
· . -
'; ... '.' 

PERFORMANCE MONITO!=l~NG OF PDP-n COMPUT'P.BS 

by 

Wolfgang B~ Strigel 

1\. th~sis submitted to the Faculty of Graduate ~tudies 
and Research in partial fulfillment of the requiremE'nts 
for the dqgree of Master of Science. 

1 
#. 

SCHOOL OF co~ptlTER SCIENCE 
McGILL UNIVERSITY 

MONTR~AL, P.O., ~ANADA 
August, 1976 

, 
C Wolfgang B. Strigel 1977 t 

, (' 

1 \ \ , 

.\. 

,'''' 

o 



" 

/ 

• 

" • • 1 ~ 

'. " , - -r· ._ ... ~", 

.l\BSTRACT 

" 

Va rious s yste m moni tors and performa nce anal ysi s . m ethod s 

have ~een surveyed. Software and hardware techniqu~s are 

cam pa red with 
... 

ref~renèe ta certain ,a pplica tians .. An , 
, 1 

inve stiga tion of a qener!il mad el for pér,ëormance measU rem~nt 

tools bas resulted in th~ develaprnent of HiMOS, ~'hybrid 

interacti ve monitor system. It is designed for 9a PDP-11 

minicomputer installation~ The software and .hardware p'arts 

of the monitor are controlled frDm another PDe-11 computer. 

The systf.'m can worlc in sampling and event driven made. !ts 
, 

ab~lity ta in ter-fere actively vith the performa nce, of the 

measured syst~m can be used, 'for dynamic changes of the 

maasurement session. The control system provid~s o~line and 

offl ine ana ly sis of avent reports. Monitor output is 

directed ta a graphie di~play unit and can'be concurrently 

recorded on tape or disk. The usage ot the moniter ,in 

several. a ppl iea tion fields is illustra tedo through exam ples • 
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RESUME 

1 Plusieurs moniteurs de syst~me d'ordinat~urs ainsi que 
, . 

1e8,.,1 méthod9f dt analys'e de performance ont été étudiés. Des 
1 

~eçhn1ques de programmation et Q.t'électron1.que ont été compa-
6~ 

rées. Un mod~le général d'instrument de mesure de perfor-

Mance a été examiné et il en a résulté ~e d~veloppement de . .' 
HIMOS, un syst~me de mon1~eur hybride et interactif. Il est . 

',conçu pour une installation de' mini-ordinateur PDP~ll. Le 

. 
\ 

• d )- , 

programme ,et 1 t électron1qu~ du moniteur sont çontrolés par 

un autre PDP-ll. Le Byst~me peut prendre des échantillonna­

ges oû réàgir sur des év~nements.· Il peut intervenir sur la 
.# 

perfbrmance de l'ordinateur observé. changeant ainsi la sé~, 
f) 

ance de mesure. Le syst~me de controle permet l~analyse des 

rapports d'év~nements en ligne ouverte ou fermée. Les ré­

sultats sont dirigés sur un écran cathodique et peuvent Itre 

enregistrés simultannémen~ sur. b~nde ou sur dièque. L'emploi 

du moniteur est illustré par différents exemples. 
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Prior to the description 'of the implemen tation and 

application of a practicai tool for performance measurements 

in a compute'r system a c'liscussion of the more gpnera1 aspect 

of performance evaluation for vhich those tools are r.equired 

will be presented. 

The need for performance évaluation' ha~ not "a1vays been as 
• 1 

apparent as it is tod'a y_. First generation computer systems 

had a very simple structure and t'he central processor 'unit 

(CP") vas the dominant part of the installation.' Peripheral 

devices such as magnetic t~pe driv~s, paper tape readers.and 
, -

punches were mainly used t6 maintain the traffi~'of proqram, 

data, and results betwe~n the system and the outside worid. 

The dev ices vere under direct control of ,the CPU. . , 
~omputation and llO vere not overlapping because the CPU vas 

'dedicated at any tim~ ta one or the other activity. For 

scientific applications the power of a system vas mainly 

dependent on the CPU speed_ For, ~ommercial use the 

processing speed vas genera 11'y limi ted by the per forma nce o'f 

peripHeral equipment. 
,1 

The manager of a ,com pu ter ceNtre vas able to charge his 

customers by the clock on the vall. ais main con cern lias ta 

insur~\the availa~ility of his system. Availability can be 

defined as a measure of "the likelihood that a system is 
} . " 

operating properly at a given moment, or as the percentage 
, ' ... 
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of tim~ durinq' which it i5 workinq properly. 

With the ad"vent of secon"d and third g.eneration S.ystPIIIs_' the 

complexi t y. of information proce"Ssinq ,systems ~as gro,lIn 

con'sidera blY. Po~ a human observ~r i t became i\11 possi ble to 

. ", 

determine which job vas executin'q at a certain time- in a, 
, ' . 

• UIt{pro~rammed environment. A scientific user could no 

longer expèct '; the execution time of his program, to decrease 
\, 

by factor ~"9 vhen ,the, "processing speed of the cPu', was' 

doubled. The . , 
software, and user proqrams,ar~ far 

th is kind of si~p'li fïed ded uct io~", 

too complex: as tO'allo" 

" . 
rt fta~. not only for aècounting purpose~ tha t la whole 

industry for performance measurement too1s 

existence. Very soon ,1 t vas, felt that it - lias not, eno.ugh 
. . 

just ta vrite system and user softvarè'with the only qoal to 
ma ke i t work. As the cost for maintaining corn pu ter .5 ystems 

vent up on'e became more concerned· about thèir efficient us~. 

The performance of an existinq installation had to be 

increased and criteria, for fu ture bard and softvare 

d~v~lopmént had to be 9athered. As a large vari~ty of 

systells 1.s off ered on the 'market, there must b-e a met hod to, 
, \ 

comparé the' di ffere nt ,products vi th rega-rd to ' the intended 

appl ication. 

with ~h~ growing compl~xity of 
, , 

modern oper~tinq s~stems it 
1 

• '1s ,difficult to fully understand thelr behaviour.:. A system' 
o 

analystrha"S -to lmov which pa-ram,etérs affect whiéih aspect' of 

1) the performance if he vants to tune a system. He mày be 

confronted vith side effects which he d~d not expect. His 

decisions h~ve to be basad on information that he can only 

, l " 
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obta in t hrouqb perf orman ce meas,u'remej1ts. 

In orit~r define . 
o 

pe:r:formance, of, 
" 

information to 
" ) 

pr~cC?ssin5J systems some tet:ms have .to:be introduced first. 

,'. ~hroughput is the 'ra,te at whl.c;:h a give,n' ~'oFkload' can he 

han'dled b,y the system. The wor~'load 'dan ·consist :Of payroll 

processing where thràuqhput 'woula' measure" the- number, 'of 1 
'~ . 

c 

·payrol! statements ,e~ ho~~. 
.' 

this, measurê indicatès the number of messag~s svitched ~~t 
. . 

no·ur. In a unive'rsity environment ve. would be inte rested .. 

. ih the ·number of ~LGQL 04:'" FORTH.AN statements "2ompit'ed p.el::·; 
, , 

min ute. A . det'a iled disc~13sion of wQrk16ad' ~ha'r:acter i zat ion 

is given by Ferrari [1 J. 

Depending on the applica tion, a'nother measure can, be mo.re 

important: Turnarol1nd time is defined as the delay betwéen 

the prese nta ti on 'of in put' to a system 
" . 

and the ,t"Eceipt 'of 

output. from it [2, p.13 J. Turnaround time i5 mostly u'sed ln . 
• 

connection vith batch p~ocessing systems wh,ere i t ca.n 
/ ' 

specify the timE' span from puttïng cards into- tlle }jopper of. 
1 

a card reader and 'getting a C'OlB pIete listinq on 
/ 
'th e .1 in e 

l 
prin ter. other pap'ers include human factors su ch as 

( 

opE'rator handling,time, think time, debugging .i:ime etC. into 
. . 

their d,efinition "(see for example [3, p.262]).: But in this' 

case ve sh~uld speak about the tilÎle vhich is'-:' Lequ~red for 

l' 
1 one test and debugging cycle. 

tlosely related to turnaround time isthe term "re~~dns@ 

time". lTovever this aPl>lies more to real tille ap~l~cat~op$.. .... , , 

por industrial. proéess control respo.ose t~mé' ,99.u1,a lIlè,asure 
" . 

" , , " ... , . . ; 
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the timc elapsed between th~ arrivaI of a signal indicatinq 

the position of 1'\ work piece and the emission of sorne 

correcting signal from t~e computer. In a timp sharing 

<>nvironment, r~~pons~ tim n qives the period between a user's 

Lequpst from the tE'rminal and the moment at which the system 

is able to service this requE'st. 

It should hp pointed out, that system overhearl (the 

processinq time which is spent in the operating system as 

" o p p 0 ~ e d t 0 thE' t i m 9 s pe ri tin a use r pro q ra m) is not a 

funnamental mOê\sur~ of performance. ~he goal of p~rformance 

improvement is not to decrease' overhead but to incrQase 

throughput and to decrease response time. Overhead can be 

used as a descriptive parameter but it does not necessarily .. ' 
affect performance. 

1"n the previous eXê\mples, the term "performn.nc::o" has been 

usen 1.n differE'lit wa ys. In t li i t ive l V w~ ca n ha v e ace r+ a i n 

f e E' lin q for wh a t i t strt nds. However performance as ~n 

independent entity does not exist. It can be discussed only 

in the context of a specifie application or a set of 

appl icat ions. 

For examplp 3. high level lanquage compiler may he judge<l by 

itg compilation speed. This is an ade-quate measure in an 

educational pnvironment whereas other users ar~ muc h mor e 

conce'rnE'd ahou t the CWa li t Y of th e ob ject cod e produced 0 r 

the storaqe requirements for the compiler. 

In a commercial computer center, performance is related to 

eost effectiveness. However this measure has to he 

interpreted ca refull y vith th.e indi vid ua l 

application (3). A fairly basic measu~e of performance, 

-, 

.1 



--~--

qiving the mean cost of delay to each job i5 suqgested by 

Greenberqer [4 J. Generaliy ve vant Sorne measure of 

effectivenes5 that 15 related to the ability to prOC~5S jobs 

where jobs can he user proqrams or operating system tasks. 

()ne approach to performance evaluation 15 to descrihe 

thé tarqet system by means of an equivalent model. A model 

is an ah~traction of the real system containinq only the 

signific:ant vadablps anel relations. l t i s ilS ua Il y m uc h 

simpler- than the system it models. On one hand, the input 

ta tht:> model can consfst of data about the actu"al workload 

of an existinq computer installation. On th~ other hand 

information about the expected task volume of a projected 

computer systpm can be used. As this technique has te 

pmploy some simplifications in ord~r to keep the volume of 

the model lt a feasible size, the resul t ca n on ly 9 ive an 

approximation of the real performance. This method is 

widely used in the field of system design and research. 

More precise results about the performance of a working 

system can be obtained from the analysis of parformance 

measurements. fspecially for the application in computing 

centres wher~ observations about the actual system usage are 

necessarYr this technique has known a growinq popularity 

duri ng t he las t ten years. 

Calingaert [2] has qiven a very good review of the 

different performance €'valuation techniques. The clecision 

to use one or th~ other methods depends on the 

individual application. 
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1. 3. 1 

In analytic models, the rela tion between system 

variables and performance parameters is described by a set , 

of mathematical eguations. In accordance with real system 

behaviour it is assumed that events such as the arrival of a 

nev job at the input appear in a stochastic manner. This 

means that variahles can chang~ their values in a random 

fashion ~~t the range of values and the probability of the 

occurren'ce of a certain value is known. 

We may for example know a qiven workload for the system but 

ve cannat predict the sequence in which the jobs of this 

workload will arrive at the input. Let us consider a simple 

model of a batch processing system given by G-rabam 

['1,p.40fi 1. In figure 1.1 nev jobs vhich enter th~ system at 

the input are stored in a first-in, first-out (FIFO) queue. 

Time i5 divided into units called quanta, each of which i5 
It 

exactly 0 sE>conds long. At the end of each quantum a nev 

job can arrive at the tail of the queue. The job at the 

head of the queue i5 allocated to the proce5sor where it i5 

executed until completion. Once the execution 1s terminated 

it leaves the system at the output and the next job i5 

shiften to the head of t-he queue. If the queue is empty, 

the proce5sor ramains ldle. 

" 

' .... ' , 
.~ ______ i 
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QUEUE PROCF.SSO R 

.. F'iqure 1.1 

To construct an analytical model r the job arrivaI time and 

the e xecu tion times for each job are ex pressed b y 

probability distributions rather than in absolute terms. 

Por example it cao be assumed that a new job ~rrives in the 

system at the eod of each quantum 0 vith probability pQ. 

'!'he r~sultinq job arrival distribution is a special case of 

the discret~ Hernoulli distribution. Th~ job's execution 

timf? can be chosen independently from a geometric 

distribution, s, assuming that each job requires an exaet 

mul t iple of Q for process iog. The probability that a job 

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

We can modif, the previous moae~ to study the round-robin 

scheduling poliey vhich may be ussd in time-sharinq systems 

(fig.1.2) .. In this case the processor is ooly alfocated ta 

one job for e xactly one quantum of time. If th e exé~ut ion 
; 

vas not completed at the end of one quantum the job is fed 

back to the end of the queue .. 'T'here it waits tagether with 

other incomplete or newly arrived jobs for its nAxt time 

s lice in the processo r .. Assuming that a job's execution 

timp. ls exactly nQ, it will have travelled n times though 

the system before it has completed .. 

, ~''''; 

-, 
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INPUT t ~ n UTPrTT 

QUEUE PROCESSOR 

Figure '.2 
Another version where this model is extended by a second 

queue to buffer the incoming jobs is qiven by Blatney et.' 

al. (6,p. 4'2). According to a sAleetion algorithm, jobs are 

chosen from this auxiliary store to be placed at the end of 
f 

the queue of the previous example which now serves as 

intermediate storage area for uneompleted iobs. Further 

lev~ls of detail cao easily be added to the model, but as is 

shown in the abova mentioned paper, a daep analy~is of the 

model can already become quite complex. 

For thp firs t t \iO axam ples, Kleinrock [7] h as d eri ved 

equations for the expected total tima that a iob spends in 

the system under the above stated assumptions. 

A more compleI model which analyzes the system throughput 

as a funetion of 'input/output and processing overlap is 

tiescribed 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 syst.ems, the relation between dif ferent 

variables may aven not he expressabl~ by mathematical 

functions. 

Analytic useful of for the evaluation models are , lIlost 

subsystems of limitèd size (e.q. drum paginq efficiency 

-, 

(- ". 
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[9]). As they nead a certain degree of detail for thair 

descriptive parameters they are in qener~l used for 

evaluation of existing systems. At earl{er stages of system 

development . vheore th i5 ,i nfor ma tion is not av ai 1ab11!'!, the 

si~ulation technique is more appropriate. 

1.3.2 tQg~~1_Mog~12 

While for analytical models, the system structure has 
,f 

ta be t~anslated into mathematical terms the 1091cal model 

reflects this structure more ·'directIy. There ar~ severai 

diffetent ways ta express a system structure. 

The directed graph model ls very simi1ar to a flowchart of 

some soft~are. System states are represented by nodes and 

transitions from one state into another are shown as 

directed arcs. MO~: details on this technique can be found 
)1 

in the 1iterature f10,1']. 

Another interestin~ approach to 10gica1 modelling i~ in the 

"" use of Mark ov lan models. Paley [13] has descri bed such a 

mode 1, usinq a discrete time semi-Markov cha in vhere the 

time interval betwfIJ$n succ:essive state transitions is fixed. 

The chain is d~scribed by a transition probability matrix 

whose elements are ~the probabilities of ent~ring a certain 

stat~ from the current state of the system. rhe transition 
,~ 

probabilities can either represent expected or estimated 
, 

values, or they can he obtained tram measurements on the 

executing target system. 

simulation vhich i5 the most frequently used technique 

among logical models will be discussed in more detail in th~ 

follow-ing section. 
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The first step in simulat'lon is to define a dynamic model 
, ~ 

of the investigated computer system. The model consists of 

classes of ~ntities, the attributes of these classes, a set 

of activities, and a set of events. A job that 1s to be 

executed by the system represents, for exampl~, one class of 

entities. Tt can betdescribed by attributes such as memory 

requirement, I/O activiti~s, execution time etc. ~ctivities 

are, for exampIe, arithmetic computations or waiting for IIO 

completion. A job that enters the system causes an evant; 

!/O interrupts can aiso be classified as an avent. Events 

have no dura tian but in general they induce some activity. 

The basic concept of simulation 1s time. Al though 

simulation tima 1s usually not egual to the real system 

time, the simulator controls events and activities vith 

regard ta its ovn time scale. Thus the simula tOI.' followE 

the sequence of events wh1ch indicate changes of th~ system 

state over time. !1odels for simulation of digital computer 

syst~ms increment time in discrete intervals whose length 

correspon~ ta the simulation time betwaen consecutive 

evants. 

To ~imulate a system, a set of different experiments 15 

conduct~d on the model. In 'other \fords, a sequence of 

differen+ workloads is~ presented to the input ot the model 

and results about the system performance on this in,t are~ 

obtained. 

Another way to drive the model is to measure certain 

parameters such as 10b arrival time, distribut~on of page 

fanlts etc. in q real system and to use this data as input 

to the mod~l. During 'simu~ation, other performance 

-, 
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param~ters can he varied t0 find their opt.imal valùes. In 

~his case Wq speak about trace driven ~odellinq. 

If required, the simulation results 
'l, 

of a series of 

experiments can be formulated as mathematical eguations 

describing the relationship between system variables and 

performance parameters. This abstraction can then be used 

to carry out further experiments more economically. ~his 

indicates that there " is no absolute separa ti on betweqn 

analytic models and simulation models. For example, some 

snbcomponents of a system can aiso be described analytically 

vith in a simulator. Of course, it is much easier to mmify 

sorne aspects of the system in a simulation model iust by 

repl~cinq attribute definitions than by modifying the 

complex equations of the other model. In simulation no 

attempt is made to isolate relations betveen v~riables; 

observations are merely carried out on hov they change their 

values with~time. 

In practice, the task of creatinq a simulation model 1s 

simplified by special purpose simulation lanquages such as 

GPSS (General Purpose Simulation System) or CSS (Computer 

System simùlator) (1q]. Those languaqes provide facilities 

for: varying parameters,J for aifferent experiments. 

Especially a t the planning stage of computer system 

development the simulation model represents the most 

convenient technique for performance evaluation. :t is not 

only ihe most flexi~le of all models but it also can be 

constructed t 0 any levei of detail. Cone urrency of 

activities can easily be modelled whereas analytic moOels 

~re not able to express this feature which is bacoming more 

ï" --- . J 
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and more important in modern computing systems. 

However aIl modellinq techniques have common disadvantaqes. 

The obta i ned resul ts can onl y be a.lJ· ~ood a 5 the mon~l. 

Analytical monels are oft~n oversimplified to reduce their 

complexity vh~reas simulation models are very expensive. 

simplifications and assumptions in lE'SS known areas of the 

system càn lead to undetected distortion of results. The 

validity of a mod~l can he examined by comparing the results 

vith those obtained on a real system but of course this i5 

only possible if this sYstem already exists. As the 

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

experiments hive to be designed at least as carefnlly as the 

model. 

The tech.niques nescribed in this paraqraph app ly ta 

installed operational systems. They are main 1y used ·to 

compare performance of different systems or to verify 

expected improvements of system behaviour. Exee6ting th~ 

same aS5embly run on tvo different machines, ve may observe 

different execution times 1ust by lookinq at our vatch. But 

even by timing the runs vith a clock vith a resolution of 

one microsecond vould not tell us why machine A is faster 

than machin~.B. If ve did the same test with another sample 

iob ve could obtain the opposite result, computer B being 

the faster one. In order to achieve more objective result~, 

a~t i ficia l "orkloads con 5ist ing of special p rogra ms or 
\ 

sequences of ~rograms have been developed to ~valQate th~ 

~erformance of çomputinq systems. 

G -------' 
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The simplest technique in the class of performance 

evaluation programs is the instruction mixe Th e fre quency 

of a machine instruction is derived from a dynamic trace 

under rea 1 workload. In the instruc tion mix, each 

instruction execution time is then weightp.d by a càefficient 

basad on the f reque ncy m ea surements. A table a f instr uct ion 

weights for a scientific and for a commercial mix are given 

in [15]. Knowing the instruction execution t~es of the 

targ~t CPU a value representinq the CPU performance can 

easi1y!>~ calculated. The result depellds orl ,the dynamic 

trace which determines the relative importance of each 

instr~tion with regard to the overall performance. 

The kernel technique uses another attempt to define a 

representative workload. It is composed of on~ or more 

assembler routines, each of which solves a specifie 

computational problem, e.g. matrix inversion or evaluation 

of a polynomial. ~he set of problems that farm a kernel i5 

considered to be re pre se n ta t i ve of the predominan t 

application of the system. 

The kerne1 technique has the advantage in that it is more 

S'PU indepen dent t han t!:h e instruction m ix as i t te st 5 

performance on a task level rather than on the instruction 

level. However an objective comparison of different CPU's 

depends on the obiective programming. The adva ntages and 

disadvantaq~s of the last two techniques are discussed 

fUI<ther in [2]. 

'--
So far, the I/O characteristics of a syst~m have not been 

evaluated. Benchmat:'k problems include this feature in their 
~ 

wo~kload definition. A pop ular benchmark problem for 

-, 
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commercial installations i5 the file updating program [1fi]. 

A processor reads a mRster filp from ~isk or tape, updates 

it accorilinq ta a detail file and produces a report file 

containing a record of each transaction perform~d. 

Many attempts have heen made to standar~ize henchmarks, but 

in gpneral, they still reflect a special application. This 

.téchnique may he valuable to gain insight into the expected 

performance of a system mainly used for a particular 

application environment but it cannot give a global measure 

of system performance. 

Synthetic iohs as propos~d by l3uehholz [171 are more 

flexible than benchmarks. In those progr'ams, written in 

high level lan quages, various resourees ma y he 

parametrically changed to fit the characteristics of a r€al 

vorkload. This is done by several tasks which are executed 
, 

cyclically. As every task reguests for ,~nother resource 

(mernory, CPU-time, rIo channels, etc.), the loop parameters 

can he adjusted to the system size and the workload to he 

simulated. 

The techniques descr~bed so far evaluate system performance 

1lnder the condition that the test program is the 'only one 

PlCecuted in the system. In this case the ~xecution time of 

the job is used for aval ua t ion or compar lson. For 

ti me shar ing systems we wou Id' ra t ~er va n t to m ea sure the 

response time under an artificial workload. ~his means 

severai users have to he simulated suhllitting different 

tasks concurrently to the system. l:de cription of an 

inte rnaI d ri 'Ife r simula ting interactive u rs for the M ULTIC S 

time sharing system is outlined in [1e). Each user i5 

., 

• 

1 
,~ 
,1 
1 
) 

1 

l 

1 
! 1, 
i 
; 
, 
1 

i 
,\ 

1 . 

".. 1 



'!iII • 

( 

" 

- ,-,..- - -- ~-~~~ - ----,--~ -------..,.---
, '1,' 1 . " 
'5 '. 

simulated by a process ~hich can be considered an 

interactive benchmark consistinq of a fixed "Sequence of 

commands and fixed think times. 

