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Abstract 
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base, with each sensor producing wples in its own relation. Specific sensors have been installed in the file 

system source code and a sample database created to demonstrate the utility of the approach. 
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Chapter 1 

Introduction 

The purpose of this master's project is to provide a general purpose method for instrumenting and moni­

toring software. Towards this end, a suite of general data collection and analysis tools for monitoring user 

programs and the UNIX kernel have been designed and implemented Specific sensors have been 

installed in the file system source code, that have been used to generate a sample database used to demon­

strate the utility of the tools. This tool suite will assist users with the evaluation of their software and will 

assist them in experiments performed on those systems. 

The design of the monitoring system was driven by a set of questions concerning the Unix file system. 

These questions required a specific set of data relrieved via sensors in the Unix kernel, an accounting user 

program to control the sensors, and a monitoring system call to act as an interface between the accounting 

program and the sensors. A llexible method to investigate the data is provided in the set of analysis tools. 

When the project was begun, only static observations of file systems existed [13] [18] [15]. To get a 

significant increase in the knowledge of file system usage dynamic information was needed The original 

goal of this project was to provide this data. Implementing the software to record the dynamic use data 

showed that the approach could be modified from a specific monitoring system into a generalized monitor­

ing system. During the course of this project, other researchers have since done some dynamic studies, 

notably Ousterhout [12] and Floyd [4], which will be discussed below with other monitoring approaches. 

Following this introduction is a review of the current state of software monitoring and its relation to this 

project. Each of the remaining chapters discuss an aspect of the project's implementation. Chapter 3 

discusses the data structures used in the system. Chapters 4, 5, and 6 discuss the data gathering parts of 

the system. The sensors are described in chapter 4 and in Appendix A, with the chapter covering the 

specific design and placement of the implemented sensors and the appendix covering the method of sensor 

generation. Chapter 5 details the requirements and workings of the monitoring system call, and chapter 6 



discusses the accounting process with which it interacts. The tools to analyze the data are discussed in 

Chapter 7. The chapter discusses the paradigm used to view the data and gives a description of the high 

level implementation used to meet this paradigm. One appendix contains manual pages describing the 

user interface, while an additional appendix contains directions for installing a distribution of the system. 

This document uses a set of fonts to distinguish types of special terms. Italics are used to introduce spe­

cial terms and is used in displays of relational algebra expressions and C comments. C variables are 

presented in typewriter and keywords are in typewriter bo~d, while displays of terminal out­

put are in typewriter bo~cl and typed input is shown in typewriter. Unix file names and pro­

gram names are presented in the body of the text in helvetica slanted. 
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Chapter2 

Software Monitoring · 

This chapter describes other work done in software monitoring as it relates to the approach taken in this 

project. This is organized into three sections. The first describes the tools available with the Unix operat­

ing system. the second describes work done by other researchers, and the third describes the approach 

taken here. 

2.1. UNIX Tools 

A small set of tools for software monitoring is supplied with the Unix operating system. These are sum-

marized in the table below and discussed in the paragraphs that follow. 

db:t allows dynamic conuol and iDspection of an executing process. 
gptr>Vprof provides a trace of the function calls made by a process. 
/ostat reports device i/o statistics for the system. 
llmSial reports virtual memory statistics for the system. 
ps provides a ROport of all processes in the system. 

ll:ov performs instruction counting. 
kernel tracing provides information about certain events in the keroeL 

print statments inserted into code, provides llcxible but primitive monitoring. 

2.1.1. dbx 

The purpose of dbx is to assist in tracing logic problems while developing a program. It can examine 

specifics of a program's execution and possesses facilities for tracing and recording data, but provides no 

information or control of system calls or of details within the operating system, and is limited to operating 

on a single process at a time. Programs that use dbx are compiled with an option that keeps additional 

data that are used in tracing the program. 



2.1.2. gprof and prof 

The related tools gprof [8] and prof are designed to show the control flow within a program. Both can be 

used on user processes; gprof can also be used on a specially configured kerneL Neither tool allows infor­

mation other than execution of a function to be recorded, so that the state of the process can't be deter­

mined for a given function execution. This prevents the recovery of system call usage by a user from the 

information provided by the profiled kernel. 

2.1.3. System statistics 

lostat and vmstat provide statistics on the operating system, while ps provides statistics on user 

processes. lostat reports the ito operations for devices and vmstat reports statistics on the operating 

system's virtual memory. Neither present any information regarding individual processes, only about the 

system as a whole. Ps provides information about processes, but only from the system process table, not 

from their internal state, such as the routine currently executing or the contents of variables. 

2.1.4. kernel tracing 

Tracing may be configured into the kernel. It provides for the recording of events in the kernel, and can 

be dynamically controlled. New events can't be easily added, nor can the information interrogated by the 

sensors be changed. 

2.1$. tcov (instruction counting) 

tcov produces a statement-by-statement profile of a C program, useful for determining the often executed 

code sections and the determining test coverage. A program uses it by specifying an option to the com­

piler that does the actual work of inserting the monitoring code. Each time the program is run, the moni­

toring information is updated, and can be viewed using tcov • This approach differs from that of gprof and 

prof in that only counts and not durations are measured (21]. 

2.1.6. Adding print statements 

The most basic method of monitoring software is the insertion of print statements into the code. With 

analyzing memory dumps, it is among the earliest methods developed. Since it is so basic, it can provide 
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the basis for more complex systems, but these must be built ad hoc for each target. The limit on informa­

tion about system calls is also not covered. The output is also slow, unless special effons are made to 

affect the buffering. 

2.1.7. Limitations of Existing Unix Tools for Software Monitoring 

Whl!e Unix provides a reasonable assortment of monitoring tools, the tools themselves are not designed to 

work together and there are major gaps in its coverage. No information about system usage by individual 

processes is provided, nor is any method of relating an individual process to the system as a whole. 

2.2. Previous Work by Other Researchers 

The use of the data produced by monitoring as a database has been suggested by Garcia-Molina eta/. [5] 

in their proposal for debugging a distributed computing system. They propose gathering data through the 

normal software monitoring approach of installing sensors. Their approach differs from traditional moni­

toring approaches by treating the data produced as a single relation in a database. This has the tremendous 

advantage of using existing database software for developing analytic tools. Their prime interest is in pro-, 

viding and examining traces of transactions in a distributed system. 

Goldberg and Popek use software monitoring in their analysis of a distributed file system (7]. Their pur­

pose was to use the data gathered for evaluating the relative merits of a distributed file system versus a 

local file system, and for optimizing the distributed system. Their interests lie in performance measure­

ments, so that their sensors are used to determine the execution time of functions. The system they use is 

not intended to be a general monitoring system. 

Miller, Macrander, and Sechrest developed a monitoring system for metering distributed programs [11). 

Their approach was to instrument the communications and process control routines in the Unix kernel 

with metering controlled by daemons. Processes to be metered are specified to the daemon, which creates 

a filter process to handle the metering data. Programs to analyze the data must be written by the user. 

User programs to be metered by the system require no modification, nor can additional metering be added 

to a program. While their method is extensible to other events in the kernel, it is not intended to meter 

process events that do not occur in the kernel and is not readily extensible to handle such metering. This 
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system is clearly meant to provide a means of debugging and studying distributed programs on a case by 

case basis, rather than to analyze the behavior of the entire sytem. 

Kupfer discusses a method of remote procedures call for implementing monitoring tools and uses vmstat 

as an example. This is a srudy in remote monitoring implementation using an existing protocol rather than 

an acrual monitoring system. [10] 

Concurrent with the development of the project presented in this thesis are projects by Ousterhout and 

Floyd. Ousterhout et al. instrumented the Unix file system and created tools to analyze the data produced 

[12]. Specific sensors were created to monitor events in the file system for answering specific questions 

about the file system. The thrust of their investigation was to use monitoring to investigate specific 

behavior of the Unix file system, rather than to illustrate a general monitoring approach through such an 

investigation. 

The approach by Floyd [4] also entailed instrumenting the file system. The thrust of h.is investigation is 

the implications of the use of files and directories for designing and evaluating distributed file system 

implementations. To accomplish this a tool was built for characterizing the usage offiles by the examina­

tion of data produced by the sensors, allowing the selection of data based on file usage. Statistical tools 

were used to examine the resulting breakdowns, so that relative usage of file types could be compared. A 

set of library routines associates related sensor data, such as that for open and close operations, to relieve 

the analysis programs of that burden. It differs from the approach taken here in not being a generalized 

set of tools, but rather a specific set designed to answer specific questions. 

2.3. Overview or Thesis Project 

The approach to software monitoring described in this document is to provide a general purpose frame­

work on which experiments can be devised, using an instrumented Unix file system as an illustration of 

the method. The system consists of a data collection component and a data analysis component; the 

diagram in Figure I presents the data collection part of the system. The kernel was modified to contain 

sensors that detect events in the kernel and store event records in an event record vector, and a Monitor 

system call to manage the vector and sensors. The Monitor call is the agent for controling the enabling of 

sensors in the kernel, transferring event records from the vector to the Accountant, adding event records 
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from user processes to the event record vector, and handling communication between the Accountant and 

user processes. The Accountant user process controls accounting through the Monitor, and retrieves the 

event records stored in the event record vector from the Monitor for storage in disk files, where a tape uti!-

ity transfers them asynchronously to tape. The Accountant and other user processes can also contain sen-

sors that use the Monitor to record their event records in the event record vector. 

The analysis process is illustrated in Figure 2, taking the tapes prepared in the data collection phase and 

passing their data through a pipeline. The program 11nsch11ma associates the event records with a 

schema describing those records that was derived from the sensor descriptions to a data type called a 

stream. The tool pipeline is a series of relational operations performed on the stream and is assembled 

from the tools discussed in Chapter 7 and defined in Appendix B. 
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Figure2. 

The monitoring system is part of the SoftLab project at the University of Nonh Carolina, Chapel Hill. 

Other related parts of SoftLab are a compiler for the sensors and a temporal query language for relational 

databases [17]. 

The system is designed to run under Unix 4.2 BSD. It has been run on Vax minicomputers and on Sun-2 

workstations at UNC, Ohio State University, and at Carnegie-Mellon University. At C-MU, modifications 

are being made to run the data gathering portion of the system in a multiprogramming environment using 

graphical tools to examine the data. This will be discussed in more detail in the appropriate chapters. 
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Chapter3 

Event Record Data Structures 

This chapter covers the data structures used for the event records, detailing the design considerations and 

the implementation. 

3.1. Constraints 

The Unix kernel on Sun wodcstations cannot exceed 512 Kbytes. This places an absolute limit on the 

space available for storing event records and requires that event records must be efficient in using space. 

Hence variable length format for the event records is used. 

An event record consists of an initial structure that contains an identifier for the type of record and the 

length of the record in shOrt integers. The remainder of the event record is an array of the C type short 

that is cast to the appropriate type. The decision to use type short rather than type char was made 

based on the typical size of operands and the efficiency of assignments. The sensor specific fields in event 

records will be covered in the next chapter along with the sensors that generate them. 

3.2 .• Event Buffer 

The kernel sensors deposit event record in an event record vector organized as a circular queue with 

pointers to the beginning and end, a count of how much of the vector contains, and a flag to indicate if the 

vector is full. The event vector is physically composed of unsignecl char (the Unix kernel uses the 

typeclef facility to call this u_ char), but is logically treated as consisting of short integers. This 

allows arbitrary handling of data within the event vector without concern for object alignment while con­

forming to the event record format. The Monitor copies the event record vector to the Accountant on 

request as an array of integral event records, and then resets the circular queue pointers, counts, and flags. 



3.3. Streams, Tuples, and Schemas 

The data produced by the sensors is gathered by the Accountant and written to a series of files as raw 

event records. The Accountant stores the event records in binary to conserve disk space. A schema, pro-

duced when the sensor descriptions are compiled, is required to interpret the event records. The schema 

describes the event records based on the defining sensor and provides the means for identifying and label-

ing event records and their .fields. 

The combination of a schema followed by the event records it explains is called a stream. A stteam can 

be considered a relational database, with each event record in it a tuple with the relation determined by 

which sensor created it. As such, the fields within the record are domains in the relation. Certain domains 

are necessary to identify the relation and are·immutable. These are the domains cmdtype, cmdlength, and 

eve11111umber. The last is also known as the sensor id. 

3.4. Implementation 

An event record consists of a head structure, mon_c:md, describing the type of sensor that generated the 

record and· the length of the record, and a body, containing fields specific to the sensor type and definition. · 

at:uct mon_cmd { 
char type, 

length; 
I; 

at:uct mon __pevt { 
atruct mon cmd 
mort -

long 
abort 
long 
mort 
}; 

cmd; 
eventnumber, 
performer; 
object; 
initiator; 
timestamp; 
fieldo(EVENT_LIMIT}; 

typedoof at:uct mon__pevt mon__putevent; 

The event record is considered to be an array of short. The structure mon_cmd is used rather than 

just having to separate fields so that assignments can be more readily made. Other types of events share 

mon_c:md but fill the rest of the event record with their own fields. Since all records share mon_cmd, 

they can be read and written without regards to their identity, based solely on the length. The appendix 

Generating Standard Sensors details how to handle the variable length and short alignment constraints 
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for character strings. 

Since the records are variable length, some additional complexities arise when handling them in the event 

vector. In implementing the event record as a circular queue, a static array was used to save the overhead 

of memory and linked-list management. This means that before we can place a record on the queue, we 

must see if and where wrap-around takes place in the record. Instead of checking for every short integer 

in the record, an extta space, the queue has an appendix at its end large enough to hold the longest event 

record. This allows a single test to take place after the record has been copied into the vector. If wrap-

around is necesslll)', a routine copies the part of the record in the ovedlow area to the front of the event 

record vector and adjusts the write pointer. The wrap-around routine only executes once per pass through 

the queue, so the overhead is small. 

u_char *mon_write_,Ptr, 
*mon_read_ptr, 
*mon_eventveetor_end; 

· mon_eventvector_count; 

I* WrilepoinJUiniiJOII_~ector *I 
I* Read pointer in mon _ eventvector *I 
1• First pas after buffer, SUUl of appx •t 
1• No. of chars of valid evenl records 

in mon eventw!ctor *I 
in~ mon_oflow_count • 0; !•EVenJriicordoverjlow •1 
u char mon eventvector[MON EVENTVECSIZE + MON EVENTRECSIZEJ; 
- - - I* Event record riiig buffer •1 

A further problem is encountered when copying event records from the queue to the accountant. The 

accountant requests the data in terms of an absolute size, and receives as many event records as will 

integrally fill this size. If the queue contains more data than can returned to the accountant, the monitor 

routine must advance through the event records until it finds the appropriate number to return. In addition, 

wrap-around must also be handled so that the accountant receives the event records in the proper order. 

The code to handle this will be discussed in Chapter 5. 

A schema is o~ganized as a hierarchical structure, called a database, since it permits tteating event 

records as tuples in a database. The format of all schemas is shown in the following IDL code, and can be 

found in the file schema_idl.idl. 

structu:a schema Root database I• 
database •> database name 

relationS 
relation •> rel name 

rel:sensor_id 
rel_vlensensor 

attributes 
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str.ing, 
Seq 0~ relation; 
string, 
Inteqer, 
Boolean, 
- true if variable length 
Seq Of attribute; 



attribute •> attr name 
attr:length 

attr_pos 

attr_type 
type : : • type integer 

type-string 
l'o%' type Use EtUlmeiataci; 

Pzooc••• schema idl Inv schema I• 
1':• i.nput schema; 
Po.t output : schema; 

J:a<i 

st:i.nq, 
Intagar, 
-in bytes 
Intage:, 
-from beginning, 
- < 0 if 110tftxed 
type; 

type :ational 
type:boolean; 

The format compiles into a set of structures, macros, and routines !hat !he analysis tools (Chapter 6) use to 

handle the event records. Eveey sensor compiled by the compiler has a relation structure generated 

corresponding to !he sensor's event record. The schema allows event records to be processed by name 

wilhout building into each tool knowledge of all event records and sensors. If a tool changes the format of 

an event record. it must also adjust !he schema to reflect the change. 

A schema is a database structure, containing a database name and a linked list of relation struc-

tures •. This list contains a relation structure for all possible relations that an accounting session can 

generate, !hough programs processing !he event records can generate additional relations. 

Each relation structure contains a name, rel_name, taken from !he name of !he sensor, an 

identification field, rel_sensorid, taken from !he eventnwnber field, rel_vlen_sensor, a 

flag indicating if the associated event record is variable length, and attributes, a linked list of the 

domains in !he relation. A new relation can be created from an old by changing its name and 

identification. A relation can also be changed back and ford! from variable to fixed length. The con-

tents of the relation can be alteted by changing the attribute list. 

A domain is an attribute of a relation and an attribute structure represents the domain in a rela-

tion structure. The attribute contains a name and type, attr_name and attr_type, defined 

in the sensor definition, its position in the event record, attr_pos, and !he lenglh of !he domain field, 

attr_length, that varies with the type of the field. The offset of a domain within an event record may 

vary depending on whelher the associated field occurs after a variable length field. If this is the case, the 

offset is recorded as a negative number and must be reset each time an event record in that relation is read. 
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The length is fixed for all types of fields except for character strings, where the length is variable, but 

always a multiple of two, so that the organization into an array of short is not violated. A field with a 

length of only one byte must be paired with a similar field or a padding byte also to ensure this organiza-

lion. 

Since the schema must preceed the event reconls, any changes to the schema must be known before the 

first event recOld is written out, since the schema must be written firsL To suppon the stream concept, a 

data structure Mstream (for Monitor s1ream) exists, which associates a Unix FILE structure with a 

schema. 

typed&! atruct S_Mstream { 
FILE *fp; 
char record[MAXRECSIZE); 
dstabase schema; 
abort flag; 
} Mstream; 

There is a one to one correspondence between Mstreams and FILEs. The Mstrearn element fp is a 

pointer to the associated file. Each Mstream structure contains room for the incoming event record in 

its element record. Note that, unlike event reconls, this is an array of type cbar. There is also an 

element for the stream's schema. and a flag to indicate if the schema has been read or written. This allows 

the schema to be automatically read or written on the first appropriate operation, and prevents duplicate 

writes. 

typedaf atruct o tuple { 
char - *record; 
relation relation; 
l tuple; 

A tuple is defined as an association of an event record and its relation. When it is read from a 

stream, record points to the M5tream'" record and relation is the relationin M5tream' s 

schema for that event record. The relation is ignored when the tuple is written. 
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Chapter4 

Sensors 

This chapter covers the sensors used to instrument the kernel, concentrating on the design of the sensors, 

the choice of sensors, and their placement in the kerneL 

4.1. Basic Sensor Design 

For any event record, certain basic informacion is needed. We must know the type of sensor that created 

the event record- such as a kernel sensor, a user sensor, or an error record, to give three examples. Since 

we are using variable length records to save space, we must specify the length of the event record. To 

know what fields are in the record, we need to have an event number that is specific to each sensor. For 

kernel sensors we want to know who performed the action and who initiated it by saving the process 

identi1ler (pid) of those two processes. Most sensors will have some object that they are recording infer-

mation about. A unique identi1ler for this object is stored. Much analysis requires knowing the time that 

an event happened, so a timestamp field is included. This yields the following standard fields: 

type of event record 
length of event record 
event number 
performer 
object 
initiator 
limestamp 

I byte 
I byte 
2 bytes 
2 bytes 
4 byiCS 
2 bytes 
4 bytes 

what created the record 
in shon integers 
defined by the sensor compiler 
who performed the sensor 
what was being affected 
who requested the action 
when did this occur 

1n addition, free form fields follow these in the event record that can be used for sensor specific data. 

Sensors are defined via a Sensor Definition Language [16] and compiled either by a special compiler or by 

hand, as defined in Generating Standard Sensors (see Appendix A). The sensor compiler produces sensor 

include files containing macros and declarations for the target programs and a schema for the event 

records that the sensors create. The schema is used by the analysis tools to interpret the event records. 



4.2. What Do We Want to Find Out? 

The choice of what specific fields to put into each sensor is determined by what questions we may want to 

ask. We have identified the following pieces of data that would be useful to collect. 

within each process 
• how many files arc open over time, and at one time 
• impact of process on system: 
percentage of total calls 

volatnlty 
• reads to writes ratios 
• modes of mad, write, read/write 
• mlalive sizes of mads and writes 
• creates, deletes 

event frequency 
• proportion of total events for each event type 

4.3. Overview of the Unix File System 

locaUty 
• length of paths to files 

within each file 
•frequency of operations 
• size of reads, writes 
• duration of access 
• number of mads & writes per access 
•file size 

ceneral 
• IClationship of any of the above to the load 

average, number of users, etc. 

The Unix file system consists of a tree of special files called directories that can contain both regular files 

and other directories. A process has associated with it a current working directory, whose files can be 

specified by name. Files not ln the current working directocy are specified by a path, that is absolute from 

the root of the tree or relative to the current working directocy. The most common primative operations on 

a file are open, close, read, write, seek, and creat (sic). open follows a path and returns 

afile descriptor, that is an entty in a system table. The path is handled one component at a time and is a 

measure of the locality of reference. close removes the reference to the system table. Files are 

deleted when there are no references in the system table and when no directories point to it. read and 

write always do implied seeks before operating, so seek can be traced by recording the position in a 

file where read and write take place. Files can exist in more than one directory, but can be abso-

lutely identified by the more basic Unix I/0 system. A file is actually a specific inode on a specific device. 

An inode is a data structure that records the physical location of the file. Each device contains its own 

inode list numbered from zero to a limit based on the capacity of the device. [19] 

4.4. The Sensors 

The following sensors, presented in Sensor Definition Language, enable us to determine the information 

that was listed above. The object for these sensors, when it exists, is the devicelinode pair, that uniquely 

identifies the file. 



FileClose 

Evant FileClooe (Device, INumber:doubleinteger object; 
FinalSize:doubleintage: 
)h 

timeatamped, aenaortraced; 

The FileClose sensor is triggered in the kernel routine closef in the file kem_descrip.c 
whenever a file is closed either by a process or by the system. Its event record identifies the file and 
the size of the file when closed. 

ReadS ens or 

Event ReadSensor (Device, INumber:dOubleinteger ooject; 
FilePos:doublainteger; 
ActualCount:integer 
) ia 

timeatamped, aenaortracad; 

ReadSensor records reading from a file. Its object is the file in question. FilePos is the posi­
tion in the file and ActualCount is the count of bytes reacl. This sensor provides basic informa­
tion on activity on open files, along with WriteSensor. It is installed in the routine rwuio in 
the file sys_JJeneric.c and is invoked by the low level read system call. 

Writesensor 

Event WriteSensor (Device, INumber:doubleinteger ooject; 
FilePos:doubleintege:; 
ActualCount:intege: 
) ia 

t±meat•mped, aenaort:aced; 

WriteSensor records writing to a file. The arguments to WriteSensor are the same as to 
ReadSensor. It is also installed in the routine rwuio in the file sys_JJeneric.c and is invoked by 
the low level write system call. 

OpenSuccessful 

Event OpenSuccessful (Mode:integer; 
InitSize:doubleintege: 
) ia 

t!m.at~, aenao:traced; 

OpenSuccessful records the opening of a file. It does not name an object, the name is provided 
by the previous string of event records produced by NextComponent. The Mode parameter 
records the access mode in which the file was opened and the InitSize parameter records the 
size of the file when it was opened. 

NameStart 
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, 

Evant NameStart (Device, INumber:douQlaintagar Object) ia 
~~•tamped, aanaortraced; 

NameStart is used to signal the beginning of the lookup of a filename. It records the file identity 
for the beginning of a pathname in its object. It is installed near the entry of the pathname lookup 

routine namei in the file ufs_nami.c. 

Next Component 

ll:v8nt NextComponent (Device, INumber: doW.leintegez: object; 
FileName:atz:ing[l27] 
)ia 

timeatamped, aenaortraced; 

Next Component records in its object the file identity of the cmrent pathname component, which 
it stores in FileName. NextComponent is installed in the pathname lookup loop of the rou­

tine namei in the file ufs_nami.c. The number of Next Component event records for a process 
is a measure of the locality of reference for the file. The object of the NextComponent event 
record immediately preceding an Opensuccessful event record for the same process is the 
opened file returned to the process. 

INodeCreate 

Event INodeCreate (Device, INumber:doW.laintagar object) ia 
t..t.m.atampecl, aenaorlraced; · 

INodeCreate signals that a new file has been created. The object is that file. INodeCreate is 
placed in the inode allocation routine ialloc and can be triggered by an open or a ere at sys­

tem call. 

INodeDelete 

Event INodeDelete (Device, INumber:doW.laintegar object) ia 
t~atamped, aenao:traced; 

INodeDelete shows that its object, a file, has been deleted. It is placed in the inode recovery 

routine ifree. This is pan of the housekeeping done by the system, and is not directly called by 

user processes. Files are only deleted when there are no more references to them. 

4.5. Testing 

Initial testing of the sensors was done by emulating the affected routines in the kernel with a set of rou-

tines that filled in constant values into the structures that the sensors referenced. These emulated routines 

were compiled with the Monitor (Chapter 6) and a truncated version of the Accountant {chapter 5). This 

permitted full testing of the sensor control code and verification that the values were put into the correct 
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places in the event records while not affecting an operational system. The kernel did not have to be 

modified for each code change nor was rebooting necessary after aborted tests, greatly speeding the test­

ing process. 

It was more difficult to test the validity of the data gathered from the kernel itself. When the monitoring 

system was enabled on a system with a normal load, data was generated at the rate of up to 50,000 bytes 

of data in three seconds. This volume made it difficult to determine what was really happening. 

Verification of the sensor data consisted of two parts. The tint determined what was happening in the ker­

nel to insure that the sensors were placed properly and thus moni10ring the desired events. This was done 

by adding printf statements 10 the kernel to trace the execution pattern and tracking this pattern 

against that produced by the sensors. Only small test runs could be performed with this method since it 

produced disastrous effects on kernel performance and reliability. The second part of verification insured 

that the fields accessed by the sensors contained the desired information by using a test suite of processes. 

The suite accessed specific files in a specific order so that the event records generated and their values 

could be predicted. Both parts of the verification required a primitive print program, blindprint, to 

view the event records produced by the test runs. 

Additional verification has come by having the system run at other sites, namely the Computer Science 

departments at Ohio State University and Carnegie-Mellon University. The work at those sites aided 

greatly in debugging the code. 

4.6. Future Work 

4.6.1. IBID sensor 

A standard sensor takes up a certain minimum amount of room, approximately 20 bytes. When instru­

menting routines that are accessed frequently, this overhead can become excessive, especially since the 

data in these circumstances is often only slightly different from event record 10 event record. The over­

head can be minimized by having a sensor generate event records that take advantage of consecutive calls. 

These event records can either be completely new types of records or variations on existing types. Two 

new types of records are proposed: IBID records, that record only fields that differ from the preceding 

event record, and coU/11 records, that have a count field that is incremented for consecutive invocations of 
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the same sensor. Instead of using new types of event records, nonnal event records can be altered to 

accomplish the same tasks. For either new event records or old, criteria must be established for using the 

abbreviated form rather than the full form of an event record. Only those fields that differ from the previ-

ous event record need be stored in the new structures, but to reduce complexity, the space saving struc-

lUres will only be used if the previous event record was generated by the same sensor and if they share the 

same object. performer, and initiator. This would happen frequently with common operations like read. 

The fields that need to be stored may be indicated by i.bici in the sensor definition, while the remaining 

field, those not associated with i.bid, are only recorded when the previous event record did not meet the 

mm criteria. The timestamp field, when activ~. is always generated. An example is 

Evant ReadSensor (Device, INumber:doublaintagar object; 
Filel?os :doubleinteger ibid; 
ActualCount:intage: !Qid 
) i• 

timaatamped, aenaortraced; 

Extra control information is added to the sensor to detect whether to save space or to use the regular event 

IeCOrd. The object, performer, and initiator fields are at fixed points in the previous event 

record and can be compared directly by keeping one additional pointer to the previous non-space saving 

event record, which would be cleared when the event vector is cleared, and reset when the regular sensor 

code is used. A bitmask determined at sensor compile time is used to specify those fields that are to be 

updated by the space saving code. The fields that are not !lagged by the bit mask are copied from the pre-

vious event record at analysis time. While this could be done for all sensors, it adds overhead for sensors 

unlikely to be called successively. 

•tract ibid event { 
~n_c:md emd; 

abort new fields; 
ahort fields[254]; 
}; 

!*type • MONOP PUTEVENT IBID 
I* ltmgth • variabie -
I* which f~elds to replace 
!* valun 

., ., ., ., 

If the sensor is not times tamped, then a coiU!ter event record can be used, that counts the number of identi-

cal event records that occur. A sensor generating a counter event record requires the same initial logic to 

determine what type of event record to generate. If a counter record can be used, the sensor requires less 
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time to generate it than either an miD record or a regular record. Since the counter record only contains 

one data field, it requires much less space than either alternative. 

atzuct count event { 
mOn_c::md c::md; 

int count; 
); 

t• ty~ • MONOP _Pr.rTEVENT _COUNT *I 
,. length- J ., 
t• limu /o replicate l!llenl *I 

The advantage of using separate count and IBID event records is that they do not confiict with data 

already present. They can be merged into the same fonnat as regular event records by a simple tool at 

analysis time. The disadvantage is that there is still a significant amount of overhead even in these sen-

sors. There is also more complexity when handling the interface with other sensors, since there can be 

many miD records between the last regular record and the current record. 

An alternative approacb to exploiting consecutive calls to a sensor is to add structures to the event record. 

These structures take the form of a overhead st:uct containing a count and the bit mask of target 

fields, and an array of the target fields. This approach removes all the overhead of extra event records, by 

simply expanding the existing ones. Only the last event record written needs to be examined to determine 

the sensor's action. Each update expands that record, changes its length, and moves the event vector's 

write pointer. 

at:uct ReadSen~or ( 
mon_cmd cmd; I* type • MONOP _Pr.rrEVENT_IBID *I 

t• length • variable *I 
ahort 
long 
ahort 
aho.z:t 
long 
long 
ahort 
at :met 

ahort 
); 

eventnumber; 
object; 
initiator; 
performer; 
time.stamp; 
filepo.s; 
actualcount; 

ibid { 
u char ibid count, 

- ibid-mask; 
I ibid headl 
fields T] ; I* sets oftiiMSlamp.Jilepos,actualcounl *I 

A disadvantage of this approach is that the format is only loosely compatible with the older format. It can 

be convened to the older format, though, without much difficulty, since all the data is present. It has the 
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great advantage of having very little overhead, and of having but one fonnat for both IBID and counting 

records. The latter is handled by having a null ibid_ mask. 

4.6.2. U5e of Signals to Coordinate with the Accountant 

Using timing loops to retrieve event records from the system has the problem that either many calls will be 

unnecessary or the buffer will over1!ow. This situation can be corrected by signaling the accountant when 

the buffer is ready to be read. The signaling is done by the kernel sensors themselves and by the monitor 

routine for user sensors. The sensor de.finition is changed to detect when the buffer is nearly full and to 

then signal the accountant The sensors would still check for over1!ow. This requires a tlag to indicate 

that the accountant has been signaled and a threshold to specify when the signaling should occur. When 

signaled, the accountant must interrupt what it is doing and retrieve the records from the monitor. 

4.6.3. Better Concurrency Checking for Multiprocessing 

The monitor system call is a critical section [1]: the event record vector must only be accessed by one pro­

cess at a time, otherwise the pointers will become corrupted. This is not significant on a uniprocessor run­

ning regular Unix, since only one process is active at a time and interrupts can be disabled to insure com­

pletion of sensors and the monitor routine. On a multiprocessor these measures do not suffice. A func­

tioning semaphore must be used in both kernel sensors and the monitor call to insure exclusivity. 

4.6.4. Network File System 

Sun's Network File System (NFS) [2.5] presents other problems. The information desired for a sensor may 

not be kept in the local system, and must be requested remotely. Since the information is not locally 

present, additional changes must be made to the kernel to provide the information. If this is done outside 

the conlrol of a sensor, the new code could be executed at an inappropriate time, such as when rebooting, 

and cause system failure. If the code for providing the information is put in as a parameter to the sensor 

macro, the remote request generates an additional read system call, that in turn triggers ReadSensor, 

threatening to become infinitely recursive. A possible solution is to define a new set of sensors for NFS 

that are placed in the NFS code itself, rather than the interface to the standard file system implementation. 
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Chapter 5 

System Call • the Monitor 

The Monitor is the local system call SYSL _MONITOR that is used by the Accountant to manage the 

event record vector and the kernel sensors, and to communicate with user processes. 

All data from the sensors is written into the kernel's event record vector. To protect the operating system, 

data in the kernel is only accessible to user processes through system calls. Since the Accountant, a user 

process, controls the sensors in the kernel and reads the event record vector, a system call must be pro­

vided as an agent. 

To ease adding system calls to the kernel, an indirect system call, SYSLOCAL, with its own table of sys­

tem calls, was added to the table of system calls. To invoke the Monitor requires calling :syscall with 

the entry number in the system call table for SYSLOCAL, the entry number in the local call table for the 

Monitor, and the address of the buffer holding the command to the Monitor. The include file syslocalh 

contains the entry numbers for SYSLOCAL and SYSL_MONITOR. 

syscall(SYSLOCAL, SYSL_MONITOR, (unsigned char *)&preq); 

5.1. Function 

The Monitor maintains a vector of enable bits, moo_ enablevector, which controls the status of the 

kernel sensors, and a message buffer, man_ requests, for communication between the Accountant, 

other user processes, and the Monitor itself. The enable bits in mon _ enablevector for a specific sen­

sor are determined at sensor compile time (see the appendix Generating Standard Sensors). The Monitor 

enables and disables sensors by switching the appropriate bits as directed by the Accountant through a 

MONOP _PUTREQ command. The communication system is only partly implemented. It handles com­

munication between the Accountant and Monitor but not between the Monitor and other user processes. 



The Monitor also manages the event records produced by all sensors. On detecting that the event buffer is 

ful~ The Monitor inserts an error record into the buffer to signal that data may be lost. This is only done 

before writing the event buffer to the Accountant. Event records are only written to the Accountant on 

request. 

