the device will be discussed in a later chapter.
Possible applications of the hardvare monitor 'will bhe
considered althouqh results of|pnactical experiments are noﬁ

available.

\Disk‘Control

Bost CPU

Sensor Lines

Clock

- 1

Data Reduction| Selecti

on

CPI! Tnhibit

‘ | | ]

L-f

Comparators k=#f

Hféz;

Output NMUX

Counters

éﬁD Decoder

control Processor

Figure 4.3: Hardware Monitor

AFcordinq to the initial design, the hardvare ﬁonitgr has.
S;Veral groups of sénsqrs vhich can be connected té prqgbe
points of the host 650’ and the disk coqtrollgr\)(sge
fig.4.3). The signals are then éuppligdyto a dat; reduction

%éqic Qh;ch is controlled’ by the - supsrvisor ,sygteml

°Bardware gopnnérs can accumulate signals .at high ‘speed of

-

;hey'cahlbé used to time events with the internal fraguency :

~
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generator. The device operates in different modes which.can
be changed ﬂynamically"hy the control systen. Resul ts are
transmitted over a modified parallel interface for further

processing.

4.3.3 Monitor Coptrol and_Output "

The supervisor systen, implementeg' on the PDP 11/20,
h;s complete control over all monitoring actions. Its
command interpreter accepts a 1large set of instructions
which can be grouped into three parts: h

a. Display and recofﬂing node ‘

b. S-MON control

C. H=-NON cdntrol. ) ' .

(Any references to software featureS~nfot the control of the
hardware monitor ihply,that the relevant task entries exist
in.the supervisor system, but the corresponding code has
been replaced by a NOP . instruction.)  To facilitate ¢the
definition of a monitoting séggion, command (CHMD) files for
éach of the three ﬁroups can be cre;ted for repea ted use.

The control system -(CS) can interrupt and redefine the
operation of S-ﬂnﬁ and H~MON at‘ ahy tine either  as 5,
function. of received data or apco#dinq to a keyboarg
command. It analyses event records and stores them by means
of an -alternating - buffering mechanisn. Buﬁﬁeps' can;

periodically be -dumped oh tape or disk. At the éame time

the CS disﬁlays the events in two ditferentwﬁays. For=

datailed information the conpleté record for e@a:y event is

1

written out in nuferic form. As this happens in real time

and because the transmission .to the- terminal operates at

LA} ¢
«
I

. L aEim e aowe
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h 2,400 baud, the host . activity has to be slowed down
accordiing to the event hensity and the number of items to bhe
listed per event., Tn the graphic display mode where the
occurrence of an event updates a histoqram in real time, the
monitor overhead J4s practically 1limited by the record
transmission between the host and the CS.

Further tasks of the ¢S are to wmaintain the systenm time

relative to the monitor initialization and to start and stop

the monitor session in a remote way.

It may be instructive to follow up the exagpla of an event

. occurrence given in section 4.3.1 with regard to the
supervisor system (see fig. u.u>: As soon as the event
recogﬂ is received at the S-MON interface it passes through
the event filter. The event code (EC) is compared to the
list of special events. If the list is'émpty or if the EC
does not match, ¢the filter will send aA acknovledgement tc
S-MON to release the host CPll, The system control will then

direct the record tb the output handler if real time output

is specified. Otherwise the C©S operation»is finished. A

huffer overflow is automatically resolved in the receiver

e

program by . switching the buffers and the filled buffer is
recorded on mass storage at a later tinme vhen the CS is
idle. Tf numerical )or graphical display was specified the

output  handler will perform the negessary data
‘f -

transformation.

5 e RT3 g

In case the event filter finds the EC in its 1list, tha

(R

y . . ,
special event sequence is invoked. The display vwill qive a

it s M

. numetic output of the event record (mo mattsr 1n'vhigh mode.

it was running)- and indicate that this is a special event.
: h :

e POV I L i gy e
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During that time ¢the host is suspended and S-MON is in
receiving mode, waiting for further instructions, the
operator can react in different ways. He may release the
host immediately and thus terminate the special event
saquance. He also can <change the H-MON or S-MON mode
according to new requirements for the succeeding analysis,

or he decides to terminate the monitor session.

Tape, Disk <=ﬁ=.—_=> eMD Syst
3 System
é======r==; Interpreter I fontrol
Keyboard .

: &

—-4 2-M0ON F=————————=={ B vent Fiylter}—___——__- ’

7T
g

Event filter

> H-MON =

T/0 Handler

— |

Display Tape Disk

Figure 4.4: Monitor Control System

] . .
Oother possibilities are left open fdt future extensions.

. /[
As the receiving program in S-HON is a flexible, ccmmand

'code driven. dispatching routinq¥ other commands to S=MON

like "examine location X" or "cﬂénge value of X to Y" ‘may be

added.
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4.4 wMgnitor_ Implementation

The tvo chapters on the soft and hardware
implementation of HIMOS will give a comprehensive
description. Further detalls on the software can he found
in appendix B which contains the complete source listings.
Appendix C gives a documentation of the hardware monitor and

the communication link.

4.4,1 Softwape MNonitor_ (S=-MON) -

S-MON is co%ed in PDP 11 MACRQ assembler and consists
of éne loadgmodule of approximately 2 K words. In order to
make S-MON core resident and protect it against user progranm
as wall as RT-11 access, the operating system hootstrap had
to be modified. The idea 1is to load the executive not
completely on top of the existihg memory space but to leave
some roon for S-MON right above RT-11. In the curren;
configuration RT~11 is 1located below 24 K. As a result
RT-11 assumes that 24 K is the physical 1limit of available
core and will not access higher locations. Furthermore it
will abort attempts to modify the top area from the systen
console. A descrip;ion of how to chanqg the hootstrap can
be found in the software support manual [42].

Another -system modification was necessary to preserve the
communication channel for the control system. AS gentioned
earlier, RT-11 loads every executable program starting fron
physical location. 0 and resets afterwards 1§bortant vector

lochgions between 0 and 1,000. The restoring is per ned

in acgprdance with the system protection map. This map is

€ S e w

o o *

a
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. dynamically changed by S-MON as soon as the monitecr is
started. The following vectors are protécteds:
trap vector, loc. 34
clock vector, loc. 104
communication link vector, loc. 450.
User programs are usvally terminated by transferring

control back to the operating system with the EXIT™ macro

call (EMT 350). 1If register 0 is cleared at this moident,

RT-11 will execute a RESET instruction which disables all
interrupts hefore reenabling the vital interrupts for the 3

« systam. This however would harm the monitor operations

hecause first, S-MON cannot receive supervisor commands any 3

more and s2cond, if it is in sampling nmode, the <clock
iﬂlerrupts would be turned off and the timer registers would
he reset to 0. For these reasons, S=-MON changes the RESET
instruction in RT-11 to a NOP. This modification does not
distort the performance of BRT-11 but it insures full

protection for the monitor activities.

4.8.1.1. FEvent and Data_Selection

Software events are defined as interrup@s which are
intercepted by S-MON. A total of 32 events can bhe specified
which is enough to cover all possible interrupts in the PDP

11/45. At initialization time, S-MON exchanges the content

of gn‘interrupt vector with a new PC and PS, and saves the
original vector in a monitor table (VECSAV). To 1dentify an ¥
o - interrupt, an edent code (EC) is assigned to it. - A

) convenient place for the 1identification-was found in the

condiiion code which resides.in the U least significant bits
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of the PS. As we have 32 possible EC's and only 16 can he
specified using the condition <code, two different interrupt
antries were created in S-MON. This means that ‘the,nev PC
for events in qroup O points to ENTRY0 in S-MON and the PC
for group 1 points to ENTRY1 (fig. 4.5). Fach gfoup can
accept a maximum of 16 differentlinterrupts. The %7 is then

daefinad as group index times 16 plus the interrupt index

given in PS. This gives a total range of 0 - 37 in octal,

Table A.8 in appendix A lists the event codes with the
corresponding interrupt and vector locations.