Criticizing performance evaluation pro9rams, one can say 

they rather define performance than evaluate it. Yet, if 

well understood, they can qive some information about 
r-~_ 

":~" performance vith regard to the yi-elded application. !f they 
; 1 ~' 

,j are used' a long w ith performance measuremen t technigues 

(which vill be àiscus~ed in the next èhapter). the obtained 

results can help to improve system performance under a well 
. 

defined vorkload. 

'f 
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CHAPTER 2' 
, - ' 

Pet!ormance measurement or monitoring ean be dèfined ~ 

the process of àb'taining useful information On the 

performance of software and" ,software controlled cOlny~te~ 

hardware. Tbe earliest measurement to01s were developed 

around 1956. ~hey were àbl,e to supp1y information such as 

job execution time or ,core utilizàtion whioh' was ob,tained by 

core resident software monitors. In 1958 reM d~VêloPed the 

first labora~or.y version of an external hardware device for 

performance measurement. Tables A.1 and ~ .. ,2' give. a 

historical overvièw of sorne of the monitoring tools and 

their capabi1ities that have been impleménted so far. 

SENSO F.S 

EVENT F!LTBR 

MONITOR COlITROl. 

OUTPUT 

Figure 2.1: General model of a~syste~ monitor' 

Th~ basic structure of a moni~oring facility can he 
t. 
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~'~{~erihed bl', t hè ,lI\odal i,n fi,gu:t!~ Z_,1'r req'a rdless of ha rdllare 

,"or' ~oftware,~ b~in"q: ')lsed to- 'extrac,t the i,nfot:!Ila tian... 'rhé 
" '- / 

cOlDpù-ter sys'tè.lll ~,hiçh i's t'a be' lIleasured i5 called the' object 

or host s ystelll~ Sensors col!ect si~nal~ which' inQicate 

changes in tbè' state of\ this system. Thase changes are also 

called évents. The sen sors' can bEl -iinplementéèl hy sa ft,ware 
,1 .,,' 

or 'hardware. 'Their i mpleme-nta tion will be disc.u-sserl in lIIore. 

de't.ail in the fol~owin9 ,chapters. A' hardware sen_sor fOI: 

ei~inp'lé citn i'n'dicate if the wàit liqht on the _ computer 

console i5 on' or off. On the other hand, a software sensor 

ean qivé an interrupt ta t~e monitor whenever execution of a 

'proqram passes over a predefined point in the code. - ,The 

~elect system chooses desired obser.ation points at times 

wh~n th~ir states arè of interest. The measurements then 

proceed throuqh the next stage,where the flow of ~vents is 

f~ltered so as ta reject signaIs that are irrelevan~ for the 

patticular monitorinq session. Both selecting systems are 

supervised by the monitor control which receires the 

preprocess~d signals and produces sorne sort of ou~put. 

" Early monitoring devices in qenera1 teeorded the collected 

data on .' magnetic tape. programs wer~ written to process 

these tapes after a monitoring s9ssiol,\, reducinq the large . ... 
amount of data and cre_ati~g statistieal réports. ':!'hp. 

problem' of interpreting monit.or results is considered in 

[31]. Later monitors reduce and process the incoming data 

in real time besides producing a detailed record on mass 

storage. Graphie \d isplays pro, vide 'a eonvenie,nt way of 
"lJ 

v isualizi n,g i lII111edia tel y ~yst.e~ activH:iéS as' t.lie'y , take 
,\ ' 

place ... 
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Monitorlnq is used to obtain exact information about 

th~ various activitiE's in a computinq system whilp it i ~ 

pxecuting sorne task.s. One of th~se tasks is the opera·inq 

system itself which normally is the most cornplpx program of 

. . a qlven sys em. In general computer rnanufacturers offer a 

rang~ of op~ratinq sysnems for dtfferent applications. 

However the deta119d spqcifications which depend on the 

indlvinual computinq environment have to be ent~ren in th", 

forrn of paramp.ters ta the system. Many of thqse values, 

e. q. the mnximulIl number of cOn',o,ecteo terminals or +hP nurnher 
<> 

of tape nnn disle drives can be determined riqht at the 

heqinninq. However for tuning the operating system ta 

'\chi"'vE' optimal execution a system monitor is almost 

indispensihle. 
1 

Before optimizinq system or user software we havè te' 

qet <l pi ct ure 0 f the rea 1 system activities dur-ing 
'Ii 

execution. Measur@mpnts can qive a utilization report for 

the ~iffprent modules of an operatinq system. Ba se don th i s 

information, more frequently 6 use d modules can he made cor o 

resident while others can be stored On disk or drum. The 
• 

statistical analysis of a disk usage report cOllld sho'.4 a 

high prohability that module B is accessed immediately after 

module A on thE> same device. In this case seek times can be 
1 

reduc;~d hy locating both files in the .sequence A,B close 

together o'n the same aevice. 

:' f I_~ 
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Many times devicp bottlenecks have siowed down a whole 

camp u t8r '3 ys tE' m. It can bl'> very painful to pinpoint th~ 

source of troubles if no monitoring filCi litip.s an: 

~vdilabll3. Using a monitor, iln unexpected overloan of an 

input/output channel can easily he detect~d iust by samFIing 

thE' channel actlvities during peiik periods. This can also 

lea-d to pI:"Edicting future facility ["squirprn'?nts of th~ 

corn putinq centre. 

~ystem measurement may aiso hpip ta impFove the coding ot 

software. ~afitr811 and, Ellison [FI1 talk abo\lt "pprformanc<2 

hugs" by which they mean e["rors in evaluation or iudgpment 

of perform-lncE' opt1.rniz"ition. If the perforwnnce of som~ 

softwi\rp is irnpo["tant it should be ,performance dehllgged by 

rneaSUI."empnt and analysis. Inefficient parts of the pI:"ogram 

can h~ detect€'>o and r8cocled. 

Another way ta use monitors which have already heen prove~ 

ta bf' usgful is in connection with simulation ta produce 

what is called "trace driven modelling" [Pi]. !\ ver y 

detailed p['ofile of thp. 10b stream, down ta an almost 

microscopic level is observed and supplied as input to the 

<>imulation model~ 

Most operatinq syst~ms are documgnted br numerous manualE 

and even if their descciptions are accurate (which is not 
" 

always the case), system understanding is better facilitated 

by monitocinq devices tha~_ show wh-at really happens in the 

computer. ~ performance monitor with graphical output cao 

help teach different aspects of operating systems. Such a 

device could aiso be us@d as feadback to the op~rators 

enabling them to make decisions. 
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"'he milin ohiective of monitorinq in this thesis ~.!'; to off~r 

( 
i\ too1 for op"'!rating ~ystem research and developmpnt. 'Tho:> 

monitor can he used to verify the efficiency of algorithmE 

for paginq or task sche~ulinq. For the "lULT~CS operatinq 

system [20] this application has proved ta be v9ry IIseful 

[1B). Performance measurement can a1so be \Iseo for general 

software rp.search such as proqram correctness proofs, 

automatic flollchartinq, tracing, and debuqgin<) (soe for 

8xample the SNUPE~ COMPUT~R project [21]). Sorne of thes,," 

possihiliti~s are discussed further in chapter ~. 

~s mentioned in the last chaptar, availability is an 

important factor in computer system performance. Th'? 

conventional Wfty to increase avaihbility is to schedule 

t certain maintenance periods during which the systom is not 
1 , , acc€>ssible ta usprs. 
" , 

Permanent monitoring of the activity of system nevices, 

inclllding the CPU can help reduce maintenance time and yet 

in sure high reliability of the systE'm. Mo s+: ope rat in 9 

systp.ms are already able to capture fault connitions and 

produce ~ corresponding message. Monitorinq facilities can 

go a step further, producinq a pr~cise r~port on all error 

conditions to, show the maintenance personal where te 

concen tra t e their efforts. Further improvem~nts are 

obtain~d when the monitor analyzes fault conditions and 

executes sorne of the diagnostic routines on the devic~s that 

() reported failu res. when this is Ilone during idle time of 

th", system, the tinte for maintenance 'Can be reduceil even 

-, 
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further. 

In every computinq system there are some resourc~s which 

ar~ vital to its operations. If the disk ddve which 

contains operatinq system modules, part of main memory ot: .. 
even the CPU itself is working improp?rly then the system is 

"do..,n". At installations that control important processes 

such as ait: traffic control or centraIs for el~ctric power 

switching, backup equipment for the most i mportan t resources 

is indispensible. In these systems a monitor could qllickly 

detect an error condition an(} initiate the necessary actions 

to r~place the defective device by its backup. Tn computer 

n~tworks anode causing problems can be locatgd and messages 

can automatically be routed through another path avoiding 

this node. 

with the qrowing complexity of operatinq systems and 

mul t iprocessor hardware the rel ia b i 1 i t Y of computer J 

installations becomes an increasinq probl~m. Many tintes ., 
Ilsers ar~ frustrated by system crashes which are due te 

implemeontation errors. For the system manager it is often ~ 

very difficult task ta reconstruct and analyze the reasons 

for thE' malfunction. Dynamic verification and consistency 

checks by a measurement device could help analyze and ~v~n 

prevent such events. Plausibility checks can, for exampl~, 

detect unreasonable overusaqe of resources which may be a 

hint for failure in the near future. This situation is 

typir:a.I for deadlocks which occur when the resource 

requirements of d~fferent tasks cannot be resolved. nne 

approach for dynamic verification of operating system 

decisions i5 described by Fabry in [22]. 

, . ----.- ~-,"'-"" --~- . 
\ ~ '. 
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The earliest monitoring techniqu~s developed usad 

proqrams in core to monitor what the system vas doing. 

~hese monitors are an integral part of the hast system, i.e>. 

,. he s ys t e m t ha t i s t 0 bp a na 1 y z e d • Thus, the {monitor i5 

both logically and physically a part of this system. The 

primary a~trihute of an internal software measurement 

technique is that it has access to and can selectively 
'-

record s yst em da t a stor ed in mernory or CPU reg ister s 

(dependinq on the computer architecture, device registers 

an d bu ffers ca n be exa mi ned too). 

When activated, the monitor Interferes with the system 

ope ra t ion to record and analyze values of interest. This 

leads ~o some considerations for the development of software 

monitors: 

- ~he monitor must not alter any systAm variables 

except thp on es that belong to the monitor itself. 

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

space, I/O channels have to be weil defined • 

- 't'he presence of the monitor must be logically 

invisible ta the system. 

Normall y a software monitor 15 vritten in assembly 

language. The reasons for this are twofold: first, the 

execution tinte can be kept at a minimum and second, the 

access routines to system registers and memory locations 

have ta be wrltten in a lo~ level language. 

A survey of existing software monitors ls given in appenoix 

A, table A.1 .. 

". 
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The basic idea of the sampllng technique ls to 

interrupt the normal flov of execution at periodic intervals 

vhere control of tbe system 15 passed to the measurement 

rout ine. The inte rvals can be determ ined by a clock 0 r a 

combination of events in the system that meet sorne 

cri ter ion. Th e best cha ice for the sa mplinq ra te would be a 

random time schedule which is known ta be statistically 

indppendent of any natural execution pattern in the program 

ta he ana 1 yzed. Th is-,Aavo,i ds synchroni"La tian effe cts between 
\ 

the monitor and the sampled evants which otherwise could 

amplify or zero out the recordinq of pe~iodic events. 

Ta obtain a compute time profile of a proqram, that program 

is loaded ano run in its normal fashion without any 
~ 

modifications and lIithout any noed for prior t~owledge of 

any of its c~~racteristics. At the time of a sampIe, 

execu tian is i nterr\lp ted a nd va lues of in terest are recorded 

by the monitor. Some of the typical information gathered at 

this point is qiven in the followinq List: 

CPU active 

Location of n~xt instruction to he ~xecuteo 

Instruction code 
" 

Location of data referenced by the instruction 

Processor status word (PSW) 

Status of channels, control units, and devices 

!/O oriqinators. 

This' inf orma ti on, reco rded on ta pe along wi th the sam ple . 

tille is sOl1etimes called a "system's snapshot" .. At the 

- -~~~-----~-" , ( " . ~ ~, 
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completion of 'the l'un this tape can, for example, bp. sorted 

( by interl'upt location address and the resulting frequency 

distribution printed. The accuracy of the sa mFlinq 
~ 

techniqu~ is based on the central limit theorem [23J. The 

central limit theorem states that the accuracy achieved 

improves as th~ number of random samples increases. If qOOO 

samples are taken, the probability that we will be within 2~ 

of the actual value is 99.qQ~. After spproximately 2~OOO 

samples, there is no substantial impl'ovement in accuracy. 

J1.nothe'r approaeh ta software monitoring 1s to plac~ 

intercept points (or hooks) at strategie locations in system 

software and application programs. When thE' monitor is 

enabled and ~xeeution passes over ~uch a point, control is 

pass~d ta the measurement program which records interesting 

valups just as in the sarnplinq mode befora passing centrol 

back to nomal execution~ Contrary to the method described 

in the last chapter the intercept technique is very l 

i 
opp.ra ting system and machine de pend ente Th is i s mai nl y t • 

,1 
., 

refl~cted in the way how the hooks can he placed. In 

systems with many different vectored interrupts whpre each 

of them is respon sib le for a smali qroup of periphera1 

devices, the interrupts can be intercepted to obtain 

information about 1/0 activity .. If additionally the 

operating system and user programs exchange information hy 

means of some sort of supervisor calis w hich ca use 
, 

interrupts, ther~ i5 a convenient vay of mOQitoring this 

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

addr~ss. G~nerally within the system archit'-7cture there i5 

further information which identifies the specifie nature of 

the interrupt. 

To crea te interce pt points for events 0 ther than 

intprrupts, the source code has ta be modified by insertion 

of special intercept code at interesting points of the 

program. This is for example~u5ed to monitor if certain 

locations such às branch entry points or subrautines are 

executed. Details of the implementation of sa mpli ng and 

interc~pt monitors are described in chapter 4. ~ 
\~" . 

With th P. intprcept technique the requirement for software 

monitors to be logica Il y invisible ta the syste m when the 

moni tor is not active is more difficult ta 1 meet. While 

there are no problems to deacti~atp. hooks which capture 

interrupts just by resetting the original addresses in the 

interrupt vectors, this can cause more problems for hocks 

that were placed into the code. As changing the source code 

to those • •• impractical, has ta he found rp.move pOl.nts l.S a way 

ta change the book command into a NOP (no operation) 

command. In bigger systems like the IEOH 370 series, this 

can he done by the EXECUTF. instruction which has the ability 

to define a hook instruction eith~r ta be an interrupt 

crea t ing one or to be just a NOP. Microprogrammable 

machines can support the same feature in a similar way just 

by rellefininq al micro instruction. For comput'ers from 

Digital Equipment (PDP11 fam.ily) the . problem has to be 

solved in a differpnt vay which will be shown in chapter 4. 

Another technique vbieh i5 for example used at the MeGil1 
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computinq c~ntre should be mentioned. The software monitor 

(SLACMON, (51) is invoked wh@never the CPU 15 idl o in order 

ta use up all "spare" time. Durinq those per1ods, a caunter 

is incremented at a fixed rate. The counter value gives 

then a measure of the CPU load. 

In a commercial computing environment wher~ only th~ 

averall system behaviaur has to he controlled, the sa mpling 

monitor would be a sufficient too!. It is relatively easy 

to handle and the degree of detail can be adjusted simply by 

chanqinq the sample frequency. On a CFU with an average 

instruction time of one micro second and a sample rat~ of 
/ 

one milli second, statistically relevant information can be 

obtaineil after only 10 seconds with a maximum of 1000 

instructions between two successiv Q samplep. Tn (practice 

this means that a system profile can he updated in 1] second 

intervals. However the choice of the sampling frequency is 

not a trivial one and depends upon the yiel~ed information. 

Another prohlem with sampling monitors i5 their low degree 

of fl@xibility. The set of values collected per sarnple 

nuring one session is mostly invariable. The selection will 

have to be general enough to qive aIL the require~ 

information but it has to be detailed enough ta rninimize 

redundancy in this information. The number of v~iues 

recorded per sarnple cannot be too large to keep the ratio of 

recording time to sa mpling period resonably, 10w and thus 

limit the overhead. 

For applications wbere specifie problêms in a system have 
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to be analyzed and vhere e<tch occurr~nce of certain events 

has to be recorded, the interaept monitor is the more 

appropria te tool. A t in i tiali sat i on a se t of events can he ~ 

defin~d along with an individual description of the 

information to be recorded for each of the events. ~his 

feature increases the flpxibility of/that monitor type an'; 
~ J 

/. 
d~credses the amaunt of redundant qata recordeo. 

Assuming ve want ta monitor dis~ arm movement to find an 

optimal arnnqement of files on that disk ve can specify 

that only values like physical disk address, seelc time and 

originator irlentification be recorrled. If, in the same l'un, 

paginq activity is ta be monitored, the events indicating 

page faults etc. can produce a completely different set of 

values. Th is d ist inct ion ca nnot be made in sa mpling 

monitors "'here ve would have to record the uni on of both 

sets for every event wh ich ' of course increases the ililpact 

that the monitor imposps on the system. 

In general, the main advan~age of the intercept technique 

is the ability to concentrate on a clearly defined ranqe of 

~yst8m activities and to generate a reproducihle r~port. 

'Th~ monitor overhead in the samplinq technique is rea~ily 

d8fined 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 exhaust ive overall 

. system profile basad on a statistical evaluation cannot be 

obtained. 

As long as events can refer ta interrupts, ,the ~nstallation 

of ari intercept monitor is no problem: the corresponding 
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interrupt vectors just have ta be modified to point to th~ ~ 

monitor routine. But the installation, activation, and 

deactivation of hooks in the software code can cause sorne 

heaoaches. As mentioned in chapter 2.2.2 this d~penrls on 

the system layout •. A quite unproblematic solution for 

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

AIl software llIonitoz.-s requiz.-e host system resourCBS such as 

:PU time, core memory, buffer space, IIO channel time, and 

mass storaqe. This of course is a disadvantage as the 

monitor's operation May distort the normal system activities 

and thus May IE'ad ta a situation which is known a s the 

HeissenbeLg u ncertai nty. Therefore the impact of the 

monitor imposed on the measured system has ta be 

investigated carefully before the results of a monitoring 

session can be analyzeà. 

In thp. previous section we Have seon that software 

moni tors use reso ure es of the host system. A mong ot her 

reasons this was one of the 'dra",backs that led to the 

development of hardware measurement techniques. Table 1\.2 

shows some of the hardware monitors devéloped during the 

last 18 ~ears. A good description of the history of 

hardware measuremént techniques is given in [24]. 

Rardware monitors collect electrical signaIs that indicate 

tbe state of 'the host sys~em. Probes are attaehed to test 

1 
l 
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points or pins on the bac~ panel of the computer system. 

These high imppdance probes are complet~ly passive to the 

host system. In other vords, they do not affect the 

performance of the computer in any-way. Hardware monitors 

usually operate in samplinq mode rather than ,in the évent 

drivE'n fashion. In the second case an event is c~used by 

the occurrence of an electrical signal at a probe point. 

Once siqnais are presented to thp monitor, they are 

generally made available at sorne form of logic plugboard. 

Th is i s Ilsed to accom pl ish fir st level da ta red uc tian on the 

siqnals to detprmine states of coexistence ann mutual 

excl usi veness. If, for example, the overlap of ~PU and 1/0 

channel activity has to be measured, we would II()R" the 

active signaIs of all channels and combine this output via a 

~ogical' "A.ND" vith the CPU active signal. More examples for 

the use of logical data reduction in hardwar8 monitors are 

listed in [25]. 

The resultant signaIs are directed to severai counters or 

recorded together vith a time stamp on a storage media. 

50me of the more;-recent hardware monitor~ perform sorne real 

time evaluation of the incoming signaIs and update the 

result periodically on a display unit. 

The method by which the siqnals are evaluated ann recorne~ 
1 

constitut'es the major dif;ference between early mcnitors and 
1 

those available toda y. It also defines the type of 

measurement which the monitor can perf~rm end thus is a 

meanS of classifying "hardware m~itots-into major subgroups~ 

I{ 
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The earliest hardware monitor~ déveloped by rB" vere 

summary type monitors (see appendix A, table A.2) .. '" he y 

record~d sign~ls eit.her by timing their duration or countinq 

the number of times they OCC\1rr erl. The cnunter cont~nt:s vas 
. 

period ica 11y read out and written on tape .. '".hus, the 

summar y type monitor could ·giv~· information about the , 

percen taqe of time a signal was active over the moni torinq 

periode wh~n counting the signa1s it gavé the fr~qnp.ncy of 

occurr~nce for the measured êvent~. 

It is important to note that, any dynamic properties of the 

system activities were last in the accumulated information. 

However for computinq systems in the early 1 Q 60's this 

monitor typ~ was good enough to qive a clue ~o what was 

happening in the computer. At many installa tions ' this 

technique is still used to produce avera11 sys te III 

uti1ization reports .. 

2 .. 3. 1 !l:!.Dll!!!,!!;L,t1.QIl!Z.Ql;:§. 

with +he increasing cQIDplexity , of computer systems the 
4-

nee'd for mor~ deta l1e d acti vi t y re ports beca1ne imperÇt ti ve_, 

Information was reguired f~r inp?t to various sim~lation 

programs whos~ accuracy dep,nded on ~he actua1 distribution 
, 

Qf rIo and computing activities. The summary type monitor 

vould indicate the CPO bein9 much ~ore, ~tili2ed thon 

expected hut the ~ause, of the inefficiency rema ined u;o'known. 
T . 

One of thp. earl.Y att,elllpts t'C) 9,vel:'Colle' this p~obl~m br "s'ing', 

'a dynallic monitor i6 gtven in (26). Adynamie tracè of the 
,\" \ 
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",vent "Jump instruction px,=,cuted" was llsed to follow the 

execution flow and ~o detect loops. 
j( 

1 

Instead of merely accumulating the evpnts, dynamic ~onitors 

provide a trace in time of events as theY,occur. The major 

prohlem in imp1ementing these devices i5 tfiat tho computer 

i5 generall y able to change its stats fastet tha n th~ 

moni tor can record i t. There are mainl y ho soluti cns to 

the probl em: either thp. monitor' s resolut ion is kp.pt at a 
, \ 

frequency at which t lie storage facilities are capable of 

reqisterinq the evants or as in {21 ) the mq~itor is given 

th~ ability te stop the host system at ~értain times te 

follow up vith the recordinq activity. flowever, the 

interruption of the host computer ls against the principle 
• 

of nQninterfprence as stated abova for the basic hardware 

m oni tors. ~utthermore it can hardly be tolerated in 

coml1lercial installations. Different buffering t~chniques 
1 

have been implemented ta increase the resolution of dyna~ic 

monitors without losing too mueb information. 

J10dern hardware monitors combine dynamic as ,Jo/e11 as 

summati~ing featureh to provide information about different 

j~p~~ts of the hast system aetlvities. correspondioq to the 

me~5urements mad~ by tha early monitors there are basica~ly 

three modes of o~eration; 

,.. Event llIapping (E-MA P) mode: In 'this mode the 

countêrs ~sed; by the early' !'lumllary 'Monitors are replac'€d. by 

,wo~.'ds ln tb~ m·ori~tor. s random access ~e.tnory., 'l'hl} ad<lress of 

a _ m.em~:n;y ward . is '9iv~n by ,~he code of 'the E!,ve-n~~ The 
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cont8nts of each memory represe nts either th~ 

accumulated count of the avents or the total time a 

particular event is active. In the first case, the content 

of tbg accor~inq memory cell is incremented by on~ every 

timE> the ev~nt occurs. Tn the sE'conn case, the monitored 
" 

siqn;'\ls are sampled at regular intervals as sppcifièd by il n 

intp.rnal clock. 