S.l. Decoding a Command 

The operation of the Monitor is performed in a critical section. This prevents conflicts when manipulating 

the pointers in the event record vector. The tirst step in decoding a command is to enter the ,critical sec­

tion. In the uniproce~r implementation this is simply a test on a counter, mon_semaphore. This 

counter must be zero for the operation to take place. If for some reason it is not zero, then a sensor was 

interrupted. This should never happen. It means that the sensors are placed incorrectly or that the kernel 

has been corrupted. The only action taken is to disable all sensors and to rerum the value 

MON _CONCURRENCY_ ERR. This kernel should then be fixed, recompiled, and rebooted. In any case no 

more accounting can be done. As its name implies, mon_semaphore may be replaced by a 1111e sema­

phore in a multiprocessing implementation. It would then wait until it could enter the section before 

proceeding. 

A system call must copy its parameters from user space to kernel space to access them, and must copy its 

return values from kernel space back to user space. Since the commands to the Monitor are variable 

length, the Monitor must tirst determine the size of the command. All commands to the Monitor begin 

with the C struct mon_cmd (see Chapter 3), which contains the length of the entire command. This 

sU1Jcture is copied first and its length component is used to determine the size of the command. The com-

mand is then copied in its entirety for the length specified in mon cmd.. This does mean that mon cmd 
' - -

is copied twice, but it is only the length of a short and reading the command in its entirety enables any 

padding in the command s1111cture to be ignored and obviates including machine and compiler dependent 

code to determine padding within s1111ctures, A switch statement uses the type component of 

mon_cmd as the argument to determine which command to process. After the processing the command, 

the call exits the critical section and returns. 
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5.3. Command Operation 

The function of the different Monitor commands are found in the manual pages for in Appendix B. The 

internal workings of the commands are described here. The conunands themselves are represented as 

integers and are defined in the file monops • h. 

Most commands are executable only by the Accountant. Exceptions are MONOP _ GETREQ, which a user 

process issues to retrieve messages from the Accountant, and MONOP _INIT, which can be executed only 

when there is no Accountant. In an emergency, the super user may also issue ·.MONOP _ GETEVENTS and 

MONOP _SHUTDOWN. This feature is provided to prevent the loss of data should the Accountant process 

premar:urely end. If a process tries to issue a privileged conunand, the Monitor returns the value 

MON_NOT_ACCTNT,foundin the file monerrcds .h. 

If the Monitor receives a command other than MONOP _ INIT before accounting has started, it returns the 

value MON_NOT_INIT. If MONOP_INIT is issued after accounting has started, then the Monitor 

zeturns MON_ALRDY_INIT. 

MONOP_INIT 

This command initializes accounting and the process that issues the command becomes the Accoun­
tant. The supporting variables for the event record vector are initialized: 

mon_write_ptr 
mon_read_ptr 
mon_eventvector_end 
mon_eventvector_count 
mon_oflow_count 

write pointer into the event record vector 
read pointer into the vector 
pointer to the end of tho vector 
byte count of the filled portion of the vector 
count of attempted writes after the vector filled 

Since the current state of the sensors is not known, the vector containing the sensor enable bits, 
mon_ enablevector, is set to all zeros. The buffer to communicate with other user processes, 
mon_requests, is cleared of old requests. The size of the event record vector in bytes, which is a 
compile time constant, is returned to the calling process. 

MONOP_POTEVENT_INT and MONOP~POTEVENT_EXT 

These conunands write event records into the event record vector. The process id of the caller and 

the time when the command is processed are written into the event record in the command. The 

writing of the event record is performed as a sensor would write it (see Chapter 4 and the Appendix, 
GeiUirating Standard Sensors). If writing the record would overflow the vector, 

mon_oflow_count is incremented and the Monitor returns MON_BOFF _FULL to the calling 

process. 

MONOP_GETEVENTS 

This is the most complex of the commands. It handles transferring the event records from the event 

record vector to the Accountant The complexity arises from having to adjust the amount of data 

transferred to fit the amount requested by the Accountant while handling vector wrap around and 
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insuring that only integral records are transferred. The first task of MONOP _GETEVENTS is to 
determine if any data was lost because of a full vector. If this occurred, an error record is written 
into the vector. 

atruct mon_erec { 
atzuct mon cmd cmd; 
long - val; 
I: 

typeda:f at.zuC: mon_erec mcn_errrec; 

The field val receives the count of records missed because of overflow. There is always room left 
in the vector for a single error record. Two cases arise when determining how much data to 
ttansfer. If more data is' in the vector than requested, then the lengths of the records in the vector 
are accumulated in the character count, the total amount to transfer to the Accountant, by moving 
from mon_cmd to mon_cmd until the requested amount is satisfied. If this process reaches the 
end of the event record vecwr (wrap around) before satisfying the request, the Monitor handles it by 
continuing the process from the beginning of the vector. If the accountant requests more data than 
is available, the entire vector can be transferred without handling event record boundaries. The size 
of data in the event record vector becomes the character count The data must be transferred in the 
order that it filled the vector. Wrap around divides the data into two parts and forces the transfer to 
be done with two calls to copy. Wrap around is detected when the write pointer has a lower 
address than the read pointer. If there is wrap around, the transfer count, the amount to transfer in a 
single call to copy, is set to the minimum of the character count and the length between the read 
pointer and the end of the vector. This amount is transferred to the Accountant's buffer, the charac­
ter count is decremented, and the pointer into the Accountant's buffer is incremented. If the charac­
ter count is not zero, then data from the lower addresses for the lower amount is transferred. All the 
pointers, counts, and fiags are updated, and the Monitor returns the amount of data transferred. 

MONOP_PUTREQ 

The Accountant controls sensors in both the kernel and user processes with MONOP _PUTREQ com­
mands. 

atruct mon request { 
ahort:. tarqetpid, 

eventnumber, 
enablevalue; 

) ; 
etruct mon_praq { 

atzuct mon emd cmd; 
at:uct men-request req; 
): -

typede.f atruct mon_preq mon_putreq; 
typede.f atruct mon_preq mon_qetreq; 

Kernel sensors are specified by a targetpid of zero. If the kernel is the target, the bit specified 
by everitnumber in mon_enablevector is set tO the value of enablevalue. Requests to 
user processes are not handled directly, but are stored in a static sized array of men_ request 
structures, mon_requests. The request is stored in the first available slot in men_ requests, 
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and the user process is signaled that a request is awaiting it. 

MONOP_GETREQ 

When signaled that a request is awaiting it, the user process issues a MON _ GETREQ to the Monitor 
to read the request. The Monitor searches the request vector for the first message with a matching 
process id. No allowance is made for multiple messages. Sini::e. multiple signals are lost in Unix 
(see signa/(2)), there is no easy way to inform a process that there are multiple messages, though a 
process could continue to ask for requests until no more are rewrned. When the message is found, 
!he message is returned to the caller and the slot in the request vector is cleared. If no message is 
found, then an error record is added to !he event record vector and the Monitor returns 
MON_REQ_NOT_FND to the caller. 

MONOP_SHUTDOWN 

The Accountant issues this command when accounting is finished. All sensors should be disabled 
and a final MONOP _ GETEVENTS issued before shutdown so that no data is lost. Shutdown dis­

ables any kernel sensors that might have been left enabled and resets all pointers, flags and counts. 

5.4. Testing 

Initial testing of the Monitor was done using stub routines for certain system calls and an abbreviated form 

of the Accountant (see acct (lL) in the Appendix). This allowed testing to be done in user mode using 

interactive debugging. The abbreviated form of the Accountant was used to minimize any side effects 

from errors in the Accountant. This was not sufficient for testing since it did not provide for asynchronous 

calls, or for problems with the kernel interface. 

Initial testing in the kernel was done with a reduced accounting environment. The minimal Accountant 

was again used, only a single sensor was placed, and a reduced event record vector was used to isolate 

errors. Since errors in the Monitor would cause the system to crash, the debugging was carried out on 

workstations. This minimized interference with other users and permitted more rapid compiling and 

rebooting. Since dynamic debugging cannot be used on the kernel, execution was rraced with print state-

ments. The test system was put under load by a file system exerciser designed by M. Satyanarayanan [14). 

The event vector logic was put under load by using parallel unbuffered I/0. The code for communicating 

with user processes was not tested. 

A beta release of the system was installed at Ohio State University and at Carnegie·Mellon University. 

This provided the opponunity to detect more errors in implementation and installation, which have been 

corrected. 
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Chapter6 

Accountant 

The user process that controls the kernel sensors is called the AccountQIIl, The Accountant controls the · 

enable status of the kernel sensors, periodically dumps the kernel's event record buffer to disk, and, 

orthogonal to this project, communicates with other user processes that have sensors. This chapter will 

describe the Accountant's function for this P,roject, the internal operation to accomplish these functions, 

and a typical session of using the Accountant. This will be followed by a brief delineation of the use of 

the Accountant with other processes with sensors, and by a section discussing future plans for the Accoun­

tant. 

6.1. Standalone Function 

No accounting, which is the recording of event records, takes place except under the supervision of the 

Accountant. The Accountant must fust initialize the accounting session, initialize all desired kernel sen­

sors, and, when the session is finished, disable all sensors. These are all accomplished through the media­

tion of the Monitor (see Chapter S, above). In the event that the Accountant dies, the sensors can be dis­

abled manually by the utility shutdownacct(8L) (see Appendix B) but the data left in the event record 

buffer are lost. If the sensors are left running, they will eventually run out of room in the event record 

buffer. The kernel sensors will then cease to rec01d data, and user sensors will get an error from the sys· 

tem call. A new session cannot be started until accounting is shut down. 

The Accountant's second task is to periodically read the event record buffer via the monitor system call. 

The size of the buffer is returned to the Accountant when it initializes accounting. It receives integral 

event records from the monitor that are written out to the current output file. 

Since output may be extremely large, the data will have to be spooled to tape during the longer accounting 

sessions. To facilitate this, the Accountant periodically changes output files, so that the old ones can be 



accessed by a tape utility ( dd(l) will suffice for the tape utility). The size of file for switching is defined 

at compile time and is currently based on the Unix 4.2 BSD parameters. 

6.2. Internal Operation 

All communication with the kernel is done through commands to the Monitor sent by the local system 

call, SYSL_MONITOR. The values of SYSLOCAL and SYSL_MONITOR are found in the file 

sys/ocal.h, which must be included in the C file for compilation. For the formats of the various com- -

mands, see the manual page for SYSL_MONITOR (2L) in Appendix B. 

syscall (SYSLOCAL,SYSL_HONITOR, tun-ignecl chu *)'command); 

The procedure Ini tAcc is called by main to initialize the accounting session. Ini tAcc calls the 

procedures !nit Output, TurnOnAllSensors, and DoUnixProto to complete the initialization 

process. Init:Output is used first to create a unique tile to hold the event records produced by the 

accounting session. InitAcc readies the Monitor by sending the MONOP _INIT command (see 

Chapter S) to it through the SYSL _MONITOR system call. The Monitor returns the number of bytes in 

the event vector. Inunediately after initializing the Monitor, no sensors are active. Ini tAcc sends the 

command MONOP _PUTEVENT_EXT to the Monitor containing a header record for the accounting ses­

sion. This header contains information identifying the files containing the operating system and the 

Accountant, and information about the status of the system, such as the load average, number of users, and 

the time. An optional string on the Accountant's command line can be included in the header record. 

Since it is the first record in the event vector, it is at the front of the data produced by the session, and 

serves to separate accounting sessions in a stream of event records. TurnOnAllSensors enables 

individual kernel sensors as indicated by an array of sensor ids, Acti veSensors. For each entty in the 

array, a MONOP _ PUTREQ command with an enable value of one is sent to the Monitor. Finally, 

DoUnixProto is called to read any accumulating records in the event vector and to write them out to 

disk. The event records are gathered through the MONOP _ GETEVENTS command sent to the Monitor, 

and are written out to disk by the procedure WriteEventRecord. The MONOP_GETEVENTS com­

mand specifies a buffer address and a the buffers size. It writes into the buffer as many whole event 

records as the Monitor has available up to the size of the buffer. WriteEventRecord is called to 
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write the records to the file. It manages the amount of data written to the current file and changes files 

with the procedure SwitchFiles after reaching a predetennined size. This file change is hidden from 

the higher level procedures. SwitchFiles closes the current file, generates a new unique file from a 

template, and sets the current output file to be the newly created file. The old file is now available to be 

spooled to tape. A set of different files is used instead of a pipe so that the system can be left unwatched. 

In actual operation on a Sun, the kernel event vector reached saturation in five seconds under heavy load. 

If the pipe were connected to a tape process that requested action, the Accountant would enter a wait state 

and the event vector in the kernel would reach saturation long before any operator intervention could take 

place. 

At this point the sensors are beginning to fill the event vector in the kerneL The Accountant returns to the 

main routine and executes an infinite loop consisting of sleeping for a fixed period of time and executing 

DoUnixProto. The Accountant never ends on its own. Accounting must be stopped by signaling the 

Accountant with the signal SIG_1ERM (see signa/(3C) in The Unix Programmer's Manuo.l). When sig-

naied, the procedure Finish is called to end the accountant session. Finish invokes Tur-

nOffSensors to disable all sensors in the Activesensors array and processes any remaining 

records in the event record buffer through DoUnixProto. The accounting session is terminated by 

sending the command MONOP _SHU1DOWN to the Monitor. The current output file is then closed, and 

the Accountant exits. 

6.3. Use 

A typical session of the accountant is started by typing the following to the shell (this assumes csh(I) is 

the shell), whose output is in bold. The percent sign ( %} is the shell's prompt to the user. 

t accountant "Accounting Se8sion example 11 & 
[1] 18105 

The string is an optional header for the event record stream. The line printed out tells the job number and 

process id of the Accountant. The Accountant is run for some desired length of time or until some desired 

event happens. It will produce files in the current working directory that can be spooled out to tape. 

When it is decided to stop the session, this is typed to the shell: 
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t kill -TERM %1 .. 
[1) Dona accountant "Accountinq seaaion example 11 

' 

The files produced by the Accountant can be used by the analysis tools once the proper schema is 

prependedo 

6.4. User Communication 

When the Accountant is used as a standalone process, the sensors it enables are detennined at compile 

time. If a different suite of sensors is desired, then the code must be changed and recompiled. The 

Accountant can also run under a user monitor that controls the accountant through signals. This monitor is 

called the Simon (as in Simple monitor) monitor. Simon is meant to be used interactively with the 

Accountant and other user programs using the monitoring system. It allows enabling and disabling 

specific sensors. 

6.5. Future Changes to use Signals 

To enable the Accountant to better adjust to the volume in the event record buffer, the sleep-read loop is 

replaced by a sleep alone that is only interrupted by signal from the Monitor or from the kernel sensors. 

Upon interrupt, it reads and writes, and then goes back to sleep. Changes to the Accountant entail a new 

interrupt routine and signal handling, and a slight modification to the main loop. 

A difficulty in this approach is resting the cooperative processes. Much of the Accountant could be 

debugged by simulating the kernel calls in a single user process with the Accountant (see below). Using . 

signals requires two processes rather than one and thus makes resting more complex. A call 10 a system 

procedure that was simulated by a call 10 a user procedure will have to change 10 some form of remote 

procedure call. This will make isolating errors more difficuiL 

6.6. Testing 

The Accountant was initially rested by compiling it with a miniature kernel. This mini-kernel contained 

an emulation of the system calls used by the Accountant, the Monitor system call suite of syslocal 
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and sysl_monitor, and a set of skeleton routines to drive the kernel sensors. Since the entire system 

is in user space, the interactive debugger dbxtoo/ (see dbxtoo/(1) of Sun Microsystems' Programmer's 

Manual) was used to trace the Accountant's operation. This tested all the major parts of the Accountan~ 

including fuitialization, event record gathering and distribution, and shutdown. 

Integrated testing of the Accountant using the installed Monitor has been minimal because of changes in 

the Sun operating system during development. This will be done on a DEC VAX computer running Unix 

4.2BSD. 
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Chapter7 

Analysis Tools 

This chapter discusses the tools used to analyze the accounting data. The Appendix contains Unix manual 

pages describing how to invoke each tool while the emphasis here is on the relation of the tools to the 

accounting data and how the tools are designed. The discussion is divided into four sections. The first 

section establishes the relationship between the tools and operations in relational algebra. The second sec· 

tion describes the high level implementation of the tools followed by a section describing the library rou­

tines and the approaches to common problems used in creating the tools. The final section shows how to 

transform relational algebra expressions into a pipeline of tools. 

The variable format of event records makes the accounting data difficult to access. The quantity of 

accounting data requires that it be in binary formaL (The rationale for these decisions are explained in 

Chapter 3.) These two attributes preclude analyzing the data with generic Unix tools. Any program that 

needs to access the data must be able to handle it in binary format and must know where each field is in 

each event record. If this data is hard coded into the program, then handling a change in event records or 

the addition of new event record types would require re-ceding the program. 

The Monitor system provides a solution with the schema organization, making each accounting stream 

self-identifying. Any new type of event record or changes to the composition of an event record is 

reftected in the schema As explained in Chapter 3, the schema is produced by the sensor compiler. This 

does not mean that the schema and associated event records are immutable. A program can add new types 

of event records and alter the make up of others as long as it changes the schema accordingly. A library 

of common routines for manipulating the schema is provided to hide implementation details and will be 

discussed later in this chapter. 

A conceptual viewpoint is necessary to treat any data systematically. Here, we desire to perform analysis 

through relational operations, but the database produced is too large to keep on disk. The concept of the 



stream allows us to overcome the constraints on database size by accessing the tuples sequentially. The 

relational viewpoint requires a data abstraction, relations and tuples, and a set of relational operations. As 

explained in Chapter 3, the event records are treated as tuples in a relational database, mapped to the 

proper relation through the schema. The sensor that created an event record determines its relation, while 

the fields in the event record become components in a tuple. To complete this paradigm, the analysis tools 

provide relational operations. Additional tools are included for the administrative handling of the data. 

The price for this Is that no relational operation that requires viewing a relation in Its entirety can be per­

formed. 

7.1. Relational Database Paradigm 

The view of an accounting stream as a database presents problems for specifying relational operations. 

Traditional databases view their data as always completely available and randomly accessible. When pro­

cessing a stream, only a small portion is visible at any one time, as limited by the availability of memory 

and the size of the stream. Relations are therefore only visible as pans and not as a whole. Certain rela­

tional operations require dealing with two relations simultaneously. The union operation examines rela­

tions a tuple at a time, and never needs to reexamine a tuple, except possibly to handle duplicates. Ordi­

narily, the union of two relations would not contain duplicates, but duplicates are not well defined for 

event records: identical event records can be produced by operations or by identical events with 

insufficient granularity in the timestamp; both place the identical records adjacent to one another. If the 

order of the event records has not been changed, this adjacency can be used to define duplicate and dupli­

cates can be handled without recourse to multiple passes through the data. Discarding duplicates is an 

option rather than the nann, since the order of the data could likely have been changed, and the timestamp 

is not guaranteed to be unique. 

The Cartesian product and set difference operation must compare each tuple in one relation against all 

tuples in the other relation. Since this requires multiple passes through the stream, it is clearly impractical 

for large streams. The method for handling smaller streams will be described below. 

The schema must reflect any alterations to the makeup of a relation. If additional processes use the 

stream, the schema changes must be completed and the schema written out before the tuples themselves 
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are processed. Relational operations on traditional databases are assumed to be non-destructive: the 

operations only provide new data, leaving the old data unchanged. This is not always desirable in a 

stream, where paring the ~ize of the database for a given investigation can be important. Any data 

Iemoved from the stream is lost to all subsequent processing, so the choice of destructive or non-

destructive operations must be left to the investigator. 

The identification of tuples with ~elations in a traditional database system is hidden from the user. In a 

stream, the identification is visible as mon_cmd and the sensor icl. Any changes to a tuple is ~:efiected in 

the length field, while a new ~elation ~:equires that a new sensor id be generated. 

7.2. The Tools 

aggrop 

applyop 

deschema 

Unlike other analysis tools, the output is not a stream, but a table, with a line for each 
distinct partition value that contains the mults of the aggregate operators on the argu­
melll value. The partition values come from a specified component of the target rela­
tion, while the argument value is another component of that relation. An internal data 
type is kept to record the aggregate value for each partition value encountered. The 
options are used to determine the aggregate functions to apply to the argument value, to 
create a format for the output. The operation can be applied to all relations made from 
the requisite domains and a count of the those relations not made from those domains is 
printed to stderr. The table is only printed when the end of the stream is reached, 
with only columns for those operations specified on the command line. The table does 
not have column headers so that it can be piped directly into a post-processor. 

Since the data structures in an accounting stream are complex, a way was needed to 
allow arbitrary filters use the system without having to deal with decoding the data. 
Applyop does this by projecting fields from a relation as strings to a user specified pro­
gram and appending the output as new components of that relation's tuples. The com­
mand line contains the relation to affect and which of its tuple components to project to 

the co-routine. The result components must also be specified along with their data 
types, for appending to the relation. Initial processing creates a new schema with 
new attributes appended to the target relation. The processing loop of 
applyop can be considered to consist of two parts, a reader and a writer. The reader 
extracts the values of the projected components for the target relation and writes them 
as a line to the co-routine. For target relations, the writer reads a line from the co­
routine and appends the result components to the tuple. The co-routine must take pre­
cautions to make sure that a mult line is printed for each line it receives, otherwise the 
process will hang. It is acceptable to have no result components. 

When the schema is not wanted in the stream, or a file containing only the schema is 
wanted, it can be removed using deschema. The operation simply reads the schema, 
writes it to a null file, and writes the event records to the standard output 
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enschema 

finites tate 

project 

The Accountant does not associate a schema with its event records; enschema is avail­
able for this purpose. enschema prepends the schema to the event records with a shell 
script using cat(!). 

1!/bin/csh -f 
t enschema 
t Sl is schema 
t $2-n are event record files 
I - represents stdin 
if ( -e sl ) then 

•l•• 
C&t $• 
... u 0 

echo SO schema file $1 not found. 
exit l 

The finitestate tool applies an instance of a finite state machine for each partition com­

ponent value in the input. Each instance of the machine maintains in a list the 

tuples in the cUITent sentence. The list is written to the output stream if accepted 
by the machine and is cleared if rejected. Either case starts a new sentence. Each 

accepted sentence is preceded by a relation detailing the range of timestamps in the sen­

tence, the partition value, the name of the partition component, and the size of the sen­

tence. This relation is added to the output schema and may be named on the command 
line. The partitioning component must exist in all relations in the stream. The value 

of a tuple's partition component is used to determine the instance of the finite state 

machine to execute. When a new partition value is encountered, a new instance of the 
machine is allocated. Command line options allow the name of the sentence header 

relation to be changed from the default FiniteState and allow rejected sen­
tences to be written out as well, but without a sentence header. The purpose of the 
latter option is to prevent the loss of data while still allowing sentences to be formed. 

The finite state machine file consists lines of transitions in ascending order by states. 
The conditions on a single line represent an implicit AND, while additional lines for a 

transition represent an OR. The first condition satisfied determines the transition to 

take. The user is responsible for ensuring that the finite state machine does what is 
intended. The machine file is read in and parsed to create the machine itself. The 
parser only detects transition line syntax errors and errors in the order of states. 

In. addition to comparing components to immediate values in the transition line, the 
comparison can be the relation between a component in the current blple and the same 
component in the previous tuple for in the sentence. 

Project components from a relation or relations as an output stream. The input 
schema is copied to the output schema where it is modified to reflect the change to 

the relation. Project always places the relation selection fields (the structure 

mon_cmd and the field eventnuml:>er) at the beginning of the description for each 
record, regardless of the specification on the command line. For each event record that 
is read, project creates an output record by moving the fields as specified by the output 

schema and writes it to stdout. Relations without projected fields may be kept or 
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relretrieve 

relstore 

discarded with a conunand line option. 

The relretrieve tool extracts relations from an Ingres database to form a 
stream. A complete schema is built from the database describing fully the relations 
and domains it contains. If the relations do not have the identification components, ref­

retrieve assigns a unique sensor id that can be specified on the conunand line and a 
command type of MONOP_PUTEVT_EXT that may also be changed by a command 
line option. 

Relstore uses the schema to create relations in an Ingres database. Each tuple 
from the stream becomes a tuple in the corresponding relation in the Ingres data· 
base. 

select Select parses a formula from the command line and uses it to determine the tuples 
to keep in the stream. A lexical analyzer is used to process the formula, that is in 
turn executed by ayacc(l}.grammer. The selected tuples may be assigned to a new 

relation by command line option. 

streamconvert The accounting data is stored in a binary format that can vary according to machine 
architecture. Streamconvert uses the information in the schema, which is not 
stored in a binary format, and network software to adjust the data between network and 
host formatS as specified on the command line. Since there is no way to determine 
what the current format of the data is except by trying to print it, tapes shotJd be in net­
work format and disk files in host format. Character snings and byte fields are treated 
in pairs as shorts. Rational domains and their associated componentS are not port­
able across system archiiectures. 

streamprint Streamprint uses a libmontools routine and the schema to print a stream in human 
readable format. The names for relations and attributes can be used to 
label the output. 

tapehandle Unix does not provide a means for handling multiple reel tape files of binary data. 
Tapehandle extractS event records from multiple tape reels or creates multiple reel files 
from event records. The schema in a stream must be treated separately. 
Tapehandle permitS the attributes of the tape and number of tapes in the file (extract 
only) to be specified on the command line. 

union Union createS a single relation named on the conunand line from multiple rela­
tions of the same arity. Each tuple in the target relations has its sensor id 
changed and name changed to that of the new relation. 

7.3. Tool Implementation 

The tools share a conunon library of routines and a common approach to handling certain tasks. The 

libmry routines consist of those generated by IDL to handle allocation and iteration on schema, rela-

tion, and attribute structures, and additional routines that perform common operations on the IDL 
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structures and on Mstreams and tuples. These common operations consist primarily of accessing 

event records via the layout of the schema. 

7.3.1. library functions 

The tools use a set of common data structures. External data exists as event records, schemas, and 

streams. Most tools deal only with streams, leaving a few special tools to convert the records and schemas 

into streams and back again. Internal data from the stream exist as databases, relations, 

tuples, and attributes (components). 

There is a subtle distinction among attributes, domains, and components. Domains are sets of 

values. A subset of the Cartesian product of a list of domains forms a relation whose members are called 

tuples. A tuple has a component for each domain in the list that is described by an attribute [20]. Rela-

tions, tuples, and attributes are represented directly while domains are only represented through the attri-

butes of their associated components. If a component is to be added to a relation, then an attribute 

for it must be added to the target relation in the schema. Similarly, the traits of a component, such 

as i!S type and position in the tuple, are manipulated by altering the attribute. To change a com­

ponent means to change a value, while to change an at tribute means to change the characteristics of 

a component. The routines in the library manipulate components through their attributes. 

object 

schema 
relation 

component 
event record 

internal structure 

database 
relation 
attribute 
tuple 

A suite of library routines exist (see libmontools (3L) manual pages in the Appendix) to manipulate 

tuples, streams, relations, and attributes. The IDL compiler provides additional rou-

tines in the file schema_idl.o, that it generates from the schema definition file, and in the IDL library, 

/ibid/. The IDL routines hide the implementation details of the schema, while libmontools hides imple­

mentation details of tuples and streams. 
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For each of the IDL objects database, relation, and attribute, schema_idlo defines opera­

tions to create a new object and to operate on a list (called a sequence) of objects. The list operations 

include membership, iteration, insertion, and deletion. 

The routines in libmontools for streams allow the manipulation of a stream as an I/0 object. In addi­

tion to read, write, and open operations on streams, the schema may be separately processed with its 

own read and write. 

The tuple manipulation routines permit accessing relations and components by name. Because IDL 

shares objects between sequences, whenever an object changes in one sequence, it will change in the oth­

ers containing that object unless the change is made to a copy of the object. Since copying is not that sim­

ple, routines are provided to copy schemas, relations, and attributes. The stream read 

routine automatically sets up a tuple. If a program modifies the layout of a relation, it can use a library 

routine to recalculate the positions of the components. A library routine also exists to print a ruple in 

human readable format, with or without labels. 

7.3.2. Approaches to common tasks 

In addition to the library routines, the tools share common design approaches in handling arguments and 

options, applying operations to sets of relations, and changing ID L objects. 

The analysis tools proper do not specify the input file, since they all read streams from the standard input, 

and, if a stream is the output, they write that stream to the standard output Auxiliary tools, those used to 

convert the data, such as tapehandle, streamconvert, and enschema, have a varied choice of input and out­

put The arguments to the tools are relations, components, and tool specific arguments. When "-" is 

allowed as a relation, it signifies all relations. 

Command line options can appear in any order on the command line and can be intennixed with the argu­

ments. All options are preceded immediately by a dash ("-") or by another option. Those options that 

take arguments are separated from the argument by an optional space. The two most common options are 

to name the relation modified by the tool and to write out the relations that would ordinarily be discarded. 
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When a tool changes a schema, it must keep separate copies for the input and output streams. The 

list below summarizes the steps required. 

• read the input schema 
• create the output schema by copying the input schema 
• assign the output schema to the output stream 
• make any changes to the output schema 

Note that if a new relation is added to a schema it will not interfere with existing relations and no new 

schema is required. 

Any changes to a relation should only be made in the output schema, but a new relation can 

be added 10 the input schema without hann. To change a relation's attributes, the IDL list 

manipulating routines should be used. Adding and removing attributes is handled by specific rou-

tines. while reordering the attributes requires a combination of routines. After the relation is 

complete, the positions of the components must be set by calculating the proper offset of each within the 

event record, making sure that alignment and byte order is maintained. A new relation is created by 

assembling a sequence of attributes using newly created at tributes and the IDL routines. 

Changing the value of an attribute is trivial for fixed length attributes: assign the new value 

10 the properly cast offset into the event record. If the attribute is of variable length and the new 

value is longer, then the event record must be extended by that amount and subsequent attributes 

must be shifted. If the new length is shorter, the subsequent attributes can just be shifted. A new 

attribute is created by allocating space and filling it with the required values, except for the 

attr_pos field. The new attribute is inserted at the end of the relation, the positions of the 

components are updated, and the value for the new attribute can be filled in. If the attribute is 

to go somewhere other than the end of the event record, a new tuple is needed, and the components are 

copied in by name. 

7.4. Transforming Relational Operators to Tools 

The basic operations of relational algebra are listed below with the symbols used to represent them in rela-

tiona! algebra expressions. [20] 
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Operation Symbol RtUuils 

project 7tc...,. • .,.,. (relation) new relation with only speciJled components 

select a, • ...,;., (relation) new relation with tuples satisfying formula 

Cartesian Product relaJion X relation new relation containing the Cartesian Product of two relations 

set difference relalion - relalion relation containing tuples in first relation that aren't in second 

union relation u re/alion relation containing tuples in either relation 

Consider the following relations 

ClealeS(prncess,file) Accesses(prncess,file) 

and relational algebra formula on these relations: 

~t,.,., ... (Accesses - Creates) 

The Creates relation contains tuples whose components are pairs consisting of a file and the process that 

created it. The Accesses relation contains pairs of a file and a process that either read from or wrote to the 

file. The expression createS a relation containing all those processeS that only accessed files but never 

created any. The next section will detail how to transform this expression into a series of tool commands, 

and on transforming any expression into tool commands. 

Ordinarily, expressions containing set difference and Cartesian product would be evaluated inside a con­

ventional relational database system though the tools relstore and relretrieve. If, after reducing the stream 

as much as possible it still can't fit on a disk, then these operations can be simulated to a limited extent 

using the analysis tools. To perform this expression with the analysis tools requires rewriting the formula 

into a form the tools can manage, possibly requiring more than one pass through the data. For large 

streams this is still prohibitively expensive, but sometimes it is possible to reduce the stream significantly 

and to perform the evaluation with only a single pass. Each part of the expression will be dealt with in 

tum. 

Notice that the set difference operation is used in coordination with the project operation, where it forms 

the relational algebra equivalent of a loop. The stream must effectively become two streams, each consist· 

ing of only one relation. The set difference is performed by checking each tuple in one relation for 

membership in the other relation. The shell doesn't permit any way of specifying two streams, so one 

stream must be turned into a file. This file can then be used by the following awk program and applied to 
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the stream by applyop. 

FILENAME ·- "Creators" { 
creators[$1$2] • 1; 
n•xt 

creators($1$2]••1 
print 0 
next 

pri.Dt 1 

Awk operates on lines of character data, breaking the lines into space separated fields that are numbered 

$1 through $9. The code is broken into blocks with conditional statements that awk uses to determine 

which blocks to execute. Execution continues for each block whose condition is me~ unless processing 

for the line is explicitly stopped. 

The first block in this program is selected when the input file is Creators and builds an associative 

array based on the catenation of the first two fields (indicated as $1 and $2) as the index into the array. 

Each entry is set to 1 to represent the presence of the catenation value. Further processing of the line is 

· bypassed by the next keyword. The second and third blocks ~f code are executed on the remainder of 

the input These print a 0 if the current line has an entry in the associative array and a 1 if no entry is 

found. 

The Creators file is extracted from the stream by the pipeline: 

' project Creates process file ~ stream I streamprint -uk > Creators 

Project extracts the tuples from the stream and streamprint converts the tuples to human and awk readable 

f~ putting the results in Creators. Applyop takes the awk program, the Creators file, and the input 

stream and creates a file in stream format called Accessers. 

' applyop awk -p '-£ awkfile Creators -' Accesses process file • 
accept:boolean < stream 1 select Accesses •accept•true• > Accessers 

Applyop projects the values of the process and file components of the relation Accesses in a character for· 

mat to the awk program and appends a boolean component accept (true and false are represented as 1 

and 0), built from the awk program's output Seleot uses the new component to create Accessers, that 
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contains tuples of those processes that accessed at least one file that they didn't create. Since the associa­

tive array creators is kept in main memory, its size is limited. This approach is effective because 

most domains in a stream have values in a limited range. 

The Cartesian product of two relations is treated similarly to the set difference but is distinguished from 

set difference in that the argument relations need not be of the same arity, nor have similarly named com· 

ponents. As with set difference, Canesian product is used predominantly with select and project, but an 

additional difficulty arises owing to the size of the intermediate relation. While set difference splits the 

stream, thus reducing the size of the database, Canesian product greatly increases the size of the database. 