Two mask words (MASKO, MASK1) are used to specify which of

the 32 interrupts are to be captured. For example, if bit 3

in MASKT is set, event 23 will be activated. To define a -
monitoring session, the mask words can be specified either

at the host console when S-MON is started or interactively

from the control system. If the command séquence at the
hegiqg%nq of S-MON is skipped, a default configuration will

be assumed in which traps to location 4 and 10 (¥C 1 and 2) o n

are intercepted.
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BNTEY ]

Save Poutine
Groupindex=0

I

Save Routine
Groupindex=1

]
1=
=3
1
b<
ito

s DISP

Stack Pointer
Verification

v

BC Generation

1)

Save Routine
Ext. Eveant

]

' EXDISP }

Punctidn Code
Generation

L

0 |pispatch Table}p— 0 |pispatch Tahle}l—
2 |indexed by EC p—> 2 indexed by |—
eas |for individuvall... «es | control fct. .o
64 |event routines}— 8 coda >
| # , Return Peturn
Entry Entry
Suffer
Transmission
Restore Orig.
System State
* %
N
Transfer
Back to RT-11
: figure 4.5: Core Resident Part of S-MON.
" When an event arrives, the -monitor creates a so called .
g event record vhich contains information .about the systen
state at the timer of the interrupt. For every event,

o

different’ syétem variables ' nay be of interest and the

monttor overhead would be increased considerably if all

possible variahles were recorded sach. time. Therefore S= MON

/
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offers the poséibility to define individual event records tc
meet the information requirements for every avent. The
desifed record for each event is defined in the submask (SM)
words. «fhe minimum_record for all events contains the three
most important system parameters, i.e. the PC, PS, and SP.
Most events can report additional values such as registex
content, buffer‘ confents and RTv{1 parameters. The exact
assignment for the submasks is given in table A.5. For
example, SMO is responsible for the records of event 1 to 5.
The low byte covers T4, T10, and the first two values of
BPT, the high byte gives the 1last BPT bit and specifies the
records for IOT and power fail. A value is included in the
record when the corresponding bit is set.

More information can be reported for the EMT's. As this is
a one word instruction [PC-2], the contents of the program
counter hefore it was incrementéd will be the EMT code along
with the function code which serves to ‘distinquish 256
different ¥™T calls. PFor example, "104013" shows that an

EMT 13 was executed.. Because the ENT 1is used as a

supervisor call in RT-11, the error code (ERF) can give

valuable information.
The submasks SM2 to SM6 correspond to events in group 1
which are device interrupts. Depending on the device,

register and - huffer content can be ¥ncluded in the event

,réport. The matching register addresses are contained in

the device table of S=MON .which is indexed by the Ef.
The .most iqportant device is the RK-11 disk controller.

SMf is fully dedjcated to define the &vent record for the

"RK=11  interrupt, It contains the basic processor’

.
- *w
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information plus the confent of 5 disk registers (the
register assiqgnment is given in [U41]). R3 which originallf
contained the word count was redefined. This' can be
justified because normally the word count is 0 when aﬁ
interrupt occurs. It now contains the block : number of the
accessed file on the disk vhich can be obtained by
transforming the physical disk address in R5. In the néu
representation, the disk address can immediately be uéed.to
refer to the direetory dump where the relevant fileyname can
he found. ,

Some events Pike EMT's and disk interrupts occur very
fregquently and it is desirable.to perform preliminary data
reduction on the host system before reporting the evenws to
the supervisor. This aliminates~unnecessary‘ transmission
“time and dacreases the input load at the control system.
The submasks SM1 through S#6 contain one additional bit (bit
0 in each byte) for every .event to indicate a preselecticn.
If the bit is. set, S-MONLwill examine one of the values in
the event racord and compare it to the éontent of a 1list of
valuas, the so-calléd select words. If the BC is found the
evaﬁt will be reported, otherwise it is iqnor?d. As shown
in table A. 5, select words 0 to 3 can hold up to 7 FMT
function codes (a’ function code can be specified in on=

‘byte). The endl of the tahle has to be marked by a 0 entry.

Select words U4 - 7 are used for TRAP codes. Tf nc trap’

codes are séecified the list can be used for ancther 7 EMT

" codes if necessary. The selection for disk avengs is kept
. " ol ;

as flexible as posqiblé.' Fach » 1tem in the 1ist sﬁécifiqs

first the register number and second the wvalue to bhe

*

-t T
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record definition, The

Thus, the ‘céiterion to report a disklevent can,
for aexample, be the disk error word or the physical address.
TRAP or EMT codes can be extended' over select words 11 - 20
if no disk selection is specified. This gives a maximum of
31 FHT codes or 23 TRAP codes which can be listed.

Tvery event record is headed by’ gﬁe corresponding event

code., If =specified, the content of ‘the high speed clock

huffar can be appended as the last transmitted valus. This
is important when program segments are to be timgﬁ.
A1l tables in the S-MON data structure are indexed by an

even multiple of the EC. In conjunction with 'the masking

technique, this has considerably helped to keep the

execution time within reasonable limits.

4.4.1.2 S=MON FROUTINES

’ )
.When the software monitor is started, it wgll print an
identification on the system console and eﬁter' the command

interpreter. This routine is responsible for th'e event and

execution' is controlled by 4
dispatch tables which'makes the program fast and easy to
' I ‘ *®

The command interpreter (CMDI) 1is

understand. used to

define the two mask and the seven submask words and to enter

values for the select words. When the index for a mdsk word

is enterad, the mask word as it vas defined previously is

prihtad'ﬁnd modifications can be specified in the following

line. " For select words, CMDI distinguishes

and SM11-20. The first group is. updated in

4
. for, avery vord index tvo.new byte values ate

second group is word orien;égf Foplevery

betweenfSMO-iO
byte form, i.e.
requested. The

index the twe

[}
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errtor checks (e.g. CRZ or L°Z) could be used.

The <speed of the parallel 1link 1s only 1limited by the
IMNTRNS speed, interrupt latency, and time requirements for
the interrupt handler. In HIMOS the transmission rate is
approxiaately 40,000 words/sec. This allows to transmit an
average epvent record of 20 words in 0.5 ms.

HIMOS uses a simple protocol toﬂtransmit event records and
spegification tables over the communication link. The host
system terminates an event record by the transmission cf ©OT
and then waits to receive an acknowledgement (AK) from the
control station. When the host tables are updated
interactively from the supervisor, the host sends the ol4
tahle content, terminated by ETX. After the update, the
control system 1issues an enquiry (FNQ) signal bhefore
transmitting the new table which is again terminated by ETY.
311 protocol and function codes are verified in both
stations. A wrong function code will dispatch an error
routine to generate a cocrospondinb message. An erroneous
protocol will cause a retransmission of the last record.

H-MON uses a parallel interface, similar to the ones
descrihed above, to transmit data to the control systenm,
“or this application, a DMA-channel would provide npuch

bhetter results hut the corresponding interfaces were not

%,

available.
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4.5 ~ontrol System_Implementation
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The control system (CS) program consists of 3 obiject
modules: LOG, LdGIO, and LOGGRF (for listings, see appendix
B.2). LOG 1is the main program and ¢the other +*wo mcdules
contain basic I/0 routines and subroutines for graphic
dAisplay on the Tektronix terminal, respectively. "o execute
the S program, the three object decks are lihked together
and loaded at starting address 1000.

After initialization of system parameters and interrupt
vectors (S-MDN, H-MON, clock), LOG enters the main
dispatcher at WARITLP. This is the busy wait state in which
the system waits for interrupts and schedules various tasks.
During execution of this loop, the program examines the
content of a dispatch word (DISPWD) and if one or more bhits
are set, the corresponding tasks are called (see fig. 0.6).
Fvary time an event record is received, wup to 3 bits in the
dispatch word can be set in the event record processog
(FILTER) :

bit 1: record buffer

hit+ 2: print event record on terminal

bit 3: update graphic output.

The corresponding programs are discussed in chapter 4.5,4.
Each of these routines will clear 1its own dispatch bit
before returning control to the wait 1loop. The S~-MON

interrupt service routine (RCVREC) sets hit 0 in DISPWD to
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schedules FILTER.