2. TilIIe mapping (T-MAP) m'Ode: While an input signal is 

active, a counter is incrementen at a rate determinerl by an 

internaI clock. Wh en the specifieo signal becomes inactiv8 

a mgmory location whose adrlress is qiven by the caunter 

valu~ is incr~mE'nted by one. The moni toc' s m "!mory t hen 

cepresents a f~equency distribution for the dura tion of tl\,c:: 1 
1 

6bserved sigf'\al. rn practise this could be us"'d to ohtain\,l 
o j 

th~ seek tim o distrihution of a disk unit. 

'3. Storo mode (S-MODP.): The store mode corresponds ta 

trace measurements described in chaptP[ 2.3.3. The 

êveni: codee; '<'\r.e simply written in consecutive memory 

locations as thpy occur or at the frequency determined by 

the internaI sampling ~lock. The memory is diviaed inte 

buffêr zones which are periodically dumped on ~ape to free 

thA ~torage sp~ce. The ~hoice of one of the monitor modes 
"-

depends on . t~e information requirements. several examples 

how these f pa tures of ha rdva re monitors can b e used art: 

presen ted by ?,p~tein ( 2B J •. 
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While hardware monitors can vlrtuall
1
y measure any 

siqnificant physical machin~ event, thp.y Cdn cafJt.ure loqical 

events only in sorne cases. Protec:t key activity on !BM 360 

sy5t~ms for example i5 strictly a loqical function of th~ 

ope rat in g s ys t f> m, h u t i:. he reg i ste r t h a t con ta in s the c od e 

for th e pro tee t k è Y 0 f the contolling task i5 ln a fixed 
1 

machine location and can therefore he monitored. 

A numb~r of extremely important system chdracteristics are 

never reflected rHrectly in the hardware. Thus there is no 

efficient Nay for a hardware monitor to netermin~ how much 

mémory i5 occupied by user programs, how m"any jobs are 

currently in the job quelle, the reasons why many jobs may 

wait for resource allocation hefore being initiate~ or how 

lonq a pi'\rtlclllar executive routiné may reside in co!"€'. 

'J'he !!Iost evident advantaqe of haI:'di/aI:'e monitors is t:hat 

they do not affect the host system in its performance. T he y 

are capable of sensing a llide variety of nardware ilnd evpn 

sorne software evpnts but thE>y are limited in their ability 

to dptect thp stimulus for a set of responS9s. "'his ca use 

and effect relationship can he hettcr ~stablished hy 

software monitors which take advantaqe of the fact that t:h~y 

reside within the hast system. They have acc€'s§ te 

virtlially any p,Çl.rameter which is controlled by the operatinq 

system software. Espécially in mUltiprogralllming systems, 

the latter technique ~àn be used to investiqate the systemes 

task,table and correlate the location o~ an eq'ent tiith ~he 

identification of th~ oriqinatinq program. Pnysica~ mach~ne 
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~v~nts, however y are heyond th~ reach of software monitors. 

In table ~.l three mcnitoring techniques are comparen with 

reqarc1 to the 1I10st tmportant criteria. 

Fortunately, the capabilities of hardware and software 

monitors complement each other and thus suqqes t a solution 

t 0 th i s p r oh 1 e m • ~he resulting type of systems monitor is 

called a hybrid monitor. The underlying premise of the 

hybrid monitor is that a hardware monitoring o0vicp is not 

invisible to the operating system, but instead, it is 

treated as an "intelligent 1f peripheral device. 

This conc~pt has been implement~d at the MT'l' Lincoln 

La b 0 rat 0 r y r 2 Cl) wh@re sen so r s and event cOllnters are 

allocated to user programs undgr- the control of software. 

'l'he user can define which activitigs are to he sensed and 

the hardware device interrupts the user proqram as saon as 

it recognizes cne of these events. The device has been used 

to derive an online histogram of the subroutine utilization, 

to investigdte virtual memory performance of a single 

proqram and other similar tasks. 

The distinquishing characteristic of hybrid monitors is 

that software can be used to dgte~mine activiti~s which are 

ta be measured by the hardware device. This implies that 

the commands to a hardware monitor are no lonqar given by 

buttons on the front pannei but they are dynamically 

suppliéd and ~altered br a software program. In table 3 the 

different monitoring techniques are compargd. 

For example, suppose the memory activity of a certain 

proqram is to be monitored. Soft hooks can he established 
l. 

rJ 
in the supervisor'S dispatChing module to detect when the 

,r. ,f. 

-,. 



i ( 

(t) 

----- -- ~ ----.-. -~~-..,.--~~~--~-------..,,----

... - --- ... - ~-- -~-----~ --"---.... ---_ ... ~-~-~~-

proqram is about ta be execntpd. At this point thE' software 

monitor can take control and transmit ta the hardware th9 

base adciress and ~ize of the prcgram. C:;ince meml)ry activity 

is to be monitored it also directs the hardwar~ to select 

the m<:'mory address regist~r as the sourc~ fo r the 

meas ureme nts. 

One of the first hybrid monitors for systems with virtual 

memory is +he DSP-1 r 30] which is currently user! at the 

Mcr.ill computer centre. It reduces the monitor overhead in 

thl'! above ml"ntioned ~xample in the fOl10winq way: A map of 

m~moty areas that have ta be monitored is ~stablished by 

software an1 sent to the device vhich then continously 

sample~ the content of the program counter (PC) and compares 

this value ta the ones in the map. As soon as the PC enters 

nne of the specified memory areas, the monitor starts to 

record predefined system variables. 

As 'Ile have seen, the monitoring devices have becoIDe 

morE' sophisticated with increasing complexity of computer 

systems. Rhile the first monitors purely recorded 

everythinq th~y vere able to measure, the more advanceo 

techniques concentrate on the proble~ of screening the 

sens~d sig na 1s ta elimina:te red unda nt or un van ted 

information prior to the r.ecordi ng. P lugboa rd 10gic 
~ 

and 

event filters were improved but at the end'it became obvious 

that many problems could he solved if a second processor 
.... 

vere used to perform the preliminary data reduction. ~his 

has led ~o the last 
~ 

generation. of performance measurem,ent 

tools which will be the subject âf di~cussion in th@ 
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fOl1owinq chapters. 
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CHAP'I'ER 3 

The DSP-1 rnentioned in thp. last chapteI" is an elaborate 

tool fOI" peI"fprmance measurements. The sensor, system which 

had to be proqrammed for different 109ical combinations on 

bulky plugboards in earlipr systems i5 now controlled by 
if!? 

commands on a console. However, the Most important f~ature 

of the nSP-1 ls the possibility ta transmit those command~ 

in 'rp.mote mo(le from the host system, i.e. software residing 

in the monitored computer can define the prelimina~y data 

reduction and other parameters that côntrol the monitor's 

operation. 

As i t has been sho wn, h ybrid moni tOI"S combin e the 

advantages of hard and softwaI"e monitors but they are not 
. . 

flexible enough to change the monitoring mode dynamically as 

a funetion of thp incominq events OI" to perform more complex 

real time data re~uction. Due to the storage requirernents 

of the map and store modes, memo~ies vere added ta monitor 

devices. The ir internaI control structure required an 

incrf'!asing amount of hardva,re to supervise tnp ffata flov. 

The OSP-1 monitor incorporates already a special purpose 

proeessor to take care of these functionsM 

In this cha pter one fu r:ther step will- be taken and a more 
. 

flexible instrumentation system vill be discussed which 

includes its own processor and software residiD9 in the 

bJ " 
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monitor"·s memory. This model is, at the same tilllP, the 

basis oh which a p9rformance monitor was dev~loped and which 

will be the subject of the remaininq chapters. 

1.1.1 :h~_~~n~~~l_~Qg~ 

~ Log l.cally the monitor consists of three par-ts as shawn 

in figurl) 3.1. The software monitor, operating in sampiinq 

or event driven mode, resides vithin the h05+ system where 

it extracts inforll\a tian wbich is a vailable in the hast' 

memory. The bardware monitor collects èlectrical signaIs 

with its sensory system and performs first 19vel data 

reduction. Bath units send the preprocessed information ta 

the control or supervisar system. On the other hand, the 

control system has the ability ta send data hack to either 

of the monitors, interrupt their operation via control lines 

and aiso interrupt th9 hoet system itself. This last point 

is usually not found in commercial monitor devices. 
" 

However, it has proven to be very useful for applications in 

research and development. FinalIy, after having processed 

the data, the control unit communicates the resait over th~ 

1/0 bus to some periphp.rals. 

In t.he following three paragraphs wa will take a closer 

look at ~a ch 0 f the components. A functional d ra w ing of the 

configuration is given in appendix ~, figure A.1. 

.. 
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Figure 3.1: General Monitor Madel 

This part of the performance measurement system resides 

in the host memory. For normal applications, the software 

monitor runs in the 'intereept mode because the data ga therê~ 

in sampling mode can bp. extraeted more efficiently by t~? 

hardware sensors. 

As earl y as in 1967, as part of the "Snupe,r ("'am putar lf 

project (21], Estrin developed an idea for hybrid monitors 

vhich has been\ included in· this system. 1nstead of 

inserting softhooks at strategically important points of 
~ 

.' 
programs which are to he lIonitored, the' software is anall'zed 

at co.pile tim e and the relative program, counte r va J.1I9 fot , . 

those points is determinêd. Th~ technique Aused hl' Estrin is 

-,. 
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very similar to those used for proqram corr~ctnêsS proofs 

( \ 
[35] (see also Chapter '1). At load time the absolute PC 

values of the event locations are determined and passed on 

to th, sensory system which reports an avent as soon as one 

of thos~ location~ ilppears in the PC during elCecution. 

Of course, the method is not easy to implement as it 

requires changes in the operating system software, namely 

the compilers and loaders. It has the advantaqe that the 

system deqradation is plac~d into utility tasks and the '1 ,il 

program to be observ@d can run without any interference. It f 

is also a typical pxample for a situation where ~h@ 

distinction hetween oppratinq system and 50ftwarp mcnitor 

begins to disappear. 

Wnen the m~nitor, running in intercept mode, has recognized 

an @vent it will collect relevant data and send it together 

with thf' event identification to the control r:pu. 'T'his 

transmission can be done over a standard IIO channel of the 

host system. The same channel i5 used in the other 

direct ion +.0 send information about the operating mode to 

the moni tor. This has to include in te rrupt vector 

location5, a brealcdown of events to be captured p@r 

interrupt if the vectors are used for multiple functions, 
·1 

,1 
and details about the required data per event. 

1 

3.1.3 Ih~~~n§Q~_~Y§!~m 

Righ impendance probes capture signaIs that "indicate 

the state of the host CPU and its devices. In pract 10e,' a 

() set of probe points ls amplified in so called concentrators 
. 

before the siqnals arrive at the sensory system. More about 

~-----_ ... - .- ------
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hardware p~obe points can he found in the literaturp. 

[32,31 J. The 5igna19 then l;lélSS through logic circuits wh~r,::o 

the first level data rE:>d uct ion takes place. Th!3 

combinatorial logic'can take many forms. Generally 5peakinq 

som~ logical relationship between the signaIs is netcrmined. 

Tnst~ad of usinq a pluqbaard ta specify which siqnals have 

ta he compared anr} which logical function is to he used, the 

combinations are defined by the control proc~ssor. 

~dditionally this remote technique makes qllick changes 
" 

during a monitoring session possible. The r8s~ting signaIs 

arp. then presented at thp. input of buffer regb:;ters, 

coqn~ers or comparators. In the fi rst case t he na ta is 

ready +0 he transmitted ta the control CPU or directly 

st~red into meIDory by means of a DMA channel. ntherwise 

signaIs are either counted directIy or used to open a qate 

to increment the counter with a fixed frequency during thG 

s ign al du I.":l t ion. 'J'hese two t echn igues corre spr')nd te th ~ 

STORE or E-t1AP m?de and the the T-MAP mode resp~ctivf'\ly. 

Although the control CPU maintains its own time basf'\ it can 

he use fu 1 t 0 sone} the hos t t im~ to thE'! monit or. Provided 

both systems increment time at the sa me ra te, on l y an 

initial synchronization is necessary. 

Apart from checking the input signa ls, the use of 

comparators Ieads to a new data reduction techniqu~ called 

sequen cin g". Tl)e first monltored value is compa~ed to the 

contenfs of a series of registers. The index ai th~ first 

matching, register is remembe.red. In case there is na match 
o 

at aIl, the value 15 ignored, otherwise the hf!xt vall19 15 

compared with the register following the remembered one and 

• 
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if the test is successful again, the index of the currently 

matching register is stor8~. This can be carried out a 

cert ain n umber of times de pend i ng on the si ze 0 f the 

sequencer or infinitely if the comparator series 15 

logically closed to form a loop. In a lin8ar arrangement 

the result of this procedure indicates if a predefined 

sequence of values occured in the host system 0 r not. In 

t he case of a closed sequence, a coun ter ca n ke ep traclt of 

how many times a 100p was executed. 

This id~a can be carried furth~r to analyze mor~ complex 

sequences Ilith alternative branches by arr angin q t.he 

comparator reqisters in the form of a fi ni te sta te 

automaton. For any state there ls a predefined se~ of 

ev~nts which can move the automaton in one of the succeSSOI 

sta tps. If th e rece ived signa 1 does not he long to + he set 

or if the ~utomaton enters a trap state the sequence of 

signals i s re jected as not b elonginq to the 1 angua ge \ (i n 

terms of the theory of formai languages) w hich va s d efined 

b Y t he au t orna ton. 

Finally the circuit can have a "learninq" ahility if the 

first sequpnce of n values defines the comparators and is 

checked against the n~xt n values. In the case of a match, 

a loop is ,detected and the comparator vdlu~s can be 

transmitted to the control processor to identify the 100p OI 

else t'he second n values are used to t'edefine the comparator 

values. 

However these attrélctive features reguire complex hardware 

a nd for economical ril?asons their implementa tion will h'a va te 

wait for further innovations in hardware technology. 
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3.1.Q !h~_~2n~!gl_gb2~§§Q! 

The choice of the control CPU 1s no easy task. 

sbould have the followinq properties; 

The CPf) 

1. Exec~t1on speed similar to the host system 

2. Fast I/O channels 

3. A minimum of 32K words of memory 

In general the control system is of a maqnitude smal1er 

than the one ta b~ measured. This means that, for example, 

an IBM 360 installation shou Id be monitorel1 hy a mini 

computer or if a mini compu ter is to be supervised, it woult] 

require a micre corn puter in the control system. 'rh is , 

however, crea tes difficulties regarding the first point 

stated abov~. In most cases the speed ~f a r:pu decreases 

w i th the size. The r ea son for th is lies in the il rchi tect \lr~ 

'" of the central processor control. Large scale systems have 

man y fu nctiona 1 un i ts worki"ng in parallel. Medium and 

especially small scal~ C PU 1 S have a saquent ia1 

microproqrammed controller which makes them easier te 

implement but slower in ex~cution. This problem i5 inherent 

in AlI ~rocessor controlled monitors. If the cont roI 

proc~ssor is nat pspecially designed for this application, 

the solution can only bè found in th~ sensory syst~m itself 

and in altern~tinq or rotating data buffets. 

Thp main bottleneck of moni~ors:lies in the transmission of 

. data betlleen t. hé sensory system and the control' processor. 

'l'his is wh y most· hardware lIonj,tors perform sorne preliminary 

data reduction vith coabinatorial loqic. This "measur~ ls 

still insufficient for systems w~ich produce events at an 
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For this r"ason it is r1e.sirahl~ to hav~ a ....... 
set of high spe~d registers in the sensory syst~m which can 

he used as buffers when data bursts arrive at the input. Tf 

this i~ still insufficient there is ooly one vay out of it, ... 
nam~ly to interrupt the host system until the monitor has 

caugh+ up. The interrup~should b~ directed to the software 

~monit.or vhich can inbibit any procesS'o,I'act.ivity until i.t 

gets the signal to' release the CPU ov~r the contrQl/host 

communication channel. At installations .whe.ré this 'cannot 

he tolerated, at least a data overrun indication i5 recorded 

alonq vith the dat.a. 

A second speed probl~m can oocur at the output channel when 

data is recorded on ma~s storaqe. Howevet, t.he situation 

becom~s only sérious when the, MQnit.o.r is runnin,9 in store 

modp where ev~ry ev~nt is recorded withou~ any ~ata reduc~ng 

transformation. The monitor speed WQuld th'?n bEl limited by 

the sp eed of the recordinq deyice. ,In aIl other modes ttiis 

problem ls n'ot very likely te occur as 'first. and secdnd 

level data reduction as wAl~ aS buffering technj.qu~s should 
.' < 

dAcrease t he data rate SO, that it' can be handled, ea~ily. 

The memot;y r~quirement stated in the third poi11 t· is du-€' te 

seve ra 1:, con si'deta t ion s. ~irst~ mamor, has to hold tbe 

decision and êvaluation soft~~Te. Second. it has t~ ~royidé' 

enough space for buffer z,o.nE',S and third, it, has te have, roolll 

for the 'E-I'là p, ''T',':' /'!,AP ,'or STORE modes_ 'sorne of the 
\ 

information that', reaèhes the 'mqnitot' dqe::; not have to be " 
, , 

~ " ~ \,' 

processed immedia~e11. In tbis c~se the operation speed can 

be accel~r~ted when ,tbe proc-essor and its t/O. channêls are . ' 
bypasset\ anll t'h-e data' i9 stor;èd via ,direct me·mory ~CC,èS.S,,'·· 
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Apa~t from managinq the data flow fram ~h~ monitor units 

th~ control processo~ has several other tasks. Tt has te 

perform second levei data red~ction and o~-ilne evaluation 

ana pres'ent the r-esults mostly in statistical f.arm ta the 

user,_ CR'!' clisplays or 1ioe printer3 can be userl as output 

devices. At the sama time a more d~taile~ record o~ system , 

évents has to. be buffered in the oontrol mamory te be dUlIIped 

periodically On ,a mass storage ctevice, e.g. a maqnetic tape. 

Finally the processor has to accept commands from a 

keyboard. 1'his enabl,es the user to set the monitoring mode, 

~he display mode, ,. and other ~arameters to specify the 

operations of the vhole performance measurement system. A 

desira ble feat ure would b e to ha,va n,ot -only a man ufa c't;urer 

supp1ied set of softwar, routines, but a "mon i tor in 9 

operatinq system" which, incorpotates the-basic tasks of d-ata 

acquiS1:.tio,n. In ehe CPM"'X mQnitQ'r [341,' the' lIIost fraquently 

used routines'fot: data re(\uction are pro9ralltm~d in fiI;mware, 

which' again helps to inère~se the pr.oc~.sg inq speed of the 

Ct?U. T-he user, ShO~ld have the poSSibil! t y to write his own 

4valuation ,softwaJ;e on' top of the utl1ity routine s. A 

considerable a mount cf flexiblli t y vonld he a dded t 0 the 
, ' 

system and programs to ~ç8ck down ~~ecial problems or to 
u • 

!!lad! fy, th~, e valua tion techniques" 'could be :writ te n acc-ord lng 

t~: ind,iv.id ua 1- requiremen ts. 

, , 
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Thp interactive nature of this sy~tem offers a range of 

ne", applications. The most difficult part of a monitoring 

session is to set up thp probe points, define the logic 

comhin~tions in the sensory system and to specify th8 events 

to he int~cepted by the software 

~econdar y /i t~~'" reduct ion pr~ced ure 

monitor. Finally the 

in the control processor 

has to be cho~en. Experience has shown that the first ~etuF 

n~ver ~xactly qives the desired information .. Severa 1 test 

and correction cyc.les ha ve to be carried out before the 

result is satisfactory .. ' with thp monitoring system 

devploped in this chapter, the adjustments can he done 

interactively from the monitor's keyboard. 

Let us consi~er a typical example. Durinq syst8ID profil~ 

measurem~nts a siqnificant oper~tin~ system oVérhead ls 

observed in one of the utility programs. Without relocating 

probe points, or inserting new hpoks in the software, the 

monitor Can supply the identification of the troublescme 

~outinq as 50 on as it i5 loaded from ~isk to core by 

~ssociatinq tnp physical disk address with the name of the 

acc€s$ed module, assuming that the system device directory 

is available'for the monitor. Knowing the sizp. of the 
)-

identified routine a sampling run can be set up to ohserve 

PC activit~ for the corresponding cor~ segment. 'l'he start 

of the sampling session can he define~ as the event of 

loading the routine the next time ioto Core. 'l'he resulting 

execution prof'ile will the'~ show which parts of the routine 

ar~ responsable for t~e low performance. Commands ,for this 

'. 
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tt'acing procedure can be given in a simple language 

(possibly simila1: to BASIC) and the complete proc~~s can bp. 

supervised from the monitor's console. 

The centralizPd controlovar the measurement system. a1so 

enables non specialists to hanole the monitor. Operators 

can ask for Gontinuous feedhacK for th~ir declsions at the 

host syst9m console and ca~ immediately s~e if thp system 

load is op ti maL. The t'eal time display showlng the 

different system activit~s i~ a valuable tool for teaching 

purposes. Th~ penagogical value of adynamie display is 

obviously better than static p.xplanations on thp black board. 

,:'1na11y the interact ive monitor is an efficien t tt? 01 for 

system devp.lopment and research. In the ,eXpeI'iment,l 

computing environment the host system can be interrupted~'or 

slowed down. While avents have t-o be othe-rwise càptured "on 

th~ fly" and the results are displayed in summary form or 
~ 

~valuated offline, in this application a detail~n online 

analysis is possible. The monitor can be re>garded as a' 

sophisticated debugging routine. The hardware prob~s allow 

an instruct.ion trace much faster than any conventional trac~ 

routine. !f the monitor has the ability to alter the stat€ 

'" of the host system, e.g. changing the PC, s.tacrt pointers 

~td., ~ll the req~iremerrts for a poverful debugging toel are 

met. 
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U.' fY~EQ2~_Qf_fi!ttQâ 

On@ of th~ initial ohjectives of the design of a 

monitoring system for the mini computer installation in ~he 

School of ~omputer Science at McGill university vas ta 

provi(l~ a method to increase the availahility of thp. 

compu ter s. It vas planned to develop a tnchnique for 

automati~ loading and ~xecution of diagnostic proqram~ as 

~oon as a system failure vas detected. During the analysis 

of the problem the idea vas abandoned for several reasons. 

First it turn.ed out that monitoring vas a prprequisite ta 

accomplish the original 

multitude of literature on 

goal. Although tbel;e was a 

computer system instrume\tatibn, 

the subject seemed promising for further t'esear.ch. Secon d , 
it vas found that ~roblems other than avai~ahility, yet 

related to monitorin'g, vere more pressing. At the same. time 

t~e project offered the p'ossibilit.y to test the real time 

capability of the mini,' computer 

monitoring procass. 

used to control the 

The result.ing objactivè ~as to design an interactivq hybrid 
, \ 

monitor, controlled hi a deaicated processor as outlined in 

figUJ:e A .1. Decans e the . lIoni tored system liaS un d~rut'li zed 

",'Ost of the tinte, the improvelllent, of pert crmance 

characteristics vas not oné of the prime considerations 

although vith ~he ~ncrea.ing ~orklo~d, ,this may become an 
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important point in the future. But, as mentioned b~fore, 

monitors can be used in many other applications. nuring the 

la st year mainlv tbree directions emerged for research on 

the mini computer inRtallation: r 
1. Multiprocessor systems: This suh1ect i5 specially 

attract iVE? as there are alrea~y two main frames 

a vailab le in i' the department. In the long run it is 

planned to extend the system by several micro com puters 

to build a network for research purposes which could he 

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 (UNTX [36J and 

concurrent PASCAL [37]) were acquired and thp. monitor 

should be of help in understanding and extending those 

systems which are not very weIl documented. 