Each tuple in the new relation contains as many components as the two argument relations combined, and 

the number of tuples in the new relation is the product of the number in the two arguments. If the entire 

Cartesian product is required throughout an analysis session, the investigation will be limited by the 

amount of memory available in the system. To save space, the relations and components not taldng pan in 

the expression should be removed from the stream as early as possible through select and project. By 

decomposing the expression, more space can be saved, at the cost of additional passes through the data. 

Sufficiently small streams, where the intermediate results can fit on disk. can utilize relstare and relre· 

trieve, while sufficiently large streams make more than a single pass through the data prohibitive. Con­

sider the relations CreaJes and Accesses again, with an additional component to Accesses that records the 

number of bytes accessed. 

Creates(process,filc) Acccsses(proccss,tile,accesscount) 

Again we wish to deal only with processes that don't access files they create, with an extra condition that 

the access be large enough, SOO bytes, for example. Since the arity of the two relations differ, set differ­

ence is not defined, but an equivalent result can be obtained by combining project, select, and Cartesian 

product. 

Despite the change to Accesses, the same pipelines as used in the set difference example above can be 

used to satisfy the Canesian product expression with only a change to the selection formula: 

select Accesses "accept • true ' accesscount > 500" 
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This works because the select formula in this expression is similar in effect to the set difference expres­

sion in the previous example, having only a single additional criteria. Differences in arity are unimportant 

to applyop, since an implied project occurs before applying the co-routine. While this is a fonuitous 

choice, it is not unlike many applications of Cartesian product. 

More complex uses of Cartesian product that can't be simulated by iteration cannot be handled by the 

tools, since any stream small enough to permit multiple passes can be better served by using a conven­

tional database system. 

The applications that use a conventional database can be far more general than for a stream database. At 

Carnegie-Mellon University's Computer Science Department, using the Monitor and a preliminary ver­

sion of the Accountant, accounting data has been placed into a relational database that can be viewed 

using a graphical representation of an accounting session [26]. A given accounting session is limited in 

duration and in the number of processes run, because of space and processing time considerations. 

Several sessions are kept in the database, and each is viewed separately. The graphical view of theses­

sion presents each process as a time line, with event records appearing as bars on that line. Operations on 

the view include panning through time, and zooming in on a moment, up to viewing the contents of an 

event record. 

Intermediate results in processing a relational algebra query require the ability to create new relations. 

Tools that modify a stream provide this capability by allowing their target relation to be renamed. This is 

only necessary for mnemonic reasons are when the target relation and the new relation must co-exist. If a 

user program needs to create new relations or modify existing relations, then it must modify the schema to 

contain the new relations and pass the new schema to the output before writing any tuples to the output. 

Details of what must be modified will be described below. 

There are occasions when the investigation of a stream requires dealing with collections of tuples from a 

variety of relations. While this is done in a traditional database system through the Cartesian product, we 

have already seen that this is difficult to do with streams, and impossible if the stream is only to be pro­

cessed once. The order of tuples in an unmodified stream represents the order that the event records were 

created. This differs from the traditional arrangement where the order of tuples is not significant. The 
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tool finitestate (see the manual pages in the Appendix) provides a means for examining series of tuples, 

and deciding acceptance or rejection based on a finite state machine provided by the user. A separate 

instance of the finite state machine is created for each partition value in the stream. The state of the 

machine represents the memory of what has happened for that partition value. As each new tuple is 

entered, it is stored in the semence for its partition value. When an accepting state is reached, the sentence 

is written out, preceded by a header tuple containing information about the sentence. If a rejecting state is 

reached, the accumulated sentence is discarded. 

Finitestate was designed to enable the study of the pathname locality when opening files. When a process 

opens a tile, it specifies the path the kernel must travezse to find that file. This is monitored by the N arne­

Start, NextComponenr, and OpenSuccessful sensors (see Chapter 4). The sequence of the tuples created 

by these sensors marks the path taken by the kernel to find the file. The length of the chain of tuples 

shows the proximity of the file to the current working directory. The relationship berween the members of 

the chain is shown only by their relative positions in the stream, and the absence of any tuples with the 

same initiator within the stream. This preclude analysis by a relational algebra expression. Finitestate can 

extract the chains as separate sentences, and, through a sentence's header tuple, provide a hook that can be 

caught by relational algebra. 

The analysis tools do not provide a complete set of relational algebra operations, but they do provide most 

of the common operations and the ability to use a complete relational algebra through the tools relstore 

and relretrieve. The tools directly execute union, project, and select, and, using combinations of tools, set 

difference. The Cartesian product is only available through Ingres, but can be simulated under certain cir­

cumstances. The ability to create new relations is provided in the tools, and the additional ability to exam­

ine sets of dissimilar relations through finitestate and applyop. Unlike traditional databases, the tools have 

the capability of handling arbitrarily large amounts of data. 



ChapterS 

Conclusion and Future Work 

The system as currently implemented consists of sensors and schemas generated by 'hand from sensor 

descriptions, the Monitor system call to manage dala and sensors, the Accountant to cO'ntrol the account­

ing process through the Monitor, and and some of the suite of analysis tools to treat the data. 

8.1. Implementation 

The use of automatic code generation for schemas reduced the time needed for developing the analysis 

tools and the complexity of those tools. Schemas provide a means to self -define a stream, so that generic 

tools do,not have to have hard coded knowledge of the event records. When the sensor compiler is com­

pleted, new sensors can be defined in terms of their target parameters, with their schemas generated 

automatically, leaving ooly placement and parameter decisions to the user. 

Despite the code generating tools, one tool was still difficult to develop. The interaction of multiple 

processes and the lack of existing tools for specifying the interaction made the program applyop difficult 

to write. Existing debugging aids cannot handle multiple processes wen, and, while Unix does have inter­

process communication facilities, these are really designed to work between programs that expect such 

communication, rather than between arbitrary programs. 

Simulating the kernel, Accountant, and Monitor allowed much of the system to be debugged before 

proceeding to the target environmenL This was especially important with the kernel routines, which oth­

erwise required large amounts of overhead for changes. Changes to parts of the system could be tested 

quickly using the simulator before undergoing the expense of inslaUing a new kernel. Development in an 

environment where crashes and performance were isolated (a workstation) reduced the remaining testing 

time on a real system. 



Distributing the system to other sites permitted independent testing, and caught problems that would have 

otherwise gone unnoticed. Users at the distribution sites operated in a slightly different environment and 

under a different set of assumptions leading to the detection of errors that were missed in testing and the 

detection of dependencies on local system modifications. The work at other sites effectively trebled the 

testing, as well as contributing important ideas to improving the system. 

While the complexity of an operating system makes proper placement of sensors difficult, stateless distti­

buted systems are even more difficult to instrument. As mentioned in Chapter 4, the act of obtaining 

information can cause the sensors to recurse infinitely. This will be discuSsed further below. 

8.2. Operation and Analysis 

The monitoring system is easy to use to collect file system data, and by extension, general data from the 

kernel. For this purpose, the reduced Accountant acct suffices to control the system. Placing the sensors 

in the kernel allows monitoring file system usage across all processes in the system and requires no 

changes to user programs. Individual processes can be extracted from the data stream and analyzed 

independently, or the system activity can be viewed on the whole. Sensors can be added to programs to 

create a unified set of data containing both user and kernel information, though this ability has not been 

fully demonstrated. 

The relation database approach, while flexible, has weaknesses when handling arbitrary amounts of data. 

Cartesian product and set difference are impossible in a pure form (a pipeline can't store an arbitrary 

amount of data), and union must be slightly redefined to be implemented. Using a set of analysis filters is 

a good approach: it is flexible, allows handling of cumbersome amounts of data, and is extendible, espe­

cially through the library routines. Of the tools, the ones not directly related to relational operations are 

among the most useful: applyop and finitestate. The utility of applyop is in allowing arbitrary Unix filters 

to be used on stream data, while finitestate allows handling data that i~ only represented implicitly in the 

stream. The order of the event records, an implicit datum, is altered by finitestate, but can be recovered 

by using applyop to append the position explicitly to each record. 
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8.3. Future Work 

This section discusses work remaining to complete the existing parts of the system, identifies the systems 

shortcomings, and suggests extensions. Completing the system requires refining the communication 

between the data gathering components of the system, completing the analysis tools and the sensor com­

piler, and measuring the overhead generated by monitoring. 

The communication between the Accountant and the Monitor is now initiated by a timer. Signals are a 

better way of initiating Accountant/Monitor interaction, but add complexity to the development and test­

ing, since simulating the kernel would require a separate process. When new features are added, it would 

be better to be able to disable signaling and return to timaing during the testing process. Signals and inter­

process communication will also be required to implement an interactive controller for the Accountant and 

user process/ Accountant interaction. Some of this code already exists, but requires upgrading and testing. 

The monitoring system is designed to be general, but to be truly useful for arbitrary monitoring, the 

automatic generation of sensors and schemas from a description is needed. The sensor generation should 

be straightforward, since the methods for converting sensor descriptions to code have already been 

developed. The use of IDL should ease the schema generation part of the compilation. 

Most of the analysis tools have been implemented. Of those described but not implemented are relstore, 

relretrieve, streamconvert, and tapehandle. These are not necessary for many operations, but are needed 

for transferring data between machines of different types and for using Ingres. 

There are shoncomings in the design and implementation. Viewing the data produced by the sensors 

currendy placed in the kernel suggests some additional informa~on that would be useful. If a single pro­

cess is to be studied, it is now impossible to determine if the entire activity of the process is covered in the 

data or whether accountin!l was present through only a portion of the process's execution. It is also 

impossible to know when all event records produced for a process have been seen. The addition of sen­

sors to record the beginning and ending of processes would enable both of these to be determined. Sen­

sors of this nature are being used at C-MU to depict processes graphically along a timeline, so that at least 

one implementation of these sensors exists [26]. 
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In its current state, the monitoring system produces enormous amounts of data, and itself requires monitor­

ing to ensure that the data doesn't overload the system. Unix file system usage makes for many essentially 

identical event records, allowing space to be saved by using ibid and count sensors. 

As mentioned in chapters 4 and 5, efforts are being made to run the system on a multiprocessor. Handling 

!he resulting concurrency requires a genuine semaphore in both the kernel sensors and the Monitor. Since 

!his is not available directly in Unix 4.2BSD, assembly language routines will be necessary (it is assumed 

that a multiprocessor will have the required operations). 

Approaches to handling distributed file systems should also be investigated. Design and position of !he 

sensors become even more critical here, because of !he potentially high overhead and possibility of sensor 

recursion. Since !he Sun Microsystems' Network File System (NFS) is a stateless system [25], file infor­

mation must be looked up each time to insure its accuracy. This can't be done wi!h !he current sensors, 

but requires designing new sensors for each part of NFS. While the NFS requires a different set of sen­

sors, it does not require a different Monitor or Accountant. 
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Appendix A 

Generating Standard Sensors 

This is Softl.ab internal document 8, explaining the generation of sensor macros from a sensor description. 

Abstract 

Directions for compiling standard sensors for both kernel and user processes from a sensor description. 
Includes examples of sensor descriptions and the sensors that should be generated. 



This document describes the structure of sensors to be used with the UNIX' operating system. The 
source description for a given sensor will be in a Sensor Descriptor Language (described in a separate 
document). The generated code is placed into a fl.le to be included in the target routines. Each sensor is a 
C UlliCro with appropriare paramerers derennined by analyzing the source description. For every sensor 
described there will be two macros generared: the macro that constitures the sensor proper and another 
macro that enables and disables the sensor. Each sensor description will also generate an ascii print for­
mat. This will be used to display the data from that sensor. 

The code in this document is displayed in a constant width font with the keywords enboldened. Ital­
ics are used for comments in the code and for poltions of the code that vary from one run of the sensor ' 
translator to another. Technical rerms in the text are italicized when they fU'St occur. 

1. Enabling and disabling sensors 

The sensors are numbered sequentially, stalting at one. This number is called the t!llent number. 
Each sensor is associared with one or more unique bits in the mon enablevector array (see below), 
which is effectively an array of boolean bit fields arranged in short integers. The starus of the bits 
corresponding to a particular sensor determine the execution of the sensor. One bit is assigned to each 
standard sensor. The event number divided by 16 yields the offset, the index of the short inreger which 
contains the bit, and the sensor number mod 16 yields the mask, which represents the power of two which 
selects the appropriate bit, both of which are known at compile time. If the short integer selecred by the 
offset is OR ed with the mask, then the bit will be set and the sensor enabled. If it is AND ed with the com­
plement of mask, then the sensor will be disabled. 

1.1. Enabling and disabling user sensors 

An array monu_bool vee is declared at the bead of the user sensor definitions. As with the ker­
nel sensors, this is a boolean array of short integers. Sensors are enabled and disabled by manipulating 
this array. Nore that this array is global to the user program but is not directly accessible by the kernel 
The cumbersome names used in the user sensors are necessary to avoid conflict with variable names in the 
user program. 

2. Sensor Generation 

This section describes the include file containing the macro definitions for the sensors. There is one 
include me generated for the entire operating sysrem. 

2.1. Include file header 

sors. 
The following defmitions are placed at the beginning of the include file for operating system sen-

fUde1! KERNEL 
lincluda " •. /monitor/mondefs.h" 
lincluda " •• /monitor/montypes.h" 
fib>.de1! ntohs 
finclude " •• /netinet/in.h" 
fendU 
telae 
finclude <monitor/mondefs.h> 
finclude <monitor/montypes.h> 



li.tndet ntohs 
tinclude <netinet/in.h> 
tendit 
fendit 
fdetina Timesta~ (long) ((time.tv_sec << 15) I (time.tv_usec >> 5)) 
-xtaZD int mon semaphore; 
axt•= unaignacl char *moil'_write_ptr; 
..ta:n unaiqnad char *mon_read_ptr; 
aztezn unaignad cha: *mon_eventvector_end; 
azte:n int mon eventvector count; 
sztazn ~t mon-oflow count7 
ezta:a unaiq.ned •ho:t mon:enabl;vactor[]; 
..C.ZD unaignad char *mon_wraparound(); 

The conditional compilation is present for use when the machine is run in siiJnliaJollt! mode, when most of 
the file system is unavailable. The incllllk files montypes .h and mondef8 .h contain ,the C type 
defmitions and declarations used throughout the monitoring system. The time stamp is defmed as a macro 
to enable easier modification to the granularity. It has a period of 217 seconds, with a resolution of 
approximately 11215 seconds (a tick is approximately 30.5 microseconds). The low order bits of the 
time. tv_usec field are dropped off because the system clock isn't sufficiently fast to make them reli· 
able. The variables are as follows: man event vector points to the low address of the ring buffer, 
mon_write..J?tr is the tail and mon_read..J?tr is the head, mon_eventvector_count is the 
amount of data filled, and mon_eventvector_end points to the nominal high address. The variable 
mon oflow count is incremented when data bas been lost due to a full buffer; 
mon -enabl;vector is an array used to indicate whether a sensor is active; and mon_wraparound 
banclles the wrap around condition for the ring buffer. 

2.1.1. Include file header for user sensors 

The header for user sensors is much simpler, consisting of the array of status bits and an event 
buffer capable of holding a single event, and some include flies that hold need declarations and defini­
tions. The need for the remaining lines, those referring to ring buffer management, is obviated by using a 
system call to handle the actual storage of the event records. 

t!Aclude <monitor/montypes.h> 
fincluda <monitor/mondefs.h> 
tinclude <netinet/in.h> 
tinclude <sys/syslocal.h> 
ahort monu boolvec[l6]; 

·mon_putevent monu--sbuffer; 

2.2. Sensor Definition 

The code inside the sensor proper consists of conditional compilation statements, a control section 
and the logic 10 store the sensor information in the ring buffer. 

2.2.1. Conditional compilation 

The conditional compilation statements are used to permit removal of the sensors from the operating 
system without having to individually delete each section of code. Bracketing each sensor definition will 
be 
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tifdet MONITOR 
ldet'ine sensor~ (parameter 

1 
, •••• parameter,. ) \ 

\ 
\ 
\ 

2 



fda~in• seTJSQr11111T14 (parameter, , ••• , parameter. ) 
f4Uic1J.f MONITOR 

AD the sensors can thus be installed by ilefming MONITOR when compiled. The flag -DMONITOR is 
specified to the compiler to install the sensors; its absence removes them. Note that most sensors are ini­
tially disabled when installed, so that use of this flag will not guarantee that event records are generated. 
However, it does imply that the enable bit(s) will be checked each time the sensor is encountered. 

2.2.2. Control section of sensor 
The control section detennines whether the sensor is enabled, whether there is sufficient room in the 

ring buffer to hold it, and if the ring buffer must wrap around. Kernel sensors also contain code that 
checks for concWTenc)' with other kernel sensors and prevents execution if concurrency is detected. If 
there is insufficient room to hold the event record then the sensor code is bypassed and 
mon_oflow_count The ring buffer is constructed with an appendb: of data locations which is used for 
an overflow area so that only one check per sensor is required to deal with wrap around. If the buffer has 
wrapped around, then the data from the nominal end of the ring buffer to the current position of the write 
head (which is now in the appendix) is copied to the front of the buffer by the subroutine 
mon_wraparound in the module local_syscalls.c. We know that there is room at the front of the ring 
buffer since that compare has already been done. The generated code for conttolling sensor execution is: 

U (* (mon_enablevector + offset) & mas/c) \ 
{ \ 

) 

U (mon_semaphore++ - 0) \ 
{ \ 

i~ {mon eventvector count < \ 
MON:EVENTVECSizE +length_o!_event_J'ecord•'i - aizeo~(mon_errrec)) \ 

{ \ 
:.giata: mcn_putevent *req_ptr - (mon_putevent *)mon_write_ptr; \ 
:egiatar ahort *sen_fields - reg_ptr->fields; \ 

Body of Sensor, to be explained below 

U ( sen fields > (ahort *)mon eventvector end) 
mon_Write_ptr • mon_ wraparOund ( (unaign8d char 

el•• 
mon_write_ptr • (unaigned char *)sen_fields; 

•l•• mon oflow count++; 
mon_semaPhore-=: 

\ 
*)sen_fields); \ 

\ 
\ 
\ 
\ 
\ 
\ 

offset, maslc, kngth_of_nenl.Jecord, and MON_EVENTVECSIZE are constants known at compile 
time. The offset is the index of the shon integer In mon_enablevector described above, containing 
the bit that controls this sensor. The mask has a 1 at the appropriate bit location for this sensor and zeros 
for the other positions. The correlation between the event number and the offset and mask values was dis­
cussed in Section 1. 

The variable mon_semaphore is used to detect concurrency among the kernel sensors. It is com­
pared to zero and incremented before the main body of the sensor and decremented after it. If it is found 
to be non-zero in the test, the main body of the sensor is bypassed and mon semaphore is not decre­
mented, effectively disabling all kernel sensors. This is necessary to prevent corruption of the pointers 
shared by the sensors, which could cause the operating system to crash. 

The test to determine if there is room in the ring buffer uses the variable 
mon event vector count and the constants MON EVENTVECSIZE, s.izeof (mon errrec), 
and kngth_o!_event_;ecord. The variable mon_eventvector_count contains the number of bytes 
currently filled in the ring buffer. Since length _of_ event.Jecord is in shon integers, it is multiplied by two 
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to yield the length in cha:rs. sizeof (mon_errrec) is also subtracted as room for an error 
record. The size of the ring buffer is determined from the constant MON_EVENTVECSIZE For sensors 
with fixed length event records, the actual lengths of their event records are known at compile time. Sen· 
sors with variable length event records use the maximum length for the comparison, though the actual 
length is later inserted into the event record. Note that each line in the macro definition ends with a back 
slash except for the fmalline. 

2.3o Storage of sensor information 

· The logic to store the sensor information consists of an inltialization section and a parameter storage 
section. User sensors and operating system sensors differ only in their initialization. Operating system 
sensors will be covered fiiSt in detail, followed by the differences for user sensors. 

2.3.1. Initialization 

Initialization for a sensor begins with loading the address of the fiiSt open position in the ring buffer 
into a register pointer of type mon _putevent which is duplicated here from the include file montypes.h 

atz:uct mon J>evt 
at:ruct mon emd ( 

W>.d9z,acl cha:r type; 
W>aignacl char lenqth; 
} cmd; 

aho%t eventnumber; 
•ho:ct. performer; 
l.ong object; 
aho:rt initiator; 
lODg timestamp; 
aho:rt fields[EVENT_LIMIT]; 
}; 

~ypeda~ a~:uct mon_pevt mon_putevent; 

If there are no character strings among the sensor parameters, the type of event, 
MONOP PUTEVENT INT and the length in shon integers are moved into the structure mon cmd at the 
beginning of monjiutevent. The length is multiplied by two to yield the length in cha:rs and is 
added to mon event vector count. ').'he event number of the sensor is loaded into the 
eventnumber field See Section 1 for the discussion of how this is determined The performer is 
set to zero and bypassed It is used to record the process id, which for a kernel sensor is 0. The id of the 
sensor's object is loaded into the object field The initiator field is not used for kernel sensors. 
If a time stamp is required, it is moved into the timestamp field, which is otherwise set to zero. 

req_ptr->emd.type • MONOP_POTEVENT_INT; 
reg_ptr->cmd.length • kngm; 
mon_eventvec:tor_count +• lmgth. * 2; 
reg_ptr->perfor.mer &• 0; 
reg_ptr->eventnumber • ~Weni11W11bt!r; 
reg_ptr->objeet • id of sensor's object; 
req_ptr->timestamp - Timestamp; 

I* Fill in sensor specif~ef~elds- described in2.32 *I 

I* when no strings *I \ 
\ 
\ 

I* for process id ., \ 
\ 
\ 

I* when required ., \ 

If strings are present the length of the event record can only be determined after the character string's 
length has been determined. Once the record's length has been determined it can be loaded into the 
buffer. The length is calculated by subtracting the initial position of the ring buffer pointer from the posi­
tion after the string is loaded. 

reqiat.eJ: mon_strin9 sen_f_ptr • (mon_string)string_ptUameter; 
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:aqiat..: mon_strinq sen_f_end • (sen_f_ptr + max_length/aizao~(*mon_strinq}}; \ 
:aqiataz ahort sen_lenqth; \ 
:aqiater ahort *sen_fields • req_ptr->fields; \ 
:raq_pt:r->pe:rformer &• O; \ 
rec;_ptr->eventnumber - evenJ nwnber; \ 
reg_ptr->object • idofunsor'sobject; \ 
reg~r->timestamp • Timestamp; \ 

I* Fill in sensor specific fields- described in2.3.2 *I 

aen_lenqth • aen fields - (ahort *} :req_ptr; 
*req_pt:r->cmd. type • ~: 
*req_pt:r•>cmd.lenqth • aen_lenqth; 
mcn_eventvector_count +• sen_lenqth • 2; 

Subtracting the beginning position in the ring buffer from the current position yields the length of the 
event record. The length is placed in c:md .length in the event record. The length is then converted to 
byteS and added to mon_eventvector_count. 

2.3.2. Parameter Storage 

The parameters of the sensor are fJ!Ied in at successive positions past the beginning of fields. There 
are three cases: two byte integer, four byte double integer, and character strings. For a two byte integer, 
the parameter is moved to the next open position. 

*(sen_ fields++} • porameler; \ 

For a double integer, the parameter is also moved to the next open position, but reg_ptr must be incre· 
mented by two. Since the increment operator ( ++) will only increment by one, a separate addition is 
required. 

*(long *} (sen_fields} • parameter: \ 
sen_fields +• 2; \ 

To insert character strings into the buffer, the pointers must be set to the fmt element in the string 
and to the last element that is desired. This must be done at the beginning of the sensor's block. These 
are then used to step through the string. 

raqiatar mon_st:rinq sen_f_ptr • (mon_strinq)string_parameter: \ 
:aqiatar mon_strinq sen_f_end • (sen_f_ptr + desired_length); \ 

desired _length is the maximum length allowed for character string parameters, in units of 
aizeo~ C*mon_string). This can be calculated by taking the desired length in characters and divid· 
ing by eizeo~ (*mon_string). The use of mon_string will be described below. The compiler 
will resolve this term into a constant When a parameter is known to have a maximum length shorter than 
that for all sensors, or only a shorter length is desired for this particular parameter, that length should be 
used instead. This is known at compile time. Subsequent string parameters reinitialize the same pointers. 

The event buffer consists of short integers. Many machines do not permit the assignment of short 
integer pointers to arbitrary boundaries, but are likely to permit such for character strings. The sensor 
code handles this by a C typecief and two macros whose definitions vary depending upon this charac­
teristic. 

fi~da~ SHORTALIGN 
typada~ char *mon_strinq; 
tal•• 
typedaf ahort *mon_strinq; 
Iandi~ 

Appendix A 5 

\ 
\ 
\ 
\ 



I Udal 
Idaline 
Idaline 
l•b• 
Idaline 
Idaline 
t""cli.f 

SHORTALIGN /*For feJt:hu that may need alignnu!nl*l 
PackStr (ptr) ntohs ( (*ptr<<S) I (* (ptr+l))) ) 
NotEOS{ptr,last) (ptr <=last && *ptr++&Oxff && "ptr++&Oxff) 

PackStr(ptr) (*ptr) 
NotEOS(ptr,last) (ptr <• last && *ptr&OxOOff && *ptr++&OxffOO) 

The macro PackStr groups the characters of the string in pairs, either by using shon integers or by 
shifting characters, while NotEOS detennines when the end of the string is reached ( a null character) or 
the maximum length allowed is reached. The system macro ntohs is used to prevent byte swapping'in 
PackStr but is not necessary for the comparisons in the wh.Ue statement, since both possibilities are 
checked. 

The variable length of character strings causes the lengths of event records that contain them to be 
variable. The maximum string length must therefore be used in determining whether there is room 
remaining in the ring buffer. It also requires those steps mentioned above under initialization to insui-e 
that the actual length of the event record is entered into the ring buffer. The macro NotEOS handles the 
termination condition in the whJ.le statement. Inside the loop, the string is moved two characters at a 
time into the address pointed at by the register pointer: • 

do { *(sen~fields++) • Pack(sen_f_ptr); ) \ 
while ( NotEOS(sen_f_ptr, sen_f_end) ); \ 

•(sen_fields- 1) &- ntohs(OxffOO); \ 

The string handling assumes all strings terminate in binary zero. The last byte of the siring in the ring 
buffer is ANDed with OxffOO to allow for truncating a string. This must be passed to ntohs so that the 
action oceurs properly, regardless of the byte order of the host machine. Truncation results when the 
string is longer than that allowed, or the sensor definition specifies that only a certain length is required 
and the parameter exceeds this. 

2.3.3. Storage for user sensors 

The data f1elds of a user sensor are filled using the same general code as the operating system sen· 
sors. The major differences are that user sensors need not handle wraparound conditions or concurrency, 
utilize different naming conventions, and use a system call to write into the ring buffer. 

User sensors load the address of a buffer of type mon _putevent into a register, where data is 
stored prior to being transferred to the ring buffer by a system call. This buffer is global to the program 
and is used by all sensors in the program. 

:agiater mon_putevent *monu req buf • &monu sbuffer; \ 
regiata: ahort *u-~en:fields • (ahort-.)monu __ reg_buf; \ 

The struct mon_cmd is filled in, using MONOP_PUTEVENT_EXT for type. Length is treated 
identically to operating system sensors, as are eventnumber and object. Performer is 
ignored. It will be filled in with the caller's pid by lhe system call used to store the sensor. The times­
tamp field is filled using the same system variables as for the kernel sensors. 

monu reg buf->eventnumber • MONOP PUTEVENT EXT; \ 
monu-reg: buf->object • objecl ;- - \ 
monu_reg_buf•>timestamp -timestamp; \ 

The length of variable length records is detennined through the use of the variables 
u_sen_f_ptr u_sen_f_end and u_reg_length and the same algorithms used by operating sys­
tem sensors. 

re9iater mon_atring u_sen_f_ptr • ( mon_string_}str_parm_l; \ 
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nqiat:er mon_st:rinq u_sen_f_end • u_sen_f_ptr + desired_length: \ 
zegiat:er abort: u_req_lenqth; \ 

The algorithms used by the operating system sensors are used to flll monu_sbuffer This does 
not store the data, however. A system call to a monitor in the kernel is required to write into the ring 
buffer. 

ayscall(SYSLOCAL, MONITOR, (unaigned char *)monu __ sbuffer); 

SYSLOCAL and MONITOR are defmed in a header fl!e I sys/h/ syslocal. h 

3. Examples of Code Generated from Sensor Descriptor File Below are the definition of a user sen­
sor followed by the genented code' and the defmitions of two kernel sensors followed by their genented 
code. 

3.1. A User Sensor Definition 

J:vent: OserXamp1Sensor (obj: integer object:: 
str_parm_l: at:rinq{127]; 
sh_parm_2: integer: 
str_parm_3: at:ring{127]; 
lq_parm _ 4: cloubleint:eger) ia 

t±meat&mped, aenaort:aced; 

3.2. An Include File Containing A Single User-Defined Sensor 

linclude <mcnitor/montypes.h> 
tinclude <monitor/mondefs.h> 
tinclude <netinet/in.h> 
linclude <sys/syslocal.h> 
&bozt menu boolvec{l6] - {O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O}; 
mon_putevent monu __ sbuffer; 
fdafine OserXamplSensor(obj, str_parm_1, sh_parm_2, str_parm_3, 
if ( monu boolvec[O] & Ox1 ) 
I --

lg_parm_4) \ 
\ 
\ 

regiatar mon_putevent *monu __ req_buf - &monu __ sbuffer; \ 
raqiat:er ahort: *u sen fields • ( ahort: * )menu reg buf; \ 
regiat:er mon_string u:sen_f_ptr • ( mon_strinq--)str:Parm_l; \ 
regiat:er mon_string u_sen_f_end • u_sen_f_ptr + 127/sizeof(*mon_string); \ 
ragiat:er abort: u reg length; \ 
monu reg buf->eventn'Umber- 1; \ 
menu reg:buf->object • obj; \ 
monu __ req_buf->timestamp • 1; \ 
do I •u_sen_fields++ • Pack(u_sen_f_ptr); } \ 
while ( NotEOS(u_sen_f_ptr, u_sen_f_end) ); \ 
*(u sen fields - 1) &• ntohs(OxffOO); \ 
•u_sen_fields++ • sh_parm_2; \ 
u_sen_f_ptr • ( mon_string )str_parm_3; \ 
u_sen_f_end • u_sen_f_ptr + 127/aizeof(*mon_string); \ 
do I •u_sen_fields++ • Pack(u_sen_f_ptr); J \ 
while { NotEOS(u_sen_f_ptr, u_sen_f_end) ); \ 
•u sen fields &• ntohs(OxffOO); \ 
*{-long* )u_sen_fields • lg_parm_4; \ 
u sen fields +• 2; \ 
u:rag:length • u_sen_fields - (ahort: *lmonu __ reg_buff; \ 
monu __ reg_buff->cmd. type • MONOl?_l?OTEIIENT_EXT; \ 
monu __ reg_buff->cmd.length • u_reg_lenqth; \ 
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ayscall(SYSLOCAL, MONITOR, ( unaignad char* )&monu __ sbuffer); 

3.3. Kernel Sensor Definitions 

Event ReadSenaor (device, inumber: inhagar objact; 
filepoo: dcubleinteger; 
actualcount: integer) ia 

timeatampadf •en•ort:acad; 
Zvent NextComponent (device, inumber: integer object; 

filename: atring(l27]) i• 
timaatamped, aaaao:t:aced; 

3.4. An Include File Containing Two Kernel Sensors 

tifdef KERNEL 
li.D.clude "o./monitor/mondef.s.h" 
li.ncluda "o ./monitor/montypes .h" 
fi.tndef ntohs 
linclude "e .. /netinet/ineh11 

lendi:f 
1•1•• 
tincluda <monitor/mondefa.h> 
ILnclude <monitor/montypes.h> 
fi.tnde:f ntohs 
linclude <netinet/in.h> 
fendi:f 
lendi:f 
fde:fine Timestamp (lccg) ((time.tv_oec << l5) I (time.tv_usec >> 5)) 
extazn iDt mon semaphore; 
ezt.J:D unaign.d char *mon_write_ptr; 
eztaz:a. unaigneci chaz *mon_read_ptr; 
exta:n unsigned char *mon_eventvector_end; 
ezte:n int mon eventvector count; 
ezte%D int mon-oflow count7 
ute:n unsigned abort mon_enablevector[ J; 
uta:n unaigned char *mon wraparound () ; 
li:fda:f MONITOR -
l~ina ReadSensor(device,inumber,filepos,actualcount) 
i:f ( *(men enablevector+O) & l<<S ) 
( -

i:f (mon_semaphore++ -- 0) 
( 

i~ (mon eventvector count < 
MON:EVENTVECSIZE- 15*2- aizeof(mon_errrec)) 

( 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

zegiate: mon_putevent *reg_ptr • (mon_putevent *)mon_write_ptr; \ 
r.g~ater ahort *sen_fields • reg_ptr->fields; \ 
monprintf("ReadSenaor: mon_write_ptr- %d\n", mon_write_ptr); \ 
reg_ptr->cmd.type • MONOP_POTEVENT_INT; \ 
req_ptr->cmd.length , • sen_fields+3 - (•bert 0 ) req_ptr; \ 
mon eventvector count +• req ptr->cmd.lenqth*2; \ 
raqJ>tr->perfo:rii;er • 0; - \ 
reg_ptr->eventnumber • 8; \ 
req ptr->object • htonl ( ((abort) device<<l6 ) I \ 

- ((abort) inumber & Oxffff)); \ 
req_ptr->initiator • u.u_procp->p_pid; \ 
reg ptr->timestamp • Timestamp; \ 
*(long 0 )sen_fields • filepos; \ 
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aen fields +• 2: \ 
*sen fields++ - actualcount; \ 
~ (-sen fields> (aho:t *)mon eventvector end \ 

mon_;rite_ptr • mon_wrapar~und((unaign;d char *)sen_fields};\ 

~" \ 
mon_write_ptr • (unsigned char *)sen fields; \ 

monprintf(" ReadSensor- %d\n", mon_w"i-ite_ptr); \ 
} \ 
•~•• mon_oflow_eount++; \ 
mon_aemaphore--; \ 

} \ 
) I* end retzdsensor *I 

·~·· ldatine ReadSensor(a,b,c,d) 
·-dil: 
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f;l.:fd.e:f MONITOR _ 
lde~in• NextComponent(device,inumber,filename) 
i:f (*(mon_enablevector+O) & 1<<2) 
{ 

i:f (mon_semaphore++) 
'{ 

i~ (mon eventvector count < 
MON:EVENTVECSIZE- 260- aizao:f(mon_errrec)) 

{ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

:egiate: mon_putevent *reg_ptr • (mcn_putevent *)mon_write_ptr;\ 
:egiatar ahort *sen_:fields • reg_ptr->fields; \ 
:.giata: mon_string sen_f_ptr • (mon_string)filename; \ 
z.giata: mon_string sen_f_end • sen_f_ptr+l2Vaizao:f(*mon_string);\ 
._..giata: ahort sen_length; \ 
reg_ptr->eventnumber - 2; \ 
rag_ptr->performer 0; \ 
reg_ptr->object htonl ( ( (ahort)device<<l6) I \ 

((ahort)inumber&Oxffff)); \ 
reg_ptr->initiator - u.u_procp->p_pid; \ 
req_ptr->timestamp • 0: \ 
do { *sen_fields++ • PackStr (sen_f_ptr); ) \ 
while ( NotEOS(sen f ptr, sen fend) ); \ 
• (sen_fields - l) - - &- ntohs(OxffOO); \ 
sen_ length aen_fields - (ahort *) reg_ptr; \ 
reg_ptr->cmd. type l!ONOP _POTEVENT_INT; \ 
reg_ptr->cmd.length oen_length; \ 
mon eventvector count +• sen length*2; \ 
i! ( sen fields-> (ahort *)men eventvector end ) \ 

mon ;rite ptr • mon wraparound((unaiqn;d char *)sen_fields);\ 
elae-- - \ 

mon_write_ptr - (unaiqned char *l aen_fields; \ 

) 
) 
hl•• 
Ide! in• 
fendi:f 

) 
alae men oflow count++; 
mon_semaPhore-=; 

I* end Nex:Componenl *I 

NextComponent(device,inumber,filename) 

3.5. Blindprinter Output ror the Example Sensors 
command • external length - 33 eventname • AcctHeader performer • 
9 53 object • 100 initiator • 0 timestamp • 1089898524 acct c!at e 
• 10487620162 kernel date • 10487620162 hostname • grant init tex t • 
Fri Jun 14 14:03:05 1985 command - kernel length 
11 eventname ReadSensor performe · r 0 object 
1280,2093 initiator - 102 timestamp 1059 902835 filepos 
198207actualcount 24 command • external length • 17 eventname • 
OserXamplSensor performe r - 953. object • 101 initiator 
0 timestamp 339019804 str_parm_l - acct sh_parm_2 
60 str_parm_3 • loop lg_parm_4 - 101 command • kernel length • 
11 eventname • ReadSensor performer • 

0 object 1344,187 initiator c 952 timestamp • 1059904085 
filepcs 301032actualcount • 8192 command kernel length 
11 eventname • ReadSensor performer • 

0 object • 1344,187 initiator 952 timestamp 1059955246 
filepcs 320ll0actualcount 8192 command kernel length 
11 eventname • ReadSensor performer • 

0 object 1344,187 initiator 952 timestamp 1059958996 
filepos • 302052actualcount 8192 command kernel length 
11 eventname • ReadSensor performer 

0 object 1344,187 initiator 952 timestamp 1059959621 
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filapos 320862actualcount 8192 
10 eventna.me NextComponent performe 
1280,2 initiator - 952 timestamp -
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Appendix B 

Unix Manual Pages 

These are the Unix manual pages for the parts of the system. It has a table of contents and a permuted 

index in the standard Unix format. The pages are in alphabetical order within the sections of the manual, 

except for the intro (lL) entry, which precedes the others in the section. 