The second possibility to leave the 1loop is qiven by tha
reception of a command from the keyboard. This event
transfers control to the system command interpreter (SYSCMD)
which will analyze the command and schedule the according
subroutine. Timer interrupts are directed to the line clock

handler (LCLK) where the system time is updated.

WAITLP 5-MON Interr.

Control System| TTY Interr

Dispatcher CLOCK Interr,.
’ DTSPWD
Rit 01 2 3 )
[ T T
FILTER LTLK
R¥CORD SYSTMD
DOMP RCVREC
GRAPH

Figure 8.6: Control System Dispatcher

The centralized dispatching technique has helped to keerp the
program structure modular and easy to follow up. This is
especially important in a system where different interrupts
can occur at unpredictable t imes. Further prcgram
extensions «can be introduced via unused bits in DISPWD
without affecting the control structure.

LOG handles three input/output files:
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Command File (SPC)
Table File  (TAB) e

Logging File (LOG).

Pefault extensions £f£or file names are given in brackets. -

™he command file ceéntains all necessary specificaticns tc
defines the supervisor system mode., It 1is created by the
system command interpreter which accepts specifications
either from the keyboard or from a previously generated
command file. The table file is used in a similar way and
keeps information regarding the host system mode, i.a. which
interrupts are to be intercepted and what information is to
be reported for every event. Both files help to simplify
the use of HIMOS. Different monitoring sessions can be
predefined to standardize frequently used operating modes.
To invoke one of those sessions, the operator has only to
know a small part of the full instruction set.

The logging file contains the event records as they were
received from S-MON, A progranm (LOGPRT) was written to
print this file 1in a readable form on line printer or data
t2rminals. For performance evaluation which implies a
statistical analysis of this file, other programs can be
written according to the individual requirements. 311l HIMOS
files can be stored on tape or disk units of the control

system.

~

4.5.2 Zommand Interpreter and Operating Modes

The control system has three operating modes which

specify the form of the event record output. For a detailed

online analysis, the records can be displayed in numerical

s
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form at the terminal. The record is headed by the 'FC and
all following .values are preceded by a two letterx
identification, explained in table A.h. Alternativel&, the
events can be presented in graphical form. A histogram is
drawn dynamically in which a maximum of 21 different BC's
can be entered along the X-axis. The Y-axis shows the
number of occurrences forleach event., The initial maximunm
on the Y-axis is set to 56. %®very time one of the columns
beco&és too big, the picture is rescaled by factor of two.
Concurrently with one of the display modes, the system can
record incoming events in a loqging file on tape or disk.
Other display and storing features are explained below alcng
vith the corresponding control commands.

The operating mode of the control system can be defined by
commands from the keyboard. The command interpreter
(SYSCHMD} accepts strings of virtually unlimited 1length hut
only the first character 1is significant to specify a
command. V¥ew input 1is accepted in the system command mode
which is indicated by an asterisk as the response character
on the terminal. Commands that are given during other
system activity, e.g. event analysis or output on the
display, are stored for later processing. The corresponding

delay is normally not significant hecause of the centralized

dispatching technique which ensures that pending terminal-

input is served 1immediately after the last scheduled task.
The first character of an input string is compared to ; list
of valid commands and the list index is used to dispatch the
according task. If the character is not found, an. error

message is printed, followed by ancther asterisk on t+the next
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line. Tn the following, :*he ﬁeaning of all valid systen
commands as they are listed in appendix A, table A.7 willlbé
discussed. If necessary, further explanations for the

corresponding operation mode are qiven.

W: _ T™is command suppresses dgraphical or numerical

(N
i

terminal out put. -Recording and counting of event
information will be continued according to previous mode

specifications. This feature is useful to give the operator

' some time to obsarve results on. the screen bhefore they are

i

overvritten.

P: Graphic and numeric terminal output are resumed if
they were praviously suspended by the "wait® (W) command.
Nutput will continue with the next record after P is given.

R Once this «command is . given, event recepticn ics
temporarily stopped and the user can enter a list of event
codes, <called special events. After termination of this
input mode, CS will continue to receive events and ccmpare
evary new BC to the 1list of special events. Tf the FC
matches, a message announcing a special event along with the
complete event record is printed, The "WHait" command 1is
ignored in this case. Sinultaneously, the host system is
stopped until a "Continue" (C) is entered.

C: Tf the host was suspended due to a special event,
this command will release executiaon. If the host was not
disabled, an error message will be brinted.

B: If graphic outpdt vas specified, the command‘vill
raeset the counters of' the graphic routine and a coordinate

system with the initial scale for histograms will be drawn

-
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on the Tektronix screen. 1Tt is recommended to issue this
command before gpe graphic output mode is entered.

A: TIn graphic mode the screen will be erased and the
histogram is drawn again with all columns as they were given
hefore. Th}s feature 1is necessary because the display
cannot be et;sed partially. RAlthough thre2 quarters of the
screan are‘reserved for command and output text, it can
happen that-the picture is overwritten.

D: ”?f*er erasing the screen, a summary count of all
events,éeceiVed so far in this session is displayed on the
terminal.

/St Thz command interpreter for the host table update
routine is invoked. The command structure is the same as it
was described for S-MON. Any host system activity (except
§-MON) is interrupted during this procedure until the new
event configuration is established.

H:t The hardware monitor control word can be definead
and a new H-MON mode started. This command has not been
implemented so far and does not cause any actiéns.

L: This command is used to define the logging mode for

‘hard and softwvare events by means of a gaubccmmand

interpreter (CSIL). X self explanatory message will ask for

further spacifications. The operator ha; the following

three possibilities: ¢

OLD: An existing spe;ification file can be used +to define
the logging mode. The corresponding file name has to
be entered and, if desired, the file can be altered.

NEW: A new mode is defined from the terminal. Consequently

the operator can specify 1if <the session is to be

13
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recorded and/or displayed in numerical ot graphical
form. TFor the recording- mode an output file name has
to be entered. /
UPNMATE: The current mode is displayed and for each item as
discussed in the last case, a nev specification can he
entered. The possibility te ‘oper a new outpnt file is
given.
After the command sequence for one Vof the three
possibilitiss, the mode specification can be saved on a new
command file or in the case of "OLD" it can be rewritten in

the unchanged or altered form on the original file., Ugpon

termination of TSIL the new logging mode is active.

While processing the commands, SYSCMD suspends any logging
action and in some <cases it blocks host activities by
disabling its S-MON interface. Althouqh this solution
interferes with the operation of the host, it was chosen tc
insure a well defined state of HIMOS during and after
modifications of its operation mode. For commercial
applications another method could have been used (e.qg.
resetting the host éo the unmonitored state hefore
processing any commands), but for research and development
environment, the technique {mplemented ‘ias proven to be
sufficient and necessary when %the system state has te be

preserved until a new mode is defined.
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4.5.3 Fvept Record Processing

Upon reception of the first interrupt from S-MON which
announces the transmission 1§E a new event record, control is
passed to the raceiving routine (RCVREC). Two alternating
bhuffers of 256 words each are available to store incoming
data. A flag indicates the current input buffer and a pair
of pointers delimit the last received record within one
beffer. As soon as one buffer 1is filled, RCVRPT sets bit 1
in DISPWD to schedule the buffer recording routine (RECORD)
if recording mode was specified. Record and buffer output
can be processed concurrently with the reception of new
records.

After receiving one record RCVEEC sets bit 0 in DISPWD to
schedulé the FTLTER and vreturns control +o the main
dispatcher. The wait loop will then continue to examine the
dispatch word bit by bit in a round robin fashion and invoke
the corresponding tasks. I1f, for example, it was
interrupted before processing bit 2, it will first invoké
the terminal output routines to process the previcus event

record before calling FILTER to analyse the just received

" record. This technique insures that no information is lost.

If more than two records arrive at the input before the
previous one vas processed, reception is disabled until the
£S has caught up. This only happens for high event density
or when one of the slow terminal output modes is specified.
More than two records cannot be buffered prior to the
analysis because the system would lose its capabfiity to

react in real time upon the occurrence of special events.