3. Programminq languages: This field offers a wide range 

of monitor applications. It ~s planned that one of the 

pr01ects uses t.he monitor to produce flowcharts 

dynamically according to th~ real eXl?cution. 'l'his 

topic 15 closely rplated to the prohlem of program 

correctness proofs f.or which the monito~ otfers some 

practical pos,sihilities (see ch. 5) .. 
j 

These thr~~ points can only give a rough overview of th~ 

possible applications. One side e:ffec,t of the mo,n~,tori:ng 

syst~m for example sbowed up during the development of the 

monitor its~lf.. The currently used operating system, ~T-11 

(supplied b Y Digital Equipment [38]), employs several 



( , 

: 

- -
, - :.... .... 

1)0 

techniques which vere not describéd in the i\ccompan,yinq 

manuals. Already the very first vorsion of tho monitot 

deteeted several unknown scheduling techniqu9s and the 

knowleclge of 

ideas. 

their existence ~nduced n~w implementation 
1 

Finally the monitor will assist in teachin~ several 

hardvaf and software courses. Fo-r a course in introd uc4:ion 
) 

to computer architecture, hardware probes can he connected 
, 

to the host system and dynamic changes of the machine state 

can be demonstrated under reduced execution speed on the 

graphie displi\Y. For students in software oriented courses, 

the real time creation of the execution profile for a samp1e 

program will aid in understanding the relation betveen 

static and dynamic program structures. The computer will no 

longer a ppear as the "mystic black box" and terms like 

progra~ counter or interrqpt vil1 become more realistic once 

they are visu'a lized. 
\ 

4.2.1 ~I§~m_~2atigyt~iQa 

The computin~ faci1ities in the Schoo~ of Computer 

Science are suhject to continuous improvements in soft and 

hardware. rherefore reF.erences to the system configuration 

are /\s of l1arch 1976. 

The complet9 computing eqttipment vas manufactured by 
j 

Diqital ~quipment Corporation (O.E.C.). There are mainly 

two independent systems. One i5 base~ on a PD~ 11/20 

procassor vith 28 .. K vords of core memory, one 2.5 Megabytt:l 

\ /-
1111"; 
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disk driv~, two 288 Kilohyt b ~EC-tape drives and a ~ektronix' 

14012 graphic display vhich serves as a consolll device. This 

Inst'al-la ti on i s used a s the C.oD trol system for HI MOS. ' 

'J'he host systf'm i5 built around a PDP 11/45 CPU vith 40 K 

words of core memory, a memory management unit, one floatinq 

point processor, one 2.~ Megabyte disk drive and tvo system 

con soles cons isting of a 300 baud ha~dcopy terminal 

(DRC-Writer) and a 1200 baud video disp1ay (Beehive). 

Thp. two systems are physically located closll together. 

They are con nected via tvo communication cha nnels. One 

consists of two interconnected seriaI a synch ronous 
or 

interfacp.s op~ratinq at approximately 10 Kilobaud; the 

second link operates hy means of two parallel asynchronous 

16 bit intprfaces at an averaqe transmission rate of 40,000 

words per second. A third paralle1 interface estab1ishes 

the communication between the PDP 11/20 and the hardware 

monitor. AlI interfaces were oriqinally desiqnpd hy OEC but 

were modified ta fit the special Deeds for bigh reliability 

and increa5ed data transfer rates. 

~he complete system configuration is shown in the appendix, 

figur~ 1\.2. 

In arder ta fully understand some of the monitoring 

techniques appl~ed in HIMOS, it is necessary to have a basic 
~ . 

knowledge of the p~p 11 system architecture. This ~ara9raph 
-:;,/~ 

will only highlight the features which are ~elevant ,ta 

monitor imple~en~atian, aspecially vith regard ta the PDP 

11/45 structure as this co~puter vas chosen for the hast. 

• , 
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system. Further details about the PDP Il structure, the 
w 

corresponding processor handbobks should be consulted ([39J 

and [40]). A. deta iled description of peI' iphe raIs an d 

interfaces can he found in [41]. 

The PDP 11145 is a 16 bit parallel processor wh ich can run 

in kernel, supervisor or user mode. It can perform DMA data 

transfer as weIl as CPU controlled interrupt or flag driven 

I/O. Th/? interrupt system ,has a 4 level priority scheme and 

the rpu can be,on one of a different priority levels. The 

16 generaI purpose registe~s (GPR • s) are f uncti ona 11 y 

rlivided into two sets of 6 registers each. 3 stackpoini:-rs 

(SP) , each for one of the three different • 1 operating mQ~es .. 
and the proqra m co un ter (PC) • The address spacEl ranges frolll 

o ta 32 K wo rd s an d can be extenrled u p to 128 K words un der 

mamory manaqement. The upp~r 4 K of address space are 

reserVAO for IIO devices and the lover \2'56 words are used 

for interrupt vectors. T-he CPU interprets 78 instructions 

which can be used in 12 different addressing modes • 

One of the Most important features of the PDP Il dp.siqn i5 

the URIBUS concept: Ali system components and peripherals 

li re conn ected to a single bidirectiona 1 asynch [onous bus, 

ealled the UN!DUS. Sinee aIl systam Elements, including the 

cPtJ, communi8ate vith eaeh ~tber in identical fashicn via 

the URIBUS, no ~istinction can be made between me~ory ac~ess 

or input/output operations. Although this t'qC hnique 

facilitates programming it causad some problems -for the 

monitor implementatio~. 

The R!MOS in tercept t'achnique 

mechanism of PDP 11 compllters" 

1s based on the interrupt 

Int~rrupts can be caused by 

-r 
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peripheral devicp.s or the CPU itself. A hardware interrupt 

occurs wh~n a device wishes ta indicate that. a specifie 

condition h~s occured. Jhe relative priority of the request . , 

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

which the requpst 15 made. If the device's priority 15 

hiqher than the current processor level the EOllowing 

actions taka place: 

1. The proc~ssor re'linguishes control of the bus passing 

it over to the requesting d~vice. 

2. The clevice sends a unigue memory addr~ss 1'\S base of 

the int er rupt vect or. The first word 0 f the vec te r 

contains a pointer to the interrupt service routine, 

while t.he second location holds the new processor, 

sta tus word (PS) .. 

.. 3. Th€' :PU ~tores the cut rent PS and PC in tem porar y 

registers. 

U. The nev PC and PS are taken ftom the interrupt vector. 

't'he old Ils and PC are pushed in that order onto the 

current stack and the service routine ls initiated. 

tJpon the RTl command (return from interrupt) thesf' actions 

are executed in the rev@rse Q,J'der. 

The folloving commands in the PDP 11 instruction set can 

causp an interrupt sequence: 

BPT,' lO'!' (Brea kpoin t and 1/0 tra pS) : 
\ 

Th~ first commarid is used for debuqqing techniques 

vhere breakpoints can be~. created by sUbstituting the 

original instruction by the OPT ~de. rOT can be used 

to schedule IIO actions. 

• 

-----------"---



:.,.~.. , 

" 

~ -- - -- - -... ~....,- - -.. 
, , ---- ~----........... _~. ~-------~--~._---

54 .-
EM~, TRAP (Emu1ator trap and trap): 

~hose two instructions are used for several dispatching 

techniques. 'l'he high byte contains the operation code 

while the lov byte contalas a user def!ned constant in 

the range fram 0 ta 3;7 (octal) • In R T-11 the El'lT 

i nst r ucti on is \Jsed as su perv Isar ca Il. 

PIRQ (Programmed interrupt reguest): 

This in~truction offe rs another "ay for task 

dispatching. The requ~st i5 treated in a similar way 

as d~vice interrupts because the priarity level c~n be 

speci fied, • 

Finally there are 3 important vactor locations reserved for 

processor fault conditions. As soon as one of the 

conditions occurs, the ~rocessor traps ta the corresponding . 

vect or. 

1 

" 

Tra p ta 4: 

~ost novice programmers are confronted vith this error 

cond i tian. It indicates the prOcessor "time out" 

signa 1. The reasons can be access to nonexisting 

memory or devic~ locations and odd addr~ss in a wor~ 

instruction. 

Trap ta 10: 

The processor bas encountered an i11ega1 operation 

'code. This situation Is typical for attemps ta execute 

data lnstead of program code. 

'rrap to 2 IJ: 

Whenever the ,power drops beyand a certain 1imit thE 

processor traps to this location ta initialize the 

p~ver fail routine. When p~ver i5 restored a trap ta 

, , 
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the same locat~on vill start ~he power~up routine. 

Originll11 y it vas intended ta monitor the PDP 11/45 

under thp. UNIr. time shar ing system. However. for technica 1 

reasons the UNIX system generation was delayed. At the 

beginninq of lq76 the implementation of HIMOS was started 

under R'I'-11 (version 02B-SJ) which is, at this time, the 

o~ly aV'ailable operating system. 

R~-11 is a sinqie user operating system for computera of 

the ppp 11 series. On the PDP 11/45 and 11/70 the CPU is 

permanently kept in kernel mode while executing RT-11 or 

liser tasks scl\eduled by the system. 
.,. 

It requ1.res a minimum 

of A K vords of core and can bandle a maximum of 32 R words 

~ddr~ss space. Tt i5 designed for program devplopm~nt and 

reill timp applications. Tt supports P~l-'1 ?n~ M~Ç~O, the 

PDP 11 assembler languaqes, FORTRAN IV and I3AS!C.. Sevp.ral 

utility proqrams arp available such as the text editor 

(3DI'!'), and on line debugging aid (ODT). a file handler 

(PIP), severai device handlers and a batch utility. It can 

accept device interrupts and service the two most important 

error tr~ps (trap ta IJ and 10). 

Ln the following some of the aspects of RT-11 ~hich are 

important for monitoring will be disc:ussed. 1:' urther 

information can be obtained from the manuals [3R, 42]. 

When RT-11 is booted it determines the physically available 

,core (the maximulII for RT-11 is 28 K vords) and loads itself 

on top of the lIIamory. The resident system part needs 

a pproxima tel y 4 ft words. The tra p vectors an d the moat 

/ 
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" importan t device vect ors a rI) t hen ini tiali 'Zed. When dev ic~ 

handlers are hrought into core, RT-11 locates them 1ust 

balow the sys,tem. Hormally, user proqrams are loaded at 

address 1000 (this and followlng addresses and m~mory values 

are qiven in octal if not stated otherwise). The resulting 

memor" layaut is given in fiqure 4.1. 

32 K 

Deviee Req isters 

28 K 

RT-11 system 

Otility ~outines 

-
User 

programs 

, 

1000 

Inter. Vector5 

o 

Fiqure 4.1: Memory Layout under RT-11 

An executible pro~rall image i5 called a SAY-module. It 

al va ys represe nta core locations frolR zero to the hi<Jh li mi t 

of the code. T,his e nables a programmer to def ine c,ertain 

'Iector val ues stat~cally in his program. To lIake sure-- the. t 

no vital system véctors are erased when a user program ie 

-, 
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" loaded, thp'system resets sorne vector6 after a proqram load. 

The vectors to be rest.orpd are indicated in il protection 

tabl e vith in t hE' system.' This technique is ob vyaus 1 y no t 

th~ most eleqant wav of system protection. On th~ ~ther 

hand, R '1'-11 cannat take a[lvantage of a, hardware m'êmary 

pro-tee tl,on as th1s 1s not a standard item and Is 0111 y 

sJpP 1 ted vith the me mory manaqem~nt unit. Therefore RT-11 

can only protect itsE'lf at program load time and also 

aqainkt keyboard commands from the console (li~e Examine or 

De~osit). This is not t.he case during l'un timp. A user 

program has acc-ess to any ex:iqting address wit'hin 32"K. The 

sub1E'ct of memory ptotection has considerably inf1uenced the 

implementation of HI~OS. 

The communication between the opérating syst~m ~nd a user 

program as well/s internaI R'l'-11 scheduling is performed 
1 

, via EMT-call s.. ':The usé of th e E MT instruction is the refore 

exclusively dedicated ta system actions. 1\ large macro 

library contains aIl system utility routines, for example, 

READ and ~RITE requests. The ma~ros USQ r.MT-calls to 

transm it a commall~ v ia sa ftwa re in te rru'pts to P'!'-11. For 

exampla the ~XTT macro call at \he dynamic end of a proqram 

i6 translat@d into an "EMT 3S0" instruction where the numbet 

350 ~erves as a function code for RT-11. 

Dis k and ta pe st.ora çe is 'b'loCk~d in ta records 0 f 256 

(decimal) vords. On 1'1<05 cartridge' disks this corresponrts , . 

"ta one sector. At the beqinning of a tape or disk a file 

directo'ry is located. It contains starting address and 

len.gths of the files on the device. Files'" are stored JII. 

sequentially but after seVeral file manipulations there may 

-
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be gaps between in~ividual filas. 

RT-11 has no file protection. ~ach uset can aecass ~~y 

information on a device. 'Only the directory i5 protectè4, 

provided system macros fol:' file llIa~ipulation are used. 

4.3 Ç9n~~B1_gt-a!~~~ 

The HIMOS system wa s spec lall y developec1 f or the sys~e m 

configuration described above. Hovever it can he used to 

monitor any other computer within the POP 11 family, 

provided a second CPU for the control systèm . , 
availahle. ~s 

~ystem dependency is introduced tly the soft wa re moni tor 

which ls desiqned to ope.ra te un der' RT-11. The h'ardware 
( 

mOl)l tor part ls more flexible although some~'of its logic has 

to Meat special requirement~ of the POP 11/45 architedture. 
. 1 

The PT)P 11/45 vas chos en to be the host s ys tom wh ich i5 
. 

-nHmi~~~~d under control of the 11/20. This choice ü; due ta 

the fact that the biqger 11/45 has lIIore components of 

interest such as tbe float.ing point procassar a na the memory 

management unit. Originally i~ was'planned to exqcute th~ 

cont rol softwara on the recent 1 y ann-ounced J~5 1-11 micro 

computer (manu fact urE:'d b y vee) but it vas not a vaila ble on 

tim~. ROllever, the control prog ra hl -ca:n , ea:r l y he 

t ransferred a t any' tille .si nce the instruction set is 

compatible .. 

RIMOS 'fas i lIIp1ementéd in' tbree' s,teps. A fil' st y,ersion ,of 

th.e software Dlon.ito~ allowed some initial eX"(1rerime.nts to 

become 

likq the 

was used 

familiar'with various probiems. , This v~rsion ran 

ea~ly'software monitors on thp. host system which 
, 

at the sal'lîe tille to~ ana l yze' even t,a a nll ta output 

" 
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the çesults. Second, the'hardware ,monitor was designed and 
, , 

third th'e control syst~", wail i,mplelllllnted on' the 11/20. Th'ts -, 

a pproach led' ta a modula r design of the in strumen ta tio n 
\ 

systam .. Each monito'r can operate on i,ts own.. "nly the 

supervisOt CFa is nec~ssary to rece1ve information ~nd ta 

oontrol the op~rating modés. 

4.3.1 ~Qt1!~t~Hgni~g~tyn 

The software monitor is core residollt in ,the 

host system ~here it b V R'l'-11.' Il hen a 

speeifled avent occurs it 15 ca~tured by S-MON which 

accumula tes pert inen t information in a buffét hefor~ 

transmitting the complete avent record to the control system 

(:S).. The évent re"cord ls headed by the event code (Be) and 

c.an v,irtually conti'\-Ïn an unlimit,ed number of additiona l 

vards indicating the state of the hast system a+ the time of 

the eV9nt. ":n a c-ommercial 'environment S--t10~T woul~ rolease 

+-he c.PtJ after having gathered the 'inf or lIId ti on and would , 
'" ( 

t~ansfer the rec'ord concurrently vith the cbn.tinued 

'!'xec~tion of thê interr upted task .. Ih,HIMOS hOWêV~ r,' 'the 

r~co rd is:transmitted an'd a , response from t,he control~tem 
" r 

ha$ to bp r~céived befora S-MON telea~es the CrU". Al thoucj b 
, 1 • 

this technique tncrt?ases' the 
1 

mènitor overhead it ls 
r--~" , 

'neC;:9~sary t? a'llo," in teracti Va rèsponse, f.rom the. super visor. 

If a' speèial eV,ent is dat~ct.ed iT' t,he contEol sy'stem, the 

the ,hatdwa,re mOllitor 
\ , ~ , 

initlaiiz~d etc, hefor~ ,the',host sy~telll changes 
, ' l 

it.s state. 

'l'his feature opeh~ a vide field of,~pplicatipn9 for HI MOS 

which are not. / pos~ib~a 'in', Most other mon.itor 

-, 

'\ 

, , ' 
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i mpl em~n ta tion s. li. n y ha~d or software évent may b,= 

nynamically rleclared as a special avent. 'l1he list of these • 

~ç's is kept in the 'control systAm. 

From its d~siqn the software monitor ~ses exclusiv~ly the 

inter-cept techniquE>. a.s will he shown later, even th~ 

sampling mode Is implemented using the same technique. At 

initialization Hme vP.C tors for all interrupts ta be 

recorded are replaced by pointers into the monitor proqram. 

The original vector values are saved in S-MON. The choice 

of the vecto~s can be intérpreted as the first levei of data 

réduction (as a matter of fact it is data eliminat,ion). 1\t 

the sarne time a list cf items has ta be specified ~hich are 

to be recorded upon the occurrence of an event. 'P.very 

irtdividual pvent can have its own set .containing items of 

interest. This gives the second level of data reduction. 

At tbis point it is helpful to follow an event through the' , 

software monitor (see fiq. u.2). Let ilS assullle "trap to 10" 
J 

is specified ~s an event. As soon as the CPU encounters an 

illegal instruction qode, the execution flow i5 interrupted 

'lnd cont~ol is passed to the location pointed a t by memory 

address 10. ~s a result the PC will contain thp entry point 

of ,S-MON. rhe event code ls ,computed ~n~ used in the main 

dispatcher as an index to c~ll the corresponding_ avent 

h'andler (EH) • There, thè system state, according 
\ ' 

to a 

spec if ica'~ ion list, i s stored int'o a bu ffer and t he complete 

reGor~ i5 sent ta the sup~~,isor system.' Assumin~ ·that the 
,\ . , . 

eve'n t a na ly sis did 
,- -
l' 

not ~ indtcate a special event, thF,! 

~u·perv·isor simply .·sen.ds an ackn-ov}edg'èmellt and S-110N viII 

t·ràn~fer ,contr.ol'bac.lc to RT-11 as indicated by t'he original 

1 
J 
1 

; 

i 
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1 
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. , 

~ontents of the int~rrupt v~ctor •• 
'1 

!nterru'pt Rnt'ry 
For ~elected 

~vents 

l'Iain Dispâtcher 
To E,vent 
A'andlers 

Buffer TranslII. 
And 

System R~set 

'R Po t. u r'n T 0 
" Normal system 

Opera tiori 

. -,. 

Figu re ~. 2: Function al D ia<jtam of S -MON 

'1 -.. 

',-

/ 

<-

Th~ procèdure ls comple,tp.ly· transparent to the user and ta 

RT-1 1, as' lonq ~s the eve~t i~ acknowledqed by the control 
. 

sys.tem. .. 
Tf a sp'ecial event. litas. de,tected the control SPtJ has 

clio 0( ~, \~ 

~ 

sta t'b in t he the possibili t y' ,to change the systell hO'st ,in -

which 
, 

case HIM,OS i?rfe'res : /leti v11 wi'th t.he host 
, " 

pertor .. anc~. " 

sa'mpling' 
' - , 

, ~s, mentLoned b~.fo~~, ~he lI<?d, is ~~ ndled in a . 
siDtilar way:' 'the 11/45 'claclt 

~ 

int'f!rrup~ is 
• 4 ' 

inte1:oepted and 
" ~Jlort'ed supé t'visor., the event ,1.s té the "To 

", . transfer 

< ., , 
~ ..... ", 

1 
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control back to the point where a task vas interrupted th~ 

necessary information i5 takan from thp system stack. ~his 

solution offers the possib~lity to combine interrupt and 

sampling techniques durinq the sallie monitor se ssion. For 

~xample device and ~PU activity can he monitored while every 

second a sample interrupt is created. This can b~ use~ te 

monitor if t'a system is still in working arder or if, for 

example, the CPU vas stopped by a HAtT instruction. 

4.3.2 tlàI~!~~~~n!lQI-~~!gn 

The desiq,n of a hardware dévice to moni tor PDP 11 

computers r~quires some special considerations. Malnly the 

vay ho" ~/e ~ctivity is handled causes practical prohlems. 

Any Ile operation 15 performed on the UNIBUS and except far 

int~rrupts it cannat be distin9uishe~ from a regular memcry 

access. 'Further difficulties ar-e due. ta the fact that thera 

are not m~nymeaninqful probe points avallabl/? at the CPH • 

backplane. ~o monitor, for e~ample, tbe PS or PC requires 

complex and àa_ngerous~m8nipulation on the CPU boaq1s. !t:is 

desirable that the computer desig'n fOI: ,néxt genera+icn 

,systelllg' take that problem into - account an(l' hring Ol1t 

sufficient probe ~oints for easy 8ccess. HOWGver some of 
the ,imPoortant signa?s in PDP 11 CPU'~ are brought to a plug . -
wh ioh is used for lIIai ntenance' ,pur poses. - Tb-is has simplif fet'! 

access ta 'a sub~et Qf important probe point$. 
1..> ~ , .. 

A 9~na.ral design of the har~ware monitor ,(H-MO}l) 'was given 

ta ~he b~part\llent of:Eléct~ical 
/; 

E~geneerin9 at McGill w~ere. 
ri 

, . 
it sboul~ have been iDplemented as part of a oou~se project. 

l , ,_.., 

Du'! proble~à vith the . delivery of com,on~nts the 
l " 
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implem~ntation has not been possible so far. Bas8d on a 

detailp.d de~iqn toqether vith the en~p.neering drawings, the 

function of the device will he discussed in a later chapter. 

possible applications of the hardware monitor 'will he 

considered al~houqh results of p~actical experiments are not 

availabl~. 

Sensor ,tines 

~e1ection CPU Inhibit 
\ 

C om pa ra tor s 1A-qn.~_ 

Figure 4.3: Hardvare Monitor 

According to th~ inltial design, tbe ba~dware monitor bas, 
. 

severai groups of sensors which can be connected to p~Qbe 

poin 1;9 of the hast CPU an·d the d~sk contr:011er (see 
) , ' ' . 

fig. 4.3) • The 81gna1$ are then supplied to a data r~duction 

~oq~c which is control1ed' 'by the supe,rvisor , sy_stem~ 

O~àrdvare. pount,èrs oao accumulate s,ignals ' at big,,- . spe~d or 

~hey ca'n h-. us.d ta time aven ts vith the internaI f~"guency 
" " '.; 

; .. 

~--,----



( , 

1 \ 

i' , 
l " 
" 

, , 

'. 

- ~-

64 

qen",rator. The device operates in different modes which. can 

be changed dynamic~11y hy the control system. Results are 

transmitted oyer a modi~iêd parallel interface for furtber 

process[nq. 

4.3.3 . .. fI' 
The supervisor system, impl.emented on the POP 11/20, 

has complete control over ail monitoring act ions. lts 

command interpreter accepts a large set of instructions 

W'hich ca n be q rouped into three pa rts: 

a. Oisplay and recording mode 

b. ~-MON control .. 
c. H-MON control. 