TABLE OF CONTENTS 

1. Commands and Application Programs 

intra , , , , • , • , • , • , , • • • , introduction to the Monitor system tools 
accountant • . . . • . . . . • • . . . . • . • • . . . store event records in a file 
acct . • • • • • . • • . . . • . • . . write event records to standard out 
aggrop , , , • , , • , , • apply one of (sum, average, count, min, max) to the stream 
applyop • , , , • , , , , , , , , , , • , • , apply a given function to the stream 
blindprint • , • , • • • blindprint - print binary event records in human readable format 
deschema • • • • • • • • remove the schema from the stream into the named file stdout. 
enschema • • • • • • • • • • • • • • prepend the schema to the input event records 
finitestate • • • • • • • • • • • . • • • • • apply a finite state machine to a stream 
project • . • • • • • . . • . . . • • • • • • . • select or rearrange components. 
relretrieve create a stream of event records and schemas from the named lngres database 
relstore • • • • • • • • • • • • • • • store the stream in the named Ingres database 
select • • • • • • • • • • • • • • select records from the stream based on a formula 
streamconvert • • • • • • • • • • convert the event records from or to network format 
streamprint • • • • • • • • print the event records in a stream in human readable format 
tapehandle handle multiple tape archives of event records 
union • • • • • • • • • • • • • • condate similar relations into a single relation 

2L System Calls 

sysl_monitor 
syslocal 

3L Montools Library 

men tools 

interact with kernel data collection 
• • • • indirect local system call 

. . . . . . . . . . . . . . . Monitor system stream and tuple operations 

• • • • • • • • • . • • • . • • • finite state machine description fonnat 

5. File Formats 

finites tate 
schema 
stream 

• • . • . • • • . . • . . • • • • . IDL description of event records 

8. System Maintenance 

shutdownacct 

AppcndixB 

• • • • • • • • • • the data structure used by the SoftLab Monitor system 

emergency close down of the monitoring system 
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PERMUTED INDEX 

accountant: Slore event records in a file. 
acct: write event records to standard out. 

max) to the st=in. aggrcp: apply oae of (sum, average, aouDI, min, 
finitell.ate· apply a finite state machine to a stream. 

applyop: apply a given fundion to the swam. 
llroam. aggrop: apply ODe of (sum, average, count, min, max) to the 

applyop: apply a given function to the strum. 
!apebandle: handle multiple tape on:hives ofeveDI reoon1s. • • , • • • , • • 

aggrop: apply one of (sum, average, coon~ min, max) to the strum. 
oelect:select records from the suoam based ona fonnula. ·, , , • • , • • • • • 

bliDdpriDI· prim biwy event roeords in human rudable format. 
rudable fonnat. blindprint- print biwy eveDI ...:onls in hiiiiWI 

oyslocol: incliJoc:t locol system call. • • • • • • • • • • • • • 
shuldownacct: emergency close down of the monitoring system. 

sysJ monitor: inleraet with kernel data collection.· • • • • • • • • • • • • • • 
- projecl: oelect or rearrange compoaents.. • • • • • • • • • . • , • • 

Wlica: conftate similar relations into a single relatioa. 
(erma~, -...:o..ven: convert the eveDinecords from or to networlc 

aggrop: apply one of (sum, average, count, min, max) to the stream. • • • , • • • 
the named Ingres database, relretrieve: create a stream of event ~rds and schemas from 

oysl monitor: iDieract with kernel data collection. • • • • • • • • • • • • • • 
- stJeam: the data structure used by the SofiLab Monitor system. 

of event records and schemas from the named Ingres database. relretrieve; create a stream • • • • • 
relslore: store the stream in tbe named IngRs database. • • & o • • • • • • • ... • • • ~ 

· the !lamed file stdout ., deschema: remove the schema fmm the stream into 
finitestate: finite &Ute machine description formaL • • • • • • • • • • • 

schema: IDL description of event records. • ~ • o o o • • 

sb.Uldownacct: emergency close down of the monitoring system. • • • • • • 
sbutdownacct: emergency close down of the monitoring system. 

recon1s. ensdtema: p"'pend tho schema to the input evem 
ensdlema: prepend tho scbema to the input evenlrecon1s. • , • • • • • • • , • , • 

schema: IDL description of event records. • • • • • • • • • • • • • 
lapebandle: handle multiple tape m:bives of event recon1s. • , , • • • • • • • • , • 

database. n:Jmrievo: create a suoam of event records and schemas fiom the named lngres 
llreamCOnvert: convert the even.t m:ords from or to aetwork fonnat. • • • • 

accouatant: store event m:onis in a file. • • • • • • • • • • • 
llRamprint: print the event records in a stream in human readable format. 

bliDdpriDI - print binary event records in human readable fonnaL 
acct: write event records to saandard ouL 

accountant: store event records in a file. · • • • • • • • • • • • • • 
remove tbe schema from the stream into tbe named file stdoul _ deschema: • • • • • • 

finiteaute: finite state machine description format. 
fiaitestate: apply a finite stale machine to a stream. 

lb'ea.m. finitcswe: apply a finite state machine to a 
format. finitestate: finite state machine description 

- priDl binary eveDl records in human readable formaL blindprint • o • 

fiDitestate: finite state machine description format. • • • • • • • 
cooven the event records from or to uetwort fonnat. streamcoavert: • 

the event records in a stream in human IUdabJe formaL streamprint: print 
select: select recon::ls from the sueam based on a fonnula. • • • • • • • 

applyop: apply a gi von function to the strum. • • • • • 
getrelation, muelationbyname, setpositi~ getdomainbyname. rmdomain /getetelatioobyname, 
/Ill'_ read, str _write. gelre.lationbysensorid, geterelationbyname, gct~elation, muelationbynameJ 

/gctmationbysensorid, getereJatioabyname, getrelatioa, rmretatioabyuame. setpositionJ • 
,.uelalioa,l Jar_ scbemawrite, str_ read, str _write, gellelationbyseosorid, gete,.lati011byname, • 

applyop: apply a given filnc:tion to the stream. • • • • • • • 
tapehaudle: handle multiple tape archives of event records. 

blladprint- print binary event records in human readable formaL • • • • 
llleamprint: print the event recordi in a ~~Ram in human readable formaL • • • • • 

ldtcma: IDL desc:ription ofevent records. • 
ayalocal: indirect local system call. • • • • 

llream of event records and schema& from the named lngres database. relrelrieve: create a 
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relstore: store the stream in the named Ingres database. • • • ~ • o ~ • 

enschema: prepend the schema to the inp.1l event records. ~ • • • • • 
aysl monitor: interact with kernel data collection. 

- intro: introduction to the Monitor system tools. 
aysl_monitor: iDleract with kernel data eoJiection. 

fiDitestate: finite state machine description formaL 
tinitestatc: apply a finite state machine loa stream. • • • • • • • • 

~Ca>U~~tant(IL) 
aca(IL) 
aggrop(IL) 
finitestate(lL) 
applyop(IL) 
aggrop(!L) 
applyop(IL) 
lapehandle(IL) 
aggrop(IL) 
seloct(IL) 
blindprint(IL) 
bllndpriDt(IL) 
oyslocai(2L) 
sllutdownacct(8L) 
sysl_moni!Or(2!.) 
project( ILl 
illlion(IL) 
IIRameonvert(IL) 
aggrop(IL) 
n:Jretrieve(l!.) 
sysl_monitor(2!.) 
stream(SL) 
relretrieve(IL) 
reisto,(IL) 
deschema(l !.) 
finitestate(5L) 
scbema(SL) 
sllutciownacct(SL) 
shutciownacct(SL) 
enschema(IL) 
enschema(IL) 
scbema(5L) 
lapehandle(IL) 
n:Jretrieve(IL) 
streamconvort(IL) 
accountant( ILl 
streamprint(IL) 
blind print(! L) 
IC<I(IL) 
ICCOUlltant(IL) 
cleschoma(l L) 
finitesla!e(5L) 
fini!esta!e(IL) 
finitestate(IL) 
finitestate(5L) 
blind print(! L) 
finitestate(5L) 
JUeaDlOOnve~(lL) 

llreamprint( IL) 
oelect(IL) 
applyop(l L) 
montools(3L) 
montoois(3L) 
moatoois(3L) 
montoois(3L) 
appiyop(IL) 
tapehandle(IL) 
blindprint(IL) 
~~reamprint(IL) 
scbema(5L) 
syslocai(2L) 
relrelrieve(lL) 
reistore(IL) 
euschoma(!L) 
sysl monitor(2L) 
inuO(IL) 
aysl monitor(2L) 
finit0state(5L) 
finitestate(l L) 
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aggrop: apply oae of (sum, average, count, min. max) 10 the stream. 
aggrop: apply one of (sum, average, c:cun~ miD, max) to the Slream. 

-..m: the d.a Slr1ldiUO used by the ScftLab Monitor sySiem. 
iDtro: introduction to the Monitor system tools. 

lbutdownacc:t: emergency close down of the monitoring system. 
tapelwldle: handle multiple tape archives of eventrecon!s. 

zemove the schema from the sueam into lbe named file stdout •. deschema: • • • 
a stream of event mcords and schemas from lhe aamed Ingres database. ~!retrieve: create 

Rlstore: store the stream in the named Ingres database. • • • • • • • • 
meamconven: coavert the event records from or to network formaL • G • • • • • • • • • 

111re0m. aggrop: apply one of (sum, average, OOUD1, min, max) to the 
enschema: prepend the scbema to the illputevent recon!s. 

formaL blind print· print bilwy event roconls ill human readable 
lladable formaL streamprilll! print the event roc:crds ilia stream in hUI1Wl 

project: select ormarrange components.. 
blindprint- print biliary event roc:cn1s ill human IUdable format. • • • • • 

priD1 the eveut reconis in a stream in human readable format. streamprint: 
project: select or reamnge components.. 

eoschema: P"'peDd the schema to the illputevent recon!s. • ,, • • • • • • • 
sc:boroa: IDL description of event recon!s. • .~ • • • • • • • 

tapehandle: handle multiple tape arcbives of event IICOnls. • • • • • • • • • • 
relretrieve: create a stream of event records and schemas from the named lngres database. 

streamconvert: convert the event records: from or to nelWOrk format. 
select: select records from the stream based on a fonnula. 

accamtant: acre event records in a file. • • • • • • • • • • • • 
meamprint: print the event records in a stream in human readable fonnaL 

blindprint • priat binary event records in human readable formaL 
acc:c write event records to standard ouL • • • • • • • • • 

unioa: condate similar relations into a single relation. • • • • • • • • • • • • • • • 
union: contlate similar relatioas in1o a single relation. • • • • • • 

scbemas from lbe named Ingres database. rdretrieve: create a stteam of event records and 
database. relstcre: stoR the stream in the named Ingres 

ftlolldout - descberoa: mnove the schema from the stream into the named 
mudationbyuame, setpositiou, getdomainbyuame, nndomaill /geterelationbyuame, geu.lation, 

mxlomain /geterelationbyname, getrelation. mtrelatioabyname, setposilion, getdomainbyname, 
_ delchema: Rmove lhe scbema from the stRam into the named file stdout 

scbema: IDL de<cription of event JOCOnls. 
enschema: prepend the schema to the input event records. • • • • • • 

relretrieve: create a stream of event records and achemas from the named lngm database. 
project: IC.Iect or reamnge components.. • • • • • • • 
select: select records from the stream based 011 a fonnuJa. 

fonnula. select: select reeords from the sucam based on a 
/geterelalioabyname, getndation, nnrelationbyname, setpMitioa, getdomainbyname, nndomain 

monitoring system. lhutdownacct: emergency close down of the 
union: con.fta&e aimilar relatiou into a single relation. 

union: cooflate similar relations into a lingle relation. • • • • • • • 
stream: the d.a SUUctwe used by the SofU.ab Monitor sySiem. 

accc write event records to standard ouL • • • • • • • • 
finitestate: finite state machine description fonnaL 

finitestate: apply a finite state macbine to a stream. • • • 
the schema from the stream into the named file Sldour. •• deschema: remove • • 

accountant store event records in a file. 
relaton: store lbe stream in the named Ingres database. 

apply one of (lUll!, average, cou~ min, max) to tho - aggrop: • • • • • 
applyop: apply a given fuDClion to the aream. • • • • • • • • • • 

finirepate· apply a fi.oi&e IWe mac:hiDe to a IliUm. • • • • • • • • • • 
selecl: select IICOnls from the ..,..m based on a formuiL 

llteampriac print the everlt records iD a 11ream in human teadable fonnaL 
reJstore: SIOre the JtR.am in lhe named Ingres database. 

desch.ema: remove the acbema from the aream into the named file stdout -
Jngres database. relrtlrieve: create a stream of event records and sdlemas from the named 

Monitor S)'Slem. stream: the data suucture used by the Sot\Lab • • 
DCtWort. format. streamconvert: convert the event records from or to 

human readable formal. streamprint: print the event R:cords in a stream in 
str _read, str _write,/ str _open. str _ f open., str _ sc:hemaread, str _schema write, 

Itt schema write, str read, str write/ su _open. str _fopen, str _ sc:hemaread, 
/str _fopen, Str _ schemaread, Sir_ schetiiawrite, str read, str write, getreJationbysensorid/ 

ar_ Write,/ str _open, str _fopen, str-schemaiead, stt sc:hemawrite, str read, • 
ltr_open. str_fopen, str_schemaread, str-sc:hcmawrite. stf read, sr:r writeF 

Rream: the data it!Uaure used by thi" Sofil.ab Monitor system. 
Ill'_ scbemaread, 11r _ICb.emawrite, str _read, IU' _write, getrelatioobysensorid,/ /Sit _fopen. 

aggrop: apply one of (sum, average, count, min, max) to the stream. 
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stream(SL) 
illtro(IL) 
sbutdownacct(8L) 
tapehandle(l L) 
desohema(IL) 
rdretrieve(IL) 
rdstore(IL) 
streamc:cnvert(IL) 
aggrop(IL) 
euschema(l L) 
blilldpriDt(IL) 
streamprint(IL) 
project(IL) 
blindprint(IL) 
streamprint(IL) 
project(IL) 
eusc:bema(IL) 
scbema(SL) 
tapehandle(IL) 
rdretrieve(IL) 
streamc:cnven( IL) 
select(IL) 
:o:countant(IL) 
streamprint(IL) 
blilldprint(l L) 
acct(IL) 
union(IL) 
uuion(IL) 
rdretrieve(IL) 
rdstore(IL) 
desc:bema(IL) 
montools(3L) 
moutools(3L) 
de5oltema(IL) 
1Cbema(5L) 
enschema(IL) 
rdretrieve(IL) 
projeot(IL) 
select(IL) 
select(IL) 
moatoois(3L) 
shutdowuacot(8L) 
uuiou(IL) 
union(IL) 
stream(SL) 
acct(IL) 
finitestate(SL) 
finitestate(IL) 
de5oltema(IL) 
accountant( I L) 
rdstore(IL) 
aggrop(IL) 
applyop(IL) 
ftnite5tate(l L) 
select(IL) 
streamprint(IL) 
rdstore(IL) 
deschema(IL) 
relretrieve(IL) 
strcam(SL) 
alean)COnVert(lL) 
streamprint(IL) 
montools(3L) 
montools(3L) 
moetools(3L) 
mootools(3L) 
montools(3L) 
strcam(SL) 
montools(3L) 
aggrop(IL) 
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Appendix B -iv-

PermJJJed Index 

sysl monitor(2L) 
sys1Ccal(2L) 
tapehandle(l L) 
tapebandle(IL) 
illtro(!L) 
union(IL) 
stream(SL) 
acct(IL) 
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INT.RO(lL) User's Manual- SoftLab Monitor Commands INT.RO( lL) 

NAME 
intro- inttoduction to the Monitor system tools 

SYNOPSIS 
toolname options operands 

DESCRIPTION 
The Monitor tools are used to examine the output from a run of accoWitant(lL). Each tool, with 
the exception of tapehandle(lL) and enschema(lL), reads a stream (see stream(SL)) from stdin 
and writes a stream to stdout. A stream consists of a schema (see schema(SL)) and a sequence 
of event records (see sysl_ monitor(2L)). The event records are trealed as tuples where the 
fields of an event record become components and the relations are detennined by the sensor (see 
Generating Standard Sensors) that produced the event record. The schema is used to define 
the components for each relation to allow access by the tools. 

The schema contained in the stream is modified whenever the components of a relation are 
changed and a new schema is produced for new relations in the output stream. The output 
record always contains the components corresponding to the struct command and the field 
eventnumber (see sysl_monitor('ZL)), which serve to identify the relation. It is an error if the 
event record does not match the schema, or if there is no schema in the stream. 

The options to a tool control the modes of operation of a tool. They may be specified anywhere 
on the command line. When an operand is a component name, it must be related to a relation. 
The general format is that the relation operand is specified first, followed by its components as 
separate operands. 

COMMANDS 
aggrop 
applyop 
deschema 
enschema 
finitestate 
project 
relreaieve 
n:lstore 
select 
stream print 
streamconvert 
tapehandle 
union 

apply one of (sum, average, count, min, max) to the stream 
apply a given function to the stream 
remove the schema from the stream into named file 
prepend schema to stream 
apply a finite state machine to the stream 
select or rearrange components 
create a stream from an Ingres database 
create an Ingres relation from a stream 
select records from a stream based on a formula 
print records from a stream in a human readable format 
convert records in a stream to host or net format 
handle multiple tape archives of event records 
contlate similar relations into a single relation 

SEE ALSO 
accountant(lL), syslocai(2L), sysl_monitor(2L), montools(3L), finitestate(SL), schema(SL), 
stream(SL), shutdownacct(SL) 
Generating Standard Sensors, techrepon 8. Stephen E. Duncan. University ofNonh Carolina at 
Chapel Hill. July, 1985 · 

EXAMPLE 
The following session prints the average size of a read operation on a file basis: 

· tapehandle I enschema baseschema I aggrop -a ReadSensor object count 

. AUTHOR 
Stephen E. Duncan, University of Nonh Carolina at Chapel Hill 

SoftLab April, 1986 1 



ACCOUNTANT( 1L) User's Manual- SoftLab Monitor Commands ACCOUNT ANT ( lL) 

NAME 
accountant - store event records in a file 

SYNOPSIS 
accountant [-a accounJantnamJ!] [-k kemelnamJ!] [-t inilialtut] [-x trace/eve/] 

DESCRIPTION 
· The accountant is a user-level process that interacts with sensors located in the Unix kernel and 

in other user-level processes. The primary task of the accountant is to spool event records gen­
erated by sensors onto a disk file. Additionally, the accountant also contains sensors that collect 
relevant information such as the current time, system load, etc. 

The accountant first invokes a sensor which stores the current time, the compile time of the 
accountant (determined through the stat system call on the file named "accountant", as deter­
mined by which), the compile time of the kernel (determined using the file name "lvmunix"), the 
name of the host (determined through gethostname ), the current time in ASCII, and some initial 
text (defaulted to "Accountant started"). Several of these fields can be overridden using the -a, 
-k, and -t options. 

The accountant then loops until terminated with the SIGTERM (15) signal, retrieving event 
records from the kernel and writing ·them to a set of temporary files of the form sendata.OOOOO, 
where 00000 is modified to form a unique file name using mktemp . 

The -x switch sets the level of debugging tracing: 0 for no tracing (the default), 10 for general 
control flow tracing, and 100 for detailed control flow. 

RETURN V ALL'E 
The accountant never returns; it must be signaled with SIGTERM (15). 

SEE ALSO 
which( I), gethostname(2), signal(2), stat(2), sysl_ monitor(2L), mktemp(3), mo?Jib(3L), 
shutdownacct(SL) 

HISTORY 

SoftLab 

June, 1984 Stephen Duncan at the University of North Carolina, Chapel Hill 
Added the signal handling and multiple file output, 
Revised the accountant sensor. 

May, 1983 Steve Rueman at the University of North Carolina, Chapel Hill 
Added the spooling function. 

June, 1981 
Created. 

Richard Snodgrass at Carnegie-Mellon University 

17 September 1984 1 



ACCf(lL) User's Manual - Softi..ab Monitor Commands ACCf( IL) 

NAME 
acct- write event records to standard out 

SYNOPSIS 
acct [ numminutes l 

DESCRIPTION 
This is a truncated version of accountant(lL). The accountant is a user-level process that 
interacts with sensors located in the Unix kernel. The primary task of the accountant is to spool 
event records generated by sensors onto a disk file. This panicular version puts them to standard 
output Additionally, the accountant also contains sensors 'that collect relevant information such 
as the current time, system load, etc. 

The accountant first invokes a sensor which stores the current time, the compile time of the 
accountant (detennined through the stat system call on therfile named "acct", the compile time 
of the kernel (determined using the file name "/vmunix"), the name of the host (determined 
through gethostname), the current time in ASCII, and some initial text (defaulted to "Accountant 
started"). 

The accountant then loops for the number of minutes in its argument, or for the default of 20 
minutes, retrieving event records from the kernel and writing them to standard out 

RETURN VALUE 
The accountant returns 0. 

SEE ALSO 
accountant(lL), which(!), gethostname(2), signa1(2), stat(2), sysl_monitor{2L), mktemp{3), 
monlib(3L), shutdownacct(8L) 

HISTORY 
Jan, 1985 Stephen Duncan at the University of North Carolina. Chapel Hill 
Created. 

Softl.ab 14June 1984 I 



AGGROP(lL) User's Manual- SoftLab Monitor Commands AGGROP( lL) 

NAME 
aggrop- apply one of (sum, average, count, min, max) to the stream 

SYNOPSIS 
aggrop -sacnx relation partition argument 

DESCRIPTION 
Options 
Specify which of the aggregate options to take. 

-s sum 
-a average value 
-c count of the number of occurances 
-n minimum value 
-x maximum value 

All but -c, count, use the value of the component specified by argument. If no options are 
specified, -c Is assumed. 

Operands 
Reltuion is the name of the relation on which the aggregate will be performed. If The partition 
specifies the component in relation on which to partition the records, e.g. initiator. The argu­
ment is the component in relation over which one or more of -sacnx is applied, and must be a 
numeric component. 

Output 
A table is printed to stdout whose first column is the partition value, and whose subsequent 
columns are, in order, the sum, average, count, minimum, and maximum. Only those columns 
whose option was specified appear in the output. The table can be further processed by other 
tilters, if desired. 

Error Output 
A count of any error records detected in the stream is printed 10 sttk". If relation is specified as 
-, a count of non-conforming records, those which lack either the partition or the argument com­
ponents, is also printed 10 stderr. 

EXAMPLE 
The following command produces a table of the average of the count component of the relation 
RetzdSensor over the component initiator. 

aggrop -a ReadSensor initiator count 

This could produce the following table: 

SEE ALSO 
intro(1L) 

AUTHOR 

0 2S 
315 512 
26 75 
13 8 
2 11 

107 1245 

Stephen E. Duncan, University of North Carolina at Chapel Hill 

SoftLab April, 1986 1 



APPLYOP( lL) User's Manual - SoftLab Monitor Commands APPLYOP(lL) 

NAME 
applyop- apply a given function to the stream 

SYNOPSIS 
applyop [ -p arg 1 prog [ -n name 1 relation component [ component ••• 1 = 
resultcomponent:type [ resultcomponent:type ... 1 

DISCRIPTION 
Applyop extracts the components specified on the command line from the input stream (see 
.rtream(SL)), converts the values to character strings, and passes them to the function program on 
its stdin. Arguments specified with the -p option are passed unchanged to prog as command line 
arguments. The stdout of prog is interpreted as space separated fields comprising the resultcom­
ponents which are appended to the relations of the output stream. The diagnostic output of the 
function is merged with the diagnostic output ofapplyop. This permits arbitrary functions to be 
applied to event records without writing specific stream handling routines for each function. It 
is assumed that the function knows what to expect as its arguments. 

Options 

-p Pass the next argument in the command line as a command line argument to the func­
tion. More than one -p may be specified. The arguments will be passed to the function 
in the order that they appear on the command line. All arguments passed to the function 
must be specified before the result components. 

-n Instead of changing relation, use the next argument name as the name of a new relation 
consisting of tuples from relation with the result components appended. 

Operands 

arg An optional argument to be passed unchanged to pro g. 

name ·An optional name of a new relation to be created from the current tuple and 
the result component If omitted, relation has the result components 
appended. 

prog The pathname of a program that performs the function. 

relation The name of the target relation, or- if for all relations. 

component A component in relation to be passed to prog. 

= A sentinal to signify the end of the list of components. 

resultcomponent A new component generated by prog of type type that is appended to rela­
tion. 

type The type of resultcomponent, which can be one of boolean, charstring, 
double (4 byte integer), int, and rational. 

Output 
Result components of the specified types appended to the specified relations. This includes 
modification of the associated schemas (see stream(SL) and schema(SL)). 

EXAMPLE 

SoftLab 

The following applies an awlc program to a stream via 

applyop awk-;: "-f awklile" - initiator timestamp reltime:double 

to append a component that contains the elapsed time since the last event of that initiator. 
A wklile contains: 

{ 
if (save[$11 -- 0) 

print 0 
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APPLYOP( IL) 

} 

User's Manual- SoftLab Monitor Commands 

else 
print ($2- save[$!]) 

save[$!) = $2 

APPLYOP( IL) 

This program calculates the time between calls for a given initiator, and appends it to each event 
record as a new component rei time. The reltime for the first call is zero. 

By piping the resulting stream through 
aggrop -a- initiator reltime 

(see aggrop(lL)) on the resulting stream, one can determine the mean time between system 
c:alls. 

SEE ALSO 
inao(IL) 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 

SoftLab April, 1986 2 



BLINDPRINT ( lL) User's Manual- SoftLab Monitor Commands BLINDPRINT ( lL) 

NAME 
blindprint- print binary event records in human readable format 

SYNOPSIS 
blindprint [file .•• ] 

DESCRIPTION 
Blindprint reads e3i:h file of binary event records in sequence and displays it in human readable 
fonnat on the standard output. If no file names are given, blindprin.t reads from the standard 
input. Thus 

blindprint file 

displays the file on the standard output, and 

blindprint fUel file2 >file3 

concatenates the first two files and places the result on the third. 

Blindprint is designed to work the software monitoring system described in SYSL MONITOR and 
accountant. The event records are produced by the monitoring system in binarY format. Blind­
print prints one event record per line. with e31;h field labeled. 

SEE ALSO 
accountant(lL), SYSL_MONITOR(2L), monlib(3L) 

AUTHOR 

SoftLab 

3-June-84 S. Duncan, University of North Carolina, Chapel Hill 
Created. 

14June 1985 1 



DESCHEMA ( lL) User's Manual- SoftLab Monitor Commands 

NAME 
deschema- remove the schema from the stream into the named file stdout. 

SYNOPSIS 
deschema schemafile 

DESCRIPTION 
Operands 

DESCHEMA( lL) 

The pathnarne of the file to receive the schemas. Remove the schemas from the stream (see 
stream(SL)) into the named file, write the event record to stdout. 

Output 
The schema Is written to sche=file and the eventrecords are written to stdout. 

SEE ALSO 
intro(lL) 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 

SoftLab April, 1986 1 



ENSCHEMA ( lL) User's Manual- SoftLab Monitor Commands 

NAME 
enschema- prepend the schema to the input event records 

SYNOPSIS 
enschema schemafile [-file] file2] 

DESCRIPTION 
Operands 

ENSCHEMA(lL) 

The pathname of the schema tile (see schema(SL)), followed by optional file names. Input from 
stdin can be mixed with the file names by specifying - as a file name where srdin should appear. 
Specifying no .tile name defaults to stdin. 

Output 
A stream (see stream(SL)) is written to stdout. 

SEE ALSO 
inlro(lL) 

AUTHOR 
Stephen E. Duncan, Univen;ity of North Carolina at Chapel Hill 

SoftLab April, 1986 1 



FIN11ESTATE( lL) User's Manual- SoftLab Monitor Commands FINITESTATE( lL) 

finitestate- apply a finite state machine to a stream 

SYNOPSIS 
finitestate [ ·k •D name J=chinefile parrition 

DISCRIPTION 
Options 

-k Keep tuples that would ordinarily be rejected. This pennits conserving information that 
would otherwise be lost to the output stream. 

-n Take the next argument as the name of the sentence header relation rather than Finite-
State. 

Operands 
An optional name for the header relation, the pathname of a finite state machine file and a com­
ponent on which to partition the event records. For each unique pl!ftition value, a separate 
instance of the finite state machine is executed. 

Output 
The schema is modified to hold the relation FiniteState which is created by this program if it 
does not already exist. Accepted sentences of event records, each preceded by a FiniteState 
event record, are written to stdoUl. FiniteState has the following fields (see sysl monitor(2L): 

cmd.type -MONOP_PUTEVENT_EXT -
cmd.length - variable 
eventnumber -created unique in schema, if not already there 
performer - set to process id of program 
object - value of partition 
initiator - same as performer 
timestamp -taken from first event record in sentence 
lasttimestamp - taken from last event record in sentence 
numberofevents -length of sentence, in event records, excluding this one 
partitionname -partition, from the command line 

Comments 
This tool is needed for examining combinations of events. The other tools in general only deal 
with individual operations. 

SEE ALSO 
intro(lL) 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 
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PROJECT ( IL) User's Manual - SoftLab Monitor Commands PROJECT(IL) 

NAME 
project- select or rearrange components. 

SYNOPSIS 
project [ -k -n name ] relation component [component ... ] [- [ -n name) re/aiion component [ 
componem ... ]] 

DESCRIPTION 
Options 

-k Keep relations not listed in the operands. The default is to only write out the named 
relations. 

-n Take the next argument as the new name for this relation. The defaultds to keep the old 
name. If issued with -k, Then the old relation is written out unchanged followed by the 
projected version under the new name. 

Operands 
Relations followed by the desired components. More than one relation can be specified by 
separating the relations with -. The components should appear in the desired order. Preceding 
each relation, an optional new name be be specified. The components for the struct command 
and the field eventnumber (see sys/. monitor(2L}) are always included and are always at the 
beginning of the record. · -

Output 
A stream (see stream(SL}) of modified event records with appropriate schema (see 
schema(SL)). Each relation specified on the command line will contain only those components 
specified for it Relations not specified on the command line will be discarded unless the -k 
option is specified, in which case they will be written out unaltered. 

EXAMPLE 
The following line projects the timestamp component of the ReadSensor and WriteSensor rela­
tions. 

project ReadSensor timestamp - WriteSensor timestamp 

Project can be especially useful when used before printing a stream. 