[
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If the "Wait" (W) command was given, FJLT3R will skip the
terminal output dispatcher. Otherwise bit 2 or ? are set
according to the mode specification. In case special é&ents
vere defined, the event tablé~is searched and if the EC was
found, a message 1is printed and the numeri¢ output routine
(PbUMDP) is scheduled via bit 2. The acknowledgement signal
to release the host is only transmitted if the event was not
found in the tahle. Otherwise the host keeps waiting for
this signal uritil the "Continue" command (C) is entered from
the keyboard. )

Finally the current system time 1is appended to the event
record and the count table for the summary report (ccmmand
D) is updated before FILTFR returns control to tha wait
loop. To reduce the monitor overhead, only one real data
reduction is performed in FILTER, namely ghe special event
feature which is especially usefal 'when terminal output was
suppressaed via the "Wait" command. In this case only the
special events are reported in real time while there 1is
still the ©possibility to record a detailed report of +he
session on tape or disk for later analysis.

The two terminal output routines DUMP and GRAPH find the
record in one of the two buffers according to the pointers
vhich wvwere set as record delimiters in RCVREC, DUME
transforms the record into a readable form and prefixes
every value by a two letter identification. Fach record is
printed on a new line.

Subroutines for the graphic output are found in the bbﬁect
maﬁuie LOGGRﬁ; The progqram maintains its owﬁ”tabkg?(ECTAB)

to count received events. FEvery EC which is not yet entered
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in the tabls will didplay.the new identification along the;
X-axis, print the initial column increment, and open a néu
table entry. Upon overflov of one of the event colunmns, all
counts in FCTAB are divided by two and the Y-axis of the
display is rescaled. The column increment per event
occurrance dAepends on the current scaling factor.

If no detailed information about host activities jis
required, the graph mode provides a convenient summary
report. The histogram which is updated in real time shows
not only what the host is doing but also in what sequencs
the events happen. It is mainly used to get a first

ihpression of the monitored process and it helps to define

the monitoring session for a more detailed analysis.
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THAPTER 65

Application of HIMOS

5.1 Execution Pnalysis_under RT=11

One of the design goals of HIMOS was' to develop a
technique for real time and off 1line aﬂalysis of progranm
execution. There are chiefly tvwo appfoaches to this problen
labelled the active and the passive methods. The latter one
consists in the application of standérd features provided by
the monitor. System eévents such as I/0 activity, executive
calls, error traps, etc. can be intercepted. To obtain
statistical infprmétion, the PC and other :mportant systenm
variables can he sampled. In both cases the target prcgran
doas not need to be changed.

The active method requires certain changes in the observed
program. Check points or hooks are inserted to the source
code in order to enit a hook identification to the monitor
when they are executed. (This method is similar to the
break point technique used in debugging routineg). For PDP
11 assembler programs, the TRAP instruction is used to
identify a softhook. TRAP works in' the same vay as the EMT
ins@ruction; only it uses a different vector location. The
high byte contains the opera;ioﬁ,code while the 'low byte

holds the user defined hook identification. When, for

<

example, TRAP 12? is executed, an interrupt to locaticn 34

is generated and control is transferred to S-MON which will

record event 7 with identification 123.
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The TRAP instruction was chosen for several reasons to

implemént software hooks. It offers the pfoqramme; a ‘quick’

and easy way to identify strategical parts of his praogram
with a one word instruction. Once the hooks are inserted in
a given routine, they can-be disabled just by replacing'fhe
5-M0ON address in location 34 by an address containing a RTY

instruction. Substituting the  TRAP code by a  NOP

instruction eliminates the hook completely without affecting '

the program performance. Another low level hook techniquae
should be mentioned in case the TRAP instruction is used for

other purposes. Tntérrupts to S~-MON can be créated by an

additional interface: The hook identification can then he

transmitted by moving the desired code into the 'cufpnt
buffer which is fed back in a closed loop to the interface
input buffer from where S-MON can take the information.

To monitor execution of FORTRAN programs, two subroutineé
(INEMIT, EMIT) were written and can be linked to the main
program. Both subroutines are listed in appendix RB.3. ‘EMIT
finds the hook . identification as the first argument of the
call in the‘FQRTﬁhn linkage table and uses it to form the
corresponding TRAP instruction. INEMIT has to bhe cailed for
initialization pufposes before EMIT is invoked the first
time. This 1is necessary because FORTRAN alters the “RAP

vector for 1its runtime error message handler. RMIT, calls
i L) *

should therefore only be used in fully debugfed programs.

N 1

Where this 1is not possible, the software hook$ have to b=
implemented by means of the;aboie mentioned alternativead
L

Software hooks are a valuable tool for nmany appiicationé.

They can be used to time execution over critical parts of a

)
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program as will be shown in chaptar 5.2.1. When they are
plac2d on top of the executable code, they can emit a task
identification for accounting purposes. If, alditionally,
event A ("MT) with subselection for EMT 350 (FXIT) 1is
moni *ored, the time between the EMPT call and EC & jives the
total execution time of a jobh.

Under the PT-11 operating system, S-MON offers different
passibilities to measure "productive"™ CPU time. The busy
wait loop of ?T-11 can bhe recognized by al*ernating calls of
"MT 340 and FM™ 360. Another approach is given by sampling
the P77 activity., With regard to 7PlJ activity the memory can

he grouped 1nto several regions:

1000 - X : lser program executiron
X - Y : 1/0 handlers
122222 - 124154 : »T-171 EMT handler

(if booted for 24K of core)
"he values of X and Y depend on the individual fprogram and
can he specified via system macro calls. During execution
the value of Y can be found in 1location S0 where it is
stor=d by RT-11 at load time.

In any case, the definition of ‘'productive" ~PHJ +1me 1s
relative. A *true walt state as it is known 1n other systems
1oes not exist under RT-11, Similar problems arise when T7/C
time is"to be determined. Sampling the T/0 handler space in
core is one possibility, In <chapter 5S.2.2 another approach
is taken. Disk access time 1is obtained as the difference
between *MT 375 and a disk interrupt. EMT 375 invokes the
I/0 dispatcher in PT-11 which initiates a disk action. When

the AdAisk controller has found the addressed track and
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transfoerred the complete reocord as 1t was specified in the
ward count, it gives an interrupt (EC 30). Tt was found
that the average delay between those two events is in the
range of 35 - 45 ms depending on the occupied disk space.
"his wvalue 1is 1in accordance with RK-11 specifications.
Indoubtedly the hardware monitor will be very useful to
complement these results for more detailed investigaticns.

Generally, several steps are necessary to monitor a given
process. An initial approach is to display globhal execution
characteristincs 1n graphical form on the terminal. Rased on
this first 1mpression, more detailed measurements can be
spacified and event records can he directed in numerical
form to the terminal or to mass storage for off line
avaluation. Figure *_5 shows a histogram obtained during
the execution of a test batch streanm. Fvent 5 (power fail)
was specified as a special event. 7Tt occurred at the end of

the batch stream when the 11/45 power was turned off.

The following two paragraphs will give exemples of
monitoring sessions using the active and the passive methods
of execution analysis. 1In both cases, the machine level

reprasentation of tha programs is unknown and any observed

PC wvalues cannot be matched readily to a functicnal entity

v

nof the code.
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5.2.1 EQNRTRAN Proqram Fxecution

A program (SAMGEN) was written to produce J vrandor
numbers in the range from 0.00 to 99.99. When tha routine
is entered, the value of J is requested from the terminal.

"n the followina, the program executes J times a loap in
which a random number is generated and immediately written
onto disk. The random numbers are obtained from the FORTFRAN
function "RAN", Tt should be noted that the program wae
written to give an example for the possibilities of HIMOS
and not to optimize a given problem. A listing of SAMCEN
can bhe found in appendix B.4.

The program was executed twice, each time producing 20
samples. For the first run, SAMGFN was linked with a
FORTFAN library wvhich replaced all floating Foint
instructions by software routines. The secocond time the
floating point ©processor was used which improved the
axecution time but did not change other characteristics of
the execution profile.