.... 

(Any references ta software features fol: the control of the 

hardware monitor imply.that the relevant task entri~s exist 

in,thé supervisor system, but thp. corresponding code has 

been replaced by a NOP . instruction.)' Ta faciHtate the 
. ~ 

definition of a monitoring session, command (CMn) files for 

èach of the- three groups cao be creat'ed for repea ted use. 

The control systell . (CS) can interrupt and redp.fine th'e 

operi\tion of 

functlon, of 

S .. tlI')N and "-HON at any the eithe,r las' a, 
{ 

receiyed data or apcordinq ta a keyboard 

command. l·t analyse's event records and stores th~m by means 

of ail -alternatinq'· bUfferinq mechanism. 13uff.ers can 

pe~iodically be ,du.ped on tap~ or disk. At the sams time 

the cs displsys the eventEt..in t.Wo dlfferent,. ways. For·;:, 

deta{led infor.ation the co~plete record ~or ever, e~ent is 

writt-en out in numeric' forlll.' A's this hap'pens' 1-n r081 time 

and ti.cause the transmission ,to the, terminal oper~tes- at 
. \ 
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2,400 baud, the host, àctlvity has ta be slowed down 

~ccor~ing to tbe event density and the number of items to be 

list~~ per evp.nt. Tn the qraphic display modo where t.h~ 

occurrence of an event updates a histoqram in real time, the 

monitor overhead ~s practically limited by the record 

transmission between the host and the CS. 

Purtber tasks of the CS are to maintain the system time 

relative to the monitor initiali2ation and to start and stop 

the monitor session in a remate vay. 

It may be instructive ta follow up the exampl p of an event .. 
occurrence given in section 4.3.1 vith regard to the 

~ 

supervisor system (see fig. 4.4). AS,soon as the event 

tecord i5 received at the S-MON interface it passes througb 

the avent f il ter. The event code (EC) 1s com pa rao ta the 

list of special events. If the list is-empty or if the EC 

do~s ~ot match, the fiiter will send an acknowledqement te 

~-MON to release the host CPfJ. The system control will then 

direct the record tb the output handler if real time output 

is specifi ad. Otherwise the CS operation ris finished. A 

buffer ovarflow is automatically resolved in the receiver 

program by~ switching the buffers and th~ filled buffer is 

record~d on mass storage at a later time when th~ cs 15 

1ille. T:f nu marical ) or qraphical d ispla y, vas sp~cifi ed ·t h j:! 

output handler w.ill. per.form Gr the nec.,essa ry' 
l 

data 

, 

transforma ti on. 

In case the event fiiter finds the EC in its Iist, th~ 

special event sequence is invoked. Th~ display will qive a 

nUlfterio ou t:put of the avent record' (no ma tter in' which mode­

i~ vas runnin~)' and indicate that this ii a special avent. 

, , 

i 
J 

.' ,.' ~ - '. J 
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During that time the host is suspended and fi-MON is in 

receiving mode, waiting for furth~r instructions, the 

operator can react in d if feren t va ys.. He may relea se the 

hast immediately and thus terminate thp. special avent 

sequence. He also can change the a-MON or S-MON mode 

according to new requirements for the succeeding analysis, 

or he deci<les to te rDl ina te the 111 on i tor sess ion. 

'T'a pa, 
~MD I------Jf ~yst~m 

Interpreter Control 
Keyboard~====~ 

, '------' 

Figure tr.4: Monitor Control System , 
Other possibilities are le~t o~en fdr future extensions .. 

1 

1 • 
As the receiving program in S-MON is a flexihle, cc~mand 

code driven. dispatching routin~f other commands to S-nON 
• 1... l, 

like "examine location 1" or ttcli,'nqe value of X ta Y" -may be 

, 
-, , " ' 

il " 
. ~ " • ~ 1 i' 



( l 

i , , 

" ' 

- -
" , -----

The two chapters on the soft anl\ hardware 

i mp lelllen ta ti on of HI MaS will give a compreh ensive 

d~sc ri pt ion. Furth er data ils on the sof tware ca n he fauo'" 

in appendix B which cantains the complete source listings. 

Appendix C qives a documentation of the hardware monitor and 

the communication link. 

S-MON is coded in PDP 11 MACRO assembler and consists 
\ 

of one load~module of approximately 2 K vords. In order ta 

make S-MON core resinent and protect it against user praqram 

as well as RT-11 access, the operatinq system hootstrap had 

to be modifieod. The idea is ta load the executivp. not 

completeoly on top of the existihg memory space but ta leave 
• 

some room for S-MON right above RT-11, In thg current 

configura tian RT'·11 ia located below 24 K. }\ s a result 

RT-11 assumes that 24 K is the physical limit of avai1able 

core and will not access higber locations. Furthermore it 

lIi Il a bort a ttempts to modi fy tlie top area from the sys tem 
~ 

console. A description of how to change the hootstrap can 

ba found in the software support manual [42]. 

A 1'\0 th e-r- -system modification was necessary t,o pteserve the 

communication channel for the control system. As mentioned 

earlier, RT-11 loads every executable proqram starting frol 

physica~ location, 0 and resets aftervards important vector 

locations between 0 and 1,000. The restoring 

in aCiPraanc~ vith the ,system protection map. 

i s p.er9l1ed 

'l'h 18 lia i s 

'. 
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~ 
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dynamically changed by S-M0N as soon as the monitor is 

started. The following v~ctors are protécted: 

trap vector, loc. 34 

clock vector, loc. 104 

communication link vector, loc. 450. 

Usor programs are usually terminated by transferring 

control back to the operating system with the EXI~ macro 

calI (EMT 3150) • If reqister 0 is cleared at this morti~nt, . ' 

RT-11 will ~xecute a FESET instruction whicn disables aIl 

intèrrupts hefore reenablinq the vital interrupts for the 

syst'3m. This however would harm the monitor operations 

because first, S-MON cannot receive supervisor commands any 

more and s9cond, if it is in sampling mod~, the clock 

interrupts would be turned off and the timer registers would 

he resat to O. For these reasons, S-MON chang~s the ~ESET 

instruction in Rl'-11 to a NOP. This modifiçation does not 

distort the performance of RT-1" but it lnsures full 

protection for the monitor activities. 

Software events are defined as interrupts which are 

intercepted by S-MON. A total of 32 events can he specified 

which is enough to cover aIl possible interrupts in the POP 

.' 11/45. At initia1ization time, S-MON, exchanges the cont.ent 

of a n'in terrupt vector wi th a new PC and P5" an d sa v es the 

original veçtor in a monitor table (VECSAV). '1'0 ldentify an ft' 

interrupt, an' e~ent, code (EC) ls assigned to i t. - ~ 

convenien~ pla~e for 'the identification- vas found in the 

condition code whicb 'resides, in the 4 least signiflcant bits 

1 
" 

•• 1 



( 

- -
~ - ' 

of the PS. As 'Ile have 32 possibl~ EC's and only 111 can be 

specifi~d using the condition cod~, two different interrupt 

entries vere created in S-MON. This means that th~ new PC 

for events in qroup 0 points to ENTRYO in S-MON ~nd the PC 

for group , points to ENTRY1 (fig. 4.5).. Bach gloup can 
1 

acc~pt a max imum of 16 cl iffera nt i nterrupts. The FoC i s then 

dgfin~d 1\S group index times 16 plus the in terrupt index 

qiv@n in p~ This gives a total range of 0 - 37 in octal. 

Table ~.4 in appendix A lists the avent codes with ~he 

corr~s pond in q inter t'U pt and vector loca tion s. 

, Tvo miisk words (MASKO, MASK1) are used to specify which of 
\ 

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

in MASK1 is set, event 23 will be activaten. To dp.fine a 

monitoring session, the mask words can be specified either 

at the host console when S-MON is $tarted or interactively 

fr6~ the control system .. If the 
.. 

command sequence at the 

beginninq of S-MON is skipped, a default con~iguration will 
.......-". 

be ~ssumed in which traps to location 4 and 10 (E~ 1 and 2) ~ 

are intercepted. 

" " 
.. 1. • '... 

, . , 
. . ' , . 
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Savq Poutine Sa ve Routine 
r.r,oupi ndex=O Groupindex= 1 
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... DISl? ,j 

l, 

. -1,. 

s taek Pointer 
Verification 

~ 
'E:C Genera tion 

J, 
Dispat.ch Table f---'" 
indexed by EC ~ 
for in div i" ua l .. . 
eVE'nt routines ~ 

Baturn 
Entry 

Buff~r 
Transm i ssion 

o 
2 . .. 

Save Rout.ine 
Ext. 'E:-VE=!nt 

Funeti&n Code 
r.enera \ion 

Dispa te h T.'ah le 
ind~xed hy 

control fet. 
eooe 

~ ______ ~Restore oriq.~ __ ~ 
System State 

Transfer 
nack te RT-11 

Figure ~.'5: Core Resident Part of S-MON. 

• •• 

When an event arrives l the -.onitor'creates a so called 

event record vhich contains in,fo~lIation ,about the system 

state at the tille' of the interrupt. Por every avent, 
" 

different' syste~ variables '.ay be of intèèest And the 
, ' 

IIQni,tor ovarbeal would be in,creaséd éonsiderabl-y if 811 
-. 

possible variables' v~,re, r;ecorded eaci\. tille. TM_refore S- MON 

1 
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offers the possibili t y to dr.>fina indiv idua 1 avant raco rds te 

meet the informa tian requiremants for every event.. The 

~esired record for each event is defined in the submask (SM) 

vords. 1rhe minimum record for aIl events contains the three 

most important system parameters, i.e. the PC; PS, and SP. 

Most events can,repdrt additional values such as registet 

content, buffet contents and RT~11 parameters. The exact 
\ 

assiqnment for the, submasks is given in table A.S. por 

example, SMO ls responsible for the records of event 1 ta 5. 

The low byte covers T4, T10, and the first two values of 

BP~, th~ high byt~ qives the last 6PT bit and specifies the 

records for lOT and power fail. A value i9 included in the 

record when the corresponding bit is set .. 

More information can be reported for the EMT's. As this 15 

a one ward instruction [PC-2], the contents of the program 

counter befor~ it was incremented will be the EM~ code a10nq 

with the fun~tion code which serves ta distin1uiRh 256 

rUfferent 'E'MT ca11s. For example, "104013" shows- that an 

EI'ST 13 vas executed.- Because the EMT is used as a 

supervi~ér cil1! in RT-11, the }~rror code (ER"") can give 

valuable information. 

The submasks 5M2 to SH6 cdrtespond to events in qroup 1 

which are dévice int,errùpts.. Oependinq, on the device, 

register and ' qu (fer content can be ..rncluded in the ev en t 

,report. The matching regis~er addresses are cont~ined in 

the device ~able of S-MON,w~ich ls inde*ei by the Ee. 

The -\lost i~portant device ia the BK.,11 disk control1er. 
\ 

S~~ ia tuilY d~d~cated to d~fine the ~vent t~cord fOt the 

interrupt .• It containa basic proceaaor' 

-.' ,'. 
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information plus the content of 5 disk' registpt;'!i (the 

r~gist~r assiqnment is givAn in ["1]). 93 Ifhiah originally 

contain~d the word count vas redefined. This' can be 

1ustified because normally the wOl='d count is 0 when an 

.' int~rrupt. occurs. It now con tains the block ~ nllmber of <the 

~cce~s~d file on the disk ,which can be obtained by-

transforming the physical disk address in R5. In the nJw 

representation, the disk address can imme~iately be used to 

refer to the dir~~ory dump where the,rélevant file~name can 

he found. 

Sorne evants iike EMT's and disk inte~rupts occur v~ry 

frétJuently :\ nd it ls desirable to perform preli mina ry da ta 

reduction on the host system befora reporting the eVAnws ta 

thA supAt'visor. This eliminates unnecessary, transmission 

~time and d~crea~es the input load at the control system-. 

The suhmasks SM1 throuqh SM6 contain one additional bit (bit 

o in each byte) for every ~vent ta indica~e a preselection. 

If t,he bit ls, set, S-MON will examine one of the! values in 

the ev~nt record and compare it to th~ content of a list of 

Yalu~s, the so'called select vords. If the EC' i s, fou nd the 

eve.n t. will he reported; otherwise it ls iqnorecl. 1\s shown 
~ 

in table Tt .. 1)., select "'ards 0 to 3 can hold up' to 7 FM'! 

function codes (a function code can be specified in onq 

'byte) • The en'" of the table has to be lIIarked hy il 0 entry". 

c;elect votds ".. 7 are used for TRAP' codes. '!f ne tra p 

oo~es ar~ specified thê list can be usad fO~ ~nciher ~ ~M~ 

cod~$ if necessary.. The- selection for disk 

as flexible 

first. the 

Ils pos~lble. Fach· itell ln ,tht:! 
\ " 

regist~r nu~ber and second the ,. . \ ' 

e v~.n.11 sis ka pt 
- r 

• ';<' \' • 

lis t: specif,i~s 

va lue to bè 

....,.., 
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1 

compared. Th~s, the ~riterion ta report a disk event can, 

for, examplE', he the oisk error ward or the physical addrpss. 

TRAP or EMT codes can be extended over select wo,r~s 11 - 20 

if n~ disk selection i5 specified. This gives a maximum' of 

:31 FriT codes or 23 THAP codes 'whiçh can be list~(1. < • , 

r-.:very avent record is headed by , the corresponrting event 

code. If specified, the content of the high speed clock 
< 

huffer Can he appended as the ~ast transmitted value. This 

15 important when program segments are to be tim~d. 

11.11 tables in the S"MO.N data structure 'are inde'jJ:erl by a.n 

even multip1.e 'of th'e F.C. In coniunction with '~he masking 

technique, titis has considerably helped to keep the 

execution time withi n reasonable limits. 

4.4.1.2 ~-t10N MU'T'!N~S -----------..... -
1 

- When the software monitor ls started, it will pr;'nt. a.n ., 

id~ntification on thé system console and enter' the command 

int'rpret~~. ~hls routine ls responsible for th~ event and 
1 \, •• 

record definition. The exec-ut ion' is cont ro llerl' by 4 

dispatcb tables which makes 
i, 

trnderstand. The cQmmand 

. ' 

r 
the program fast. a na 

in terprete r (CH DI) i s 

easy' ta 

" used to 

d~fine the two m~sk and the seyen sub.ask words and to enteI 

valup-s for 'the sE!lect words. When the index for a mitsk 'lord 

is enter~d, the mask ward as , it ~as defined previously ls 

printed ilnd modificatîons can be specified in the following :. 

line .• ". For aeléct vords, CliDI distlnguishes bet.we~n' SMO-10 

and SM11-20. The Eirst group is, updated in byte form, i.e. 

" fQr, ~véry word in~ex tw~.new byte values ate requested~ The 

secpnd, graue ls . vord O~ienltê... For every index thé' twc " 
1 

, . 



error chpcks (P.q. CR': or L":::) couin be usPri. 

\ th .. parallel UnI< 15 only limitoij by thr:> 

If N T ~ fT <; s P p eri , intprrupt lat'?ncy, and tim"? req'ui remen t s for 

t h ~ 1 n t P. r r up t In HI MOS the transmission rate is 

aprroxim~tely 40,000 wards/sec. ThiS allows te t~ansmit an 

~ver~gî:! pVE'nt r""cord of 20 W0r05 in o.') OlS • 

. 
HIMOS uses il, simple protocol t:a transmit ~vent r~cor~s and 

s rH".f l f ic a t 10 n ta hie 5 0 v'? r th p co III m uni Cd t ion 1 i n K • The host 

sys+pm tprmlnatps an pv~nt record by the trônsmission of ~(lT 

ann th8n walts to rpcelve an acknowlerigem~nt (1\rl() from the 

control shtion. When the hast tahles arQ uplated 

int~ractively frorn the su pe r v l 50 rit h e ho st 5 ç. n il s t h f'I 0 l il 

ta hie co n t en t. terminated by ETX. li fter thp llpdate, the 

control syc:;t_~m issues an ~nqlliry (f NQ) signal he fore 

t ra n c; mit t i n1 t h P n t? li t a b 1 e 101 h i r hic; il, gal nt"" r ID i n a te r1 h Y E'" Y • 

~ll protnC";ol and funct10n cortes are verifle~ in bot h 

stat ions. 71 wronq function code will dlspatc:h nn prro[ 
, 

routine ta qenerate a corrpspondinq mpssaqe. ~ n err onl>ou E 

protocol viiI cause a retransmission of the last r~cord. 

H -M O~ uSPS a parallel interface, slmilar to the anpf 

rl~scrthed abovp, ta transmit data to the control c;ystpm. 

""or this <ipplication, a DMA-channel woulr!. P ï 0 v i Ill> ID Il C h 

hettpc r~sults hut the cortpspondlnq int p rfac8s 'l/prp not 

.' avai labl~ • 

() 

.' ' 
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'l'he control system (CS) proqram consists of 3 ob;ect 

modules: LOG, LOCIO, and LOGr;RF (for listinqs, see appendix 

8.2). Lor; is the main proqram and the other "wo mcrlule~ 

cont~in basic I/O routines and suhroutines for qraphic 

rtic:;play on the TeHronix terminal, respectively. "'0 ex€cute 

tho ':S proqral\1, the three ohiect rlecl<s are lihked toq~ther 

and loader} at startinq addr8ss 1000. 

~ft"'r initialization of systém parameters and interrupt 

vectors (S-MrJN, H-t10N, clock), Lor; enters th o main 

dispatchp[" at WAITLP. !hlS ~s the h~sy wait state in which 

the system ~aits for interrupts and schedulps various tasl<s. 

nu r i n q ex l'>C ut ion 0 f th is 100 p, the proqram examines th o 

cont.ant of a rlispatch word (DISPWD) and if one or more llits 

arp set, the correspondinq tasks are calleo (sep fig. U. 6). 

F" v'" r y t i m e '1 n e ve n t r e co rd i s r ec e i v ed , up to 3 bits in th", 

dispatch \lord can be set, ln the event recora processoJ,( 

(FILTt::R) : 

bit 1: record buffer 

hit 2: print event record on terminal 

bit 3: update qraphic output. 

'l'he correspondinq proqrams are discussed in chapter 4.5 .. u. 

Each of these routines will clear its own dispatch bit 

beforp. r~turning control to the wait loop. The <;- MON 

interrupt service routine (RCVREC) sets bit 0 in ~!SPWD te 
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'T'he s"!cond pos~ibility to l~av~ the loop is <"li ven by th~ 

('ece pt ion of a command from thp. keyboa ('d. This ~ven t 

transfe('s control to th~ system command interpr"!~er (SYSf'MD) 

which viII analyze the command and schedule the according 

suhroutine. ~imer inter('upts are directed ta the linp clock 

handle(' (LcIÀ<) where the system tim~ is updated. 

Il AITLP S-MON Inter:r. 

Con t roI System TTY Interr 

Dis pa tchE? r CLOCK Intcrr. 
, 

rHSPWD rc--Ri t 0 1 2 3 

~i~E~r 1 
1 LC'LK ~ 

1 R ~r:ORD ~ 1 sysr:MO ~ 

1 
!:lUMP } ~RCVREC} 

1 
l 

r.RAPHr 

F'iqure 0.6: Control Syst~m Dispatcher 

'T'he centralized dispatching technique has helped to keep tho 

p('oqram st('uctu('e modula(' and easy ta follow up. '!'his is 

esp"!cially important in a system where different interrupts 

can occur at unpredictabl e t imes. Fu rt he r prcgra m 

extensions can be introduc~d via unused bits in DISPWD 

without aff~cting the control structure. 

LOG handles three input/output files: 

';.- "II, -,-.. -

1 
i 

• 



C'ommilnd ritt> (<;PC) 

Ta ble F il~ (TA B) 

Loqqing File (LOG). 

t'~fa\llt ext~nsions fOI: file names are givén in bracKets. 

~hp Gommand file céntains aIL nece~sary specifications te 

defin~ the ~upl"'rvisor ~ystem mode. It is created by the 

syst~m command interpreter which accepts specificàtions 

e.ither from the keyboa rd or from é\ previously qeneraterJ 

command file. The table file is u5eft in a similar way and 

keeps infor:mation regarding the host system mone, i.I':!. which 

interrupts are te he intercepted and what informa+ion is to 

be reported for: every evp.nt. Both files help t'o simplify 

the USE> of HIMOS. Different monitoring ses~ions can be 

pre~éfined to standardize frpquently used operating modes. 

'T'a invoke one of those sessions, the operator has only ta 

know a small part of the full instruction set. 

The 10qqinq filp contains the event records as theywere 

recpived from S-MnN .. A proq ram (LOGPRT) wa s w[' i t t e n t 0 

print this file in a readable form on line print~r or data 

ter mina 1s. For performance evaluation which implies a 

statistical analysis of this file, other programs can be 

written according to thl'" individual requirem~nts. "11 HIMOS 

files can he stored on tape or disk units of the control 

: 5yst ~m. 

4. ';. 2 ~Q.!!!l!.illliLln!~!e!~!~Li!lHLQl!ru;:ê!i n~l1Qgg§ 

The cont.rol system has three operatinq modes whicb 

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

on1ine analysis, the records c~n be displayed in numerical 
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farm at tha terminal. The record is head~d br the FC and 

aIl followinq va!u@s are pr~ceded by a 

i-dentification, explained in table A.fi. AlteI"natf.vel'y, the 

eVE'nts can be presented in gI"aphiciil form. Il histogram is 

drawn dynamically in which a maximum of 21 differ~nt Bïls 

can b~ entered along the X-axis. The Y-axis shows the 

number of occurrences for ûach event. The initial maximum 

on th~ Y -a xi s i5 set ta 56. ~very time one of the c olumns 

• 
b ecome s tao big, the picture is rescaled by f ac tor of t wo. 

Concurrently with one of the display modes, th~ s yst effi can 

reco r-d inco'1l in q events in a loqging file on tape or disk. 

other display and storing features are explqined below alcng 

vith the corr-esponding control commapds. 

The operating mode of the control syst~m can he d~fined hy 

comma n d!'; fr- om the keyhoard. The command intprpreter 

(SYS("'MD) accepts strings of vir-tually unlimited 18ngth but 

only the first charact@r is significant ta specify a 

commando New input i5 acC'epted in the system cornmand mod~ 

which is indicated by an aster-isk as the response character 

on the tp.rminal. Commands that are given dUI"ing other 

systp.m activity, e .. g. event analysis or output on the 

nisplay, are stored for later processing. The corresponding 

delay is normi\lly not siqnificant hecause of the cE'ntri'llizeiJ 

d ispi'l tch lng technique w hich ensur-es tha t pend in 9 te rmi na r ' .. 
: 

input 1s 5erved immediateLy after the last scheduled task. 

~he first character of an input string 15 compared ta a list 

of valid commands and the list index is used ta d ispa tch the 

() accordinq task. If the character i5 not found, an, error 

message 1s printed, followed br another asterisk on the next 
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line. In th~ follow ing, . the meaning of aIl valitl sy~te~ 

comman~s as they are listed in a~pendix A~ table A.7 viII h~ 

discussen-. If neco:assal:"y, further eJpianations for the 

corresponfling operation mode are qiv~n. 

W: ~his command sUppresses graphical al:" numerical 

terminal out put .. . Recordin q and co un tin~ of event 

information will -he continl1ed according to pr~vious mode 

specifications.. This feature is useful to qive the operator 

some time ta observe results on,the screen hefore they are 

ov er vr i t te n. 

P: Graphie and numeric termina1 output are ,resumed if 

they w~re pr~viously suspended by the "Wait" (W) command. 