SEE ALSO 
intro(IL) 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 
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RELRETRIEVE ( lL) User's Manual- SoftLab Monitor Commands RELRETRIEVE( !L) 

NA..\fE 
relretrieve -create a stream of event records and schemas from the named Ingres database 

SYNOPSIS 
relretrieve database [ relation .•• ] 

DISCRimON 
Operands 
The database name and the relations to be put in the stream. 

SEE ALSO 
intro(lL) 

AUTHOR 
Stephen E. Duncan, Unive:sity of North Carolina at Chapel Hill . 

SoftLab April, 1986 1 



RELSTORE ( !L) User's Manual - SoftLab Monitor Commands 

NAME 
relstore- store the stream in the named Ingres database 

SYNOPSIS 
relstore databasename 

DISCRIPTION 
Operands 
The name to use for the database. 

SEE ALSO 
inll'O(!L) 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 

SoftLab April, !986 
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SELECf(1L) User's Manual- SoftLab Monitor Commands SELECf( !L) 

NAME 
select- select records from the stream based on a formula 

SYNOPSIS 
select [ -k -n name ) relation formula 

DISCRIPTION 
Options 

-k Keep nonselected relations in the output. Only applicable if relation is not-. 

-n Use the next argument as the name of the projected relation. If used with -k, the origi-
nal relation is kept as well. Only applicable if relalion is not-. 

Operands 
Name is used to replace relation as the name of the selected relation. This can't be used if rela­
tion is -. Relation specifies which relation contains the components in formula. If relation is 
specified as -, the formula is applied to all relations which have the requisite components. The 
formula consists of constants (numbers and quoted strings), component names (unquoted strings), 
regular expressions (delirnitted by matched '/'s, see regu(3)), parentheses, comparison operators 
( ! = > < ), and logical operators (· J &). It should be enclosed in single quotes to prevent the 
shell from expanding any characters. Since the formula is applied according to precedence, it is 
possible to specify components that only occur in some relations and still select other. relations 
when the formula is used accross all relations via-. 

Output 
A stream of the selected event records. 

EXAMPLES 
To remove all the event records for a given initiator: 

select- 'initiator != 27' 

To select all ReadSensor events for the object 27514 by other than initiator 215: 

select ReadSensor 'object= 27514 & initiator!= 215' 

To select all the wples in theNameStart relation that have a filename that starts with "junk" and 
have an object between 1100 and 27514: 

select Namestart 'filename= /junk•/ & object\!< 1100 & object\!> 27514' 

SEE ALSO 
intro(1L) 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 
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S1REAMCONVERT ( lL) User's Manual- Sof!Lab Monitor Commands STREAM CONVERT ( lL) 

NAME 
streamconvert- convert the event records from or to network fonnat 

SYNOPSIS 
streamconvert [ -h -n ] 

DESCRIPTION 
Since event records are binary data, their representation is machine dependent (see 
byteorder(3N)). Streamconvert uses the data in the schema (see schema(SL)) to convert: each 
field in the event record to the appropriate fonnaL The schema itself is always in human read­
able format, so that any machine can read it without conversion. Before a stream is written to 
tape. it should be converted to the network format via streamconvert-n. When a tape is read, it 
should, enschema should be run on it to creat a stream which should be run through streamcon­
ven -h to put it into host fonnaL 

If transporting data between machines with the same fonnat, conversion is not necessary. 

Options 

-h Convert the stream from network fonnat to host fonnaL 

-n Convert from host to network fonnat. 

SEE ALSO 
intro(lL}, byteorder(3N} 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 

Softl.ab April, 1986 1 



STREAMPRINT( 1L) User's Manual- SoftLab Monitor Commands STREAMPRINT( !L) 

NAME 
stteamprint - print the event records in a stream in human readable format 

SYNOPSIS 
stream print [ -cklru] 

DESCRIPTION 
Read a stream (see srream(SL)) from srdin and print the event records to srdow in a human 
readable format. The event records are printed one per line, and the components are separated by 
tabs. 

Options 
Evaluation of a stream by a tool requires certain key fields so that relations can be properly 
identified. Therefore tools such as projecr(1L can't remove them from the relation. If the key 
fields are not really needed on the printed output, they will only clutter th~ output or force an 
additionallilter to be used to remove them. Therefore the options [ ckr ];permit stripping off 
these fields when printing. 

-k Omit the key fields (the command type, length, and event number) when printing. This 
is a superset of -c. 

-c Omit the command type and length when printing. This is a subset of -k. 

-1 Begin each line with the relation name followed by two colons. Label the components 
of the event record using the auributes in the schema (see schema(SL)). This is the 
default mode. It will override a previous -u. 

-r Omit the relation name when printing. This only is applicable when the output is 
labeled. 

-u Don't label the compo111!nts. This will override a previous -L 

For -1 and -u, the options are evaluated in order, with the last option given taking precedence. 

EXAMPLES 

SoftLab 

The following are samples of a single line of output from various combinations of options using 
the same event record as input. 

stream print 
ReadSensor::cmdtype • 1 cmdlength = 11 eventnumber = 8 performer = 0 object = 
851978 initiator- 12345timestamp. 491.52046 lilepos • 512 actualcount = 128 

stream print -u 
1 11 8 0 851978 1234549152046 512 128 

stream print -r 
cmdtype • 1 cmdlength = 11 eventnumber = 8 performer • 0 object= 851978 ini-
tiator • 12345timestamp • 49152046 filepos • 512 actualcount = 128 

stream print -c 
ReadSensor::eventnumber • 8 performer 
12345timestamp • 49152046 lilepos • 512 

stream print -uc 

- 0 object • 851978 
actualcount • 128 

8 0 851978 1234549152046 512 128 

stream print -k 

initiator .. 

ReadSensor::performer = 0 object= 851978 initiator= 12345timestamp • 49152046 
lilepos - 512 actualcount- 128 

stream print -uk 
0 851978 1234549152046 512 128 
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STREAMPRINT( lL) 

SEE ALSO 
intro(lL) 

AUTHOR 

User's Manual- SoftLab Monitor Commands 

Stephen E. Duncan, University of North Carolina at Chapel Hill 

SoftLab April, 1986 
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TAPE.HANDLE( lL) User's Manual- SoftLab Monitor Commands TAPEHANDLE(lL) 

tapehandle- handle multiple tape archives of event records 

SYNOPSIS 
tapehandle [ -ssize -nnumber -bblocksize -ddensity -(device] xc 

DESCRIPTION 
This tool simpli.ties handling streams (see stream(SL)) that require more than one reel of tape. 

OPTIONS 
The size of the tape in inches, the number of tapes in the archive (extract only), the blocksize to 
use in bytes, the density of the tape, and the device to use. For create, use the options to deter­
mine how many bytes will fit on the tape. The defaults are: 

size-2400 
blocksize • 12K 
density • 1600bpi 
device a /dev/rmtO 

For extrac~ the defaults are: 

device • /dev/rmtO 

Operands 
Specify x to extract a stream from the tapes or c to create a set of tapes from a sueam. 

Input specifications 
The input is a sequence of event records which are read according to the data in the suuct com· 
mand (see sysl_monitor(2L)) and are in tum put out to tape. Calculate from the options or the 
defaults the number of bytes sufficient to fill a tape. When this number has been reached, prompt 
the operator for more tapes. 

Output specifications 
Read the event records from the tape according to the information in each record's command 
suucL When an EOT is" read from the tape, prompt the operator to mount another tape, until the 
number of tapes specified has been reached, or the operator specifies there are no more tapes. 

SEE ALSO 
intto(lL) 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 

SoftLab April, 1986 1 
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N'AME 
union- conflate similar relations into a single relation 

SYNOPSIS 
union name relation] relation2 [ relation3 ... ] 

DESCRIPTION 
Union takes a stream (see stream (5L)) from stdin, creates a new relation name from relation!, 
n/ation2, _; , and writes the result to stdout. All relations in the list must have the same arity 
and component names. 

Both the union relation and the original relations are present in the output. 

Operands 
Name is the name to call the resulting union, relation], relation2, ••• , are the names of the consti- • 
bient relations. 

EXAMPLE 
Convert certain relations to the same arity and then combine them into a union. The target rela­
tions have the following components: 

MySensor Your Sensor HisSensor 
cmdtype cmdtype cmdtype 
cmdlength cmdlength cmdlength 
eventnumber even !number eventnumber 
object object object 
initiator initiator initiator 
performer performer performer 
timeslalllp timestamp timestamp 
name value weight 
value name oldvalue 
oldvalue height value 
othervalue old value name 
history otheruser 

The tool project(1L) is used to change the relations to the same arity and to rearrange the com­
ponents. Union then combines the relations into a single new relation. 

project MySensor name value YourSensor name value HisSensor name value I I 
union OurSensor MySensor YourSensor HisSensor 

SEE ALSO 
intto(1L) 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 
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NAME 
sys!_ monitor- interact with kernel data collection 

SYNOPSIS 
#include .csys/syslocaLh> 
#include <Syslmondefs.h> 

result= syscall(SYSLOCAL, SYSL_MONITOR, buffer) 
unsigned char •buffer; 
int result; 

DESCRIPTION 

SoftLab 

The function of this call is to facilitate communication between sensors embedded in executing 
programs and tlle monitoring process. The sensor stores data in tlle kernel of tlle operating sys­
tem by invoking SYSL_MONITOR and the monitoring process, termed the accountant, retrieves it 
by also invoking SYSL_MONITOR. The accountant may also enable and disable serulors, and 
enable and disable all monitoring, tllrough calls to SYSL _MONITOR. 

The buffer is a pointer to a string of characters. The call returns an integer. SYSL MONITOR is 
used to pass event records generated by sensors in the target program or in the kernel to tlle 
accountant. Requests for sensor enabling or disabling are passed from tlle accountant to the tar­
get program by first calling SYSL _MONITOR and signaling tlle target program. The target pro­
gram then calls SYSL _MONITOR to retrieve the request. The target program can then modify its 
enable bits, located in tlle process's own address space. 

A sensor in a target program sends information by calling SYSL _MONITOR with a pointer to an 
event record. Periodically the ACCOUNT ANT calls SYSL _MONITOR to retrieve all the event 
records sent by sensors since the last time it did a read. 

Two. arrays are employed by SYSL_MONITOR to accomplish iiS function: one to hold requests, 
and one to store event records in the event buffer. 

The buffer passed to SYSL _MONITOR is interpreted as a command beginning with tlle struct 
mon_cmd (see MONOP _!NIT, below), which contains tlle type of command to SYSL_ MONITOR 
and tlle length of the buffer, including the leading struct, in short integers. The length should be 
calculated by what is used in the buffer, rather than what is allocated. 

Requests are used to enable and disable sensors in specific processes. The target process is 
identified by its pid, and the sensor to be enabled by its eventnumber. Requests are stored by 
passing a struct request to SYSL _MONITOR containing tlle target pic!, the event number of the 
sensor, and a value which enables or disables tlle sensor. A process retrieves a request by calling 
SYSL_MONITOR, which searches the request buffer for the process's pid and returns the 
appropriate man_ request struct This struct is then used by a routine in the process to enable or 
disable tlle indicated sensor. A process knows to call for a request by being signalled by the 
accountant, and tlle routine which traps this signal both executes tlle call and enables or disables 
the sensor. 

struct mon _request { 
short targetpid; 

}; 

short eventnumber; 
short enablevalue; 

I• process in which to change •I 
I• sensor (kernel - 0) •I 

I• • I to enable, • 0 to disable •I 

In the remainder of the section, tlle action taken for each one of the commands, (given in brack­
ets) is discussed. 

[MONOP _ IN1T] The command and event record buffers are initialized. If MONOP !NIT 
has already been called, a MON_ALRDY_INIT is returned; otherwise, 
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SoftLab 

zero is returned. This call identifies the calling process as the accoun­
tanL All other commands return the error value MON_NOT_INIT if 
this command has not been executed. 

struct mon _ cmd { 
char type; 
char length; 

}; 

[MONOP _ PUTEVENT _INT] 

I• - MONOP _ INIT •I 
I• • (sizeof( struct mon_cmd) + 1) /2 •I 

A sensor wants• to store an event record into the event buffer. The struc­
ture of an event record is as follows 

struct man _pevt { 

} 

struct mon _cmd cmd; 

short eventnumber; 
short performer; 

long object; 

short initiator; 

short fields[]; 

I• type • MONOP _PU1EVENT_INT •I 
I• length determined by fields in sensor •/ 
I• id of sensor •I 
I• pid of performer of •I 
I• the operation •I 
I• identifier of object •I 
I• operated on •I 
I• pid of process requesting •I 
I• the operation •I 
I• user-defined fields •I 

typedef struct man _pevt man _putevent; 

SYSL_MONfTOR sets the performer field in the event buffer to the PID 
of the calling process and the timestamp from the time in the kernel. If 
the event buffer is almost full, an error record is deposited in the event 
buffer instead of the event record, and MON BUF FULL is renuned. 
Only one error record is deposited in the event reCord. indicating the 
loss of one or more event records. If there is enough room for the event 
record, a zero is returned unless MON _!NIT had not previously been 
called. 

struct mon _ erec { 

} 

struct man_ cmd cmd; I• type • MONOP _ OFLOW •I 

long val; 
I• length- (sizeof(mon_errrec) +1)12 •I 

I• overflow count for MONOP _ Ofl.OW •I 

typedef struct man_ erec man_ errrec; 

[MONOP _ GETEVENTSJ 
The ACCOUNTANT wants to retrieve all event records 
in the event buffer. 

struct man _gevt { 
struct mon _ cmd cmd; I• type - MONOP _ GE1EVENTS •I 

I• length- (sizeof(getevent) + I) 12 •I 
short req_length; !•length of the remaining •I 

I• portion in shan integers •I 
shan •acct_buf_ptr; I• pointer to buffer to receive data •I 
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SoftLab 

}; 
typedef struct man _gevt man _getevent; 

The event records received since the last GE1EVENTS command are 
copied back into the buffer that acct _buf _ptr points to, and the number 
of short integers retrieved is returned. If the event records occupy more 
space than req_length short ints, then an integral number of event 
records is returned, occupying space not more than req_length. The 
buffer pointed to by acct_buf_ptr must have space enough for 
req_ kngth short integers. 

[MONOP _PUTREQ] A request is stored in the request buffer in the first available slot. The 
structure of a request is as follows: 

struct mon_preq { 

}; 

struct man _cmd cmd; 

struct man_ request { 
short targetpid; 

} req; 

short eventnumber; 
short enablevaiue; 

typedef struct man _preq man _putreq; 

I• type - MONOP PUTREQ •I 
t• length = sizeof<Putreq) •I 

t• process in which to change •/ 
I• sensor (kernel = 0) •I 
I• event to enable/disable •I 
I• = 1 to enable, = 0 to disable •! 

If the request buffer is full, a MON _ REQ_ OFLOW is returned to indi­
cate the request was not stored; otherwise a zero is returned. The target­
pitt is the pid of the process whose sensors are to be affected. If it is 
zero, then it is the kernel's sensors that are affected immediately by the 
accountanL Otherwise the request is stored for retrieval by a 
MONOP _GETREQ. 

[MONOP _ GETREQ] The target program is calling to retrieve a request. The structure for a 
retrieval is identical to mon yutreq , above. 

typedef struct man _preq man _getreq; 

The request buffer is searched for a request with a matching process id 
(pid). If the search is successful, the request is copied into the struct req, 
the corresponding entry in the request buffer entry is removed, and a 
zero is returned. If the request is not found, an error record is placed in 
the event buffer and aMON_REQ_NOT_FND is returned. 

[MONOP _SHUTDOWN] 
The accountant is calling to turn off monitoring. All further calls other 
than MONOP _!NIT are ignored. In addition, all operating system sen­
sors are turned off, and must be turned on again by the accountanL Any 
events left in the buffer from the last MONOP _ GE1EVENTS are lost, 
so all sensors should be disabled and MONOP _ GE1EVENTS used 
before MONOP _ SHUIDOWN is used. 

struct man_ cmd cmd; I• type = MONOP _SHUTDOWN •I 
!•length • (sizeof(struct mon_cmd) + 1) /2 •I 
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RETURN VALUE 
The call returns a negative integer on error, the values of which may be found in 
<Sys/mondefs.h>. If it succeeds it returns a non-negative integer which is command specific (see 
above). Some calls have the side ·effect of changing the buffer passed in the call. 

ERRORS 
If a process other than the accountant issues the GETEVENTS, PUTREQ, or SHUTDOWN com­
mands, a MON NOT ACCNT is returned and the command is not executed. If a command 
other than one Of the commands listed above is given, then MON INV CMD is returned. The 
error value MON_SYS_ERR means that a system call error was found andpe"or (see intro(2)) 
can be used to print the system error message. If the error value MON _CONCURRENCY_ ERR 
is returned, then a problem in the kernel sensors has been detected. The kernel sensors will have 
been disabled and no more commands may be given to SYSLMONITOR . The system must be 
rebooted to restore the monitor. The remaining errors are command-specific (see above). 

SEE ALSO 
accountant(IL), blindprint(lL), syscall(2), syslocai(2L), monlib(3L) 

HISTORY 
15-May-83 

MODIFIED 
25-Jan-85 

14-Jun-85 

September 

Created. R. Snodgrass, D. Doerner, R. Fisher, S. Reuman, University of North 
Carolina, Chapel Hill 

Changed event retord buffer to a ring buffer, modified sensor enabling code, 
changed to use structures, added security. 
S. Duncan, University of North Carolina, Chapel Hill 

Fixed various bugs, modified to work on Suns as well as va.xes. 
S. Duncan, University of North Carolina, Chapel Hill 
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SYSLOCAL ( 2L) 

syslocal- indirect local system call 

SYNOPSIS 
#include <Syslsyslocal.h> 
syscali(SYSLOCAL, number, arg, .M) 

DESCRIPTION 

1984 SYSLOCAL(2L) 

syslocal perfonns the local system call whose interface has the specified number, and futtl!er 
arguments arg. 

The I() value of the system call is returned. 

DIAGNOSTICS 
When the C-bit is set, SYSLOCAL returns -1 and sets the external variable e"no (see intro(2)). 

If the specified code is not a valid SYSLOCAL system call, SYSLOCAL returns error code EIN­
VAL; see illlro(2 ). 

HISTORY 
22-Jun-84 Tun Seaver (tas) at University of North Carolina 
Created. 
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NAME 
str _open, str _fopen, str _schemaread, str _schemawrite, str _read, str _write, getrelationbysensorid, 
geterelationbyname, getrelation, rmrelationbyname, setposition, gerdomainbyname, rmdomain­
byname, copydomain, copyrelation, copyschema, readrecord, writerecord - Monitor system 
stream and tuple operations 

SYNOPSIS 
#include cmonitor/montypes.h> 
#include schema _idl.h 
#include streamio.h 

Mstream • str _ open(fp) 
FILE •fp; 

Mstream • str _fopen{filename,mode) 
char •filename, •mode; 

database str _schemaread(sp) 
Mstream •sp; 

int str_schemawrite(sp) 
Mstream •sp; 

int str _read(sp,tp) 
Mstream •sp; 
tuple •tp; 

int str_write(sp,tp) 
Mstream •sp; 
tuple •tp; 

#include cmonitor/montypes.h> 
#include schema _idl.h 
#include tuple.h 

relation getrelationbysensorid(schema, sensorid) 
database schema; 
int sensorid; 

relation getrelation(record,schema) 
short •record; 
database schema; 

relation getrelationbyname(schema,name) 
database schema; 
char •name; 

void rmrelationbyname(schema, name) 
database schema; 
char •name; 

void setposition(tp) 
tuple •tp; 

attribute getdomainbyname(rp,domname) 
relation rp; 
char •domname; 

void rmdomainbyname(rp,dname) 
relation rp; 
char •dname; 
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attribute copydomain(ap) 
attribute ap; 

relation copyrelation(rp) 
relation rp; 

database copyschema(schema) 
database schema; 

tupleprint(fp,tp,label) 
FILE •fp; 
tuple •tp; 
int label; 

#include <monitor/montypes.h> ;, 

int readrecord(fp,recd) 
FILE •fp; 
mon_putevent •reed; 

int writerecord(fp,recd) 
FILE •fp; 
mon_putevent •reed; 

DESCRIPTION 

MONTOOLS (3L) 

To use the procedures, the include files for each set of procedures must be specified, and the 
library must be linked. The linking is done by specifiying "-lmontools" to the C compiler if the 
library is installed, or "UBDIR/Iibmontools.a" if it isn't installed, where UBDIR is the path of 
the directory where the library exists. 

Stream Operations 

str _open returns a stream (see stream(SL)) associated with the open file pointer fp. NULL is 
returned if fp is NULL. 

str Jopen returns a stream for the file filename opened in mode mcde (seefopen(3S)). If an error 
is detected when opening filename, the global value of errno (see intro(3)) is set and NULL is 
returned. 

.rrr_schemaread returns the schema (see schema(SL)) read from the front of stream sp. It will 
only read the schema once. If an attempt is made to read the schema more than once, an error 
message is printed to stde" and NULL is returned. NULL is also returned is the schema can't 
be read. 

str _schemawrite writes the schema associated with stream sp on the front of sp. The" schema 
will only be written once. A zero will be returned on successfully writing the schema. Attempts 
to write the schema more than once results in an error message printed to stde" and a return 
value of-1. 

str ..read reads the tuple (see intro(IL)) tp from the stream sp. If the schema has not already 
been read from sp, then it will be read first. str _read returns the number of chars read. Zero 
represents EOF. If there is no schema for the stream, STRIO _ ESCHEMA is returned. If an 
error is detected while reading tp, STRIO_EREAD is returned. str _read exits with a status of I 
on a buffer overftow. 

str _write writes the tuple tp on the stream sp. If the schema has not already been written to sp, 
then it is written first If there is no schema for sp, STRIO_ESCHEMA is returned. 

Tuple Operations 
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g~trelauonbysensorid returns the relation in schema with a sensor id of sensorid. NULL is 
returned if no match is found. 

getrelauon returns the relation in schema using the data in record. NULL is returned if no 
match is found. 

g~t~relalionbyname returns the relation in schema with the rei_ name of name. 

rmrelalionbyname removes the relation with rei_ name of name from schema. If the named 
relation isn't in schema, there is no effect. 

utpo.silion updates the positions of the domains in the tuple. 

getdomainbyname returns the attribute in the relation rp for the domain named di>mname. 
NULL is returned if no match is made. 

rmdomainbyname removes the attribute for the domain dname from the relation rp. There is no 
effect if the domain isn't in the relation. · 

copydomain returns a copy of the attribute for the domain ap. Only the attr _name is shared in 
memory. This is needed when a new relation is built that is similar but not the same as an old 
relation. 

copyrelazion returns a copy of the relation rp. Only the rei_ name is shared in memory. This is 
needed when a relation needs to be modified in one schema but not in another. 

eopysehema returns a copy of the database(schema, see ( sehema(SL))) schema. Only the 
database_name is shared in memory. This is needed if the schema is to be modified between 
input aod output. 

tupleprinl prints the event record from tp in a humao readable format to file fp. If label is set to 
PRINTLABELS, then each field in the record aod the record itself is labelled. A -I is returned 
if the file doesn't exist or if there is an error in tp. 

Event Record Operations 

readreeord writes the man _putevent (see sysl_ monitor(2L)) reed to the FILE fp. It returns the 
number of chars read or zero at EOF. A negative return value signifies ao error. 

wrilerecord writes the mon_putevent reed to the FILEfp. It returns the number of chars writ· 
ten or a negative value if ao error is detected. 

SEE ALSO 
accountaot(1L), blindprint(IL), intro(1L), sysloca1(2L), sysl_ monitor(2L), finitestate(SL), 
schema(SL), stream(SL), shutdownacct(8L) 
Generating Standard Sensors, techreport 8. Stephen E. Duncan. University of North Carolina at 
Chapel Hill. July, 1985 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 
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finitestate- finite state machine description format 

DISCRIPTION 
FiniiiWate(lL) reads a finite state machine description and executes the machine against a 
stream (see stream(SL)). 

Each line of the description is a transition consisting of a label for the state, a label for the next 
state, and a list of triples ( relaJion,domain,value) which specify whether to take the transition. 

stale ne:astate [relation domainname value ••• ] 

sliZie and ne:astate are integers, relationname and domainname are character strings, and value 
has the same type as the domain. If the triples are completely omitted, then the transition is 
always taken. A member of the triple to be ignored can be indicated by-. The following are the 
possible combinations: 

relation--
- domain value 

-domain-

True if the current event record is in relation. 
True if the current event record has domain in it and 

domain has value value. 
True if the current event record has domain in it. 

Jf value is a backslash followed by a relation operator, the domain value is compared to the 
domian value of the previous tuple in the sentence, rather than with value itself. The operator 
must be one of >, <, or = in combination with ! (logical not ), This provides for determining 
equivalence classes. 

The first transition in the file that has all of its conditions met is the one that will be taken. The 
states must be specified in ascending order. 

The starting state is indicated with a state of "1", accepting states are indicated with a nextstate 
of "0", and rejecting states are indicated with a negative ne:astaJe, or by the lack of a transition 
line for the input. The internal format of the finite state machine does not allow for 
non-deterministic machines. 

EXAMPLE 
The following finite state machine accepts sentences from a stream where all the tuples have the 
same value in the initiator domain. Each accepted sentence represents the sequence of events 
used by the kernel follows a pathname to open a file, and is a measure of locality of reference for 
file names. An accepted sentence begins with NameStart, followed by a sequence of NextCom­
ponems, and ends with OpenSuccessful. It is possible to have another NameStart in the sentence 
if the path contained soft links (see 1n(1)) and it is possible to have ReadSensor and WriteSensor 
when additional blocks from the file system are needed to trace the path. If any other relation is 
deteCted in mid-sentence, the sentence is discarded. 

1 2 NameS tart--
11 
2 2 NextComponent--
2 0 OpenSuccessful --
2 3 ReadSensor-- WriteSensor--
2 I 
3 2 Namestart-- NextComponent--
3 3 ReadSensor-- WriteSensor--
3 1 
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If the resulting output is piped into aggrop(lL), the length of the sentence will be known. 

SEE ALSO 
finitestate(lL) 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 
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NAME 
schema- IDL description of event records 

DESCRIPTION 

FILES 

The schema is generated automatically by the sensor compiler. It contains the names and attri­
butes of each field for the event record produced by each sensor. This allows routines to under­
stand event records without having to hard code the attributes. The schema is in external IDL 
format. The schema is read and written through the IDL ports inputandoutpul. 

schema_idi 
schema_idi.h 
schema _idl.o 

The description of the schema in!DL 
Generated header file 
Support routines 

SEE ALSO 
idi(l), inlro(lL), snlproc(l) 
A Tutorialllllroduction to Using IDL, techrejlort 1. William B. Warren, Jerry Kickenson, and 
Richard Snodgrass. University of North Carolina at Chapel Hill. November, 1985 
Using IDL with C (Version 1.0), techrepon 6' Tim Maroney and Karen Shannon University of 
North Carolina at Chapel Hill. June, 1985 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 
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NAME 
stream- the data structure used by the SoftLab Monitor system 

DESCRIPTION 
A stream consists of a schema (see schema (5L)) terminated by a marker and followed by a 
sequence of event records (see sysl_ monitor(2L)). The event records are treated as tuples 
wbose domains are the fields of the event records and whose relations defined by which sensor 
created the record. The Monitor tools read in the stream and use it to interpret the following 
event records. Any domains added or removed from a relation must be retlected in the schema. 
A set of library routines to manipulate streams is found in /ibmontools(3L). 

SEE ALSO 
intro(1L), sysl_monitor(2L),Iibmontools(3L), schema(SL) 

AUTHOR 
Stephen E. Duncan, University of North Carolina at Chapel Hill 
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shutdownacct - emergency close down of the monitoring system 

SYNOPSIS 
/etc/shutdownacct 

DESCRIPTION 

SHUTDOWNACCT ( SL) 

Shutdownacct provides an emergency shutdown procedure which a super-user can use to stop the 
monitoring system in the event that something has happened to the accountant (see 
accountant(lL)). 

SEE ALSO 
accountant(lL) 

AUTHOR 
14-June-85 S. Duncan, University of North Carolina, Chapel Hill 
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Appendix C 

Installing the Monitor System, Release 1.3 

This is SoftLab internal document 14, disaibuted with the system to explain installation and operation of 

the system. 

Abstract 

Directions for installing the Monitor system from a distribution tape. Includes directions on the insertion 
of sensors into kernel source code, compiling the new system, and how to operate the accounting process. 



Changes from release 1.2 

• Errors in the event vector handling have been corrected 
• The sensor FileCiose is now placed after the NULL test 
• The granularity of calls toSYSL_MONITOR is reduced to 3 seconds 
• The source code for local_ syscalls.c has been cleaned up 
• Tests for concurrancy have been added to the system. 

lnstaDation 

The Monitor system is a collection of programs and routines for monitoring operating systems and 
user processes. It is based around a monitor system call that controls access to the system's data buffers 
and operations and a user program, called the accountant, that controls the system call. Sensors, in the 
form of macros, are inserted into the target routines, which are enabled and disabled by the monitor at the 
direction of the accountant The accountant periodically writes the monitor's buffers out in a raw formaL 
The program blindprint prints the data in human readable formaL The routines in monlib allow 
manipulation of the raw data by other programs. 

The system is designed to work under Unix 42 on Vaxes and under Unix 4.2, Sun release 1.4 on 
SUn workstations. The distribution tape holds a single directory, tempmon, which holds aU of the 
source for the Monitor system. The system consists of the following parts: 

The accountant-acct. c acct sensors .h 
The sensor macros- kern_sens~rs .h ufs_sensors .h sys_sensors .h 
The system calls SYSLOCAL and SYSL MONITOR- local syscalls. c 
The kernel files to be modified - - -

kern descrip.c sys generic.c ufs nami.c ufs syscalls.c 
ufs_~ami.c init_sysent.c - -

A set of library routines- readrecord. c printevents. c dump record. c, 
found in monlib. a 

A non-interpretive printer- blindprint • c 
Various include files- syscalls .h mondefs. h monerrcds. h monops. h 

montypes.h 
A set of manual pages and the documents "Generating Standatd Sensors" 

and "Installing the Monitor system". Source for the manual pages 
is provided. 

Files for modifying the kernel configuration -
file .MONITOR shortalign. c with a Makef ile 

Files for installing the kernel patches- patch. c 

These are organized within tempmon into the following directories: 

monitor 
monsys 
monsys/doc 
Patch 
h 

men prefixed include files 
C files and modified kernel tiles 
manual pages 
Larry Wall's patching program 
kernel sensors and syscalls. h 

The distribution tape contain 186Kbytes of data. The installed code occupies about 400K plus the size of 
the directory to hold the new kernel (about 1200K). The data produced by the system can be enormous: 
over lOK per second of operation on a loaded system. 

To install the Monitor system, perform the foDowing steps: 

(1) Change your current working directory to a directory where you want the contents of the distribu· 
tion tape to be stored until the installation is complete. The contents will be stored in a directory 
named tempmon in the current working directory. 

cd somedir 

(2) Mount the tape, and ensure that it is not write-enabled. The tape is read by typing 

tar x 



{3) Change to the new directory 

cd tempmon 

(4) The monitor system has a set of-dependencies that must be investigated before continuing. In 
unmodified versions of 4.2BSD, syscalls.c and init_sysentc each have a table of 150 entries. This 
.installation adds entry 151. If you installation has already used entry 151, then you will have to 
change the following to refiect a different entry number. The new entry number should be one 
greater than the highest allocated entry number. Note that additional local system calls can be 
added with changes only to syslocal.h. 

tempmonlmonsyslsyslocal.h 
tempmonlmonsyslsyscalls.c.patch 
tempmonlmonsyslinit_sysent.c.patch 

(5) The directory tempmon contains a makefile with default directories and !lags for storing the sys· 
tern. Check in your system directory, usually 1 sys, to see if there are any directory confiicts, and 
in the makefile for the current kernel image for any define confiicts. This is very important because 
any directories with confiicting names may be damaged. Edit tempmonlmakefile accordingly. 
In general, KERNEL should be set to the standard system name. 

KERNEL • GENERIC #NtJJn4 of target kernel, used as basis for monitor kernel 
MONITOR • MONITOR #NtJJn4 for Monitor kernel 
MONDEF • MONITOR #Define for kernel's makefile 
MONINCLUDE = monitor #NtJJn4 of directory for monitor include files 
MONSYS • monsys #NtJJn4 of directory for Monitor system 
SYS • I sys #NtJJn4 of system directory 

(6) The patches to the system files are applied to the following files, if you wish to add or remove files, 
edit make file. The files syscalls. c and init_sysent. c are required to suppon the 
system call. 

PATCH • kern_descrip.c ufs_syscalls.c ufs_alloc.c ufs_nami.c \ 
sys_generic.c syscalls.c 

The original files will not be affected. 

Superuser privileges are required to perform the remainder of the installation. 

(7) The first task is to check out the properties of the system: 

make config 

(8) Move the directories and files into position and compile the user files: 

make install 

This also ensures that the new defines are in place. In general, if you make a minimum of changes . 
to the defaults, you will see a large number of error messages from make. This is because a number 
of tests are made to determine the files status and is normal. Make is directed to ignore these enors. 
Others will cause it to abend. You should save the output from the make to insure that all went 
well 

(9) Create the monitored kernel by typing: 

make new 

This applies patches to the files, configures and makes a new kernel file. Check the files 
depend. out and make. out in $ ( SYS) I$ (MONITOR) to see if all went well. The target 
files should show up in $ (SYS) IS (MONITOR) lmakefile with different dependencies than in 
the regular kernel. The end of make.out should have loading vmunix at the end of it 

(10) The directory tempmon is no longer needed and can be removed. 

rm -rf tempmon 
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Before repeating any steps involving make, cenain actions must be taken to insure proper installation. 

(I) The make config step can simply be rerun. 

(2) The make install step requires the the files with the extension .bak replace their equivalents that 
lack .bak in the three directories tempmonlh, tempmonlmonitor, and 
tempmonlmonsys. The directories $ ($YS) I$ (MONSYS) and $ (SYS) I ($MONINCLUDE) 
and the link lusrl include/ S (MONINCLUDE) should be deleted. 