Tn figure A.7 the monitor output for a SAMGIN execution
using the floating point processor 1s listed. The HIMOS
command sequence to define this session on the <ccntrcl
system is shown in fiqure A.8. When the command "RUN
SAMGEN" is given, RT-11 executes several EMT calls tc lcad
the program into core (EMT 374, 375). The first TRAP (EC 7)
identifies the EMIT™ call with argument O which can be found
in the 1low byte of CP (content of PC). A delay of
approximately 2 seconds follows, during which a message is

printed and J read from the terminal. EMIT (1) and ®BMIT (2)
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are productd before and after the first random number
generation. During the following 6 FMT's the output file is
openad and at EMIT (3) the first random number is written on
disk. These three emitter calls appear another 1° tines
during the loop execution before EMIT (4) indica tes the end
of the program. Six ®MT . calls are issued to closg the
output file and enter it into the disk directory before EMT
350 indicates the PT-11 EXIT call.

For the first run (run A) an execution time of 234  ms
(excluding terwminal T/0 and file handling) was calculated.
The second run wusing FPP (run B) took 193  ms. This
difference is due to the fast performance of the flcating
point processor but it also reflects a certain delay for the
disk output. The latter factor was excluded by averaging
the time intervals between FMIT (1) and EMIT (2). After
subtraction of 2.36 ms per event for HIMOS overhead, the
final result shows a random number generation time of 0.270
ms for run A and 0.100 ms for run B. The difference of 170
micro seconds per random number generation can b~ at+ributed
to the processing time improvement for floating point

operations.

5.2.2 [EQRIZAN Compiler Analysis

In the following example, a short FORTRAN program was
conpiled under several HIMOS modes to obtain 1insight intc
the RT-11 FORTRAN conmpiler characteristics. The test
program HISTO is listed in appendix B.#. Tt can he used to

read a file of sample values from disk and to print a

distribution of these values in the form of a horizontal

f e o s
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histogram on the terminal. At the same time, a second file
contain?ﬁq the values in ascending order is created.

RT-11 supports a multipass FORTRAN IV compiler. It
consists of a root segment and several overlays which are
Aynamically Voaded in core. The core resident part
comprises of the root and one overlay, the system stack,
device handlers, symbol table, and an internal
representation of the source program. During the monitoring
sessions it was discovered that the compiler uses no scratch
files, only overlays are swapped between core and disk. &
high level description of the codgiler can be found in RT-11
manuals [ 52, 53]}.

Because no source listings of the compiler werc available,
the analysis was done in a top down fashion. Tn the first
step a graphic performance profiles was produced on the
Tektronix screen (fig. A.6). The histogram shows five
different events:

EC 24 : Timer interrupts

BC 20 : Terminal input

BC 21 : Terminal output

%C 20 : Disk interrupts

BC 6 : ®T-11 calls for file handling.
EC 21™is more than twice as high as EC 20, because every
typed character 1is echoed together with one additional
fil}er character. The graph gave an impression of the
amount of events and their relation in time.

For the second monitor session it was decided to select

only disk interrupts and to record the protocol on disk.

Figure A.9 shows the corresponding HIMOS output. The first
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11 events ra2port directory access for the source file
HISTO.F0F and the output file nISf0.0BJ, both located in the
6th directory segment (block 16}. At system time (ST)
103.18, five blocks of compiler overlay are read in before
at ST 103.24 the source program 1is loaded from disk address
(R3} 6531. (All file references were confirmed by comparison
with the directory listing). After having read two nmore
overlays, the compiler writes the first block of object code
at ST 103.50 on disk. The content of RU4 (bus address
register) shows that the compiler uses always the sanme
buffaer at location 10520 to store one block of produced
object code. T“ompilation is continued by alternating
overlay input and object output until ST 106.06 when the
last FORTRAN overlay is loaded 1into core. It is probably
used to generate complation messages. Accesses to disk
address 11§ and 143 show that RT-11 utility routines for
terminal I/0 are brought into core. Eight diractory
accesses st@irting at ST 106.21 close th? source and object
files. [
Already this simple monitoring segsion shows several
performanc;; bugs in RT-11 and the <gonpiler. Diractory
access time can he reduced when the searéh\és started within
the 1last dfrectory segment which is still in core. The
probabilityﬁ of finding a file entry close to the 1last
accessed one is higher than to find it in the beginning of
the directory. A similar technique 1is found in memory
paging algorithms where it is known as the "least recently
used" method (see for example [37]). Further I/ time could

he saved if the object code buffer size 4in the FORTRAN
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compiler is increased. fCorresponding changes in P®T-11 and
the conmpiler would reduce ;he compilation time at least by
12% in this example. The fact that all disk interrupts
occured while the PC was point\ng to RT-11 indicates that
the compilation process is 1/0 bound. The program tfansfers
control back to RT-11 for the next I/0 request baefore the
previous one is terminated. PT-11 executas a wait 1loop
hetween locations 127130 and 127124 until the next interrupt
arrives.

To obtain more details on the relati’onship between T,/0 and
computing activity, the compilation was sampled d& differént
frequencies. TFiqgure A.10 shows the HIMOS output for 40 ms
samples and fig. A.%11 lists the corresponding commands for
this session. The PC values show that less than one fifth
of execution time is spent in the FORTRAN compiler. - Another
saﬁplinq session with 10 ms intervals confirmed this result.
As expected, the compiler is only active immediately after
disk interrupts.

The overhead imposed hy HIMNS during the sampling sessions
amountad +o 5% of the total compilation time. Tt is
interesting to see that the monitor overhead did not
increase significantly with a higher sampling rate. This
can be attributed to the fact that most sanples were taken
during I/0 wait periods.

A last experiment was done to check if compilation time
could be reduced by locating the FORTRAN compiler and the
ohject file on the disk closer together. The disk space
between the two files was reduced ‘by 1172 blocks which

corresponds to 45 tracks. As a result, the compilation was

agncibailamily
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B00 ms quicker. DBecause the disk arm moved 12 times fronm
one file to the other, the average saving per arm movement

is approximately 33 ms.

5.3 Purther Possibilities_for_ HIMOS Assisted Eesearch

Apart from the possibilities demonstrated in the last
chapter, there are mainly three research topicg which have
influenced the implementation of HINMOS. The folloving
paragraphs will point out how the monitotring system can he
used to gssist this research.

During the past few years, several techniques have been
developed to prove the correctness of a given high level
language program. One method, called the 'deductive theory"
was presented by Hoare and Lauer [35]. The meaning of a
language 1is defined by axioms together with rules of
interference. Theorems are derived from the axioms hy means
of these rules. The basic axiom of the theory is written as
P{Q}R where P and R are assertions about the memory state
before and after execution of the statement (or program) 0.
P states the necessary entry conditions for O, and R 1is
calculated from P and ¢ using the theorems of the déductiva
theory. If Q terminates and if P was true before execution,
then R will be true when execution 1is conplete. Given a
linear sequence O of statements without branches or entry
points, logical expressions for P and R can be established.
When the sequence is executed on the host machine, memory
values can be monitored +to compute the expression for P.
When R is true upon exit from ¢, the sequence has been

executed correctly according to the programmer's intentions.
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I1f, for e~xample, a programmed loop (L) is obsearved, two
software hooks are sufficient to verify the correctness of
execution no matter how many statements are involved. The
first hocok is 1located in front of L and <causes the
verification of P in the control system. If P is not true,
the process should be ahborted hecause the termination of the
loop cannot be gquaranteed. The second hook is inserted
immediately after the exit of L. At this point, the
evaluation of R will show if the loop was executed
correctly. Memory values that are necessary to compute the
assertions can be obtained at interrupt time either through
the hardware monitor directly from memory or by means of the
software mohitor from general purpose registers.

This method has the advantage of verifying correctness of
programs during execution without producing an excessive
amount of data as the trace technique does. It also reduces
the necessary preparation timel for the calculaticn of
assertions which is required for purely theoretical
correctness proofs.