0utput viII continue with the next I:"écord after P is given. 

Onc,::. this command is , qiven, event recepticn i~ 

temporarily stopped and the user can énte~ a list of event 

co~~s, called special events. ~fter termination of this 

. input mode, 'CS will continue ta receive avents anrl ccmpare 

evp.ry n13w ~c ta the list of special avants. "!: f t ha Be 

matches, a m~ssaqe announcinq a special event alonq vith the 

complete evqnt record i5 printed. The "Wait" command i5 

ignore~ in this case. Simultaneously, the hast system is 

stopped un ti l ~ "Con tinue" (C) is entered. 

C: !f the host vas suspended due to a special event, 

t his corn ma no will relea se execution. If the host was not 

disabled, an error messaqe will he printed. 

B: If graphic output vas speeified, the command will 

reset the counters of- the graphie routine and a coordinate 

system vith the initial scale for histograms will be drawn 

l,' w~ ~ - -.'. r "'-.., 
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on the Tekt.ronilC serepn'. !t is reeommended to issue this. 

eomman~ b~for~ the graphie output ~ode is enterpd. 

A: In graphie mode the sereen will be erased anil. the 

histoqram is d,J[:awn again with aIl columns as t~ey wer~ given 

befor-e. ThrS featurE> is neeessary 

eann ot be er'as ed part ially. 11 1 tho ugh 

beea use the d ispla y 

thre~ quarters of the 

sere~n are reser-ved for- eommand anil. output tAxt, it ean 

happen that. the pieture is overwritten. 

D: '"lifter- erasing the sereen, a summary eount of aIl 

events received sa far in this session 1s displayed on the 

tarm inal. 

1,5: 'l'hg command interpreter for the host table upilate 
r_ 

routine 1s invoked. ThE' command structure is th9 same as it 

'lias iI.-escribed for S-MON. Any host system aetivity (except 
r 

S-MON) is interrupted durinq this procedure unti! the new 

event confiquration i5 established. 

H: The h ardwa r e mon i tor cont rol word can he d efi ned 

and a new H-MON mode started. This eommand has not been 

implemented so far and does not cause any actions. 

L: This co'mmand is used to define the 10g'1ing moile for 

'hard and software events by mea ns of a slIbccmmand 

interpr? ter (CSU). A self explanatory messaqe will ask for 
A 

further- sp3cifications. 'rhe ope ra to r ha l!; the f ollow i ng 

three possib ilities: .. 

OLD: An p.xistinq specification file can be usûd to define 

the logqing mode. The corresponding file name has ta 

be ~~tered and. if desired, the file can be altpred. 

NEW: A nev mode is defined from the terminal. :onsequently 

the operator can specify if the session is to be 
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recorded and/or disp13yed in numerical ot graphical 

form. For the 

to be entered. 

rE'corcling' mode an output 

1 

file na me ha s 

UP~ATE: The current mo~e 1s displayed and for ~ach item a~ 

discussed in the last case, a nev specifica tian can be 

entpred. The possibility te 'open a new output file is 

givE'n. 

the command sequence for one of th~ thre~ 

possibiliti~s, the mode specification can be saved on a nev 

command ril~ or in the case of "OLD" it caR bE' rewritten in 

the un~hanged or altered form on the original file. "Fon 

termination of r:SIL the new loqginq mode is active. 

While proc~ssinq the commands, SYSCMD suspends any 10ggioq 

~ction and in som~ cases it hlocks host activities by 

(lisahlinq its S-MON interface. Althouqh this solution 

interferes with the operation of the host, it vas chosen te 

insure a weIl defined state of HIMOS du~inq and after 

modifications of its operation mode. For commercial 

applications another method could have been used CP.g. 

resett in 9 the host to the unmoni tOLed state hefore 

proc~ssing any commands), but for research and developm~nt 

envi ronmen t, the tec h nique i mplemented '-as pr oven ta he 

su ff icie nt and necessary when vthe system sta tp ha::: to be 

pLeserved until a new mode is defined. 

~y. 
:"1, 
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U.S.3 ~Y~nt_afçQ~~~!QÇ~~sing 

Upon L"eception of the first interrupt ftom S-MON' wtdcb 

announc"'lS the tL"ansmission tf' a new event record, control i5 

passed ta tbe receiving routine (F~VREC). Tvo ali:~rnatin9 

buffers of 256 'lords each are available ta store incoming 

rlata. ~ flaq indicates the current input buffer an~ a pair 

of pointers delimit the last received recoL"d ~ithin on~ 

huffer. As soon as one buffer is filled, RCVPl'f: sets bit 1 

in DTSPWD ta schedule the buffer recording routine (BECORD) 

if recordinq mode ~as specified. Record a nd bu ffer out pu t. 

can be processed. concurrentlywith the reception of new 

records. 

Aftor receivinq one record RCVREC sets bit 0 in Dispwn ta 

schedu le the FTLTER and returns control +0 the main 

dispatcher. The wait loop will then continue ta examine the 

dispatch wcrd bit by bit in a rcund robin fashion and invoke 

the corresponding tasks. If, fo~ example, it was 

inter~upted before p r oc es sin 9 bit 2, it vi11 f irst invoke 

th~ t~rminal output routines to process th~ previous event 

r~corc1 hefore calling FItTER to analyse the inst received 

record. This technique 1nsures that no information is lost. 

rf mo~e th~n t~o records arrive at the input bAfore th~ 

p~evious one vas p~oce5sed, reception 1s disabled until th~ 

CS has cauqht up. This only happens for high event density 

or whqn one of the slov terminal output modes 15 specified. 

More tban twd records cannot be buffered prior ta th~ 

analysis because the system \lould 105e its cap~bility to 

react in real time upon the occurrence of special avants. 

- ( 

" 
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If the "Wait" (W) c ommand va s qi ven, F.::VLT~R wi Il sk ip th'3 

terminal output dispatcher .. Otherwise bit 2 or ~ are set 

accord,ing to the mode specification. In cas'} special events 

lIere defined~ the event tahlë'· is searched and if the EC was 

found, a message is printed and the numeEie output routine 

(DIPfP) is scheduled via bit 2. ThE' acknowledgement signal 

ta releasq th~ hast is only transmitted if the ev~nt vas not 
, 

fonnd in the tahle. otherllise the host -keep5 waiting for 

this siqnal uT1til the "Continue" command (C) i5 enteren from 

the k e yb 0 a rn • 

Finally the current system time i5 appended to the event 

record and the count table for tbe sumDlary report (ccmlfland 

D) is u pnated befoJ:'e F ILTF.F returns control to th q wa i t 

loop.. To reduce tbe monitor overhead, only one real data 

reduetion i5 performo;ld in FIL"ER, namely the speei"l ~vent 

feature whieh is especially Ilseful when terminal output vas 

suppress~d via the "~ait" command .. In this case only th~ 

special events are reported in real time while there is 

still the possibility ta record a detailed report of ~h~ 

session on tape or disk for later analysis. 

The two tC!rrninal output routines DUMP and GR!l.PH find the 

record in one of the t'iO buffers according ta the point~rs 

whieh vpre set as record delimiters in Rrv~p'~. nUMl? 

transforms the record into a readable form and prefixes 

every value by a t'iO letter identification. Fach r~cord is 

printed on a nev 1ine. . 
Suhroutines for the graphie output are found in the object 

m-o.1i-u h~ tOGG~F. The proqra m ma i ntains i ts own"-ta b~~ (ECTAB) 

to count received events. Every EC vhich i5 not yet entered 

·' 
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in the tabl~ will di ~play .t-ho nev identification along thei 

x-axis,'print the initial 'column incremp.nt, and open a new 

table entry,. Opon ove,rflov of one of the event colutllns, aIl 

counts in F.Cr~D are dividp-d by tv,'o anJ, t;hli Y-axis of the 

display .is rescaled. The column increment per event 

occur~~nce ~epends on the current scalinq factor. 

If no det ai led i nfocma tian about hast activities ).S 

cequireci, the graph mode {lt'ovides a convenient summary-
.J 

report. The histoqrajll whj.ch 15 updated in real time,' shows 

not on1y what the host is doinq but a1so in what ~equence 

the evants happen. It is mainly used to qet a first 

impression of the monitored process and it helps to dofine 

thp monitoring session for a more detailed analys1s. 

'. 



'CHAPTER Ij 

5.1 ~X2çn1i2~_~nà!ISi~_~gg[_RT=11 

One of the design goals of HIMOS vas to develop a 

technique for real time and off line analysis of program 

pxecution. There are chiefly two approaches ta this· problem 

labelled the active ~nd the passive methods. The latter one 

consists in the application ?f standard features provided by 

th, monitor. System évents such as 1/0 activity, executive 

calls, prrar traps, etc. can be intercepted. To obtain 

statistical infprmation, the PC and other important system 

variables can he sampled. In both cases the target prcgraœ 

doès not need to be changed. 

The active method requires certain changes in the observed 

program. Check points or hooks are inserted ta the source 

code in order to emit a hook identification ta the monitor 

vhen they are executed. (This method is similar ta the 

break point technique tlsed in debuqging routin~s). Por PDP 

11 assembler programs, the TRAP instruction is used to 

identify a softhook. TRAP vork$ in the sarne vay as the EMT 

instruction; only it uses a diff~rent vector location. ~he 
. 

high byte contain~ the operatio~ code vhile the ~ov byte 

holds the user defined hook identification. W~en, for 

,9J1:ample, '1"RTlP 12~ 15 executp.d, an interrupt ta location 34 

i5 generated and control is transferred t9 S-HON vhihh will 

record avent 7 vith identification 123. 

'---, , --;:;-o;~. ---
, 11 ' ~ ' •• 
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The TRAP instruction was cnOsen for several teasons to 

imp10ment softwarl! hooks. !t offers thé pt'ogra.e~ a 'quicl<" 

and easy way to identify stréltegica~ parts of his pr~gram 

with a one word instruction. Once tho hooks are inserted in 
. ' 

a given routine, they can'be disabled jU$t by repl~cing the 

S-MON address in location 34 br an address çontaining a FT! 

instruction. Substituting the TRhP code by â NOP 

in st ruction el imina te s the hoa k corn p,letel y wi thoù t a ~fect ing 

the pr'oqram performance. Anot.her 10w levE'l hook t~chniqu"! 

, 
should be mentioned in case th8 TRAP instruction is used for 

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

addi tiona 1 interface. The hook identification can thAn he 

transmitteà hy moving the desired code into the 'cutpnt 

buffer which i5 fed back in a closed loop ta the ititerfac€ 

input buffer from where S-MON can take the inforrna~ion. 

To monitor execution of FORTRAN programs, tW0 subroutines 

(INEMIT, EMIT) were written and can be linked ta the main 

proq ram. Floth subrou tines are listed in a ppend lx R.3. 'EH l'r 

finds thp hook _ identification as the first argpmen.t of the 

call in the'pÇRTRAN linkage table and uses it ta form thg~ 

corresponding TRAP instruction. INEMIT has ta he call€d for 
, 

ini t ia1iza tion pur poses b efore EJ1 IT is i n'i"okecl the' fi rst 

time. This is necessary because FORTRAN alters the .lT'R~P 

vector for its runtime error message hand1er. , , !':M!T:,calls 

should therefore o~ly_be used in fully debugged progr~~s. 
\ , , - . 

"here this is nat possible, the saftw~re hooks havp. ta b€ 
1 

• 1 

i mplemented by means of the' aoove mentione'd alterna tiv~,~",l. 
"~... ~ 1 • \ 

Software hook s are a valuable tool for many applica tians. 

They cân be used to time execution over critical pa,rts of a 

.; '{ "/'! 
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n r a q r ri mas will b,:, c; h 0 w n i Tl C h.~ pt 8 r S _ 2 _ 1. 

plac~ti on top of the executahle cane, they can ~mit a +ilc;k 

irient1fication for ~ccounting purposes. If, alnitlonally, 

evc>nt su bselect ion for EMT 350 (1:'XI1) is 

t 0 t il 1 px 0 C 11 t ion t i me 0 f il i oh • 

lJnnp.r thp PT-11 operat1nQ system, "-MON offprs rHfferen t 

plîSSlhilltiAs to measure "pr?ductivE''' CP U t im f>. The husy 

wait loop of qT-11 can ho recognizeri by i'tl+:ernating ci'\.lls of 

lIno t her approach is qlv~n hy sampling 

thp l"":,' 'lCtlv1ty. Wlth rel/arr} ta r:rIJ actlvlty th,: memory cao 

h~ qrO\lpe<l loto sevpral regions: 

1000 - X TJ se r pro q r a m exp c u t 1 0 n 

x - y 1/0 hanc'llers 

122n2 - 1241<:'4 Q1'-11 EMT hannlpr 

(if hooted for 24r of coro) 

~he valu"c; of X ann Y (lepend on th~ indiv1iual ~roqram ilnri 

can h~ specified via system macro caiis. Dur in q exacut ion 

the vi\lup of Y can be found 1n location <:'0 whore it is 

stored hy ~r-'1 at 10ad tim8. 

In ilny cas p , thp rlpfinition of "proCluctive" ~rl/ t1rne l~ 

r~lntive. ~ ~r\l\" walt stnte as it is known 1n other systems 

1o\"s not Axist uncter R'I'-11. Similar problems arise when TIr: 

timp is~to hp rlptermln~n. Sampllnq the 1/0 handler 5pacp in 

corA i5 one pOS5ihlllty. In chapter ~.2.2 another approach 

i5 tilken. Disk ilccess time is obtained as thp differenc€ 

between ~MT 37<:' and a disk interrupt. EM1' 371; invokes the 

1/0 disp;Hchf?r in PT-11 which initiates a disk action. When 

the ~isk controller has found the addrf?sspd track and 

i. 
l 
1 

f 
f 
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transf~rrpn the camplet~ r~corrt as It vas Rpecificrt in th~ 

" 

,1, 
( ward count, it qIVf>C:; rln interrupt (EC 30) • Tt vas foun1 j, 

:. that the avprag o delay betwepn those two events is in th~ 

r 
t r 

ranq~ of 3'1 - 4') ms dpppndinq on the occupied rUslt spa ce. 

~. "'his valup is in accorrlance vith RK-11 spec ifica tions. 
~ 

~ 
f. IJnooubtedly tho hardware monItor ..,111 be very usnful ta 

t 
~ 

complement thpse rosults for more detailed investiqaticns. 

r;pnprallv, several steps are necessary to monitor a given 

procoss. Ani n 1 t i a 1 ~ pp ro a chi s t 0 dis pla y q 10 ha 1 8 xe eut ion 
~'i 
'; ("'hêl.r'\ctpristi~s ln qraphical form on the terminrll. Pa seo on 

+-, his first Impression, m 0 r e d e t ail e Il m e a Sil r e me nt s c a n b € 

1 
f 
i , 

specifieo and eVE'nt ["pcords can he directed in numerica l 

form to the tp["minal or to mass stora~e tor off 1ifle 

thp ox~cution of a test ba tch st rpa m. f.ven+ C, (power fail) 

ovaluatlon. ~igurp ft.5 shovs a hlstoqram obtHined ourinq 

} was speclfied as a special event. !t occurred ~t the enn of 

th~ hatch stream when thp 11/45 power vas turned oFf. 

~hp follo..,inq two paragraphs Will qive pxemp1es of 

monitorinq sessions usinq th~ activE' and th<:! passive:> mpthoos 

of 1" xecu t ion analysis. In both cases, the mar.hine le VI" l 

representation of th Q proqrams is unknown and any observed 

DC v"\luE's cannat be matched readily to a func+icnal entity 
: 

of the corle. 

'. 

() 
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o· 
A proqram (ShMG8N) vas ..,ri t ten to produce ,J random 

numb;ors in the r-ange trom 0.00 to 99. Q q. When th'" routine 

\ 
l is entered, the value of J is regu~sted from the t~rminal. 
( 

Tn the followinll, thp proqram exeeutes.1 times a loop in 

whleh a ran<lom number is generated and immedlately vri+ten 

onto disk. The random numbers are obtained from th~ FOR~F~N 

function "PAN". Tt ghould be not~d that the program wa~ 

written to qive an examF19 for the possibillti0S of H!~OS 

~nd not ta optlmize a qiven problpm. A listing of SAMGEN 

can bp. foun<l in appendix B.4. 

1 

The program was E'xecuted tvice, each time pron ue i ng 2 a 

<;amples. For the first run, SAMGFN vas linkeri with a 

rORTPA~ library which roplilced a 11 floé'\tinq Foi n t 

tnstructions by software routines. Th e s~ c C'n d t i m p t h ~ 

floa tinq poin t processor wa s us~d ..,hich improved the 

oxpcution time but did not change other characteristics of 

the execution profile. 

In figure A."1 the monitor output fo[' a SAt'lG-;:N execution 

1 
usinq the floatinq point processor 15 listed. ~hE' HIMnc; 

\ 
commann sequence to define this s~5sion on the cent rel 

1 

1 
sys~em i5 shown in figure A.R. When the command Il PU N 

. i 
SAM(;ENII is given, RT-11 8xecutes several EMT c~lls te lcad 

the progralll in~o core (EMT 374, 375). The first TRAP (~C 7) 

identifies the EMI~ calI vith argument 0 which can he found 

in the 10"11 byte of CP (content of PC). !\ delay of 

o approximately 2 seconds tollows, durinq whieh a message is 

printed and ,1 reé'\d trom the terminal. EMIT (1) ann 1'.:"1IT (2) 

1 

" 1 
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are produc~d before and ~fter the first random number 

gpneration. Durinq the followinq 6 ~MT's th~ output file is 

ope'n~d ancl at EMIT (3) the first random number is written on 

rli~k. Thes~ thref> emitter eaiis appear anotht'r 1° timel: 

during the loop execution bafore E~IT (U) indica tes the end 

of th~ progra.m. Six ~M'!' _ calls are isslled to close the 

output file and enter it into the disk directory before EMr 

1~0 indicatps the PT-1' EXIT calI. 

For the first run (run A) an execut~on time of 23U ms 

(~Xclildinq tE'rminal riO and file handling) was calculated. 

Th~ second run using ppp (run H) took 193 ms. '!'his 

clifference is due ta the fast performance of the flcating 

point processor but it also reflE'cts a certain dalay for th'? 

rHslt output. The 1 rl t ter fa ct 0 r wa s ex c 111 d e lJ h Y a ver agi n 9 

the time intervals between P,MIT (1) and EMIT (2). lifter 

subtraction of 2.36 ms per event for HIMOS overhpad, th'? 

final result shows a random number generation timp of 0.2 7 0 

ms for run ~ and 0.100 ms for run B. The difference of 170 

micro seconds per random number qeneration can ho at+ribute~ 

to thg processing t ime imp rovpmen t for fl œ t ing poi n t 

op~ra tions. 

In the follo~inq example, a short fORTFAN program was 

compiled under several HIMOS modes ta obtain insight inte 

the RT-11 FORTRAN compiler cha racter i st ies. '!'he test 

program HISrO is listed in appendix B.4. Tt can be use~ ta 

read ri file of sample values fr.om disk and ta print a 

distribution of these values in the form of a horizontal 

, " 
1 \ .~ 



1 

l 
\ 
\ 

1 

1 

( 

() 

, -------------------_ .. _-------------

histogr<\m on the terminal. At the sam9 time, a secon<i file 

containrng the values in ascending order is crûat~d. 

RT-11 supports a multipass FORTRA~ IV compilpr. Tt 

consists of i (oot segment and several overlays whi ch are 
• 

~ynamically \loaded in core. The core resident part 

comprises of the root and one overlay, the system st~ck, 

rlevice h an dl ers, symbol ta b le, and an internal 

representation of the source program. During th~ monitoring 

sessions it lias discovered that the compiler uses no scratch 

t'ilE'S, only overlays ar!? swapped between core ""no nisk. A 

high levei description of the eo~iler can be found in RT-11 

manuals [52, S3 J. 

Because no source listings of the compiler werc availahle, 

the analysis vas done in a top down fashion. ~n the first 

~tP.p a graphie performance profile was produceo on the 

tektronix sereen (fiq. 11..6). The histoqram shows five 

different avents: 

EC 24 rimer interrupts 
'" 

~c 20 Terminal input 

Be 21 Terminal output 

~C 30 o isk inteJ:"r upts 

~c 6 ~ T-11 caiis for file ha nd 1ing. 

EC 21 40 is more than twiee as higb as EC 20, because every 

typed character is eehoed toqether vith on@ additional 

filler character. The graph gave an impression of the 

amount of events and their relation in time. 

For the second monitoJ:" session it was decided to select 

only d ls le inteI'rupts and to t'eco t'd the protocol on disk. 

~igUt"é A.9 shows the corresponding HIMOS output. The first 

-, ~- _ -~ _ ~ - _____ .~o-.,- -~ 
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11 pv~nts r?port dir~ctory access for the source fil~ 

HISTn.FOF and the output file nrSTO.OBJ, bath located in the 

4th dir~ctory segment (h lock 1 6J • At system time (ST) 

103.18, five blocks of compiler overlay are rea~ in before 

at ST 103.24 th? souLce proqram 1S loaded from disk addreSE 

(RJ) 65)'. (AlI filE' rpfez:-~nces were confirmed hy compadson 

with the directory listing). After having read two more 

over1ays, thE> compiler \!frites the first. black of oh;ect code 

at ST 103.')0 on disk. Th~ content of R4 (bus address 

reg i s ter) sh~ws that the compiler uses always the same 

huffer at location 10520 to store one black of produced 

obiect code. ':ompilation is continued by alternatinq 

overlay input and obiect output until ST 106.06 when the 

last FORTRAN overlay is loadeci into core. It is prohably 

USE'd to genE'rate compl~tion messages. Accesse~ to disk 

addrpss '1~: and 143 show that RT-11 utility routines for 

terminal IIO are brouqht into core. Eiqht dir~ctory 

accesses st'rtinq at ST 106.21 close the sourcp anrt obiect 

files. 

Alr~ady this simple monitorinq se~sion shows several 
;F 'J, 

per-for-mancet'" bugs in RT-11 and the compilez:-. Dir-ectory 

accpss tim~ can he r-educed when th" sea~c~ is stflrterl within 
'-

the last df:rectory segment which is still in core. ""he 

probability, of finding a file entry close to t.he last 
" 

accessp.d on~ is hiqh~t than ta find it in thE> beginning of 

the directory. A similar technique is found in memory 

paging algorithms where it is known as the "lE'ast recently 

used tt methoc1 (SE'~ for example [37]). Further rIo time could 

he saved if the ob1ect code buffer size in the POR~RAN 

·-----... IP-· ... ,---..,CC----:'~ .. ~\ .. :---~ ~~ -- ~ -~ ---~~-~-- ---'- - ~- ~~-
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compiler is increased. ~orresponding changes in ~T-11 and 

the compiler would re~uc~ ·he compilation time at least by 

12% in this example. The fact that all disk interIiüpts 

occured while the PC: was point\ng to RT-11 indicate.s that 

tho compilation proc€'ss i5 1/0 bound. The proqram t.tansfers 

control back to RT-ll for the next I/f) request bqfore the 

previous one is terminated. PT-11 execllt~s 1\ wait loop 

hetween locations 127130 and 127124 until the ne~t interrupt 

arri ves. 

To ohtain mor~ details on the relatronship between riO and 

compllting activity, the compilation ... as sampled a\ diffe>rent 

frequencies. Figure .&..10 shows the AIMOS output fbr uQ ms 

samples and fig. 7\.11 lists the correspondinq commands for 

this session. The PC values show that less than one fifth 

of execution time is sp"'nt in the FORTRAN compil"'.!r. ' Another 

sa~plinq session with 10 ms intervals confirmed this resuit. 