(3) The make config step requires that the files in $(PATCH) (see above) should be removed from 
$ (SYS) I$ (MONSYS) and the files $ (MONITOR) and files.$ (MONITOR) be removed 
from $ (SYS) /conf. 

The whole procedure should only take about an hour on an unloaded Sun, most of which is for compiling 
vmunix. Vaxes will take about two hours, since they generally have more source files to be compiled. 
While this creates a boatable image, it doesn't bring it up. Before continuing, you should read the manual 
pages for shutdown, and halt, section 6 in the article "Installing and Operating 4.2BSD on the VAX'', and 
browse through the article "Building 4.2BSD UNIX Systems with Config". 

The following steps bring up the monitor system. 

(I) Move the new kernel to the root file system. 

mv $(SYSllmonitorlvmunix lmonvmunix 

It is important to not overwrite the existing kernel image. Save it just in case. 

ln /vmunix lregvmunix 

(2) Bring the system down. 

shutdown -h +15 Putting in new kernel 

If no one is around, you can say now instead of +15. 
(3) You will have to find out what type of disk your root file system is on. The Unix cqmmand dfwill 

show the device names for the file systems. The root file system is on the first Oa partition listed. 
Replace the two letter prefix for dk in the commands below. Halt the machine. The commands vary 
from machine to machine, so check with your systems programmer before trying this. The 
machine's prompts are in bold. Commands will be given first for Vaxes and then for Suns. 

>>> P Th4se two lines stop IM CPU 
>>> H 

It then prints messages that the CPU is halted. 

>>> B ANY foraVAX780or730 
or 

>>> Bl3 fora VAX750 
Boot: dk ( 0, 0) monvmunix -s 

For Sun workstations, the operation is simpler. The maehine is halted by holding down the L1 func­
tion key and hitting A. From there: 

>B dk(O,O,O)monvmunix -s 

From here on Suns and Vaxes behave the same. The system will come up now in single user mode. 
Examine the various file systems and use different commands to see if everything is all right Avoid 
commands such as w, who, vmstat, andps which require that the kernel be named vmunix. 

(4) If everything looks alright, move in the new kerneL 

rm /vmunix Remember a copy is saved in I regvmunix 
ln lmonvmunix lvmunix 

Since you saved the old vmwzix, you can switch back and forth between the two versions fairly 
easily. 

(5) Reboot the system again. This is much easier. 
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reboot 

When the system comes up, it will now be the MONITOR system. 

The accountant resides in $(SYS)/monsys, along with other support files. This is not a full imple· 
mentation of the accountant, but does handle the basic tasks of managing the monitor system call. The 
basic method of operation is to run the accountant for a given period of time, collecting the raw data from 
standard out. The raw data may then be examined using blindprint or by programs using the rou­
tines in monlib. 

acct 120 > acct .rdata & Collectdataforl20 minutes 
Wait for il to finish 
blindprint acct. rdata lpr Print the data 

A great quantity of data can be produced by an active system, so you should try smaller lime periods 
at first. The accountant can be stopped with signals, but data will keep being fed into the monitor if it 
doesn't terminate nonnally. The program shutdownacct can be used to close down the monitor. 
Check the manual page for acct for details of its operation. 

The disaibution contains the following kernel sensors which are installed in the Unix file system: 

ReadSensor 
WriteSensor 
FileCiose 
INodeCreate 
INodeDelete 
OpenSuccessful 
NameStart 
NextComponent 

All the sensors, except for OpenSucessful, use the device/inode numbers to uniquely identify the file. 
OpenSuccessful, which is placed in the file ufs_syscalls.c, uses the associated series of event 
records produced by NameStart and NextComponent to identify the file. NameStart is placed where the 
code begins to look up a path name, while NextComponent records processing of each part of the path 
name. Both are in the file ufs_nami. c. INodeCreate and !NodeDelete are placed in the file 
uf s alloc. c and record the actual creation and deletion of files. Deletion only occurs when the last 
ref~nce to a file is removed. ReadSensor and WriteSensor are placed in the file sys_generic. c and 
are activated for all reads and writes on file descriptors. FileClose is place in kern_descrip. c and is 
activated when a file descripter is closed. 
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Appendix D 

Source Code Listings 

This is a listing of a selection of the code for the project. The code is printed by files within grouped by 

directories. A directory ·may contain the files for a specific command or just' a set of related files. Each 

directory starts out on a new page with its name in bold face. Files within a directory have their names set 

off between two horizontal lines. The directory name for a command or library is the command or library 

name, while the other directory names show part of their path, e.g. syslmonsys. Not include in this list­

ing are patches to the kernel routines, since this code might be proprietary. 

accountant 
ac:ct 
aggrop 
applyop 
bllndprlnt 
desdlema 
enschema 
finltestate 
project 
select 
streamprlnt 
shutdownacct 
Ubmontools 
mlnikernel 
distribution/ 
{makelile,sbortalign.c} 

syslb 
sys/monltor 
sys/monsys 

Table of Contents 

command 
command 
analysis tool 
analysis tool 
analysis utility 
analysis utility 
analysis utility 
analysis tool 
analysis tool 
analysis tool 
analysis utility 
utility 
library 
debugging package 
distribution set up files 

kernel include Iiles 
monitor include files 
monitor kernel routines 

. 1 

13 
19 
25 
40 
45 
47 
48 
58 
64 
71 
73 
74 
87 
91 

93 
98 

100 



ACCOUNTANT 

~ 

Thl• directory contains the accountant with its necessary sensors. 
Baste organization la to divide into modules such that only some 
have to be looked at when atudylno system. 
Each decomposed module Qbta the Qlobal include files, if necessary, 
and whatever external variable• are necessary. 

CMU.c - controls CHU operation 
CMUconst.h - CMU specific constants 
CHUvars.h - CHU specific variables 
DoUnlxProto.c - Unix event record handllno 
Flnlsh.c - Unix termination routine 
ProcessCmd.c - Simon interface 
RCS/ 
README 
sendDataRecords.c 
SendError.c 
SendEventRecord.c 
Sensorcontrol.c 
WrlteEventRecord.c 
accountant.h 
accountant .sen 
canst .h 
enet.h 
lpc.h 
maln.c 
makefUe 
old/ 
queue.h 
vars.h 

- Simon interface 
- Simon Interface 
~ Sl•on interface 
~ Enables and dllablea kernel sensors 
~ Unix output handler 
~ Sensors for the accountant 
~ Definition of accountant sensors 
- global constant• 
- ethernet stuff 
- CHU ipc stu!! (4ol?) 
- •aln routines, was accountant.c 

- obsolete stuff 
- CHU include file 
- global variable• 

These files make up a fake kernel that can be u1ed to test the accountant. 
mlnlkern.C - 1lmulates soma kernel calli 
ays. c ... holds sensors 
ufs.c - holds senson 
kern.c 
local_syscalls.c 

- holds sensors 
- brlno over from /sys/monsya 

rnake!Ua 

f To compile the UNC version, set WHERE to -DUNC -DHONITOR 
f and then aake accountant. 

CMUHEADERS • conat.h CHUvara.h CMUoC 
SIHON • SendDataRecords.c SendError.c sendEventRecord.c ProceasCmd.c 
OBJSIHON • SendDataRecords.o SendError.o SendEventRecord.o ProceasCmd.o 
STANDALONE • DoUnlxProto.c Flnish.c MrltaEvantRaeord.c 
OBJSTANDALONE • DoUnlxProto.o Flnlsh.o WriteEventRecord.o Sensorcontrol.o 
OBJHINI • mlnikern.o ufs.o ays.o kern.o local_aysc&lla.o 
MAXFILESIZE • 

CFLAGS • -g 
f Hake this line bhnk for compiling at CMU 
WHERE • -DUNC -DHONITOR 

t Chanoe this to default module 
accountant: uncatandalone 

1 For the UNC Unix atandalone system 
uncatandalone: maJn.c $(0BJSTANDALONEI 

cc -o accountant $(WHERE) -DSTANDALONE main.c $(08JSTANDALONE) 

f For the UNC Unix monitor driven ayatem 
uncsiman: main.c $ (OBJSIHON) 

cc -o account.lnt $ (WHERE) -DSIMON uln .c $ (OBJSIHON) 

t For the CHU syste• 
emu: main.c $(0BJSIHON) 

cc -o accountant main.c $(08JSIHONJ 

I These are the Unix modules 

DoUnixProto.o: DoUn1xProto.c 
cc -c DoUnJxProto.c $(CFLAGSJ -OSHORTALIGN -DSTANDALONE $(WHERE) 

Flnish.o: Finish.c 
cc -c Fintsh.c $(CFLAGS) -DSHORTALJGN -DSTANDALONE $(WHERE) 

NriteEventRecord.o: WriteEventRecord.c 
cc -c NrlteEventRecord.c $(CFLAGS) $(HAXFILESIZE) -DSHORTALIGN -DSTANO 

ALONE $(WHERE) 

Sensorcontrol,o: SensorControl.c 
cc -c $(CFLAGS) $(WHERE) -DSHORTALIGN -DSTANDALONE SensorControl.c 



f These are tor use with the Simon monitor 

SendDataRecords.o: SendDataRecords. c 
cc -c SendDataRecords.c $(WIIEREt 

SendError.o: SendError~c 

cc -c SendError.c $(WHEREJ 

SendEventRecord.o: SendEventRecord.c 
cc -c SendEventRecord.c $(WHERE) 

Processcmd.o: Processcmd.c 
cc -c ProcessCmd.c $(WHERE) 

f These files form the mlnikernel, for testinG without installation 

minlkern.o: minlkern.c 
cc -c -Q -DHONITOR -Usun -DKERNEL -DSHORTALIGN mlnikern.c 

ufs.o: ufs.c 
cc -c -Q -DMONITOR -Usun -DKERNEL -DSHORTALIGN ufs.c 

ays.o: sys.c 
cc -c -Q -DHONITOR -Usun -DKERNEL -DSHORTALIGN sys.c 

kern.o: kern.c 
cc -c -Q -DHONITOR -Usun -DKERNEL -DSHORTALIG.N kern.c 

lOcal syscalls.o: local syscalls.c 
- cc -c -Q -DHONITOR -DiERNEL -Usun -DSHORTALIGN local_syscalls.c 

testaccountant: maln.c $(OOJSTANOALONEJ $(08JHINit 
cc -o -o testaccountant $(WHERE) -Usun -DSTANDALONE \ 

-DSHORTALIGN maln.c $(09JSTANDALONE) $(08JHINI) 

f These are the include file dependencies, but are not clever 
f about lfdet•s and the like. 

DoUnixProto.o: 
DoUnlxProto.o: 
DoUnlxProto.o: 
DoUnlxProto.o: 
Flnlsh.o: 
Flnish.o: 
F!nlsh.o: 
Flnhh.o: 
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/usrllncludelmonltor/monops.h 
lusr/include/monitor/montypes.h 
/usr/include/syslsyslocal.h 
const.h 
lusrllncludelmonltorlmonops.h 
lusr/lnclude/monltor/montypes.h 
lusrlincluda/sys/syslocal.h 
const.h 

1 

WriteEventRecord.o: const.h 
maln.o: /usr/lnclude/monitor/monops.h 
maln.o: /usr/includa/rnonltor/monerrcda.h 
maln.o: accountant.h 
maln.o: ace aet.h 
maln.o: conSt.h 
main.o: quaue.h 
maln.o: enet.h 
main.o: CHUconst.h CMUvars.h CMU.c 
SendDataRecord.o: const.h 
SendDataRecord.o: vars.h 
SendError.o: const.h 
SendError.o: vars.h 
SendEventRecord.o: const.h 
SendEventRecord.o: vars.h 
ProcessCmd.o: lpc~h 
ProcessCmd.o: enet.h 
ProcessCmd.o: queue.h 
Processcmd.o: CHUconst.h 
ProcessOmd.o: CMUvars.h 
ProcessCmd.o: const.h 
ProcessCmd.o: vars.h 
ProcessCmd.o: /usr/lncludelmonltorlmonops.h 
ProcessCmd.o: lusr/1nclude/mon1torlm0nerrcds.h 

const.,h 

l*e**************************************************************************l 
I* const.h "'/ 
I* This file contain& the definitions of constants used by the accountant. *I 
I* *I 
I* Orlolnal author~ Richard Snodoraas e1 
l***•••············~·························································t 

/************************* Command Types ***********************************I 

I* Sent 
fdeflne 
Ide fine 
I define 
fdefine 
ldeflne 
I define 

from Simon to the resident 
Endcommand 0 
AdjustObjectCommand 1 
CheckPointCommand 2 
ReadEntryCommand 3 
WriteEntrycommand 4 
SampleCommand 5 

monitor additional aroument(s) •t 
•t I* none 

l*object-ld,event-id,lnternal 
I* object-type 
I* entry-ld 
I* entry-ld value 
I* object-ld entry-ld 

value*/ ., 
•t 
•t 
•t 
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I* Sent from Simon to Simon Accountant 
fdefine TermlnateAccCommand 128 
tdafine SetTraceCommand 120 
tdeflne AddObjectToClass 130 
tdeflne AddEventToCla•• 131 

tdeflna AddDomainToEvent 132 
tdeflne StartNormalProceasinQ 133 
tdatine InitAccountant 134 

/* Sent from Simon Accountant to Simon 
tdafin• InitDataWords 3 
tdeflne InltDataRecord 1~ 
Idaline AccAbortDataRecord 120 

I• 
I' 
I' 
I' 

additional aroument(sl 
nona 
new trace value 
object, class, internal tlao 
event~ class, internal !lao .. 

timestamp !lao 
I* domain, event 
/* none 
1• Initcount, InltTime 

additional aroument(sl 

•I 
'I 
'I 
'I 

'I 
'I 
'I 
'I 

'I 

I* InitDataWords worth of integer• *I 
I* sequence number *I 

I********************* Data Record Types •••••••••••••••••••••••••••••••••••1 

/* Sent from the realdent monitor to Simon additional aroument(al 'I 
tdefine LastRecord 0 I* word-count 'I 
tdefine EventRecord 1 I* many parameters 'I 
tdeflne ReportDataRecord 2 I* entry-ld value 'I 
tdefine CheckDataRecord 3 /* timesurnp •i 

tdefine ErrorDataRecord 5 I* error-num additional-info 'I 
tdeflne NewNameDataRecord ' I* object-ld timestamp 'I 

I********•••••••••••••••••••• Error Codes ••••••••••••••••••••••••••••••••••1 

I* Sent from Simon Accountant to Simon additional aroument(s) •I 
tdetlne BadClass 128 I* class number 'I 
tdefine BadDomaln 129 I* domain index 'I 
tdeflne BadEventNumber 130 1• event number 'I 
tde!ine BadDomalnType 131 I* domain, type 'I 
fdefine TooHanyObjectslnClass 132 I* class 'I 
fdefine UntdentifledObjectlnEvent 133 I* event 'I 
tdeflne UnldentifledEvent 134 I* class, event 'I 
fde!ine TooHanyEventslnClasa 135 /* cla8s 'I 
tdefine EventHasBadDomains 136 I* event 'I 
tdeflne BadClassType 137 I* claastype 'I 
tdefine UnidentlfledObject 138 1• object 'I 
tdefine BadinfoArrayindex 130 I* index 'I 

/*************•••••••••••••• Exit Codes ••••••••••••••••••••••••••••••••••••1 

tdeflne StdTermination 0 
fdefine ResidentMonitorEnd -1 
tdefine CantLocateAccData -2 
tdeflne CantOpen -3 
tdeflne cantWrlte -4 
tdeflna BadClose -5 
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/************************* Domain Types ************************************/ 

fdefine tntDomaln 
fdeflne DbllntDomain 
fdefine StrinoDomain 
fdefine HaxDomalnType 

0 
1 
2 
2 

/************************* Array Sizes *************************************/ 

fdefine MaxClassTypes 2 I* ClassArray{xl (} 'I 
tdet!ne HaxNumClasses 10 I* ClaaaArray[)[x) •I 
fdefine NumEventsPerClass 20 I* ClaasArray(I(J.EventiD(x) •I 
tdefine NumObjectsPerClasa 100 /* ClaaaArray(J[J.SName(xl 'I 
fdeflne NumEventsPerObject 128 I* ClasaArray()().posltion(x) 'I 
fdefine HaxNumEvents 255 I* £ventArray[x) 'I 
tdefine MaxNumDoma!ns 10 /* EventArray[).Domaina(x) 'I 
fdeftne Haxinfoitema 5 I* InfoArray(x) •I 
tdefine MaxEventRecordLenoth 50000 I* EventRecBuf[x) lenoth in chara 

must be an even number •I 

/********************* ClassArray(classtypea)[) ****************************/ 

fdef!ne ExternalEvent 
tdefine InternalEvent 

0 
1 

I* index for emu use only 
I* index for unc and emu use 

'I 
'I 

/********************* InfoArray(infoitemsJ •••••••••••••••••••••••*********/ 

fde!tne NumErrors 
fdeflne sysMonReturn 

0 
1 

I* index of number of errors seen */ 
I* index of monitor return value */ 

/************************ Trace values *************************************/ 

fdefine NoTrac8 
tdeflne HlohLevelTrace 
fdafine LowLevelTrace 
tdefine DemoATrace 

fdefine UNCDEMO 

0 
10 
100 
5 

1 

I* completely quiet 'I 
I* oeneral control flow 'I 
I* detailed control flow •I 
I* Prints a • each time a packet is*/ 
I* ••nt, and a f each time a packet*/ 
I* ia resent due to an ethernet •I 
I* transmission error •I 
I* tor runnlno at UNC 'I 

/************************ Disk values *************•***********************/ 
tdefine PMode 0644 /* rw r r protect ion *I 
tdefina File Name Prefix •sendata.xxxxxx• /* Pretia-tor disk output file */ 
fifndef Haxritesiie 
tdetlne MaxFUeSha 4096* (1024+12, 
tendlf HaxFileSlze 
I' 

* Defines the maximum number of chars before switchlnQ files. This ls 
* determined by speed of access and local disk usaoe. For the fastest 

access, only the direct pointers of the !node are used (12 of them), 
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• each of which points to 4K bytes. An alternate value would be usino 
• the indirect blocks. the first of which points to 1024 block pointers, 
• yieldino 4Mb + 48Kb as the file size. The accountant on a sun 2 was 
• able to produce 50,000 bytes in 3 seconds~ and a minutes worth of data 
~ minimum mhould be in a slnole file. ., 

!!!!.·h 

, .........................................••.....••.•......................•• , 
I* varsQh •I 
I* This file contains the definitions of all olobala used by the accountant.•/ ,. ., 
/* orioinal author: Richard Snodorass •I 
I* Modifications for unc implementation: Steven Reuman •I 

1*······························~············································1 
unsionad int 

cmdbufler{l21, 
databuffar(2561; 

tl f STANDALONE 

lend if 

char 
lnt 
char 

*File Name; 
disk dump; 
*mkt8mp 0: 

I* The actual user parts of the messaoes 

I* disk file tor output 
I* fila discriptor for File name 
I* used to create unique tile names 

., 

•I 
•I 
•I 

!••••••••••••••••••••••• Structured Variables •••••••••••••••••••••••••••••••/ 
I* Arrays to record active processes, sensor&q and event records. *I 
I* In the UNC implementationq the followino definitions are relevant: •/ ,. ., 
I* 1) class • all the information in one sensor description file. •/ 
I* • set of objects */ 
I* • set of events */ 
I* In the UNC implementation, there is only one class. •I 
/* 2) object ... Process-ld *I 
/* J» event • all the information in one event record *I 
I* • set of domains •I 
I* • output of one sensor ln the taroet program */ 
1• 4) domain• datatype output by sensor in taroet program •I 
I* - inteoer, double, strinQ, char, etc. •1 ,. ., 
I* Note that ClassArray()().EventiD(xl -unique event-ld ~owe could index */ 
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/* with the followino */ 
I* EventArray( ClassArrayfi(I.EventiD[x) I */ 
/*Note that ClassArray{)(I.EventlD(xl and EventArray(xl are indexed by the */ 
/* same unique event-ld for a oiven sensor. The two data structures have */ 
/* been separated to enable simpler commands to be sent to the accountant */ 
t• (I.e., this way~ no ClassType (ClassArray(xl ()) or ClassNumber */ 
/* (ClassArray() [x)J baa to be sent in command in order to AddDomainToEvent */ 
/*for example)~ */ , ..............................................•......•...................... , 
struct ClassRecord ( 

I 

int NumSNames: /*index of ClassArray(I().SName(x) */ 
tnt NumEventa; /*index of ClassArray()().EventiD(x) */ 
tnt SName{NumObjectsPerClass); /*list of object-ids in the Class */ 
char posltlon(NumEventaPerObjectlt/•sensor bit position ln cmd buffer• 

char EventiD(NumEventsPerClass):/*llst of event-ids in the class *I 
I ClassArray(HaxClassTypes) [MaxNumClasses)l 

struct EvntRecord ( 
char TimeStamp; /*l•enabled {oet time of event): O•disabled */ 
char NumDomalns: /*index into EventArray[ I .Domains (x) */ 
char Domain& (HaxNumDomalnsJ: /*list of domains in event record •1 
1 EventArray(MaxNumEvents); /* indexed by unique event ld */ 

unaloned int 
InfoArray(Maxinfoitems);/*data stored by accountant for monitor */ 

unsioned short 
EventRecBut(MaxEventRecordLenQth/21:/*lnterface with sensorread in 

shorts--unc data structure used 
comparably to pup.data(l of 
emu implementation */ 

!*•••••••••••••••••••••• Simple variables •••••••••••••••••••*••••••••••••***/ 
char •invocatloncomment; 

lnt InitCount, 
trace, 
NumEvents; 

unsigned tnt 
fill time, 

Global Timestamp: 

char •sensor_ invocation: 

/*initial number of commands received */ 
/*hi•little printout: low•lots of printout */ 
/*number of events currently declared to ace*/ 

/*timeout used to wait for the buffer to fill, 
in seconds*/ 

/•oeneratlon time of last event record 
picked up from kernel */ 
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accountant •!.!.!! 

Sensor description file for the accountant 6 vereion 2 
Rick Snodoraas, Hay 29, 1984 

User Taskforce Accountant is 

Process UnixAccountant is 

JncludeFilaNama •accountant.h•; 

Event Restart (time, accountanttime, kerneltime: doublelnteoer: 
HostName: Str1ng(16); 
AscllTime: Str1no(l6); --should be the same info as time(2) 
Invocation: Strlng(80J) -- invocation line, with comment 

is timestamped, eensortraced, assumedenabled: 

Event Status (Users, Load, Running, Blocked, Swapped: integer• -- all counts 
is tlmeatamped, aenaortraced, assumedenabled: 

end UnixAccountant; 

end Accountant, 

flncluda <monitor/montypes.h> 
finclude <monitor/mondefa.h> 
flnclude <netinet/ln.h> 
finclude <sys/syslocal.h> 

accountant .h 

short u __ boolvec(l6J - fO,O,o,o,o,o,o,o,o,o,o,o,o,o,o,o,l; 
mon_putevent u __ sbuffer; 
tdeflne RestartSensor(thiatlme,accttlme,kerntlme,hostname,chartime,inlttext)\ 
t \ 

register mon putevent •u reo buf • 'u sbuffer: \ 
register short •u sen fields ~ (short *fu reo buf->flelds; \ 
register mon_strinO u_Sen_f_ptr - f mon_strino Thostnamc; \ 
register mon_strino u_sen_f_end • u_sen_f_ptrt12'2/stzeof(mon_strlno); 
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~ 
register short u reo lenath: 
u reo buf->eventnumb8r - O; 
u--reg-buf->object • o: 
u--reo-buf->tlmestamp • 1: 
*1Iono-•)u sen fields • (lonolthlatlme; 
u sen fields - +• 2; 
•(lonO •)u sen fields - (long)accttime; 
u sen fields - t- 2; 
•(lonG *)u sen fields - (long)kerntime; 
u aen llelds - +• 2: 
dO t *u_sen_tleldst+ • PackStr(u_aen_f_ptr); 
while ( NotEOS(u_sen_f_ptr, u_aen_f_end) ); 
•(u sen fields- 1) , ... ntoha(OxffOO); 
u_s8n_t:Ptr • (mon_strlng) chartlme; 
u sent end • u sen t ptr + 21•2/alzeof(mon atrlnol: 
dOt *u:aen_tleldit+ =PackStr(u_aen_f_ptr)~ T 
while ( NotEOS(u_sen_f_ptr, u_sen_f_end) ); 
•cu sen fields- 1) , ... ntohs(OxffOO); 
u_s8n_t:Ptr • (mon_strlnol inlttext; 
u_sen_f_end • u_sen_f_ptr + 127•2/alzeot(mon_strinaJ; 
do ( •u_aen_fieldstt • PackStr(u_aen_f_ptr); J 
while ( NotEOS(u_sen_f_ptr, u_sen_f_and) ); 
•(u sen fields- 1) , ... ntoha(OxffOO); 
u rio 18noth • u sen fields - (abort *Ju reo buf; 
u:_reQ_buf->cmd.type = HONOP_PUTEVENT_EXT; -

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

u __ reg_buf->cmd.lenoth - u_reo_length; 
syscall(SYSLOCAL, SYSL_HONITOR, ( unalonad char* 

\ 
J,u __ abuf!er);\ 

tdeflne statua(users, load, running, blocked, swapped) \ 
t \ 

register mon_putevent •u_reo_but • ,u_sbutfer: \ 
reglster short • u sen flelda • (short *Ju reo buf->flelds; \ 
register short u_ieo_Iength; - - \ 
u reg buf->crnd.type • MONOP PUTEYENT EXT; \ 
u-reo-buf->cmd.lenath "' u Ben fleldi - u reo but tS; \ 
u-reg-buf->eventnumber • 1'1 - -- - \ 
u-reo-buf->object - o: \ 
u-reg-buf->tlmestamp • 1; \ 
*ilsen-flelds+t .. users; \ 
•u-sen-fields+t • load; \ 
•u-sen-fleldstt • running; \ 
•u-sen-fleldsH • blocked; ·\ 
•u-sen-fleldstt • swapped; \ 
syScalltsYSLOCAL, SYSL_HONITOR, (unstoned char •),u_sbufter); \ 
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main.£ 

, ..................•........................•...•.•...................... , 
!* ACCOUNTANT */ 
I* *I 
I* Original author: Richard Snodgrass */ 
/* Modifications for UNC implementation: Steven Reuman */ 
I* Stephen Duncan */ 
I* */ 
/* General oroanlzation: */ 
/* Main procedure */ 
I* ln!tAcc ·llfl 
I* •! 
I* "/ 
/* 'I 

1**••······~·····························································1 

tifndef lint 
static char rcsheader[) • •$Header: main.c,v 1.3 85111113 00:16:12 duncans Exp 
$•: 

tendif lint 

I************************** ,. Define Implementation •......................... , ., ,. ,. ,. ,. 
These arf!l flags 
UNC 1 
STANDAWNE 1 

/* MONITOR 1 ,. 

to the compiler: 
def • unc, ndef • emu 
def • standalone mode 
ndef • in monitor 
must be defined to enable 

I* These are set in const.h 
I* UNCOEMO 1 trace level need to demo 

monitoring 

'I ., 
'I ., 
'I ., ., ., 

/**************"**********************•·····································! 

tinclude <sys/types.h> 
tinclude <sys/tlme.h> 
tlnclude <sys/loctl.h> 
tlnclude <sys/stat.h> 
tlnclude <stdio.h> 
tlnclude <stonal.h> 
tinclude <monitor/monops.h> 
tlnclude <monitor/monerrcds.h> 
Unclude '"accountant.h'" /* sensors *I 
finclude •conat.h'" 
tinclude •vars.h'" 
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fifndef UNC 
fltdef ATCMU 
finclude <sysl!pc.h> 
felse 
Unclude "lpc.h• 
fendlt ATCMU 
flnclude •queue.h• 
finclude •enet.h• 
tlnclude •cMUconst.h• 
finclude '"CMUvars.h~ 
flnclude •cMU.c• 
fendlf I* fif IUNC */ 

!*•••••••••••••••••••••• structured variable• *******************************I 
I* Arrays to record active processes, sensor•, and event records. */ 
I* In the UNC implementation, the followtno definitions are relevant: *I ,. ., 

· /* 1) class • all the information tn one senaor description file. *I 
I* • set of objects */ 
I* • 1et of events *I 
/* In the UNC implementation, there is only one class. */ 
I* 2» object., process-ld *I 
I* J» event .. all the information in one event record */ 
I* - set of domains "/ 
1• "" output of one sensor in the target prooram */ 
/* 4) domain.., datatype output by sensor in taroet program */ 
I* .. integer, double, string, char, etc. *I ,. ., 
I············································································J 
unsioned tnt 

InfoArray(Haxlnfoltems);/*data stored by accountant for monitor */ 
unsigned short 

EventRecBuf[HaxEventRecordLenoth/2);/*lnterface with sensorread ln 
shorts--unc data structure used 
comparably to pup.data{) of 
emu implementation *I 

/*********************** Simple variables ***********************************I 
char *lnvocationcomment: 

tnt InitCount, 
trace, 
NumEvents; 

unsioned tnt 
fill time, 

Global TimeStamp; 

char •sensor_ invocation: 

/*initial number of commands received */ 
l*hl•llttle printout; low•lots of printout */ 
/*number of events currently declared to ace•/ 

/*timeout used to walt for the buffer to fill, 
in seconds*/ 

/*oeneration time of last event record 
picked up from kernel ., 
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unalgned int 
cmdbuffer(l2J, 
databuffer(256); 

AccountantName(lOO}; 
KernelName[lOO); 
InitialText(lOO); 
KernelVectorSize • O; 

I• The actual user parts of the messages 

char 
char 
char 
int 
short Activesensors() • t 1, 2, 3, 5, 6, 7, 8, 9, 0 ); 

'I 

I* aizeof is used to oat the num. of elem. */ 

/**************************************************************************/ 
I* MAIN */ 
I* This procedure 1a the driver routine for the accountant (emu and unc */ 
I* implementations). Its major functions are to initialize the accountant*/ 
I* in InltAcc(l and execute an infinite loop of */ 
I* *I 
I* 1) receive and execute a command sent by the monitor by */ ,. ,. ,. ,. ,. ,. 

calling Procesacmd() 
2) handle communication with the taroet program running 

on Cm* (emu) or vax {unc} by calling 
DoProtocol(J 

or DoUnixProto{) 

., ., ., ., 
'I 
•I 

I* Original author: Richard Snodgrass */ 
I* Modifications for unc implementation: Steven Reuman, Steve Duncan */ , .•........................................................................ , 
main (argc, argv) 
lnt aroc; 
c~r •arov(); 
I 

int i; 

fifdef STANDALONE 
int Finish(); 
signal(SIGTERM,Flnish); 

tend it 

/*closedown routine 
/*exit from while if STANDALONE 

I* Give defaults for switch values */ 
strcpy(AccountantName, •accountant•); 
strcpy(KernelName, •Jvmunix.monitor•); 
strcpy(InltlalText, •Accountant started•); 
trace - 0; 

I* Get switches */ 
for (1 - 1; i < argc; 1++) 

I 
if (strcmp(argv(1), •-a•) -- 0 && ++1 < arQc) 
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strncpy(AccountantName, argv[i), sizeof(AccountantName)); 
continue; 
I 

if (strcmp(argv(i), •-t•) •• 0 '' ++i < argc) 
I 
strncpy(KernelName, argv(i), sizeot(KernelName)); 
continue; 
I 

it (strcmp(argv(i), •-t•) •• 0 '' ++1 < argc) I . 
strncpy(InitialText. argv(i)~ stzeof(InltialText)); 
Mhile ( (1+1) < aroc" *argv(i+l) I• "-') 

I 
if (atrlen(InltialText) + 1 < s1zeof(In1t1a1Text)) 

strcat(InitialText, • •); 
strncat(InltialText, argv[++i), a1zeof(Init1a1Text) -

strlen(JnitialText) - 1); 
I 

continue; 
I 

if (strcmp(argv(l), •-x•) ·- 0 '' ++i < aroc) 
I 
trace • atoi(argv(i)); 
continue; 
I 

printtc•accountant: usage (-a accountantname) (-k kernelnamel (-t !nit 
ialtext) {-x tracelevel)\n•); 

exit(-1); 
I 

InitAcc U: 
while (1) 

I 
fitdef STANDALONE 

sleep(filltime): 
11 */ 
telae 

tor {1 - 1; 1 <• InitCount; itt) 

/*initialize the account&nt */ 
/*get commands and process */ 
/*InitCount commands expected */ 

I* wait tor event buffer to fl 

if {1pcrece1ve ·(cmdport, &cmdmsg, InitTime)-•1) Processcmd(); 
tend!! /* felse not ST.ANDALONE */ 

fifndef UNC 
DoProtocol {): /*oet em• response,send to monitor*/ 

tel sa 
DoUnixProto (): /*get event record (unc), send */ 
it (trace -· --0) Fini.sh (); 
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tendif /* else of fif IUNC */ 
I 

t•·······································································t 
I' 
I' 

InitaccO •I 
•I 

/* This is the initialization procedure for the accountant. In the CMU */ 
/* implementation, it initializes the connection between em• and the */ 
/* accountant, sends an initial acknowledgement message to the monitor */ 
/*and checks for the first packet of data from the target prooram(s). */ 
/* All monitor commands received before the */ 
/* StartNormalProcessino command are simply routed to em•. In the UNC */ 
I* implementation, connection is established with kernel memory and */ 
I* the kernel event record buffer cleared for communication with the */ 
/* target program. The following serial functions are performed */ 
/* and commented as below: 
I' 
I' 
I' 
I' 
I' 
I' 
I' 
I' 
I' 
I' 

1. initialize lpc data structures by calling in!tlpc() 
2. if operating on ern•, establish connection with Cm* 
3. if operating on UNC, establish connection with kernel 
4. when successful, send acknowledgement to monitor 
5. initialize simple and structured global variables 
6. walt for the StartNormalProcessino command. 
7. oet initial data message from Cm* or target program 

to monitor by calling doprotocol() or dounixproto(). 