The pre&ention and detection of deadlocks constitutes
another promising application field for mcnitors. Xlthough
HIM0OS was implemented for RT-11 whiih is a single |user
system under which this problem cannot be encountered, it is
felt thaé\a short discussion of this topic is justified by
the importagce of the problem. A deadlock is a situation-in
vhich part;\)of, or even all system activities are blocked
due to an erroneous scheduling decision. & fatal deadlock
situation my, for example, arise when the spooling space

becomes compfétely filled with 1input records for jobs
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waiting to execute and with output records for jobs not
finished executing. In many systems there is no way to
recover the spooling space which 1is occupied by a partially
executed job. Several ad hoc methods have been employed to
reduce the probability €for deadlocks without giving a
gquarantee for their complete elimination. Other approaches,
mostly based on graph models (see for example [54]), attempt
to formalize the problem and to construct detection and
recovery algorithms. Hybrid monitors offer a compromise in
the detection and prevention of deadlocks. The software
part can observe the task arrangement in waiting queues of
the system as well as possible relations between those
tasks. This may lead to the detection of situa*tions in
which tasks are waiting for each other without being able to
resolve their requirements. The workload of «critical
resources can be observed by the hardware monitor. 1£, for
example, the utilization of spooling space becomes too high
and the monitor control system obtains at the same time the
information that the waiting queue for this resource is
growing, an imminent deadlock  is indicated. Tn such
situations a waraing can be displayed at the operator's
console “er the monitor can supply a corresponiing message
directly to the operating systenm.

Finally, HTMOS can give practical assistance for efficiency
analysis of paging algorithms. The memory management unit
in the PDP 11,45 divides the full address range of 128 K
words into 48 9pages of 32 to 4096 words each. When a
location outside of the current page linits is accessed a

»®

trap to address 250 is generated. When this trap vector is
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interc2pted by S5S-MON, the occurrence of page faults can he
monitored. 1In sampling mode, S-MON can exanine the ccntent
of the page address registers to record the current memory
partitions. This infoxmgtion can be complemented with a
memory utilization report from H-MON when it is sampling the
PC activity.

The examples outlined in this and the previous c¢hapter are
far from giving a complete survey of applications for HIMOS.
Individual requirements and practical experience with the

system should motivate exploration of further possibhilities

of the monitor.
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THAPTER 6

<;‘
Evaluation and_Conglusion

6.1 Evaluation of HIMQOS

The monitor has proven to be a reliable tool for -~

performance measurements. Once acquainted with the systen,
the user can dispense with a large set of control commands.
Several command files provide the possibility to predefine
various monitoring sessions which <can be evoked withcut
profound knowledge of system internal details. All monitor
results reflect exactly the host computer activities and
HIMOS reports are reproduceable at any time. ™he systen's
greatest successes have been the fofﬁowing: *

a. Tts centralized control allows the specification of all
functions from the terminal at the supervisor systen.
Erroneous ¢ommand input or ambiquous instructions (such as
two differant output modes on the same terminal) are
detected and comprehensive error messages are generated.
System internal plausibility checks recognize software and
hardware errors.

b. Peal time data filtering reduces the amount of recorded
and displayed information. Only bertinent data is retained
for further analysis.

Ca Its interactivness enables the user to redefine a
monitor session according to new requirements while host
activities are suspended at a defined state. Host execution

can be slowed down to follow up event occurrences in real
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time on the display.
d. Three different output modes of which two can be handled
concurrently, satisfy all needs for online and offline
analysis. The graphic output produces a dynanmic piéture of
system activities, A modular inmplementation facilitates
future extensions for other integrated evaluation features.
8. Most failures of the host CPU and afy peripherals
attached to it can be reported. Analysis of stuch events is
assisted by the accompanying status report.
f. All necessary information for various applications is
supplied, nanely:

- Performance improvement

- System profile, activity log

Problem oriented sessions (debugging)

Activity reports for simulation model input.

Yet, HIMOS also has some deficiencies, specifically:

"a. The command handler for host system mode specifications

accepts a very abbreviated form of input. Some
familiarisation is required to define the host tables.

b. The monitor overhead is relatively high. Creation and
transmission of one event record takes from 1.43 ms to 3.14
ms, depending on thé length of the record. During this time
the host computer is exclusively dedicated to nmonitor
activities. This time requirement is explained by the
foliovinq 3 reasons:

1. To maintain the capacity of interactive response tc

special events, monitor actions cannot overlap with
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host operations to serve user or RT-11 tasks.

2. ®vent records are encoded into ASCII prior to their
transnsission.

3. Bvent records are an®lyzed in the control system to
datect special events befors the host ;ystem is
released for normal execution,

Ca Because S-NON vas implemented under RT-11 its
possibilities are limited to applications within a single
user system,

i. The operating system has to he slightly modified to
allovw undisturhed operation of S=-MON. With the exception of
the *NRTRAN run time ecrror message handler, the changes dc

not affect any system properties.

The hardware monitor will most probably be implemented b#
the end of this year. Because of time and equipment
limitations, many desirable features vere excluded in the
final design. Due to the interrupt latency of the PDP 11,20
TPU, the maximum sampling frequency had to be limited to 10
KHz. A DMA link between H-~MON and the control system would
offer a varie+y of further applications. As the ccntrol

softvare includes already all necessary routine entries tc

"handle the communication to and from H-MON, its adaptation

to HIMOS will not cresate major problems.

6.2 conclusion
Measuring computer performance during program execution
can be compared with taking the blood pressure of a man

under effort. Monitoring can actually be ccmpared to
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medicine. The onlv majtor dfference lies 1n the complexity
nf the ohserved systems. ‘n both cases « the performance 1s
svaluated and 1mportant points for 1mprovement* oOr reascns
for failure can be found.

"he necessity to monitor activities 1n  large computer
systems has heen generally recognized. The objectives are
not only to increase cost «afficiency of an i1nstallation but
also to ensure reliability and to obtain hints for further
efforts 1n research and development.

“i1ny comput*ters have conquered an 1mportant market place
iuring the past decade, Among other applications they are
pspecially well suited for real time applications in process
control. In this environment high reliability is an
egsential factor and monitors are a valuable tool to insure
this ohjective.

faring the 1maplementaticn of HIM0S, several deficiences in
the design of computer hardvare and software became evident,
"t 15 hoped that future hardware design will consider prohe
point requirements for hardware monitors. Esp@?ially with
regard to the increasing trend of miniaturization and larqge
scale 1nteqration there 1s a danger that many important
signals become buried in a sinqgle chip. Monitor facilities
should bhe a part of the standard equipment of ZPU and
peripheral hardware. Nne ;tep in this direction has, for
sxample, been taken by DEC. The KL10 processor produced by
this company incorporates a PDP 11/40 CPU which 1is partly
used to monitor hardvware signals.

The same arquménts can be cited for the development of

operating system softwvare. Information from monitcring
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devices 15 useful to ass'st operating system decicions.

*specially whan software reaches the magnitude of NS/3F0,
addl?ignal observation tools are i1ndispensable.

Consedquently two different apnroaches can be stated for
system development with raespect to monitors. The monitor
can form an inteqral part of the system's hard and software.
This approach was, for example, taken during the develcpment
nf "Multics". However, this solution seems to have some
dangers. Tt 1s quite possible that weak polnts in the
system are only confirmed hy corresponding deficiencies in
the monitor, Aspecially if the <same team 1s responsible fcr
implemanting both parts.

A modular approach using distinct systems seems therefore
more promisinag. Tt is quite possible that the standard
~onfiguration of future computer 1nstallations will dedicate
one processor exclusively to control and measure the
remalning system components. This wmethod was adopted for
the implementation of HIMOS. Tt is believed that HIMOS will
constitute a valuable tool for future projects on +the mini

computar installation at Mcrill.

"The purpose of measurement is 1nsight, not numbers."”

(F.W. Hamming)

*
A ae v v

R s R TN, b pa AN & T = S




o e ——

LT

he

A o s P S i

@

lﬁost‘CPU

D

117

APPIINDTY 2

Memory Bus

-2 DI 5. JNEPLIR— PP

Nperating
System

Software

Host System N .ee
Peripherals | ) B

Signal Probes

i
<

1 Monitor |

Iser
Software

A

Host Memory

Contr.
of
Host ©PN

~ombination
Sensory Sys.|Logic; Counter
ETimer Unit

ffontr.