1\s expecteo, the compiler is only active immediately af~er 

disk interrupts. 

The overhe~d imposed hy HIM~S durinQ the samplinq sessions 

amollnt~d t.o 5% of the total compilation time. "!: t: i s 

interA5tinq to SEle that the monitoL" oV~I:'hea d did not 

incL"eac;e significantly with a hiqher samplinq rate. This 

can be attributed to the fact that most samples were taken 

during 1/0 wait periods. 

A last expel"iment was done to check if compilation time 

could be reduced by locating the FORTRAN compiler and the 

object file on the disk closer together. The disk space 

between the two files was reduced Iby 1172 blacks which 

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

._--_._------~--~ 
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!SDD ms quicker. Because t.he disk arm moved 12 tirnes from 

one fil~ to the other, thp average saving p~r arm movempnt 

is approximately 33 ms. 

Apart from the poss~bilities ~emonstrated in the last 

chapter, ther@ are mainly three research topic; which have 

inf~uenced the implementation of HIMOS. The following 

pat&qraphs will point out how the monitoting syst~m can he 

used to assist this research. 

Durinq th~ past fev years, severai techniques ~ave heen 

developed to prove the correctness of a given high level 

language pr-ogram. One method, called the "deductive theory" 

was presented by Hoare and Lauer [35]. The meaning of a 

1 ang uage is def i ned by axi oms toget her vi th rlll~ s of 

interferencp. Theorems are derived from the axioms hy means 

of these rules. The basic axiom of the theory 15 written as 

P{Q}R where P and R are assertions about the memory state 

befoJ:e and after execution of the statement (or program) O. 

P states the necessary entry conditions for Q, and R i5 

calculated from P and 0 using the theorems of the ~eductiva 

theory. If 0 t~rminates and if P ..,as true before execution, 

then R will be true when execution is complete. (:; ive n a 

1 inea r seq ue nce 0 of sta temen ts wi th out branche 5 or en try 

points, logic~l expressions for P and R can be pstablisherl • 

<IL. When thE> sequence is executed on the host mach ine, mflmor y 14' 
values can he monitored to compute the expression for P. 

Wnen R is true upon exit from 0, the sequence has been 

executed correctly accordinq to the programmer's intentions. 

-----.-----------------

/1 

1 

1 
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If, for l'Ixample, a programmed loop (t) is obs~rved, two 

software hooks are sufficient to verify the correctn"!ss of 

p.xecution no matter hQ~ many statements are involved. ~he 

first hoolf is loca ted in front of L and causes the 

ver i f i ca t. i on 0 f pin the con t roI s y ste m • l f pis no t t r- ue , 

the pr-ocess should be ahor-ted hecause thE' termina tian of the 

loop cannot be guaranteed. 'The sec ond hook i s in serted 

immediately aftE'r the exit of L. At this point, tht;! 

evaluation of R will show if the loop va 5 executed 

correctly. Memory valu~s that are necessary ta compute th~ 

assertions can be obtained at interrupt time E>ither throuqh 

the hardware monitor directly from memory or by means of th~ 

softwarE' monitor fr-om qener-al purpose r-eqisters. 

This method has the acivantage of verifyinq correctness of 

programs dllring executiôn without producing an excessive 

amount of data as the trace technique does. It also reduces 

t.he neCE'SS'lr-y pr-eparation time for- the calculaticn of 

a sser t io ns wh ich is re quired for- purely theoretical 

cor-rpctness proofs. 

The prevention and detection of deadlocks constitutes 

another- pr-omisinq application field for mcnitors. ~lthough 

HIMO~ vas implcmented for R'!'-11 which is a single user 

system undet \thich this pr-oblem cannot be encountered, it is 
\ 

felt that\a short discussion of this topic is iustified by 

the import~\ce of thE' pr-oblem. A deadlock is a situation'in 
l l 

wh ich pa l'ts -- of, or E'ven a 11 system acti vi ties are b locked 

due to an er-l'oneous scheduling decision. A fatal deadlock 

situation may, for- example, arise when the s pool ing space 
f"._ 

becomes completely filled vith input r-ecords for jobs 

• 

'II 

f 
1 
1 
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waiting ta execute and with output rpcords for johs not 

c) fin i shed ex es \l tin g • In Many systems there is no way to 

recover the spoolinq space which is occupied by a partially 

executed job. Several ad hoc methods have been employed to 

reduce thE' p roba bil i ty for dea dlocks If i thout gi v ing a 

guarantee for thei! complete elimination. other approaches, 

mostly based on qraph models (see for example (54]), a ttempt 

to formali~e the problem and to construct detection and 

recovery algorithms. Hybrid monitors otfer a compromise in 

th"! detç.ction and prevention of deadlocks. The software 

part can observe the task arranqement in waiting queues of 

the system as weIl as possible relations hetween those 

tasks. This may lead to the detection of situ~~ions in 

which tasks are waiting for 8ach other without h~ing able to 

reso 1 v~ t h~ ie requi remen t s. The worklo~d of critical 

resourC8S can he observed by the hardliare monitor. "[f, for 

example, thp. utilization of spooling space becomes too higb 

1 

~nd t h~ moni tor con trol system obtains a t t he sa me ti me the 
l' \ infon.Hion that the waiting queue for this reSOl1rce is 

grow ing, an imminent deadlock is i ndica ted. ~ n such 

situations a warning can be displayed at the operator's 

1 
con sole eo.r the moni t or ca n suppl y a corresponding messag€ 

directly to the op~ratin9 system. 

Finally, HIMOS can qive practical assistance for 8fficiency 

and.lysis of paginq algoIithms. The melllory management unit 

in the pnp 11/45 divides the full address range of 128 K 

words into!J8 pages of 32 to 4096 words each. W h.en a 

o location outside of the current page limits is accessed a 

trap to .ddress 250, is generated. When this tra p vector is 
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intPrc~pt~d by S-HON, the nccurrence of page fauits can he 

monitored. tn sampilnQ mode, S-~ON can examine the ccntent 

of the page address reqisters to record the current lItemory 

partitions. This info'1;m3tion can be complement~~ vith a 

memory utilization report from H-MON vhen it is sampling the 

PC activity. 

Th~ examples outlined in this and the previous Chapter are 

far from giving a complete sur vey of applications for HIMO~_ 

Individual requirements and practical experience vith the 

sy~tem should motivate exploration of further possihilities 

of the monitor. 

1 

• 
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ÇH~PTER 6 

'J'he moni tor has proven to be a reliable tool for~, 

performance measurements. Once acquainted vith the system, 

the 115er can dispense vith a large set of control commands. 

Several command fileR provide the possibility ta predefin~ 

various mon itorinq sessions whicb can be evoked withcut 

profound knowledqe of system internaI details. AH monitor 

resul ts t"Pflect exactly the hast com'puter acti vlties and 

HIMOS reports are reproduceable at any time. 

greatest successes have been the foi\owing: 

'!' he s y ste m • s 

• 

a. ::ts cent ra Ihed control allows the specifica tion of aIl 

functions from the terminal at the sup~rvisor system. 

Err-oneous command input or ambiquou$ ins..truction ~ (such as 

tvo diffpr~nt output modes on the same terminal) ar-e 

detected and comprehensive error messaqes are generated. 

Syst~m internaI plausibility checks recoqnize software and 

hardware errors. 

b. peal time data filtering reduces the amoun~ of recorded 
, 

and display~d information. Only pertinent data is retained 

for further analysis. 

c. Its interactivn~ss endbles the user ta redefine a 

monitor session according ta new requirements while host 

activities ~r~ suspended at a deflned state. Host execution 

can be slowen down to follow up avent occurrences in real 
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t i me 0 n the cl i 5 P la y .. 

cl. ~hr~e different output modes of which two can b'i! handled 

concurren t ly, satisfy aIl needs for onl1ne and offline 

analysis. The graphie output produces a dynal1lie picture of 

system aetivities~ A modular implementation fae11itates 

future extensions for other integrated evaluation featureR. 

e~ Most failures of the host CPU and a~y peripherals 

a t tached to it can be reported. Analysis of sueh eventR 15 

iissisted by the acc,ompanyinq Rtatus report .. 
t 

f. Hl necessary information for various applications is 

supplied, namely: 

- P~rformance improvement 

- System profile, activity log 

- prob lem oriented sessions (debugqing) 

- I\ct i vi ty rE'port s for simula t ion model input. 

Yet, RIMOS also has sorne defieiencies, specifical1y: 

a. The command handler for host system mode specifications 
': 

accepts a very abbreviated forro of input. Som<:! 

familiarisation is required to define the host tables. 

b. The monitor overhead is relatively hiqh. Creation and 

transmission of one event record takes from 1.43 ~s to 3.14 

ms, dependinq on thé length of the record. During thls timf' 

the host corn puter i5 exclusive 1 y dedica ted to m oni ta r 

act 1vi ties. This time requirement is explained by th~ 

fOl1ovinq 3 reasons: 

1. To maintain the capacity of interactive response te 
• 

special events, monitot actions ca~not ov~rlap with 

.'---------, 1 t. 
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hast operations to servp user or RT-11 tasks. 

2. '~V'en t records are en co!1~d into 1\SCII priar to their. 

tra nsmission. 

3. Flven t rE'cords are an'lyz ad in the control system to 

d~tect special even ts bf:'fore the host system i5 

r~lel1seà for normal execution. 

c. Recause S-P'ION lias implemented under FT-11 its 

rossibilities are limiteri ta applications within a single 

user system. 

Thé ôpara ting system has ta be slightly mooified ta 

allo" undisturbed operation of S-MON. With the exception of 

the t'nRTRAN run time enor message handler, th~ changes de 

not affect any system properties. 

The hardware monitor will most probably be implemented by 

thE' end of this year. Because of time and equipment 

limitations, many desirable features vere excluded in the 

final desiqn. Due ta the interrupt latency of the PDP 11;20 

r;pu, the maximum sampling freguency had ta be limited ta 10 

KHz. A DM~ link between A-MON and the control system vould 

o~fer a varie+-yof further appliciltians. A.s t.he central 

software inelqdes already a11 necessary routine entries te 

r han dle the communica t ion ta and from H-MON, i ts anap ta+ ion 

to RIMOS will not create major problems. 

~ Measuring computer performance durinq program execution 

o can he compared vith taking the blood pressure of a man 

un.der e ffor t. Monitoring can actually he ccmpared to 

'~-----_-~r-r-' 
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111'5 ln tho romp1E;)(ity 

. n hot h casee;' t hr> r0r f()rm,", nr;p lS 

OVii1uilt"rl ilnd lmportiln+- pOInts 0[ rea5cn~ 

for fc\llurp enn hf> founr1. 

"'ho ni"cP5sity tn monItor ilctivitips ln 

~h~ ohjectives are 

f1r)t only ta InC[pi\SP cast ~fflri~ncy of an Instnllntion hut 

fpliability dnn ta obtaln hInts for fur+her 

~fforts ln rpseiirch nnn nevploprnont. 

"1 1 n l cnmrutprs havp conquerori iln 

illrinq the Oil:;t Amonq othpr ar~11c~t1ons they arE 

psrpcially wpll sllltpd for real tlme applications in process 

("on t co 1. T n t-his environmAnt h 19 h i S il n 

o:;",nntlal fil.ctor and monltors ilrE' ,'l valuil.blp tool to insur'" 

illrlnq thp Impl'?mpntiltlcn of 

~t 15 hOÇled that- future hardware riesiqn WIll con~ir1or prohe 

pOlnt requirpmpn+-s for hardware mon1tors. r:: s pp ç i il. 1 1 Y 'of i t h 
l 

rpqarri to the increasinq trend 

sca19 Inteqr~tlon there 15 a da n q er t ha t ma ny important 

signills hpcome hurleli in a sinfJle chip. Monitor facili+ips 

c;hould rart of the standard equlpment of CPlI ann 

peripheral hardwarp. ()ne step in this (i1rection hit s, for 

p X a m pIe, b ee n t a le e n b y n EC • The KL10 procassor produced hy 

this company incorporates a ppp 11/40 CPU WhlCh 15 partl y 

used to monitor hardware signals. 

The same arguments can be cited for the development of 

operating system software. Informa tian from monitcrinq 



rj '-'V ices l C; US'" f III ta ~ss'st oper~tinq systFm rl ec i ~ ion c;. 

\ . 11 6 

1 
the mi\qnltune 

~d~lti~ni\l obS0rvation tools ar~ lnd1spenC;dble. 

Conc;e1u p ntly two d1ffer~nt apnroaches can he sti\te~ for \ 
; 

, 
1 syst'ô'm development "" l th f'"!spec t ta monitors. ""he monitor 

t 
t 

Crtn form an intPrJral part of the system's liard and software. 

':' h 1 sap pro ae h w a c; , for n X a m r 1 P, ta 1< t:> n dur ln q the (1 e ve 1 cp rn en t 

f) f ,,~u 1 tic Sil • llowever, th is solution seems ta have SOrnp 

rli\nqors. Tt 15 quitp poss1ble th'!.t wea k pOlnts in 

systpm ar o only COnfIrm€ri hy correspondin'l deficiencies in 

the monItor, ~sppelally if the same teaDl lS r('sponsib le fer 

fi modulor rtpprortch uSlng d1stinct systems se pm s the r p for ~ 

rn 0 r", prornisinq. T t is quite poss1b18 that the standard 

r:onflquri\tion of flltllre computpr Installations will npl1ica t e 

on f> pxclusively to control and measure tha 

remaininq systom components. This method WdS adopted for 

th'" implpmentation of IITMOS. Tt is b~l1PVpd that IIIMOS will 

constitut~ il va]uahlp tool for future proiects on +-he mini 

C 0 m p \1 t '1 r in,> ta 1 1 il t ion a t '1 c~ il 1. 

"The purpose of rnpasurement is lnsigh t , not nurnhers." 

(P.W. Hamminq) 

() 
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Figure A.1: A General Instrumentation System 
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1"J:' MO~Y 
4 gR WORl) S 

PA P F ~ l' Ar '": 
PIPJ(' H /RD R 

TERMJNI\L 1 

'T'EPMIN!\L 2 

P DO 11/11 5 
fJ~1 TB US 

IlARDW~RE 
~("PJ 1",(1 R 

o li PA LL BI. 
IN""'EFF~C'E 

SEFITIL 
TN'" SRF ACE 

, 

PA!D L,1 EL 
:!:NT::RFACF 

P l\~ lILt EL 
INTERFACE 

S1:5'IAL 
INT~RFACE 

PD p 11/20 
UNrBU~ 

riqure 1\.2: System Confiquration 

PDP11/20 
C PU 

K 1:'11 
' /1 UL T Il) IV 

RKOC; 
DT,)K CP IV 1;: 

Mt::MOFY 
2RK WORt'S 

PAP~FTAPE 
~'C'l\['EP 

T"'LI:TVPE 

TEK'T'PONIX 
D!SP!.AY 
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rohoice of: 
T)ata Pat h 
Bus Reqist pr 
Micro Addr. rpn/~PP 

Display Peqister 

<)el~ctad by 
"n ~;' 1\ ') l '3 P 11\ Y '1 s w i t ch 
on , 1/45 console 

Bus Data Strobe 

Figure A.3: Display r:"omparatot: 

Bus Data <;trobe 
or CPU state IRDOO 

Bus Data <00-15> l 
"I/' 

r.========~ 

Match 
) 

Pequest 

":ount 

1 
1 1 lYel~ct: Data 

C 0 M PAR 1\ '1'0 R~ 1~===l1 S r L tc T EU F F"F.: R " 

Mate h 
" 

ir'1ATCH COUNTERI 
~eque st 

Il r:'ount .... 

Fiqure A.q: Operation Code Analysis on UNIBU5 ~ata Lines. 
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Figure A.5: Per!ormance Profile of a Test Batch Pun 

Fiqure A.6: Performanci Profile of a FORTRAN Compilation 
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HIMOS LOG 14-7-76, 1~,: 43., :,AMGEN RLiN lINCtEI' F F'F' EC6,7 
~ (, 
i 

f 

, 13131313136 PC106004 CP104l74 EW0000ee HT152J:45 SH10275.11 
! 1313131306 PC11S54f. Cf'104l75 EW00000e HT1S2407 STeEt275. 12 

• f 1313131306 PC115S46 CP104J:75 EW000000 HT154216 STeEt275.17 
1313139136 PC11SS46 CP104l7S Ewee0ee0 HT1S51lS ST0Et275. 213 
13131313136 PC11S;46 CP1.e43'75 EW0eeeee HT156042 ST0e275. 23 
13131313136 PC111 46 CP1B4375 EWBeee0e HT15625(1 ST00275 ~.-

,~ 

13001306 Pce1 3S4 CP1B4l75 EW00e000 HT162405 ST0e275 16 
1313131306 PC013420 CP104375 EW00e000 HT162437 STEte275 3:6 
013131307 pceB15B6 Cf'10440e HT162516 ST0a275 3 7 
1313139137' ~cee1se6 CPH,44a1 HTe3ee77 ST00277.12 
13001307 pee015B6 Cf'1e44e2 HTeJ:e13 0 STee277 3:2 
000ge6 Pcee516B CP104375 Eweee0ee HT03:4071 STee277 44 

f 300996 PceeS160 Cf'1043:75 EW0ee000 HT0J:52ea STee277.47 
13091396 Pcee5160 Cf'104375 EW00e000 HT03:612e STee277 50 
13099136 Pce05160 CP104375 EW0ee000 HT037012 ST00277.53 
00913136 PceeS160 CP1e43:75 EW0000ee HT03:7241 STe0277 54 
009096 Pce05160 CP104375 EW0ee0e0 HTe:3'7727 ST00277 56 
oegee6 PceeS160 CP104175 Eweee0ee HT04e152 STee277 56 
009ge6 Pce9516B CP104:?75 EW00e000 HT0407ef. ST00277.59 
00eee7 PCe01SBf. CP1044a3 HT043213 STee27E: €If, ~ 

00eee7 Pcoe1506 CP104401 HTe43242 STae27E: €If, 
1313131307 PC0015B6 CP1044a2 HTe43275 STe027E: (1 f, 
1313131307 PC001506 CP1044B3: HTe433:45 S T0e27E:. Of. 
13013907 PCe015ef. CP1044al HT043::3'74 ST0027E: 137 
130139137 PC901S06 CP1B~B2 HTlH3.427 STee278. 137 
001313137 Pcee15e6 CP1B4403 HTe43477 STee2T8 a7 
130131397 PC0B15e6 CP1B4401 HTB43526 ST0e27B. e7 

i 13131313137 PceB15B6 CP104402 HTB4l561 STee27E:. a7 
, t 031313137 Pceelse6 CP1e44e3: HT04363:1 ST0027B 07 

eeee97 Pcee1596 CP1B44Bl HTB43660 ST0e278. 0E: 
. , oeeeB7 pcee15B6 CP1044B2 HT1343. 713· 5Te0278 0E: 

\ 13000137 pcee1506 CP104403 HTEl4l771 5T0e278 BE: 
\ 13013007 PC0015e6 CP1B4401 HTe44e~0 STee27B. Be: 

1313139137 pceB15e6 CP1B4402 HTB44052 5Tee27B. 0B 
eoeee7 PC0015e6 CP1B441B HTB44123 5Tee27B. 09 

1 130131307 pceB15B6 CP104401 HTB441S2 ST00278. 139 , 

1 

13131313137 Pcee1se6 CP1B44B2 HHl442B4 STB027B. 139 
130131307 PEee1se6 CP1e441B HTB44261 STe027B. 09 

1 
00013137 PCee15ef. CP1e4401 HTB44311 ST0B278. 09 
oeeoe7 Pcee1506 CP1044B2 HTB44342 STee278. B9 

.1 oeeee7 Pcee1S06 CP104403 HTB44375 ST0e27B. 10 
1301313137 pcee1se6 CP1B44Bl HTe44447 5TeB27B. 10 
oeeBe7 PCBe1se6 CP104402 HTB44S07 5Tee278. 10 

• oeeee7 Pce015B6 CP104403 HT044563 STee27E:. 10 
oeoee7 PC0e1S06 CP1e4401 HT044613 5Te027B 10 
eooee7 pcee1506 CP1B44B2 HT04464S STe027B. 11 
030007 PC0B1SB6 CP1044BJ: HT044716 ST0e27B. 11 
eeoee7 Pcee1506 CP1044B1 HT04474S' STeB27B. 11 
eegee? PceB15B6 CP1044El2 HTB4477i 5Te027B.11 

0 030ee7 Pcee1506 Cf'1044B3 H'T0450S3 5T0e27B. 11 
eeeee7 pcoe1506 CPle4401 HTe45107 STe027B. 12 
eee007 Pcee1506 CP194402 HT94517i 5T0027B. 12 
13139997 PCge1506 CP1e4403 HT0452l0 ST'0027B. 12 

Figure A.?: Event Report for "SAMGEN" Execution under FPP (1) 1 '. , 
i. 
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HIMOS LOG 14-7-76, 15:43, 5AMGEN RUN UNDER FPP . EC6,7' 

9913007 PC001506 CP104401 HT045260 5T0027B 12 
090997 PC901506 CP1B4402 HT045312 ST0027B. 12 
egee07 pce01596 CP104401 HT945167 ST0027B 13 
geeee7 Pce91506 CP1B4491 HT945417 ST0027B 13 
9ge997 PC001506 CP104402 HT045451 ST0027B. 13 
900007 PC001506 CP104401 HT045525 ST0027B.13 
090007 pce01506 CP104401 HTB45555 S T0027E: 13: 
099997 PC901596 CP104402 HT045607 ST0027B.13 Ir 

91313997 Pce91596 C.P104403 HT945664 ST0027B. 14 
9913997 PC991596 CP194491 HT945714 ST002,S. 14 
900997 PC0e1506 CP194402 HT~46035 5T0027B. 14 
13139007 PC901506 CP1B4403 HTB'46112 5TB027B.15 
990097 PC091506 CP1B4401 HT046142 5TB02,B 15 
990097 PC001506 CP1B4402 HT946174 5T0027B. 15-
900007 PC001506 CP104403 HTB46250 ST0027B. 15 
999997 PC001S06 tP1B4491 HTB46100 ST0027B. 15 
13139907 PC001S06 CP194402 HT046l32 ST0027B. lf. 
eee0B7 PceB1506 CP10449l HT046.07 ST0027B 1f. 
IH39907 PC091506 CP104401 HT0464l7 ST0027B 16 
9130007 PC901506 CP104402 HT046471 5T0027B. 1f. 
0139997 PC091506 CP19449l HT046546 5T0027B.17 
900907 PC901506 CP194401 HT046713: . .,T0027B.17 
1399007 PC001596 CP1B4402 HTe46745 STBe278.17 
13130007 PC001S96 CP194491 HT047021 ST0e27B. 17 
13139097 PC001506 CP1B4404 HT947051 ST0B27B. H: 
9130006 PC005160 CP1B437S EIoI99990B HT0557l4 ST0027B. 19 
000096 PC005160 CP104375 EIoI900000 HT9S6614 sretet27B 41 
909996 PC99S169 CPie4175 EIoI990000 HT9S7044 srB0278. 42 
999996 PC00S160 CP19417S EIoI0ge0ete HT057764 5T00278. 45 
909996 PC90S160 CP104175 EIoIgee900 HT060670 ST00278.4B 
999996 PCa9S160 CP10437S EIoI90e000 HTet61119 ST00278. 48 
099096 PC0e6439 C~194350 EIoIgea90a HT06l4l7 sr0et278. 56 