I* Original author: Richard Snodorass 
/* Modifications tor UNC implementation: Steven Reuman 

•I 
•I 
•I 
'I 
•I 
•I 
•I 
'I 
'I 
'I 
'I 
•I 
•I 

!** • * * * * • • • • * * • * • • * * * • * * * * * * * * * * * * * ** * * * • * * * * ** •• ** * * • * • * • *,. * * * * • • * •• * * * • I 

InitAcc () 
I 

!nt 

char 
lono 

char 
char 
struct 
short 

tifdef UNC 

number, 
1, j, 
ClassType, 
tlnished; 
namestrlng { 151; 
sensor_thlstlme, 

sensor_accountantt!me, 
sensor kerneltime; 

sensor_hostname[255); 
•ascU_time; 

stat stat but; 
cmd[6J; - /*buffer for command messaoe to kernel 

struct mon_cmd command; 
lendif UNC 

I* holds command for kernel "I 

I' 1. initialize lpc data structures by calling !nitlpc() 
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•I 

'I 

? 

I• or by openlno disk file when STANDALONE 

fitdef STANDALONE 
InitOutput U; 

false 
I* Creates file for output *I 

InitiPC (}; 
tendit 

fitndef UNC 
1• 2o if operating on em•, establish connection with Cm* 

tor (i•O; i<•15; 1++) 
I 
sprint! (namestrlno, •tdevlenettd~, i); 
&natoesc • open (namestri no. 2); 
it '(trace >• LowLevel Trace) 

printf (•ts -> \d\n•, namestringe EnetDesc); 
if (EnetDesc I• -1) 

break; 

ioctl (EnetDeac, EIOCSETF, lmyfllter}; 

sendpkt(OJ .pup.chksum • 0177777; 
sendpkt(Oj.pup.pdp_type • MonDataPup; 

sendpkt(l).pup.chksum • 0177777; 
sendpkt[l).pup.pup_type • HonDataPup; 

settimeout CEnetDesc, Timeout); 

/* write initial data message to em•; oat response in 
I* recvpkt. ~number• -number of bytes returned--not 
1~ currently used. 

while (1) 
I 
write (EnetDesc, sendpkto PAKETMINLENGTH); 
number - loread (EnetDesc, 'recvpkt~ PAKETLENGTH); 
if ((recvpkt.pup.pup type •• HonAckPup) '' 

(recvpkt.pup:pup id[11 •• 0)) 
break; -

databuffer[OI • InltDataRecord; 
tor (i-1; l<•InltDataWords;i++) 

I 
databuffer[i) • (recvpkt.pup.data(i ~ 2- 2] << 16); 
databuffe'r[i) +• recvpkt.pup.data[i "' 2- 1); 
I 

if (trace >• HighLevelTrace) 

•I 

•I 

'I 
•I 
'I 
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printf c•connection established on em•: (2):,d\n•, d~tabuffer[2) 
I; 

/* end non-UNC section *I 

false I* UNC •1 
1• 3. if operating on UNC, establish connection with kernel 
I* For the UNC implementation, the monitor(9) call used below opens 
1• clears the kernel file to be shared with the target program. It 
I* returns the size in bytes of the e.r. buffer ~!located. This 
1• is then passed back to the monitor in an InltDataRecord. 

'I 
and •1 

'I 
'I 
'I 

if (trace••UNCDEMO) pr!ntf(•\n(ACC: Locating Kernel Stor~ge ••• )\n• 
1: 

I' 
Start up kernel monitor 

'I 
command. type • HONOP INIT; 
command.length • csiaeof(struct mon cmd)+l)l2; 
KernelVectorSize • ayac~ll(SYSLOCAL,iYSL MONITOR, 

(u char *)'command); -
databuffer[O) • InltDataRecord; 
databuffer{l) • (unsigned int)KernelVectorSize; 
databuffer(2] • 0; 
databuffer[3) • 0; 
if (trace >• HighLevelTrace '' databuffer(l)>O} 

I 
print! (•InitAcc: Kernel connection established:\n•); 
print! c•shared memory available- 'd bytes\n•, databuffer[lJJ 

I' 
Get data for RestartSensor 

'I 
sensor thiatime • time(O}; 
ascii time- ctime( laensor thiatime ): 
gethoStname(sensor hoatname~ 80}; 
if (stat(AccountantName, lstat buf)••O) 

sensor accountanttime • stat buf.st mtime; 
else sensor accountanttime - -1;- -
aethostname(sensor hostname, 80); 
if (stat(KernelNamS, lstat buf)••O) 

sensor kerneltime • stat buf.st mtime; 
else sensor kerneltime - -1;- -
Restart5ens0r(sensor thistime, sensor accountanttime, 

sensor kerneltim&, sensor hostnam8, ascii time, 
In1tiaiText); - -

fifdef STANDALONE 
I' 

• Note that Act1veSenaors is null terminated 
• (null is not a v~lid sensor id) 
'I 
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TurnOnSensors( Activesenaors ); 
lendlf 

if (trace •• UNCDEHO) 
printt (•\n(ACC: Kernel Connection established -- ~); 

1f (trace •• UNCDEHO) 
printt c·•d bytes available.)\n•, databuffer[l)); 

tendit telae 

fifndef STANDALONE 
/* 4. when successful, send acknowledgement to monitor 

lt (trace >• LowLevelTrace} 
printf(•InitAcc; calling senddata to ack open shared memory\n•); 

SendData (InitDataWords + 1); 
lend if 

I* 5. initialize simple and structured global variables 

GlobalTimeStamp • O; 
t1llt1me - 1;: 

Ufndef UNC 
CurrPup- ~aendpkt(l);: 

SeqNum - 0;: · 
StarMonUaedWorda • O: 
CurrentSend • 1: 
CurrPtr • 0; 

tend if 

1• in seconds *I 

for (ClasaType - 0; ClaasType < HaxClaaaTypes; ClassTypet+) 
for (i • O; i < HaxNumClasses: itt) 

I 
classArray(ClassTypa)[i).NumSNames • 0; 
classArray[ClassTypeJ[l).NumEvents • O; 
for(j•O;j<NumEventsPerClass:jtt) 

ClassArray[ClassType)[i).position[j) • 0; 

NumEvents • 0; 
tor (i • 0; i < MaxNumEvents; it+) EventArray(i).NumDomains • 0; 

lifndef STANDALONE 

•I 

'I 

1• 6. wait for the StartNormalProcesslng conimand. •1 
I* In the CHU implementation, if other commands are received beforehand •1 
I* they are passed on to em•, but should not fill up more than one •I 
1• packet to the resident monitor. In the.UNC implementation, other */ 
I* co~nds are ignored. •/ 

if (trace >• LowLevel7race) 
printft•rnttacc: calling ipcreceive for StartNormalProcessino\n•); 

finished ... 0; 
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while (!finished) 
I 
if (ipcreceive (cmdport, 'cmdmsg, InitTime) -- 1) 

I 
if (trace > HlghLevelTrace) 

printf(•rnitAcc: command received: 'd\n•,cmdbufter(O)); 
if (cmdbuffer[OJ •• StartNormalProcesstno) finished • 1; 

U!ndef UNC 
Processc!Dd (); 

tend it 

tend!! I* !STANDALONE *I 

if (trace >• HiohLevelTrace) 
print! (•InitAcc: Initialization commands have been processed.\n•); 

,. ,. 7. get initial data message from Cm* or target program 
to monitor by calling doprotocol() or dounlxproto(). 

., ., 
tUndef UNC 

DoProtocol (): I* retrieve StarMan sensor description */ 
false 

DoUnixProto (): I* check tor event records 
if (UNCDEHOI printf(•\n[ACC: Target program initialization 

available.)\n•); 
tend if 
J I* InitAcc *I 

DoUnixProto.c 

., 
record now 

1···················~··················~·································1 
I* DoUnixProto() *I 
I* This routine 1s the back part of the processcmd() loop. After each */ 
I* command is processed, control flows here so the accountant can *I 
I* continue to pick up event records from the event record buffer. *I 
I* If the event record buffer is not empty (return value - 2) the *I 
I* the data retrieved is sent to the monitor by calling */ 
I* SendDataRecords(). The routine is UNC implementation specific. *I 
I* *I 
I* Author: Steven Reuman *I 
1************************************************************************1 
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flnclude <monitor/monops.h> 
finclude <monitor/montypes.h> 
finclude <syslsyslocal.h> 
tinclude •const.h• 

extern int 
extern short 
extern int 

KernelVectorSlze; 
EventRecBuf (I; 
trace; 

DoUnlxProto 0 
I 

mon oetevent 
int-

Get Event; 
count; 

Get£vent.cmd.type • HONOP GETEVENTS; 
Ge~Event.cmd.length • (sizeD! (man oetevent)+l) 12; 
GetEvent.req_lenoth • KernelVectorSize; 
GetEvent.acct_buf_ptr • EventRecBuf; 
if C (count • syscall(SYSLOCAL, 

SYSL MONITOR, 
(unsigned char ~),GetEvent) 

) > 0) 

tifdef STANDALONE 
WriteEventRecord ((sizeof(short} * count)#EventRecBuf); 

11 tdef UNCOEMO 

tend if 
false 

lend if 

if (trace •• UNCDEHO) 
I 

I* print out the first event record's fixed fields Rl 
mon_putevent ~peVt ~ (mon_putevent *)EventRecBuf; 

printt(•t-5.4u•g 
printt'«••-5. 4u•. 
printf(••-lo.eu•, 
printf(••-lo.eu•, 
printf("'\-lO.au•, 
printf(•\-lO.au•, 
prlnttc••-lo.eu•, 

SendDataRecords(); 

pevt->cmd.type); 
pevt->cmd.length); 
pevt->evehtnumber ); 
pevt->performer ); 
pevt->object ) : 
pevt->object ) ; 
pevt->initiator ); 

/*write to output*/ 
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tinclude <stdio.h> 
tinclude <monitorlmonopa.h> 
tinclude <monitorlmontypea.h> 
tinclude <syslsyslocal.h> 
tinclude •const.h• 

!!!l!.!h·.£ 

extern int 
extern lnt 
extern int 

disk dump; 
ActiVesensora( 1; 
trace; 

I* output tile of event recorda *I 
I* arrt~y ot active sensors *I 

1************************************************************************1 
I* Finish *I 
I* This is the exit routine !or STANDALONE mode. reached via */ 
I* the siQset call. It turns ott all sensors, oets the last *I 
I* data from the event buffer, and closes the disk file. *I 
I* *I 
!* Stephen Duncan *I 
!************************************************************************/ 

Finish() 
I 

struct mon_cmd command; 

if (trace >• LovLevelTrace) 
I 

fprintf(stderr,•entered Finlsh()\n•); 
!flush (stderr); 

TurnOffSensors(ActiveSensora); 
DoUnixProto (); 

c~nd.type • HONOP SHUTDOWN; 
co~nd.lenoth • (siZeof(struct 
ayacall(SYSLOCAL, SYSL_HOHITOR, 

close(disk dump); 
exitCStdTermination); 

I* stop recording *I 
I* Get last events *I 

I* Close down system *I 
mon cmd)tl)/2; 
(unSigned char *),command); 

1************************************************************************/ 
I* AbortAcct *I 
I* Disable the kernel sensors, shutdovn accounting, and exit. *I ,. ., 
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I* Stephen Duncan *I 
I********************************************************************Q***I 

AbortAcct(error) 
int error; I* exit coda */ 
I 

struct mon_cmd command; 

TurnOf!Sansors(ActivaSansors); 

command.typa • MONOP_SHUTDOWN; 
comrnand.length • (slzaof(struct mon cmd)+l)l2; 
sysct~ll(SYSLOCAL, SYSL_HONITOR, (unSigned char *)'command); 

exit (error); 

WriteEventRecord.£ 

U!ndef lint 
static char *rcsheader • •$Header: WriteEventRacord.c,v 1.3 85111113 00:15:25 
duncans Exp $•; 
fendit lint 

1************************************************************************1 
I* These routines control the output to files for the UNC */ 
I* implementation. *I 
I* WriteEventRecord *I 
I* Initoutput *I 
I* SwitchFiles *I 
I* GenTernplate */ 
I* If a critical failure occurs, AbortAcct is called to clean things up *I ,. ., 
1************************************************************************1 

linclude <stdio.h> 
flnclude <ctype.h> 
tinclude wconst.h" 

extern int 
static int 
static char 

trace; 
dlsk_dump; 
*Flle_Name; 

I* indicates trace level 
I* fila descriptor of output 
I* current output tile 

., ., ., 
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static int FileS!ze - 0; I* to det. when to switch flies •1 
static int a char - -1, .b char - 0; /* for GanTemplate */ 
static char char list{) .. -

•abcdefohijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789*; 

, ...•...........••..•....••......•••...••••..•••...•••....•••••.•••••••.. , 
I* WriteEventRecord *I 
I* Write out a record to a disk file in STANDALONE mode. 
I* This is UNIX specific. 
/' 
I* Stephen Duncan 

., ., ., ., 
1········································································1 
WriteEventRecord (count,data) I* puts to disk */ 
int count; 
char .. data; 
I 

if I count + FileSize > HaxFileSize ) SwltchF!les(); 
if ( wr!te(disk_dump,data,count) < 0 ) 
I 

perror(•writeEventRecord: writino dlsk_dump•); 
AbortAcct(CantWrite); I* Need to shut down thinos *I 

F!leSize +• count; 

, •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 
/* In!tOutput *I 
I* Open the first file for output. */ 
I* *I 
I* */ 
I* Stephen Duncan *I 
, •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 
InitOutput () 
I 

char 
char 
char 

*template; 
*mktemp (); 
*GenTemplate (); 

template- GenTemplate(File Name Prefix); 
File Name - mktemp(template); -
if ((disk dump- creat(File Name.PHode)) 
I - -

< 0) 

fprintf(stderr,•creat failed for \s \n•,File_Name); 
AbortAcct(CantOpen); 

else if (trace >• HiQhLevelTrace) 
printf(•File ts created\n•,File Name); 

1········································································1 
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,.,. swttchFUes • I 
I* Close disk_dump, create a new unique f1le 6 dup dlsk_dump. *I 
I* *I 
I* Stephen Duncan */ , ....•.•..............•.......•....•..••....•....•...•................... 1 
static 
SwitchFlles 0 
I 

char *template; 
char *mktemp(); 

if ( close(disk_dump) < 0 ) 
I 

perror(•SwitchFiles: closing disk_dump•); 
AbortAcct{BadClose)~ /*Need to close down accountant*/ 

I 
template • GenTemplate(File Yame Prefix)~ 
File Name - mktemp(template); -
if (-(disk dump • creat(File Name.PMode)) < 0 } 
I - -

perrort•switchFiles: creating new file~); 
AbortAcct(BadClose); 

FileS!ze - 0; 

1········································································1 
I* GenTemplate *I 
/* Generate a new template for the files from a constant string. *I 
I* ~ 
I* Stephen Duncan */ 
1***•·········································•••************************1 
static char • 
GenTemplate(template) 
char *template; 
( ,. 

* Form of template is [.j•xxxxxx 
• Note that static variables a char and b char are used to 
• retain tnfo between calla. It doesn't really matter what 
* are initially. ., 

lnt 
char 

If 
I 

len; 
*new; 

I* length of template *I 
I* new template *I 

(len - strlen (template)) <"' 7 

they 

fprintf(stderr, *GenTemplate: invalid template: \s\n•, 
template); 

AbortAcct(CantOpen); 

accountant. 



new • (char *)malloc( len+l }; 
atrcpy(new,template); 

,. 
* The following section changes two postlons of the template 
* to ease the work of mktemp. When a char reaches the end, 
* it resets to 0 and increments b chai. This yields 36A2 
* unique templates. mktemp() is Still used to check for 
* file names and to add the pid. It can only handle 26 
* files, however. 
•I 

if (char list[a char+l) •• 0} 
I - -

a char - 0; 
tf (char list[b char+l) -- 0) 

b_char :: 0; 
else 

b_char++; 

else 
a_char++; 

new[len-7) - char liat(a char); 
new(len-BJ - char=ltst[b=char); 

return (new); 

SensorControl.c 

Ufndef lint 
static char *rcsheader - M$Header: SensorControl.c,v 1.3 85/11/13 00:15:06 dun 
cans Exp s•; 
tendlt lint 

linclude <stdio.h> 
linclude <sys/syslocal.h> 
finclude <monitor/rnonops.h> 
finclude <rnonitor/rnontypes.h> 

I* Commands to sysl_monitor to enable/disable sensors */ 

static rnon_putreq oft_preq • ( 
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{char}HONOP PUTREQ, 
{char}{{aiz8ot(mon_putreq}+l)/2) }, /* type,lenoth */ 

I O, O, 0 ) /* pid, event, enablevalue 
I: 

static mon_putreq on_preq - t 
( (char}HONOP PUTREQ, 

(char}((siz8ot(mon_putreq)+1)/2) }, /* type,lenqth */ 
O, 0, 1 1 /* pld, event, enablevalue 

1: 

'I 

., 
/******************************************************************»*****/ 
I* TurnOtfSensora *I 
/* Turn ott all active sensors •1 
I* *I 
I* Stephan Duncan */ , ...................•.•..•••...........••....•.....•..................... , 
TurnOffSensors(ActiveSanaors) 
short ActiveSensora(]l 
I 

/* Null terminated array •1 

1nt i; I* sub8cr1pt for ActiceSensors */ 

I 

for (i • O; Act1VaSansora(1]; 1++) 
I 

off_preq.raq.eventnumber • Act!vasensors(i]l 
syacall(SYSLOCAL, SYSL_HONITOR, (unsigned char •),off_preq); 

/************************************••··································! 
I* Turnonsensora *I 
/* Turn on sensors in ActlveSensors */ 
~ ~ 
I* Stephen Duncan */ , .................•••..•.........•••........•••.......................... , 
TurnOnSensors(ActiveSenaora) 
short Act!veSansors (II I* Null terminated array •1 
I 

!nt !,status: 

tor (i - 0; Activesensors(i); 1++} 
I 

on_praq.req.eventnurnber • Activesensors(tJ; 
status • syscall(SYSLOCAL,SYSL_MONITOR, 

(unsioned char *)'on_preq}; 
if ( status < 0 ) 

fprlntf (stderr, 
•sysl_monitor enable failed for td with code td\nM, 
on_preq.req.eventnurnber, status); 

accountant 



ACCT 

make file 

HONDEF ... MONITOR 
HDNINCLUDE • monitor 
DEBUG • -DHONDEBUG -DDEBUG 
CFLAGS • -D$(HONDEF) -Usun 

acct: acct.c •• /$(HONINCLUDE)/montypes.h acct_sensors.h 
cc -D$(HONDEF) -o acct acct.c 

acct sensors.h 

tinclude • •• /monitor/montypes.h• 
tlnclude • •• /monitor/mandefs.h• 
tinclude <netlnet/!n.h> 
•tnclude <sys/syslocal.h> 
short u boolvec[l6) • jO,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,I; 
mon_puteYent u __ sbuffer; 
tdefine AcctHeader(acctname, kernelname, !nit text) \ 
I \ -

\ 

reQister 
char 
char 
lono 
reQister 
reoister 
reoister 

man putevent *u reo but • 'u sbuffer; \ 
namespace(26); ,- - -
*asclltlme, •ctime(); \ 
ltlme • time(); \ 
short *u sen fields • (short *)u reQ buf->fields; \ 
mon_strinQ u_Sen_f_ptr - ( mon_strino )namespace; \ 
mon_string u_aen_f_end ~ u_sen_f_ptr + 5~2/sizeof(mo~_strinq) 

register short u reo length; \ 
struct stat u sen stat; \ 
u rea buf->eventnumber ~ O; \ 
u--rea-buf->object ~ 0; \ 
u==rea=buf->timestamp ~ 1; \ 

stat(acctname,,u sen stat); \ 
*(long *)u_sen_tieldi • (lono)u_sen_at~t.at_mtime; \ 
u sen fields +• 2; \ 
siat(kernelname,,u sen stat); \ 
*(long *)u sen fields= (long)u sen stat~st mtime; \ 
u sen fields t~ 2; \ - - -
o8thoStname(namespace, 12): \ 
do ( •u_sen_fields++ • PackStr(u_sen_f_ptr); I \ 
while C NotEOS(u_sen_f_ptr, u_sen_f_end) ); \ 
*(u sen fields- 1) ,_ ntoha(OxffOO); \ 
asciitiliie • ctime(,ltime); \ 
u sen f ptr • (mon string) aaclitime: \ 
u:sen=f=end • u_sefi_f_ptr f l2*2/s1zeof(mon_str1ng); \ 
do { *u_sen_fields++ • PackStr(u_sen_f_ptr); I \ 
while ( NotEOS(u sen f_ptr, u sen fend) ); \ 
*(u sen fields- 1) ,~ ntoha(OXttOO); \ 
u sen f-ptr- (mon string) !nit text; \ 
u:sen:f:end • u_seO_t_ptr + 127*2/sizeof(mon_atrino); \ 
do 1 •u_sen_fieldstt- PackStr(u_sen_f_ptr); ) \ 
while ( NotEOS(u sen f_ptr, u sen t end) J; \ 
*(u sen fields- 1) ,; ntohs(OiftOO); \ 
u reo t&noth - u sen fields - (short *)u reg but; \ 
u- reg buf->cmd.type-- HONOP PUTEVENT EXT; \ -
u rea:buf->cmdolangth - u_r8o_lenoth; \ 
syscall(SYSLOCAL, SYSL_MONITOR, (unsigned char* ),u __ sbufter); \ 

tdefine UserXamplsensor(obj, str_parm_l, sh__parm_2, str_pam_l, lo__parm_4) \ 
if ( u boolvec(OJ ' Ox1<<1 ) \ 
I \ -

ol; \ 

register mon_putevent •u __ reg_buf • ,u __ sbufter; \ 
register short • u sen fields • (short 6 ,u reg buf->fields; \ 
register mon_atrino-u_s&n_t_ptr • {mon_string)atr_parm_l; \ 
raoiater mon_atring u_sen_f_e~d • u_sen_f_ptr + 127*2/sizeof{mon_strin 

register short u reo length; \ 
u reo buf->eventnUmbei • 1; \ 
u--reg-buf->object • obj; \ 
u--reg-buf->timestamp- 1; \ 
do-f ~U_sen_fields++ • PackStr(u_sen_f__ptr); } \ 
while { NotEOS(u sen f ptr, u sen fend) ); \ 
'(u sen fields- Il ,= ntohs(OittOO); \ 
•u_Sen_fields++ • sh__parm_2; \ 
u_sen_f_ptr • (mon_string) atr_parm_3; \ 
u_sen_f_end- u_sen_f_ptr + 127*2/sizeof(mon_strino); \ 
do t *u_sen_fields++ • PackStr(u_sen_f__ptr); J \ 
while ( NotEOS(u sen f ptr, u sen fend) ): \ 
*(u sen fields -1) ,.-ntohs(Oxftoo);- \ 
'(lOng *)u_sen_fields • 1Q_parm_4; \ 
u sen fields +• 2; \ 
u-reg-length - u sen fields - (short *)u reo but; \ 
u- reQ buf->cmd.type-• MONOP PUTEVENT EXT; \­
u--reg-but->cmd.length a u reg length7 \ 
syscalltsYSLOCAL, SYSL_MONiTOR~ (unsioned char *)&u __ sbutter); \ 



tinclude <sys/param.h> 
tinclude <sysldir.h> 
tinclude <sys/systm.h> 
tinclude <sys/user.h> 
tinclude <sys/proc.h> 
tinclude <sys/stat.h> 
finclude •acct sensora.h• 
tinclude <stdi0.h> 
tinclude <ctype.h> 
tdefine ALL 

short buffer[Sl2*SO]; 
main (argc,argv) 
tnt. aroc; 
char •arov[]; 
I 

acct.£_ 

int runmlnutes, 
runduration, 
sleeptime; 
status; 

/* accumulated run time */ 

int 
int 
char 
short 

1; 

I* duration of event gathering */ 
I* duration of sleep *I 
/* status of calla *I 

•numeric; /* tor testing aro *I 
charcvt[l2],charcvt2(12); I* the sun requires alignment */ 

fprlntf(stderr,•argc:td\n•,aroc); 
awitch(argc) I* determine run duration */ 
I 

Appendix D 

case 1: rUnduration • 20; 
break; 

case 2: !*tor ( numeric•argv(l) ; •numeric 
if ( lisdigit(*numeric) 
I 

fprintf (stderr, 

numeric++ ) 

•ts: aro must be an integer\n• 

argv[OJ); 
exit (1); 
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default: 

., 
ascanf(argv(l),•tu•,,runduration}; 
break; 

fprintf(stderr,•ts: invalid number of arga\n•.argv(OJ) 

It 
I 

I 

exit (1); 

(atatua•aurtupO 1 < 1 I* initiallize monitor *I 

fprintf(stderr,•ts: startup failed, monitor error:td\n•, 
argv(O),status); 

exit(l); 

u boolvec[OI I• 1; /* enable AcctHeader •! 
u--boolvec(O) I• 1<<1; I* enable UserXamplSensor *I 
Strcpy((char *) ('charcvt(O)),•demo run•); 
AcctHeader(•acct•,•HONITOR•,charcvt); 

I' 
• put in data 
'I 

fifndef NOKERN 
fifdef ALL 

enablesensars(l); I* •NameStart• */ 
I* •NextComponent• "/ 
I* •INodeCreate• *I 

enablesenaors(2); 
enablesenaors(l); 
I* there ia no 4 •I 
enablesensora(S); /" •epenSuccesatul• */ 

•rueclose• •1 1• enableaensors{6)1 
enablesensora(1); I" •tNodeDelete• *I 

fend if 
enablesensors(8); 

fifdef ALL 
enablesensors(9); 

I* •aeadSensor• 

I* •writeS•nsor• 
fendlf 
fend if 

I• 
* This is the heart of the accountant. 

in real accountant a signal ends the loop 
and sleep time is dynamically sized 

• according to usage. 
•t 

strcpy((char *) ('charcvt(O)),•acct•); 
strcpy{{char *) ('charcvt2{0)).•1oap•); 

·~ 
'I 

for (runminutes - 0; runminutes < runduration; runminutes++) 
I 
t• 

acct 



* break up minute tOto portions to prevent buffer overflow 
•I 

f i fdef NOKERN 
for (1 • 0; i < 60; i++) 
I 

UserXamplSensor(l, charcvt, runminutes, charcvt2, rund 
uration); 

UserXamplSensor(l, charcvt, runminutea, charcvt2, rund 
uration); 

UsarXamplSensor(l. charcvt, runminutes. charcvt2, rund 
uration); 

sleep(l); I* some time to get some data 
•I 

get events 0; I* puts in global butter *I 
telae 

UserXamplSensor(l, charcvt, runminutes, charcvt2, runduration) 

'I 

tend!f 

I' 

for (1 •0; i< 20; 1++) 
I 

sleep(3); 

getevents 0: 

shutdown 0: 

* Routines that call sysl monitor 
•I -

I' 

I* some time to oat some data 

I* puts in global buffer *I 

I* all done; clean up *I 

·---------------------------------------------------------------------* startup 
• - initializes monitor, puta size of event buffer to stdout 
·---------------------------------------------------------------------
•I 

startup() 
I 

I' 

struct mon cmd command; 
tnt 1;-

command.type - MONOP_INIT; 
command.lenoth - (sizeof(struct mon cmd)+l)/2; 
i • syscall(SYSLOCAL,SYSL MONITOR, (Unsioned char *),command); 
fprintf(stderr,~m1n1acct:-init -- \d\n~.!); 
return(!); 

·---------------------------------------------------------------------
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* enablesensors 
* - enables the sensor with eventnumber eventnwnber 
* - prints status of system call 
* - caller must be accountant 

·---------------------------------------------------------------------
'I 

enablesensors(eventnumber) 
int eventnumbar; 
I 

mon_putreq 
int 1; 

preq; 

preqecmd.type • MONOP PUTREO; 
preq.cmd.lengtb - caizaof(mon_putreq,+l)/2; 
preq.req.targetpid • 0; 
preq.req.eventnumber ~ eventnumber; 
preq.req.enablevalue • 1; 
1 • syscall(SYSLOCAL,SYSL_HONITOR, (unsigned char *),preq)~ 
tprintf(atderr,•mtniacct: enable-- td\n•,i); 

I' 
·---------------------------------------------------------------------* shutdown 
* - closes down mont tor 
* - caller must be accountant 

·---------------------------------------------------------------------
'1 

shutdown() 
I 

struct mon cmd command; 
int i;-

command.typa s HDNOP SHUTDOWN: 
command.length • siieof(struct mon_cmd); 
1 - syscall{SYSLOCAL,SYSL MONITOR. (unsigned char *),command); 
fprintf(stderr,•miniacct:-shutdown -- td\n~,i); 

I 
I• 
·---------------------------------------------------------------------
* oetevents 
* - writes out events from monitor's buffer 
* - prints amount of buffer used 
*---------------------------------------------------------------------
'I 

oetevents() 
I 

lnt 
mon_getevent 
mon_putevent 
short 

1: 
oevt; 
*pevt - (man putevent *)buffer; 
*pas .. butier: 

acct 



gevt.cmd.type .. HONOP GETEVENTS; 
oevt.cmd.lenoth • tsizeof(mon oetevent) +1} I 2: 
gevt.req length - sizeof(buffei)/2; 
oevt.acct buf ptr - buffer; 
i • syscall(SiSLOCAL,SYSL MONITOR, (Unsigned char *}'gevt}; 

t i fdef DEBUG -

telae 

tendif 
I 

fprintf (stderr, •miniacct: getevents -- \d\n•, 1); 
tor ( ; 1 > 0; (1 -- pevt->cmd.length, poa +• pevt->cmd.length}) 
I 

short *f; 

pevt - (mon_putevant *} pas; 
printf(•command:\d length:td •, 

pevt->and.type, 
pevt->and.lenoth); 

printf(•evt:ld perf:\d obj~t04lx init:\d •, 
pevt->eventnumber, 
pevt->performer, 
pevt->objact, 
pevt->1n1t1ator}; ,. 

print out tialda ., 
prlntf(•fields;•); 
for ( t .. (short *) (pevt->fields); 

f < ( poa + pevt->cmd .. lenQth } ; 
!++ 

print!(• \02x•, *f); 
printf(•\n•); 

Nrite (1, (unsigned char *) buffer, 1*2); 
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AGGROP 

~ 

following files: Aggrop is divided into the 
aggrop.h 
aros.c 
find.c 
maln.c 

global types and defines 
command Hne processor 
handles storage ot aggregates 
man routine• 

CFILES - args.c find.c main.c 
OFILES - aros.o find.o main.o 
LIB • •• /lib 

makefile 

LIBFILES- •• /lib/streamio.o •• /llb/tuple.o •• /lib/schema ldl.o \ 
•• /lib/readrecord.o •• /llb/writerecord.o 

CFLAGS • -Q -I$(118) 

aoarop: S(OFILES) 

depend: 

cc -a aggrop $(CFLAGS) $(0FILES) $(LIBFILES) \ 
/usr/softlab/lib/llbldl.a 

-rm -! /tmp/dep 
eorep ·~tinclude• 

-e 's/:[ 
$ (CFILES) I orep -v 

I *\Unclude( 
> /trnp/dep -e •s/\.c/.o/~ 

-rm -f /tmp/sedfile 
touch /tmp/sedf!le 
-for 1 in •awk "(print $$2)" /tmp/dep' 
do for 1 in $(LIB) ; \ 

do if ( -f $$1/$$1 J ; \ 

'<' 1 sed -e .. I<.*>Jd• \ 
)*\•\(.*\)\~.*$$/: 

\ 

then echo >> /tmp/sedfile "s,SSL$$1/$$1," 
break ; \ 

\1/' \ 

\ 

done 

t1 
done ; \ 

\ 

sed -f /tmp/sedfile /tmp/dep > /tmp/dep2 
sed -e e/A\f Dependencies/,$$ d' makef!la > /tmp/makefile 
echo •t Dependencies DON'T REMOVE THIS LINE• \ 

I cat - /tmp/dep2 >> /tmp/makefile 
mv makefile makefile.old 
cp /tmp/makefile makefile 
-rm -t /tmp/dep /tmp/dep2 /tmp/sedfile /tmp/makefile 

I Dependencies DON"T REMOVE THIS LINE 
aros.o: aoorop.b 
f!nd.o: aoorop.h 
maln.o: •• /lib/schema idl.b 
maln.o: aoorop.h -
main.o: •• /lib/tuple.h 
main.o: •• /llb/streamlo.b 

~-!1 

I* aoorop.h - olobal includes, defines, and types for aoorop */ 

I* have to hide this from other files 
static char rcsid[J • •sHeaders•: ., 
,. 
* Defines for types ., 

fdefine NUMERIC 0 
fdefine CHARACTER 1 
fdefine HAXINT Ox7fffffff 

,. 
* Defines tor options ., 

fdefine SUM 1 
fdefine AVG 2 
fdetine CT 4 
fdefine MIN 8 
fdefine MAX 16 



union val f 
char 
lono 
I; 

•eva!; 
nval; 

I* union for domain value */ 

struct aoo_key I I* struct for lookup key */ 
tnt type; 
union val u; 
I; 

struct bucket ( I* buckets for operations */ 
long · sum; 
long ct; 
long min; 
long max; 
I; 

typedef tnt bool; 

~-.£ 

I* main.c - main oetdomalnval */ 

1* ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 
• 

• 
• 
• 

• 
• 
• 

• 
• 

• 

Title: 
Filename: 
Last Edit: 
Author: 

aoorop 
main.c 

•Hon Dec 9 19:35:12 EST 1985• 
Stephen E. Duncan <duncans@unc> 
Department of Computer Science 
University of North carolina 
Chapel Hill, NC 21514 

Copyright (CI The University of North carolina, 1985 

All rights reserved. No part of this software may be sold or 
distributed in any form or by any means without the prior written 
permission of the SoftLab Software Distribution Coordinator. 

Report problems to softlab@unc (csnet) or 
softlablunc@CSNET-RELAY (ARPAnetl 

Direct all inquiries to the SoftLab Software Distribution 
Coordinator, at the above addresses. 