T hata

Control CPUO

Aigh
Speed

Reqgisters

Figure A.1:

DMA

Buffer
Space

Decision®
“valuation
Software

Control
Memory

“ontrol
System
Peripherals

A General Instrumentation System

[P

REPENT AP

e b i o s bbb i A o e




™~

PDP1T1/US

| SO ———

FLOATING |
POIN™ PROC

PKOS
DISK DRIVE

PDP11/20
CPU

K=11
JMULT/DIV

RKOS
DTYSK CPIVE

hed

MFMORY || HARDWARE PARALLEL MEMORY :
4AR WORDS MONITOR TNTERFACF 2RK WORDS |
H
!
s
KW11-F PAPALLERL PARALLEL KW11-1 |
~LOCK INTERFACE INTERFACE CLCCK |
PAPFRTAP" SERIAL SEBIAL PAPERTAPE
PUNCH/RDR TNTSRFACE INTERFACE | =earEr
g '
[TERMTNAL 1} TFLLTYPE :
i
§ [TEPMINAL 2}— TEK™ PON TX
; DISPIAY
\ \ |
\Y VV
PDP 11/45 PDP 11,20 :

N TBUS UNTIBUS

Figqure A.2: System Confiquration

O

g o -
w TS L 7 7 T T T T
[ RO Ngshe Y- Vo N ‘ LR A LSRR ,‘i'?’ PR k)“yf ¥,



PMATE YO PAYELY ¢ miens e o toe Ay P - - - s e

Nisplay <00: 15> - Relect Data

DT e — COHPAPATOR‘@IZ:TSELECT BUF FRR{S

(} “hoice of:
NData Path
Bus Register Match
Micro Addr. €Pn/FPP I
Display Pegister
Pequest

Selectad by MATCH COUNTEPl&E———
"DATA DISPLAY" switch
on 11/45 console “ount

/ b ;>

Bus Data Strobe

HOST SYSTEM ' CONTROL SYST*®M

| Pigure A.3: Display Tomparator

Bus Data Strobe
or CPY state IRDOO

l Select* Data

COMPARATOR & SELECT BUFFERIC

h Match
l | Reque st
' ' MATCH COUNTER
!
% Tount ~
' 7)
. For op. code analysgis

b ~

¢ HOST_SYSTEM CONTROL _SYSTFM

Figure A.U4: Operation Code Analysis on UNIBUS Nata Lines.

- N oy Am = o e




SE Y A o AT T A S Pk i e - - I - e .

H

o

*

-
’ (;j

PALS = S A T T T N Y

N‘i
B i l.ll -l-
oo
Lo

Figure A.6: Performance Profile of a FORTRAN Compilation

L 4

Tt~

et s e e o it sl

= e e g5



o ————

HIMOS LOG 14-7-7€,

oeeeve
6o0B00Bs
60006
goeoees
000006
peeoes
goooee
@goeesoe
geeeev
eseove’7
6000087
8eo08e
gepooe6
o6ee06
oeee6e
e6e006
oBo0B6
@ooees
800006
gaeove’
sjcliciclclvg
geaeo7
6ee007?
eseper
6e0e87
voeees?
peee67
6oee67
eoeoe?
eeeear
geeoa’
686067
06pen7
ciciclilcirg
vooee7
aceesrs
60060607
goeeer
goeeser
peoso?
660007
60B0e0B?7
peoeoey
foeeny
eeees?
eeaeen’
seeeo?
6Bo0e7
eaeeeoe?
eBeesay
0vg8e8?
ggeee?
goeeav

PCib6004
PC11554¢
PC115546
PC11554¢6
PC11554¢€
PC11554¢€
PCB11354
PCei342e
PCBB150€
FCBB1506
PCoB158€
PCeeS1ie0
PCOB5160
PCBBS1€0
PCBBS1¢60
FCeeS1¢ce
PCBBS1e0
PCeeS1¢€d
PCBBS1€0
pCeaise¢€
PCOB156¢
PCBB150E
PCeeiba¢
PC@aai1s5a¢e
PCBB1586
PCBB1506
PCBOB150¢€
PC8B150¢
PCcee1586
PCBB1506
PCes158¢6
PCBB1586
PCoB150¢6
PCcee15ec
PCBB1506
PCeB1S586
PCeB15086
Pcea1586
pCeaisec
pPcoeeisee
pceaisae
PCBB158¢E
pPceviSe¢
PCBB156¢€
PCoai5a6¢€
PCBB1506
PCae1506
PCBO1586
PCeaiSa6
PCBB1iS@E
PCBo150¢
pPcoa150¢6
PCee1586

CPiB4z74
CF184375
CP1B43275
CP1084375
CP104%75
CP164375
CP184375
CrP1@43275
CFie4400
CP194401
Crlieddpe
CP1@4z70
CF184275
CP184375
CP1@4375S
CP1B843735
CF164275
Cri@4s7o
CF104275
CrPid44az
Crim4d401
CFla44a2
CFi@44pZ
C(Pigd44n1
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Figure A.7: Event Report for "SAMGEN" Execution under FPP (1)
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LOG MODE DEFINITI .

( H-LOG OR 5-LO3 SPECS (HasS) t S
LD, NEW OR UPDATE C(0,N,U) 1t N
LOG RECORDING (Y,N) 1 YES
NUMERIC DISPLAY (Y,N) t N

1 GRAPHIC DISPLAY (Y,N) 1 N

SAVE FILE CY,N) t Y

OUTPUT FILE FOR SPECS

+SES1=

OUTPUT FILE FOR LOG RECORDING ]

L 0G5= i

%S
HOST TABLE UPDATE
SPEC FILE-OLD OR UPDATE (0,U) 3 U

MASK UPDATE (Y,N)>? t Y
GIVE INDEX OR T

[ [

7654321076543210

00000 P0CRR01110
0000000011001110 |

T '

SUBMASK* UPDATE (Y,N)>? ¢t Y
GIVE INDEX (R T

¢}

7654321076543210
goeloelioepllonle
eeol1001000110011

7

SELECT WORD UPDATE. (Y,N)> 7 1 Y
GIVE INDEX GR T

0
350
351 3 343
'] '
348 t 374
r 341 & 375
'}
TIMER FREQUENCY (>3t NO TIME LOG)>: |
TIMER COUNT T 0
L SAVE FILE (Y,N) & NO
o »D \
& i
f EVENT COUNT:
. 911000000 ©2:1000000 031000000 041000000 051000000
" 061000027 073000076 103000000 .11:000000 121000000
; 131000000 141000000 151000000 161000000 171000000
s & " POTOVO000 £1:000000 221000000 231000000 241000000
v = 251000000 2631000000 27¢000000 301000000 311000000
Tt 321000000 333000000 3431000080 351000000 361000000

Figure A.8: Command Sequence for HIMOS Session of Fig. A.7
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Figure A.9: Disk Activity
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*L

L& MODE DEFINITICN

H-LOG OR S-LO0G SPECS (H,S)
0.D, NEW OR UPDATE (O0,N,U)
NO LOG SPECIFIED

LOG RECORDING (Y,N) t N?
NUMERIC DISPLAY (Y,N) &t N? 1t

GRAPHIC DISPLAY (Y,N) t N7 1 ,
SAVE FILE (Y,N) t N §

CONT+ OUTPUT ON OLD FILE (Y,N) & N '
QUTPUT FILE FOR L0OG RECORDING

*L0G2=

e e

2Z2< CWun

xS ’ !
HOST TABLE UPDATE
SPEC FILE-OLD OR UPDATE (0,U) : U

MASK UPDATE (Y,N)>?7 & Y

GIVE INDEX OR T ;

1

7654321076543210 ,

000000000 2002000 v
0000OC0 105010000 9

T 4 i

SUBMASK UPDATE (Y.N)?7 & N

SELECT WORD UPDATE (Y»N>? ¢ N

»”
INTERR. FREQUENCYt | “a ] @KHZ" ; ;
TIMER COUNT t 620 “DIV. BY 400 => 4@MS SAMPLE RATE"
SVE FILE CY.N) &t NO ’
*E :

SP«EV. TABLE UPDATE!:
GIVE EVENTS (¢ OR T)

" . \
”e .

T R

STOP ON HARD EVENT (Y,N)> ¢ N

- ,

SP.EV.:?