Figure A.?: Event Report for "SAMGEN" Execution under FPP (2) 
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.L 
LOO MODE OEF 1 NI Tl ON 
H"'LOO OR ~-LOO SPECS CH"S) , S 
a..D. NEW OR UPDATE COINIU) t N 
LOO REC OROI NO CYl N) 1 YES 
MJMERIC DlSPLAY (~IN) 1 N 
GRAPHIC DISPLAY (YIN) • N 
SAVE FILE CYIN) r Y 

OUTPUT FILE FOR SPECS 
.SES 1-

OUTPUT FILE FOR LOG RECOROINO 
.LOO5-

.5 
HOST TABLE UPOATE 
SPEC FILE-OLO OR UPDATE (OIU) 1 U 

MASK U~DATE (YIN)? 1 Y 
GIVE INDEX OR T 
.0 
7654321016543210 
0000000000001110 
0000000011001110 
"T 

SU8MAS~UPDATE CY.N)? 1 Y 
OIVE INDEX OR T 
,1 
7654321076543210 
0001001000110010 
0001001000110011 
,T 

SELECT WORD UPDATE. (y IN) ? 1 Y 
OIVE INDEX GR T 
,0 
350 1 
351 1 343 
'1 
340 t 374 
341 1 375 
fT 

TIMER FREQUENCY (>3. NO TIME LOG). 1 
TIMER C ClJNT 1 0 
SAV E F J LE C y., N) a NO 
.0 

EVENT CClJNTI . 
\ 

01.000000 02.000000 031000000 041000000 051000000 
06.000027 071000076 1010000~0 .111000000 12.000000 
13.000000 141000000 151000000 161000000 t?1000000 
20.000000 21.000000 221000000 231000000 24.000000 
25.000000 261000000 27'000000 30'000000 311000800 
32.000000 33.000000 341000000 35100000"0 36&.000000 

Figure A.8: Command Sequence for BIMOS Sese10n of Fig. A.7 
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0 H 11105 LOG 1;;--7-76, if: 03, F (If;' l F'fW COMF'IL ECJ.0,24(40r'1$ 

eee024 F'C1265:,~ STEt01E:E' 3!' 
eelHne PC12713e ~3 a0001(1 ST0el~4 (11 
eeBlne PC12713.0 ~I :? 0e0012 5T00194 aol 
13130024 F'C127110 sr00194 05 
eeee30 PC127124 ~3 000014 5Toe194 e7 
eeee 24 PC127124 ST0e194 0E: 
eae03e PC127124 F's eeee20 STe01~4 0E: ' 
oeee 30 PC127U'O Rs e00e16 ST0e194 le-
oeee24 F'C116574 STe0194 le 
el3l303e F'C127130 R1 e00016 5r00194 1~' 

IH3ee24 PC127130 ST00194 12 
eaea3e PC1271J.(1 F'] 01:HI010 5T00194 1: 
eaee24 PC12;'130 STel0194 15 
eoee30 PC12('lJO "'3 000012 5T0e194 16 
eoe 0 24 PC12;"124 STe01~4 1:--
013131330 PC12;"124 f;'-;' 000014 5T0e194 19 
eaea24 F'C1271].(1 STC10194 20 
00003e PC127LHI p-

~ 000e20 5T00194 20 
IHH3030 F'C12;-'13(1 F:3 000016 5T00194 2~ 

131313024 PC127124 STee194 22 
13130024 PC127130 5Te0194 24 
eeea30 PC127130 R3 aelee7 ST0el$'4 2ï 
oeoe24 PC126572 STe01~4 ,,-

~ ( 

0eee24 ~C1271~,0 5Tee194,29 
eaee24 C1271:::8 STee194 i' ~I 

.,.<. 

oeoe3e PC~27130 RJ 0e6531 ST001~4 ' , 

000024 pce05616 ST00194 34 
IH30024 Pcee6266 STEte194 3t: 
oaee24 F'Cee6260 5T00194 3'9 
130ee24 PC1271~4 ST00194 41 
oeee24 PC127130 SToe1~4 44 
1300924 PC127130 5T00194 46 
eee0l0 PC1271J0 R1 13131014 5T00194 47 
lHH3e24 PC127130 ST00194 4E: 
00ee24 PC12713e SHH31~4 51 
0130930 PC1271:0 R"' (1(11e21 STeEt194 5~ 
0130924 PŒ127130 STEt0194 53 
eoo,e24 PC12713a ST0(1194 56 
eeee24 PC1271~O 5T00194 58 

",,' 13130930 PC127130 1<'3 013730€. 5T013195 00 
eaee24 PC'127124 5Te0195. ae 

f ' aee924 PC127124 ST00195. 03 
909024 PC12713'O STe0195 0S 
999924 PC127110 5T00195 as 
eeaB3e PC127130 1?3. 001026 ST00195. 08 

41\ 13130924 ~C12713.0 ST00195 10 !il' 

009024 PC127124 STee195 12 1 , . 
131313030 PC127130 F.' 3: 0e?3:ei ST00195 14 1 

0 eee924 PC12i124 5Tee'195. 15 
ee0024 PC127124 STe0195 17 

,.,. 
ee0924 PC127110 5T013195 20 

r. 00e93e PC12713:0 R3 00103.3- S T (1 019 5, '~' 1 ' '~~ 

F1gur~ A.1O: Sampling·Sess~on w1th ~O ms Periode (1 ) 
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1 

H 1 11 0 S LOG 1 2 - {' - ;' 6 1 H: Et 3. F (I~' TI"fi N ((1 M f' 1 L EC 3 Et, 2 4 ( 4 Et 1'1 S j 

0001324 
000024 
001313313 
9001324 
909024 
0091324 
000030 
909024 
gea924 
00131324 
0000313 
900024 
IHl0e24 
0013030 
99131324 
009024 
oeee30 
913131324 
0130024 
000030 
013131324 
01301330 
013131324 
013131324 
01313024 
eee030 
{H~e024 

013131324 
000024 
9000313 
09131324 
1313130313 
0130024 
01301324 
0013024 
~0e030 
0130024 
01313024 
13130024 
0130924 
9130039 
0130024 
0013024 
01313024 
009024 
131313024 
0001339 
000024 
080024 
8138024 
8009313 
13139024 
080024 

PC127130 ST00195 24 
f'C127130 5Tee195 27 
PC127124 R3 ee731Et 5T00195 2? 
PC1271J0 ST00195 2? 
PC127124 5T00195 32 
PC1271~e ST00195 ~4 
PC127130 ~l 81311340 5T0e195 16 
Pcoe635e 5Tee195 36 
pcea4422 5T99195 39 
PC127124 5T8e195 41 
PC1271:'0 R3 13131045 5Tee195. 42 
PC127124 5Te8195 44 
PC1271?0 5Tel3195.4e: 
PC1271:e P3 e01052 5Tee195 4B 
PC001556 ST0e1?5. 4E: 
PC1~7110 ST001?5 51 
PC127130 Pl e01060 5Tee1?5 51 
pcee2642 5Te13195 5~ 
PC127124 ST@13195 5f. 
PC12~124 R3 13131063 5Toe195 56 
PC00!426 5Te~195. 58 
PC12711B P~ 013106& 5Te0195 5~ 
Pce017213 5T00196 00 
PC004152 5T001?6 0: 
PC1271:e 5Te13196. 05 
PC127124 Rl Oe107! 5T00196 08 
PC125612 5Te0196 eB 
PC 12713~ 5Te0196. 1E! 
PC12,130 51013196. 1~ 
PC127124 R3 001101 5T0019f. 14 
PC003356 5Te13196 15 
PC127130 R3 001105 5Te019f. 17 
Pce02426 5Te13196 1~ 
PC127130 5Tee196 20 
PC127124 5Te0196 22 
PC1271~~ ~3 007311 5Toe196 24 
PC002676 5Teel~6 24 
PC127130 5T0el~6. 27 
P-C1~7~3e 5T013196. 2~ 
PC127124 5T001~6 3~ 
PC12~124 R3 091112 5T00196 32 
PC004713e 5T00196;34 
PC006204 5T00196 3f. 
PC127124 5Toe196. 39 
PC1271~4 51,00196. 41 
PC127130 5T00196. 44 
PC1271JO rn 007312 STeeti96. 46 
PC127130 5T00196. 4f. 
PC127130 5100196. 48 
PC1271JO ~T00196. 51 
PC127130 ~l ee112~ 5Toe196. 52 
PC005340 5T00196. 53 
PC127130 5T00196. 56 

Figure A.~O: Sampling Session with 40 ms Periode (2) 
1/ 



o .. 
~~ '. 

'<,,1 

1; • 

127 

HIMOS LOG 12-7-76,18 0~. FO~T~RN (QMPIL ltl0,24<40MSJ 

oee03e PC127130 R3 007$1! ST00197 00 
eee024 PCe0S340 St00197. 00 
eee03e PC127130 R} 007314 ST00197 0! 
Oe0024 PC003Se6 ST00197. 0: 
e00030 PC127124 R! 007115 5T00197 05 
eOe024 PC125612 STe0197 0S 
000024 PC127130 ST00197 0S 
000030 PC127124 Pl e07}16 5T00197, 0S 
e00024 PC127130 ST00197 10 
Oe0024 PC127124 5TOe197 12 

- Oe0024 PC127130 5T00197 15 
oe003e PC1271:0 Rl 001126 ST00197 15 
oe0024 PC127124 5T001~7 ii 
000030 PC127124 Rl 001002 ST00197 17 
oe0024 PC127110 ST001~7 ~e 
000e24 PC127110 ST00197 ~~ 
oea03e PC127110 P: 000116 ST00197 24 
eoee24 PC127130 5Te01?F 24 
000024 PL127~30 5Te0197 ~7 
0000le PC127130 P3 000143 5T00197 28 
000024 PC127130 5T00197 29 
eeOOlO PC127124 R3 00ee16 5T00197 10 
~e0eJe PC12711@ R3 0eee1e STe0197 li 
ooe024 PC12~130 5T00197. $2 
eeOOle PC127124 R3 000012 5T00197 j4 
000024 PC125612 sr0Ef1:-7 ~'4 
000024 PC127130 ST00197. 36 
000ele PCl27124 R3 000014 ST 0197 I7 
oe0ele ~C127130 R3 000020 ST0 197 l8 
000024 PC127130 5T00197. 39 
000010 PC127130 R1 000016 ST0 
990024 PC127124 5T00197, 41 

40 

90001e PC127130 R3 000016 5T0019. 42 
090024 PC127124 5T00197 44 
900024 PC127130 5T00197 46 
coa0le PC127130 R3 000116 5T00197 48 
ooa024 PC12~344 5T001~7 4B 
000024 PC122344 5T00197. 51 
900024 PC124062 ST00197. 5s 
000024 PC126514 ST09197. 56 
000024 PC122126 ST00197. SB 
990024 PC122440 5T00198. 00 
090024 ~C122416 ST00198. 0s 
000e24 PC12136b 5T00198.05 
ee0024 PC122112 5T00198. 08 
000924 PC122444 'ST0~19S. 10 
000024 PC124114 $T00198. 12 
000e24 PC122l26 5T00198. 15 
009024 PC126606 5T00198. 17 
eeeà24 PC1266i4 STe0198. 20 
oeee24 PC12~l16 5T00198.22 
090024 PC126684 STe019è, 24 
000024 PC126542 5T0019~. 27 , 

t ~ ...., • 

Figure A.lO: Samp11ng 'Session with 40'm~ Periods ~3~ 
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.L 
Ltb MODE DEF 1 NI Tl eN 
H .. tOO OR S"LOG SPECS CH .. S) 1 S 
a.. D, NEW OR UPDATE (O .. N .. U) r UPD 
NO LOG S~ECI FIED 
LOG RECORDING (Y .. N) 
NUMERIC DISPLAY (Y,N) 
GRAPHIe DISPLAY CY .. N) 
SAVE FILE (Y .. N) 1 N 

r N? r Y 
1 N? a N 
1 N? r N 

' . 

CONT. OUTPUT ON OLO FILE (Y .. N) 1 N 
CUTPUT FILE FOR LOO RECORDING 

.Looe-

.5 
HOST 'TABLE UPDATE 
SPEC FI LE- OLD OR UPDATE C O .. U) a U 

MASK UPOAtE CY .. N)? r Y 
aIVE 1 NDEX OR T 
'J . 
7654321076543210 
0000000000000000 
0000000100010000 
Il 1.; 

SUBMASK UPDATE CY .. N) 7 1 N 

SEL.ECT \JORD UPDATE (Y .. N)? 1 N 

INTERR. FREQUENCYa 

, , 

.... 10kHZ .. ' 

" 
, " 

TlMER CroNT 1 620 "DIV. eY 400 -> 40MS SAMPLE RATE" 
SJE FtLE (Y,N) r NO 
"'E 
SP. EV. TABLE t!POATE 1 

GIVE EVENT!:>- (. OR 1> 
'1 
12 
'T 
StOP ON HARD EVENT CY .. N) a N 

• 
SP. EV. r 
000001 PC000007 P50a0004 5P001124 5T00331.40 
.c "to RELEASE HOST ,SYSTEM" 

• Figure A.Il: Cdmmand Sequence for HIMOS Session of Fig. A.l~ 
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J 
'/ 

( 

, 

·c") 

<;NtlPl='~ 

r.r.cos TT 

:UE 

SUr: 

pp1=' 

Spy 

MULT'1:CC:; 

SLA:I"!ON 

" " 

, 

, 2 '1 l' 
• 
i 

r 2 1 J 1Q6Î Intercept 1I0nitor (firs~ phase) 

( ~ 3 1 19':;8 O;:vent and sa m pl f? drivf>n; output ", 
on printer or tape. 

\ 
( 2 LI 1 1q69 Sampling monitor; ci i5 t t:' ib u tec1 

by 8001 and Fabba qe ! nc. 

( 4tq 1<)6 0 , 'F.:vent driven; outpu t- on ta pee 

r 2 Il ] 1970 <;amplinq monitor; dis tri h l] t en 
by Rooi and Bab ba ge ! ne. 

1 

\ 
j 

[ 4 ') l 1970 Sampling moni tor; b\l,t pu + on paper 
tape or display; COI\,t. ralle d by 

C' PDP-Cl. 

[ 1 8 1 1Q70 J:'vent t1riven: gra ph ie r1isplilY: 
con troll ed by P DP-P. 

[ 5 1 1 19 "70 Sampling or event d ri ve n; 
monitors t8M/360 unde r OS/MVT. 

Table 71.1: Survey of Pure Software Monitors. 
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[ 2 u 1 

( 21.1 ] 1963 

SNUP~R [ 21 ] 

f 2 71 

SUM [ 2 1.1 ) 

[ U fi ) 

::PM-X [ 3 U l 1972 

DY NA. PRon E [ 47] 1972 

MICROSUI"'I 1973 

DSP1 

no 

Fi~st h~rdwa~p monitor hy IBM 
fo [' la ho['a to r:y us~. 

P~oqram o['iented evp.nt monitor 

Evp.nt driven, prespt by host 
softwaje (second phas'.?). 

Acc\1mulatinq monitor, possibil. 
to interrupt host system. 

Fi~st ccmmercially distfi~uted 
hardware monitor. /' 

~ 

Minicomputpr controllen; output 
on display and tap~. 

f.;vp.nt driven; interaction vith 
host softwa['e; minicomput-,er 
con trolled. 

Samplinq and event driven; 
minicomputer controlled. 

~ccumulatinq monitor; real tim~ 
displa y. 

llccumulating and sampling; inter­
actibn vith host softw~r~; 
output on display and tape. ,;"j 

>t <1 • -

~' 

Table A.2: Survey of Hardware and Hybrid Monitors 

• 

1 

l 
1 

j 
î 

" 
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rç !~~iQ1: r.!~!l! 

Group 0: 

00 not used 

01 04 Trap to 4 

02 10 Trap to 10 

03 14 BPT 

04 20 IOT 

05 24 Power fail 

06 30 EMT 

0"7 34 TRAP 

10-17 not used 

Group 1 : 

20 300 ". Console Keyboa rd 

21 304 C ons01e printer 

22 70 Paper Tape Reader 

23 74 Paper Tape Punch .. 
"> 

24 104 ' KIl-11P Clock 

25-27 not used 

30 220 RK '1 disk 

31 240 PIRQ 

32 244 FPP (f10a tin 9 point proe. ) 

33 250 '\ tI~U (melllory management) 
• 

34-3'7 not used 

~able A.4: Event Code Interpretation. 

• 
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liY!!n.Ltlâ~.1s.§:.. 

0 • 
bit 7 6 1) 4 3 2 1 0 
hiqh GPOUPO 
1011 TRAP ~MT PWFL rOT BPT T10 T4 

hiqh MJl'IU ppp PIRQ RK GPOU P1 
10v KW pp PR TF TK 

S.!!llm~!21 

bit 7 6 5 4 3 2 1 ° 
îrJ.~ 

hiqh SP fiS PC SP P~ PC SP PWFL, :t: OT 
lov PS PC SP PS PC SP PS PC BPT,'!10,T4 

âtl1 
high - [ PC-2 ] SP PS PC-2 SEL TRAP 
lov ERC [ PC -2 ] SP PS PC-2 SEL ~MT 

gg 
hiqh [R~G ] SP PS PC SEL ""1" 
1011 [BUF] [REG J SP PS PC SEL ~K 

2tll 
high [~EG 1 SP PS PC SF.!L no 

10v - r BUF] [REG] SP PS PC SSL p~ 

ât1! 
hiqh 
10v - [BU F ] [REG] SP PS PC SEL KW-11 C10CK 

âH.2 
not used 

.§li§. 
hiqh RS RU RK 1 1 d isk 
10v R3 R2 R1 RO Sr? PCS PC SEL cont raller 

-'" 
~§l!il~Lï.QL.d§ , t . 

" ,,' 

f~,.·:;f.: Sel". 0-3 . 7 EMT codes, one 0 as endmarker . .. , 
?~ Selw. 4-10: 7 TRAP codes, one 0 as endmarker ",,,,',' 

j ~ .~ ~if~; 
~ ~',~~ Sel". 11- 20: 4 pairs of the form: Reg. number j(. ' ..... ,1 

~ ~~. Reg • value . " .. ~. 
~4 \;.,;! 
'Il- " 0 ~:::~I ~J 

;'".. ~:: 

:~,~.:;" ~ \. SP~ci fic. ti,ns ~~~?~~: Table A.5: Event 
":~~;", 
r"~k' 
: ~I~( 
';~'l 

/~~ .. .::~ 
'-h'~,. ~, 
if,l i~t'-"';~ • 

, , 
ah 1Qj~ISI'njU~~:·.I\"""':':"!" .:i ;~ ... -:.Of 



,c< 

,t 
, ' 

, -
~,t ., .. , . 

o 

• 

PC program Count~r 

PS Processor Status word 

Sp Stack Pointer (=R7) 

CP Content of Program counter (=op. code for 1 wra instr.) 
l 

EW "Error Ward (=content of '52) for EMT calls 

~R Deviee ~tatus Register 

BF Devie/!> Buffer t:ontent 

Rn RE'gister n of dislt contraller 

HT Host rime (content of hast clock buffer) 

~T supervisor rime (in sec. relative ta start of session) 

Table ~.fi: Value Identification for: Numeric Display 



~ . 

, , 
" .. 1 

( J 

W WAITUP 

P PRO" 

F. S P'J:!VUP 

C CO~T 

B !NPICI 

A O'llPTC! 

o ':'NTOUT 

s 

H 

L 

.., . 

CSIS 

CSIH 

CS!L 

135 

Terminal output is disabled 

Terminal output i~ enabled after W 

Special event table update mode 

Continue after special event occurrence 

Tnitialize histogram, dra" coordinates 

Erase Screen and dra" histoqram as it lias 

Prase screen and print event summary report 

C!'ID interpreter for S-MON mode rlefinition 

Cf1D interpreter for fi-MON mode def. (not impl.) 

CMD interpreter for 10gging mode d efini tian 

Terminate session and print summary report 

Tahle.l.7: Control System Commands 

\ 

---~- -~----~~---

,~ 

, ..... , , ' 

• 
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l'II. 1lI0Hlc! 
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3<1~ l'!.11 5 lb 
34'1 
]')\ 

3"2 
3'>1 0to11300 
l'.)Q 
5,5 
3'>10 1'1"'15110 
]':)7 CIIolljAè 
356 Il.!UU,, 
3~q 03115.1 
31>1'1. "" \ 1 .... 
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3i1~ 1III13bl! 
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tiR D€COil2 
DECeD}1 T$T ($1') + 

"Ov (S"). ,113 
HOV (SPI +,fl0 
RTS PC 

J ••••• 

:kETlIH"-i FwO,'\ vEcrn 

IOEH'" ICREATE' TErT FOR lia t.~"n"s n, C. .... ~~f~ J 
, ••••• 'C"'-~'h:t.,ST U(~., llNIC&r.t.~ too:'l 
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"OV RI •• (~P» 
AUD .to\!, ('» 
.. uve (").,IuE~" 
I1<C ~~ 
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"UV '10tlll.~1 
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JL~r l/~ t,1~O~ ~G~r 

1Sr,r41 l ~r; Au.) .... F "'uFfF .. 
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SNE; Pu T .. !)\ 
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'!DV IW, !>AV An 
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/'\lV "~.t~). 
litS PC 
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PLOT11N~ 1/0 ~OUTINES 

SI "I\III .. ! 
Sil ",,0111>11 
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01 
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'11011 
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bb 
0)7 
bil 
Il'1 
10 
11 
ri! 
n 
71( 
ro;' 
rt. 
17 
ra 
fil 
f' 
8\ 
8~ 3\111\)72 
01 iI~-Aa7" 
bOl a."lllIt 
Il'i 1/141t1"e! 
III> ,\,4i11 "" 
111 :-"" II \1 
l!~ 

114 "'!~Il. 
'Ii} ;).!I!I~od 
'#1 
'Ii' adll!."" 
..,3 alll"'tZ"b 
'III "'61'l11" 
'15 ~4:'lji! 
'110 "'4011b 
'Il ~'''IQI!' 
9~ II'JiH4'4 
9'1 ' 

1 J~I "lin 1 511 
IBt tlt6t41~( 
l,II.! ",.,41S4 
1113 ~cll!l';~ 
HICI ,~"IJ1&.z 
It''i "'0"If.q 
lll& 0J911\4 U, 
1 ea '''l''HII 
tQ9 Illlli!lI:J 
11"-( Il.ulla 
III edlllfU 
IIi! llioIl4.c!0o 
1 Il 0"'3.!hl 
11/1 1""lill1 
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~'''0RS 
illOlIHI 
0001117 

"}fI''-''7 
lOt Iili14" 
1'1111111\15 
hll'..,'!! 
1"127il0 
",,"-5"7 

"1;>70101 
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141"500 
Ulla"l 
Il itSII l'ILl 
".Hlai!l 
1"1'4"2 
l'Jé!fl!iil 
""H!in 

Qll2sC!a 
l<lil!!'" 1 
""'''000 
1ti!"tt!1 
lilil <1 r.lZ 

"Hl"" 
101 1 l''\l 67 

U&7I!QI 
IIhl"QI 
0;H,I~1I 

111;161"" 
Ql4j\j"0 
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4. FORTRAH Subrout1nes BMIT and INEHI'r 
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5. Pro gram Examples tor Monitor Seasione 

1 

HISTO Pro gram for Compiler Analyeis 
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SAMGEN Random Number Generator for FPP Performance·Analys1s 
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APPEN DIX C 
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