000001 PCOOORGT PSOOPORA SPODBT7124 STOB331 .40 }
*C "TO0 RELEASE HOST SYSTEM"™

*®

Figure A.11: Command Sequence for HIMOS Session of Fig., 4.10
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Table A.71:

1969

1960

1970

1370

1270

1370

b

12()

Intercept monitor (firs* phase)

“vent and sample driven; output
on printer or tape.

Sampling monitor; distributed
by Bool and Rabbage Inc.

Fvent driven; output* on tape.

campling monitor; distributed
by Bool and Babbage Inc.

: I
Sampling monitor; %utpuf on paper
tape or display; costrolled by
PDP-9,

*vent dAriven; graphic display;
controlled by PDP-P.

Sampling or event driven;
monitors IBM/360 under N0S/MVT.

Survey of Pure Software Monitors.




(} . 3aur REE.  I%AR DRQPFPTIES

-- (28] 1958 First hardvare monitor by IBM
for laboratory use.

POEMN [24] 1963 Proqgram oriented event monitor

SNUP®R [21) 1967 Event driven, preset by host
softvage (second phase).

SPRAR [27] 1067 Accumulating monitor, possibil.
to interrupt host system.

SUM {2u4) 1969 First ccmmercially dist;Lnutpd §
hardvware monitor. !
, ¢
t
NENRPOTRON [46) 1971 Minicomputer controlled; output

on display and tape.

TPM-X [3u] 1972 Tyent driven; interaction with
host software; minicomputer
controlled. !

DYNAPROBE [47] 1972 Sampling and event driven;
minicomputer controlled.

oo A

|
MICROSUM [48)] 1972 Accumulating monitor; real tinme %
display. §
i
i
DSP1 [49)] 1974 Accumulating and sampling; inter- i
action with host software;
output on display and tape. P .
¥ L - N
i

wy,

Table A.2: Survey of Hardware and Hybrid Monitors
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Host systen
deqradation

Level of
detail

Nperating sys.
dependent

"raining
required

Monitoring of
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none

nediuom

no

extensive

very diffic.

Oop. SysS. paraneters

Software monit.
capability

Global systenm
profile

Interrupt
recognition

Device monitoring

“ost:
Navelopment
Maintenance

none

good

dep. on
systen

yes

high
high

limited

easy

qgood

nedium

yes

difficult

medium
low

high

less than

soft. mon.

extensive

easy

very good

very good

Yes

Yes

high
high

Table A.3: Comparison of Monitoring Techniques.
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EC Yector Eyent

Group O:

00 -- not used

01 04 Trap to 4

02 10 Trap to 10

03 14 BPT

ou 20 I0T

05 24 Powar fail

06 30 ENT

07 34 TRAP

10-17 -- not used

Group 1:

20 300 - Console Keyboard

21 304 Console Printer
l 22 70 Paper Tape Reader
‘ 23 o 74 Paper Tape Punch ¥

24 100 KW-11P Clock

25-27 -~- not used

30 220 RK 11 dis%

) 31 240 PIRQ
i" 32 244 FPP (floating point proc.)
é 33 250 % HﬁU (menory managementl
| 3#-37 -- not used
Table A.U: Event CTode Interpretation.

”»
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Bvent Masks:

¥
bit 7 6 5 y 3 2 1 0
high - - - - - - - - GPQUPO
low TRAP ®MT PWPL IOQOT BPT TI10 TU4 -
high - - - - MMy FPP PIRQ RK GROUD1
low - - - KW PP PR TP TK
Submasks:
bit 7 6 5 i} 3 2 1 0
SM2
high - Sp Ps PC Sp PR PC SP PWFL, YOT
low PS pC SPp PS PC | SP PS PC BPT,T10,TU4
SM1
high -~ - - [BC-2] SP PS PC-2 SEL TRAP
low - - ERC {PC-2] SP PS PC~-2 SEL v MT
- SH2
high - - ~ [R®G] SP PS PC SEL P
low - - [BUF] {REG] SP PS PC  SEL 7K
583
high - - - [REG] SP PS PC SEL Do
low - - [BUF] [REG] SP PS PC  SSL PR
sy4
. high - - - - - - - -
low - - [BUF) [REG]) SP PS PC  SEL KW-11 C1OCK
’ Su5
- not used -
sué
high - - - - - - RS RU RK 11 disk
low R3 R2 R1 RO SP BS PC SEL controller
. Select Words
}Jﬁ Selw, 0-3 : 7 EMT codes, one 0 as endmarker
CE ¥
3 Selw. 4-10: 7 TRAP codes, one 0 as endmarker
Selw.11-20: 4 pairs of the form: Reg. number
Reg. value

\x' Table A.5: Event Specificatiins

ot V¥ g ;i i SN
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i
=

EXBLANATION

PC Program Counter

PS Processor Status word

sp Stack Pointer (=R7)

cp Content of Prograp counter (=op. code for 1 wrd instr.)

EW Brror Word (=content of #52) for EMT calls

SR Device Status Register
BF Device Buffer Content .,
Rn Register n of disk controller

HT Host Time (content of host clock buffer)

ST Supervisor Time (in sec. relative to start of session)

Table A.6: Value Identification for Numeric Display

Yy
(A

a




[P A P

CMD SUBPROG

W

]

WAITOP
PROC
SPRVUP
CONT
INPICI
DRPICT
ZNTOUT
CSIS
CSIH
CSTL

TERM

=

XPLANATION
Terminal output is disabled

Terminal output is enabled after W

Special event table update mode

Contiﬂue after special event occurrence
Tnitialize histogram, draw coordinates
Frase Screen and draw histogram as it was
Frase screen and print event summary report
CMD interpreter for S-HMON mode definition
CMD interpreter for H-MON mode def.
CMD interpreter for logging mode definition
Terminate session and print summary report

Tabhle#A.7: Control System Commands

(not impl.)
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- G APPENDIX C

Hardware Documeptatiop

C.1 Hardvare Monitor Design

——— e oo b are am e bew s e e G amme b mme e ol e e i oo o e e e ol e ava o -
! PDR11/45 '
)
! ! )
| u Groups of 8 Strobe Signals 1 CPU. Disable |
' L.16 Probe Points __ _ _ _ _ _ _ _ signal _ _
i 1L A
Source MUX strobe. Sell Clock
' Counter
Control
Counter H-MON
) , Control
, lOUtput Seclj\L cMD
. ‘ o Decoder
[putput Buf]
1 [~ " r-11 pata 1o T~ T T 77 pp-11 Data Out |
[ | Buffer Buffer ;
., 1 ' } I
# f I
# ' BDR11/20
: b e e S e e - T —— 2
; - ,
fﬁ " ¥Figure GC.1.1: H-MON, Data and Control




FAST COUNT

BIT
0 203 ' 4|5 718 - 9 1112 15
tode SEL <0..2> |Source SEL <U..1>|CLK SEL <0..2> |STOP/START|STROBE SEL <0..2> |[RESERVED
| buv TRACE U0 SEL SOURCE 0 |000 10 KHz |0 STop 000 SEL STROBE 0
00U COUNT 01 "« v 1 loo1 5 Kuz |1 START foo1 "™ v 3
Ul0 EVENT DRIVEH]10 " " 2 010 2.5 KHz o010 " 1 2
011 TIME 01 " v 3 |01l 1.25 KHz 013 " " 3
100 HOT VALID 100 §00 Hz 100 " "‘ L
101 NOT VALID 101 250 Hz 101 " " 5
110 SAMPLE 110 125 Hz 110 " n 6
111 62.5 Hz 111 " v 7

*

Fig. C.1.2: H=-MON Control Word, Bit Assignment.
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0 C.2 Parallel commupication Link
A
AN A\
"DR11-A ‘ DE11=A
A . e B
- Data IN 4 Data Out N
D, Data Out = ‘ >{Data In D
Request Al t M Request B
PR S Request B ) —3tRequest A G
New Data FRdy ' New Data ®dy .
Data Transm. —{Data Transm.
2 Init SET Init
& , —c o
: Qu/ . \v/ )
- PDP11/45 RES PDP11/20
v UNTBUS I UNIBUS
i § .
o o
i N
‘)
1
rigure C.2.1: Communication Link
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