Function: driving routines of aggrop 
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• 
• 
* 

visible; main, oetdomainval 
• 
• 

\* ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• */ 

Ufndef lint 
static char rcsid() • •$ueader:$m; 
fendif lint 

I* ******************************************************************* *\ 
• 
• 
• 
• 
• 
• 

Revhion Log; 
$Log:$ 

Edit Log: 
Oct 19 1985 (duncans) Created 
Dec 9 1985 (duncan•) Finished standalone testing. 

• 
• 
• 
• 
• 

\* ******************************************************************* *I 

finclude <stdlo.h> 
finclude <monitorlmonops.h> 
finclude <monitorlmontypes.h> 
finclude •schema idl.h• 
finclude •aoorop:h• 
finclude •tuple.h• 
finclude •streamio.h• 

,. 
·------------------------------------------------------------------------
* main -
* Processes command line, and 
* for each tuple in the inpUt stream updates an entry 
• via find() for each aggraoate operation specified 
• in the command line • 
• At EOF, uaea iterate() to retrieve the values which 
* are then printed. 

·------------------------------------------------------------------------., 
main (argc, argv) 
int argc; 
char ••argv; 
I 

Hstream 
tuple 
char 

•sp; 
tup; 
*rel name, 
*part'_name, 
*aro_name: 

struct aoa key 
*pirt_key, 
•tupval; 

I* Monitor stream 
I* holds incoming tuple 
I* relation to check 
I* domain to partition on 
I* domain to per to~ op 

I* key for storing value 
I* value of aroument domain 

., ., ., ., ., 

., ., 
aagrop 



I 

!• 

struct ago key •oetdomalnval(); 
register struct bucket *val; 
struct bucket *find(), 

*iterate(); 
void init iterate{); 
int tlaoii. 

status, 
ral_ld, 
all relations•O, 
err-reed ct•O, 
mis8ino_dom_ct•O; 

I* stored values */ 

I* functions for data storage *I 

I* OPTIONS - SUM CT AVG MIN MAX */ 
/* status of calls */ 
I* numeric id of relation •1 
I* boolean for restricting rel. *I 
I* count of error reeds in stream */ 
1• count of reeds missing domains */ 

~ Get command line arguments • . , 

!• 

., 

aras(argc, argv, '!laos, 'rel_name, 'part_name, 'arg_name); 

if 
I 

(sp • str_open(stdin)) <• NULL 1• open a stream */ 

fprintf(stderr,•ta.maln: can\'t open stream\nw); 
exlt(l); 

Check the arguments with the schema 

if ( str schemaread(sp) <• NULL I* need the schema now •1 
I -

I 
if 

else 
I 

'fprintf (stderr, •ts.maln 
exit (1); 

strcmp(rel name,•-•) •• 0 
all_relitions • TRUE; 

rel_p; 

can't read stream\n•); 

I* can't check domains *I 

I* can check domains *I 

relation 
attribute par Jlo arg_p; 

I* painter for relation •1 
I* ptrs far domains */ 

if ( (rel_p • getrelationbyname(sp->schema,rel_name)) •• NULL 

fprintf(stderr. •Invalid relation ts far schema\n•, 
rel_name); 

exit (1): 

rel_id .. rel_p->rel_sensor_id: 1• far faster compares later • 

if ( (par_p- oetdomainbyname(rel_p,part_name)) 
.... NULL 
II (aro_p .. oetdamalnbyname (rel_p, arg_name) 1 
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) I* else M/ 

,. 

•• NULL ) 

fprintf (stderr, 
••s.main: invalid domains for relation ls\n•, 
arov(OJ,rel name); 

exit(l); -

* Accumulate the data ., 
while ( (status - str_read(sp,nup) I > 0 ) 
I 

if ( ((struct mon_cmd *)tup.recqrd)->type 
I 

err_recd_ct++; 
I 
else if (all relations II rel id •• 

tup.relation->rel_senaor_id ) 

part key • oetdomainval('tup,part name); 
tupv~l • oetdomainval{,tup,aro naie); 

MONOP_OFLOW 

if (part key •• NULL II tupval-~· NULL) 
if till_relations, I* this is allowed •1 
I 

missino dom ct++; 
continu8; -

I* keep track of how many */ 
I* bypass rest a! loop *I 

else 
I 

fprintf (stderr, 
•\s.main : \s missino partition or aroument\n•, 
argv(O), tup.relatlon->rel_name); 

exit (1); 
) /* else *I 

if (tupval->type I• NUMERIC) 
I 

fpr!ntf(stderr, 
•1s.ma1n g \s has invalid type\n•, 
arov[O), arg name); 

exit(l); -
J /* if */ 
val= flnd(part_key); 
val->sum +~ (flaos,(SUMIAVG)) ? tupval->u.nval : o: 
val->ct +- {flags,(CTIAVG)) ? 1 ; 0; 
val->mln • (flaos,HIN '' tupval->u8nval < val->min) ? 

tupval->u.nval : val->min: 
val->max - (flaQs&MAX '' tupval->u8nval > val->max) 

tupval->u.nval : val->max; 

aqgrap 



I* 

) /* else if */ 
) /* while */ 
if { status < 0 ) 
I 

1• an io error occurred */ 

fprintf{stderr,•\s.main : stream read error\n•,argv[O)); 
exit(l); 

• Print out error counts, if any. 
•I 

I* 

if { err reed ct > 0 ) 
fprintf(stderr,•Error records in stream: \d\n•, err reed ct); 

if ( all relations '' missing dom ct > 0 , - -
fprintf{stderr,•Records ih stream .missing domains: \d\n•, 

missing_dom_ct); 

• Print out the results 
•I 

!nit iterate(); I* initialize for iterations */ 
1 ... NULL) whU8 ( (val - iterate()) 

I 
I' 
* Only print requested ops. 
• Could use sprint! if this is too slow 
•I 

if (flaos,CT) 
printf(•\d•,val->ct); 

if (flaosUUM) 
prlntf(•\t\d•,val->sum); 

if (flagsUVG) 
I 

I 

if (val->ct) 
prlntf(•\tU•. (float)val->sum I (float)val->ct); 

else 
prlntf("\tO•); 

if (flags,MIN) 
printt(•\t\d",val->mln); 

if {flaos,HAX) 
printft•\t\d",val->max); 

prlntf{ .. \n•): 
) /* while */ 
exit (0): 

I t• main */ 

I' 
•------------------------------------------------------------------------
• Qetdomai nval -
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* search the tuple for the domain and return its value 
·------------------------------------------------------------------------
*I 

struct aoo_key • 
oetdomainval {tp,domname) 
tuple *tp; 
char *domname; 
I 

I I* 

attribute 
lnt 

ap; /* domain description in schema */ 
position; /* position of domain in record.*/ 

struct aoo key 
(struct 

*part key • /* new key to return */ 
aoo_k&y *)malloc{sizeof(struct aoo_key)); 

if { {ap • getdomainbyname(tp->relation,domname)) •• NULL 
return{NULL); /*doesn't have relation*/ 

position - ap->attr_pos; /* d!aplacement in shorts of domain */ 
if {position < 0) ·position *• -1; 
switch (typeof(ap->attr type)) 
I -

case KtyPe_strino: /* just point to it, don*t copy it */ 
part key->type • CHARACTER; 
part-key->u.cval • {char *}'(tp->record[posit!on)); 
break:. 

case Ktype boolean: /* treat these by lenoth */ 
case Ktype-inteoer: 
case Ktype:rational: 

part key->type • NUMERIC; 
switCh(ap->attr lenoth) 
I -

case 1: 
part key->u.nval • (tp->record(positlon]); 
break; -·ll•"""' 

case 2: /* take two bytes •I 
part_key->u.nval • *{short *) ('tp->record[positlon]); 
break; 

default: /* assume we take tour bytes */ 
part key->u.nval • * (lono *) (Up-> record (position)); 
break; 

I /* switch */ 
break; 

default: 
return (NULL): 

/* switch */ 
return (part key) ; 

getdomainval •7 
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arqs.£ 

I* arga.c - aro */ 

I* ******************************************************************* *\ 
• 

• 

• 
• 

• 
• 
• 

• 
• 
• 
• 
• 
• 

Title: 
Filename: 
Lut Edit: 
Author: 

•oorop 
aroa.c 

•Hon Dec 9 19:38:40 EST 1985• 
Stephen E. Duncan <duncanalunc> 
Department of Computer science 
University of North Carolina 
Chapel Hill, we 21514 

Copyright (C, The Unlver8itY of North 'Carolina, 1985 

All riohts reserved. No part of thla software may be aold or 
distributed in any form or by any Means without the prior written 
permlaalon of the SoftLab Software Dlatrlbution Coordinator. 

Report problema to aoft1ilb@unc .{aaneb) or 
aoftlabJunc@CSNET-RELAY (ARPAnet, 

Direct all lnquiriaa to the SoftLab Software Diatrlbution 
Coordinator. at the above addreaaea • 

Function: process arguments for aoorop 

vUible: arva 

• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

\* •••••••••••••••••••••••••••••••••••••****************************** *I 

flfndef lint 
static char rcsid() • •$Header:$•: 
tendlf lint 

, •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *\ 

• 
• 

Revision Log: 
$Loo:s 

Edit Log: 
oct 19 1985 (duncans) created 
Dec 9 1985 (duncans) Finished standalone testing. 

• 

• 
• 
• 

\* ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• */ 

tinclude <stdio.h> 
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tlnclude •aggrop.h• 

,. 
·------------------------------------------------------------------------
• arg 
• set flags and grab argument• from command line. 

Exits with 1 upon error. 

•------------------------------------------------------------------------., 
fdefine USAGE •usaoe: agorop -••cnx relation partition argument\n• 

arosCargc, argv, options, 
int aroc • 

•options; 
char ••argv, 

relation, partition, aroument) 
I* Number of arguments *I 
I* Boolean array of operations •1 
I* Array of arguments *I 
/* Relation to apply operations *I 
1• Domain to partition aggregates */ 

•*relation, 
•*partition, 
••argument: I* Operand domain of aooreoate operation *I 

tnt 1, j, 
op_teat • O; 

•options • 0; 
o.rov-tt: 
aroc--; 

I* Array subscripts *I 
I* Count of operands *I 

I* Clear options *I 
I* bypass prOQram name *I 

tor ( 1 ... O: i < argc; i++, argv++ ) 
I ,. 

• A null argv(l) means the univeral relation • 
•I 

if ( •c•arov+O) •• •-• '' •c•argv+l) ) /*test for option *I 
I , . 
• Options can be individually specified or 
• all lumped together behind a single ~-· 
•I 

tor ( j • 1: • (*•rgv + :H : j-tt 
I 

switch (*(*arov -t j)) 
I 
case •a•: 

*options I• AVG; 
break: 

case • a•: 
•options I• SUM; 
break; 

case 'c': 
*options I• CT; 
break; 

case •·n~ : 

aoorop 



*options 1• MIN; 
break; 

case •x•: 

default: 

*options I• MAX; 
break; 

!print! (stderr 1 

exit (1}; 

"Unknown option: tc\n", 
*(*arov + jl); 

) /* switch */ 
J I* tor j *I 

J I* 1t •I 
else 
I ,. 

I* select operand */ 

* This section sets the operands dependlno on 
* how many have been seen. Note that storaoe 
* must be provided for each. The default part 
* lets us quit" upon an error ., 

switch(op_test) 
I 
case O: 

case 1: 

case 2: 

*relation • (char *)malloc(strlen(*arov)tl); 
strcpy(*relatlon, •arov); 
op test++; 
break; 

*partition- (char *)malloc(strlen(*arovl+l); 
strcpy (*part ltion1 *arov); 
op test++; 
break; 

*aroument • (char *)malloc(atrlen(*arov)+1); 
strcpy(*aroument, *arqv); 
op test++; 
break; 

default: I* Too many operands! */ 
fprintf(stderr, USAGE); 
exlt(l); 

I* switch */ 
1 I* else */ 

J I* tor i */ 

,. 
* Make sure that we have what is needed. ., 

if (op test 1- 3) 
I -
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I* Need 3 operands *I 

I 

fprintf(stderr, USAGE); 
exit (1); 

if (*options •• 0) *options - CT; 
) I* aro */ 

find.£ 

I* find.c - find init_iterate iterate *I 

I* Default action */ 

I* ******************************************************************~ *\ 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

Title: aoorop 
Filename: find.c 
Last Edit: "Mon Dec 9 19:42~08 EST 1985" 
Author: Stephen E. Duncan <duncans@unc> 

Department of Computer Science 
University of North Carolina 
Chapel Hill, NC 27514 

Copyrioht (C} The University of North Carolina, 1985 

All riohts reserved. No part of this software may be sold or 
distributed ln any form or by any means without the prior written 
permission of the SoftLab Software Distribution Coordinator. 

Report problems to softlablunc (csnet} or 
softlablunc@CSNET-RELAY (ARPAnet) 

Direct all inquiries to the SoftLab Software Distribution 
Coordinator, at the above addresses • 

Function: handle structures for aggregates for agorop 

visible: find !nit iterate iterate 
hidden: rfind -

• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

\* ************************************************************••~•••• *I 

li fndef lint 
static char rcsid[] - •$Header:$•; 
fendlf lint 

/~ ···········~························~·······~··~········~·~··••**** ., 
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• 
• 

Revision Log: 
$Loo:$ 

Edit too: 
Oct 19 1985 (duncans) Created 
Dec 9 1985 (duncans) Finished standalone test!no. 

• 
• 
• 
• 
• 
• 

\* *********~******************************************~************** *I 

tlnclude <stdlo.h> 
tlnclude •aoorop.h* 

,. 
This module implements an abstract structure containlno a 
set of <key,value> pairs. 

•I 

The only operators are find and iterate. 
Find takes a key and searches the private structure for it~ 
allocating a n•w one if not found. 

t• 
·------------------------------------------------------------------------
• aoolist -
• private data structuKe contalnlno a key and a value. 

·------------------------------------------------------------------------., 
struct bucket *find(); 
static atruct bucket *rfind(,; 

static atruct entry t 
struct aoQ_key 
struct bucket 

key: 
bucket; 

atruct entry *next: 

,. 
) * aooli st • NULL. 
•rli11t • NULL; 

I* key for this entry */ 
I* values */ 
I* linked list *I 
I* list of values *I 
I* Iterate() position in aoQlist •I 

·------------------------------------------------------------------------• find -
• 
• 

search for the key in the data structure aoglist, 
if one doesn't exist, add it • 
return a pointer to the bucket in the entry 

·------------------------------------------------------------------------•I 

struct bucket • 
find (key) 
atruct agQ_key *key; 
I 
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, . 
* Only check is for potential mess up of key • 
'I 

if caoollst I• NULL '' key->type 1- aoglist->key.type} 
I 

t• 

fprintf(atdarr,•tind: BAd kay type\n*); 
exit (1}: 

* Actua'lly starts up recursive lookup with olob.tl aQgllat 
'I 

return (rfind(,aggliat,key)}; 

,. 
•------------------------------------------------------------------------•nw-
* Does real work, traveraas aggllat looking for match on key 

•------------------------------------------------------------------------., 
fdetlne NEWENTRY (struct entry *}malloc(aizeof (atruct entry}} 

static atruct bucket * 
rfindlaoollat,key) 
atruct entry "'*aoollat; I* aooreoate bucket list, never NULL • 
I 
atruct aQg_key *key; I* lookup key *I 
I ,. 

* This searches a sorted linked list for a key 
t and returns a pointer to the buckets tor that key. 

The key may be numeric or character, and the entry 
* may have to be created. ., 

lnt sw; 
register struct entry *ep; 

/* 3 way decision variable */ 
I* pointer to list entry *I 

1t 
I 

*aoollat I• NULL} .1* Can still check */ 

sw m (key->type .... NUMERIC} 1 I* put in form of strcmp */ 
key->u.nval - (*aQQlist)->key.u.nval 
: strcmp(key->u.cval,(*aoolist)->key.u.cval}; 

if { sw .... o ) I* found it *I 
return(,C(*agollat)->bucket}); 

1f ( sw > 0 } /* keep lookino *I 
return Crflnct ( c•aoollst) ->next. key)); ,. 

• If sw-<- 0, we should insert 
* the entry here, so just fall throuoh. ., 

aoarop 



,. 
* Insert a new entry here 
* This was reached by either a null list 
* or the value is prior to the current list valueo ., 

1! 1 (ep - NEWENTRY) -- NULL ) /* create a new entry */ 
I 

fpr!ntf(stderr, •rfind: malloc failed\n•); 
exit (1); 

I 
if (key->type •• NUMERIC) 
I 

/* initialize key */ 

ep->key.type • NUMERIC; 
ep->key.u.nval • key->u.nval; 

else 
I 

/* character key */ 

ep->key.type • CHARACTER; 
ep->key.u.cval - (char *)malloc{strlen(key->u.cval) +1); 
strcpy(ep->key.u.cval. key->u.cval); 

ep->bucket.sum • O: 
ep->bucket.ct - D; 
ep->bucket.mln • MAXINT; 
ep->bucket.max - O; ,. 

/ 6 lnltiallte buckets *I 

* Insert the new entry into the list ., 
ep->next - •aoolist; /* set up tall of list */ 
•aoolist - ep;. /* link into list */ 
returnl•ll*aoollst)->bucket)); 

J I* rfind *I 

,. 
*------------------------------------------------------------------------

!nit iterate -
-Resets rllst to aoo11st, so iterate() can start from 

beqinnino again. 
*------------------------------------------------------------------------., 

void 
!nit iterate() 
I -

,. 
rllst • aqollst; 

I* inlt_iterate */ 

*------------------------------------------------------------------------
* iterate -
• 
• 

Each time the routine is called, return the next value in 
aoqlist. Iterate is relnltlalized by lnit_lterate • 
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NULL is returned at end of list. 

•------------------------------------------------------------------------., 
struct bucket • 
iterate() 
I 

struct bucket 
if (rUst) 

*bucket: 
I* Check for end of list *I 

I 

else 

) I* iterate *I 

bucket - l(rllst->bucket); 
rllst • rlist->next; /* Set up for next call *I 
return (bucket); 

ret urn (NULL) ; I* At end of list *I 

aqgrop 



APPLYOP 

~ 

New version of ~pplyop -- uses pty'•• 

First, do scham~ handling. aam. as old onea 

Parts of system: 
handle new schema 
Qat descriptors for talking to co-routine 
fork co-routine with pty •• atdin6 atdout,stderr 
loop: 

read tuple 
1f selected, 

prject domains to string 
write atrlDQ to pty 
read froa pty 
append to tuple 

wrlte tuple 

maketile 

CFILES - main.c aros.c modify schema.c pty.c co routine.c apply.c tty.c 
OFILES • maln.o aros.o modify-ach .. a.o pty.o oo-routine.o apply.o tty.o 
LIB • •• /lib /usr/lncludeJ•onitor -
LIBFILES • •• /lib/streamlo.o •• /lib/tuple.o •• /lib/schema idl.o \ 

•• /llb/readrecord.o •• llib/wrlterecord.o -
CFLAGS • -DDEBUG -DPTYS -g -1 •• /ltb -I/uar/include/monltor 

applyop: $(0FILES) $(L!BFILES) 
cc -o applyop $(CFLAGS, $(0FILES) $(LIBFILES) \ 

/uar/softlab/llb/llbidl.a 

lint: 

depend: 

lint -DDEBUG -1 •• /lib -1/usr/includa/monitor $(CFILES) 

eorep •Atinclude• $(CFILES) 1 orep -v ~<· I aed -a •J<.•>td• \ 
-a 'a/:( J*\flncluda( )•\•\(.*\)\•.•$$/: \1/' \ 
-a •at\.c/.ot• > /tmp/dep 
-fori ln ~avk •(print $$21' /tmp/dep 1 sort I untq• ; \ 
do for 1 ln • $(LIB) ; \ 

do if ! -t $$1/$$1 I : \ 
then echo •a~$$1,$$1/$$1,• ; \ 

break ; \ 
fi : \ 

dona ; \ 
dona > /tmp/aed!lla 
sed -f /tmp/aedflle /tmp/dep > /tmp/dep2 
sed -a ~/A\f Dependencies/,$$ d" makeflla > /tmp/makeflle 
echo •t Dapendanctea DON•T REMOVE THIS LINE• \ 

1 cat - /tmp/dep2 >> /t•pl.akaflla 
mv makaflla makaflle.old 
cp /tmp/makeflla makefila 
-rm -f /tmp/dep /tmp/dep2 /tmp/aedflle /tmp/~keflle 

Dependencies DON•T REMOVE THIS LINE ' 
maln.o: •• /lib/schema ldl.h 
maln.o: •• /lib/tupla.h 
maln.o: •• /llb/atraamio.h 
aros.o: •• /lib/schema ldl.h 
aroa.o: •• /lib/tupla.h 
modify achema.o: /uar/lnclude/mon!tor/montypea.h 
modify-achema.o: •• /lib/schema idl.h 
modlfy-achema.o: •• /llb/tupla.h 
co routtne.og •• /lib/schema ldl.h 
co=routlne.o~ •• /lib/tupla.h 
co routine.o: ./tty.h 
apPly.o: /uar/lnclude/monltor/montypea.h 
apply.o: •• /lib/schema ldl.h 
apply.o: •• /llb/tupla.h 
tty.o: ./tty.h 

main.£ 

t• maln.c -- main routine of applyop •1 

tinclude <stdlo.h> 



flnclude •schema !dl.h• 
finclude •tuple.h• 
f!nclude •streamlo.h• 

database schemain, achemaout, modify schema(); 
char •Toolname; -

main (a roc, arQv) 
int arQc; 
char ••arQv; 
I 

char 
tuple 
SEQrelation 
SEQattribute 
Mstream 

,. 

••co_arav; 
tup; 
proj_seq_rp; 
app_seq_ap; /* affected 
•sp_in, *sp_out; 

• Get schema from stdin ., 
sp in - str open(stdin); 
schemain - Str schemaread(sp in); 
Toolname • •arOv: -

,. 

I* aro vector to co routine */ 
I* current tuple in-stream */ 
I* affected relations */ 
relations */ 

• Process command line arQs to set up co arQV for coroutine, 
• set up taroet structure for each taroet relation, set up 
* new schema, 

1 nt rel sensor ld 
SEQrelation t_s;q_rp; 
relation rp; 

• tup.relat!on->rel sensor id; 
1* loop tiiips -

foreachinSEQrelatlon(proj_seq_rp, t_seq_rp, rp) 
if ( rp->rel sensor ld • rei sensor id ) 
I - - - -

apply coroutlne(,tup, rp, app seq_ap); 
breatc7 -

., 

str_wr!te(sp_out,,tup); I* Always write a tuple */ 

,. 
• We should check the status of the child process for cleanup 
• handle in co routine stuff ., -

I /* main */ 

arqs.,g 

*I I* process_aros.c - process_aras usaoe•/ 

aros(arqc, arav, 'co_arov, 'Proj_seq_rp, 'app_seq_ap}; 
schemaout- modify_schema(schemain, proj_seq_rp, app_seq_ap); 

spout • str open(stdout); 
sp=out->schema - schemaout; 

,. 

I* new output schema */ 

• Set up communication and execution o! co_routine . , 
start_coroutine(co_arovJ: 

,. 
Main processing loop 
apply the coroutine to' tuples with relations in proj_seq_rp ., 

While ( str_read(sp_in,,tup) > 0) 
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tinclude <stdio.h> 
finclude <ctype.h> 
finclude <strinos.h> 
finclude •schema idl.h• 
finclude •tuple.h• 

extern database schemain, schemaout; 
extern char *Toolname; 

I* schemas from main.c */ 
I* invoked name */ 

, . 
*------------------------------------------------------------------------• aros -
• 
• 

set flaos and grab arguments from command line • 
Exits with 1 upon error~ 

*------------------------------------------------------------------------., 
aros{aroc, argv, proo_arqv, proj_seq_rp, app_seq_ap) 
int aroc; /* command line arquments ., 

applyop 



char 
I* aroument vector to program 

SEQrelat!on 
SEQ.Jittrlbute 
I 

~ •argv. 
11 **prog_argv; 
~tproj_seq_rp; 
"app_aeq_ap; 

/ 6 input relationl to be projected 
I* output domains to be appended 

'I 
'I . , 

1nt 1, j, 
p - 1, 
op teat .. 0; 
•tOluaeU; 
rp; 
t_aaq_rp; 
op; 

I* Array 
Jts index 
I" Count 

lndlcea 
for proo argv, 
of operaiids 

'I 
0 h proo name 111 

- . *I 
char 
relation 
SEQrelatlon 
attrlbute 

flfdef APPRELATION 
SEQattrlbute 

fendlf APPRELATION 

arovH·; 
aroc--; 

I* t•p variable 
I* t•p vt~rhble 
I* attribute holder tor domain 

app_seq_ap; /* appending attributes 

I* byp.~:u program name 

lnitlallzeSEQrelation(*proj_aeq_rp); 
lnitlalizeSEQattrlbute(*<~pp_aeq_ap); 

*prog_argv- (char ••aa.lloc(aroc*alzeof(char *)); 

I' 
• Read until we run out of arouments or until the end of 
* the projected domains, llgnalled by M•• 
'I 

·for C i - 0; i < aroc '' Jtra~p(*arov,••M) I• 0; 1++~ argv++ ) 
I 

I' 
A null argv[l) means the •unlveral relation•~ 
All options must ca.. before output domains 

'I 

'I 
'I 
*I ., 
'I 

if C *C*argv+O) -- ~-~ '' *(*arov+l) ) /*teat for option *I 
I 
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I' 
* Each instance of •-p• requires a following argumentQ 

with or without intervening spaces. 
Flag type optionw can be individually specified or 

*all lumped together behind a single •-•. 
Right now, there ia only one option, but just in case. 

'I 
for·.( j - 1; • (*argv + jl ; j++ 
I 

if « •c•argv + j) -- •p• 1 
I 

I' 
• Argument to be 
• if intervening 
• in proo_argv. 

passed to prog. Check to see 
space, and assion to next spot 
The calling routine baa the 
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* responsibility to make sure proo argv has 
• enough room. Can•t use a switch here aince 

break wouldn't work. Additional options will 
* •alae if' or change break to goto • 
'I 

if (atrlenc•argv) •• 2) t• in next argument •1 
if ( ++i < argc ) 1• we still have an aro */ 

{*proo arQV) (~+I • *t+arQV; 
else -

I 
alae 

usage(); 
alae 

(*proo argv)[ptt) 
break; -

osage 0; 

1• follows w/out space 
.. •arov + 2: 

I* exit loop 

I* for :J *I 
)/*it•/ 
ehe I* select operand 
I 
I' 

• This section aeta the operands depending on 
• how many have been seen. 
'I 

awitch(op teat++) 
I -
case O: I* pathname of prograM 

/& first element •(•proo argv) • •argv; 
break; -

case 1: I* relation 
-· 0 I 

fifdef APPRELATION 

U ( atraa.p(*argv, •-•1 
I 

relation new_rp; 1• tmp for making seq. 
I' 

* All relations, ao copy all ot them. 
'I 

foreachinSEQrelatlon(achemaln->relationa, 
t_aeq_rp,rp) 

I' 
* A separate relation and attribute seq 
• is needed for project and append 
'I 

new rp • copyrelation(rp); 
lnittalizeSEQrelation(new rp->attributes); 
appendrearSEQrelation(•prOj_seq_rp,new_rpJ; 

new_rp • copyrelation(rp); 
initializeSEQrelation(new rp->attributes); 
appendrearSEQrelatlon(*aPP_aeq_rp,new_rp); 

'I 

'I 

'I 

'I 
'I 

'I 

'I 
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fendlf APPRELATION 

tilde! APPRELATION 

fend!! APPRELATION 

I 
else if ( (rp- oetrelationbyname(schemaln, •arov)) 

•• NULL ) 

else 
I 

fprintf(stderr, •ts: Relation not in achema\n•, 
Tool name); 

exit (1); 

,. 
• This relation is the only one in •eq ., 

relation new_rp; /* tmp for maklno •eq. */ 

new rp • copyrelation(rp); 
lnitlallzeSEQrelatlon(new rp->attrlbutes); 
appendrearSEQrelatlon(*prOj_seq_rp,new_rp); 

new rp • copyrelatlon(rp); 
initializeSEQrelation(new rp->attributes); 
appendrearSEQrelation(*apP_seq_rp,new_rp); 

break; 
default: /* the projected domains */ 
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,. 
• Add the domain to every relation to be projected ., 

foreachlnSEOrelation(*proj_seq_rp, t~seq_rp, rp) 
I ,. 

• only add the domain if it is in the relation, 
• otherwise puroe the relation as invalid. 
• Use same actual attribute so that it is set 

when the tuple is read. ., 
relation old rp; _rl_. __ 
old rp • oetrelatlonbysensorld(schemain, 

-rp->rel sensor !d); 
if ( (ap • Oetdomainbyname(old_rp,•arov}) 

!• NULL ) 
appendrearSEQat tribute ( rp-> at tributes, ap) ;: 

else 
I 

removeSEQrelation(*proj_seq_rp,rp); 
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fifdef APPRELATION 
removeSEOrelatlon(*app_seq_rp,rp); 

fendlf APPRELATION 

,. 

I* switch 'I 
) /* else*/ 

I* for */ 

• Hake sure that we have something to work on. ., 
if (op test < 3) /* not enough aros */ 

- usage(); 

,. 
• Finish up proo_arov ., 

t•proo_arov) [pJ - O; /* terminates list */ 

,. 
• Gather up the domains to be appended 
• Note that there may not be any. ., 
if ( i < aroc 
I 

I' bypass ..... ., 

I 
tor 
I 

1++; 
arQv++; 

( ; i < aroc 

,. 
1++, arov++ ) 

* Set up the attributes for each domain specified. 
• This comes in the form: •name:type•. The lenoth 
* attribute is determined from the type, while 
• the position attribute is determined later • . , 

char •name • •arov, 
•d_type; 

I* domain's name 'I 
I* domain's type */ 

if ( (d type • index (name, •: •)) .... NULL ) 
usaQ'e (); - I* they foroot the type */ 

else 
*d type++ • '\0'; I* end name and point to type */ 

ap - • Nattrlbute; 1• allocate a new domain •1 
ap->attr name • (char *)GetHeap( (d type- name) ); 
strcpy laP->attr_name,name); -

,. 
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6 Set up type ~nd length attributes of domain ., 
if ( atrc.p(•charatring•,d type) -- 0 ) 
I -

I 

(int)ap->attr_type.Vtype_atring • Ktype_strlng; 
ap->attr_length • -21 I* aignifie• minimum and variable $/ 

else it C atra.p(•bool .. n•,d_type) •• 0 ) 
I 

I 

(int)ap->attr_ty~~Vtype_boolean • Ktype_boolean: 
ap->attr_length • 11 I• has implications for alignment ~1 

else if ( atrc.p(•int•,d type) •• 0 ) 
I -

(lnt} (ap->attr_type~Vtype_integer, $ Ktype_integer; 
ap->attr_length • aiaeof(ahort); 

else if ( atrcmp(~double•,d_type} •• 0 
I 

(int} (ap->attr_type~vtypa_integer) • Ktype_inteoer: 
ap->attr_length • alaeof(lono): 

else if ( atrcmpC•rational•,d type) •• 0 ) 
I -

(tnt) (ap->attr type.Vtype rational) • Ktype rational: 
ap->attr_lenoth • aiaeot(iloat); /* s.m8 aa a float*/ 

else 
I 

fprlntf(atderr. •ta: Invalid type for output domain\n•. 
Toolna .. ); 

_exlt(l); 

appendrearSEQattribute(*app_seq_ap, ap}; 
1 /* !or */ 

., 
usage() 
I 

fprintf(stderr, •usage: ts l-PI prog relation domain (domain) • result 
domain;type (reaultdomain:type]\n•. Toolname); 

exit 11): 
} /* uaaoe */ 

,. 
6--------------~---------------------------------------------------------
* tolcase -

return a strlno transformed to all lower case 

·------------------------------------------------------------------------., 
static char * 
tolcaae(string_p) 
char 6 atrlng_p; 
I 

char 
char 

*new • (char *}malloc(strlen(string_p)tl}: 
*new_p - new: 

while ( *string_p ) 
*new_p++ • tolower(*atrino_p++}: 

*new_p • "\0~: 

returnCnew); 
} /* tolcase */ 

modify schema.£ 

tlfdef APPRELATION /* modify_schema.c - modify_schema 6 1 ,. 
* Put appending sequence• in each appendlno relation ., 

foreachlnSEQrelation(*app_aeq_rp, t_seq_rp, rp) 
rp->attributea • app_aeq_ap: 

tendif APPRELATION 
I / 6 process_aros 6J 

,. 
.*------------------------------------------------------------------------* usage -

6 prints usaoe error meaaaoa and exits 

·------------------------------------------------------------------------
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tlnclude <stdlo.h> 
finclude •montypes.h• 
flnclude •schema idl.h• 
tlnclude •tuple.h• 

,. 
•------------------------------------------------------------------------

modify schema -
create a new schema by_appendino the attributes in app_seq_ap 

• to each relation in pro_seq_rp. 
* Return a copy of the new schema. 

*------------------------------------------------------------------------

applyop 



., 
extern char *Toolname; I* invoked name from command line */ 

database 
modify_schema(schema, pro_seq_rp, app_seq_apl 
database schema; 
SEQrelation pro_seq_rp; 
SEQattribute app_seq_ap; 
I 

SEQrelation 
relation 
database 

seq rp; 
thiS rp; 
new_ Schema; 

I* loop temporary */ 
/* loop temporary */ 
I* schema to be created */ 

,. 
• Copy schema to new schema and modify new schema. 
*I - -

new schema - Ndatabase; 
new-schema->database name • schema->database name; 
initlalizeSEQrelationcnew_schema->relatlonsl; ,. 
* Copy the sequence of relations ., 

foreachinSEQrelatlon(scbema->relations, seq_rp, this_rp) 
I ,. 

• If this rp is 
* one instead • . , in pro_seq_rp, use the new 

relation 
SEQrelation 
lnt 

new_rp; /* rel. in pro_seq_rp 
t seq rp; 1• loop tmp. 
rel_s8nsor_1d - this_rp->rel_sensor_ld; 

foreachinSEQrelation(pro_seq_rp, t_seq_rp, new_rp) 
I 

1f ( rel sensor ld 
break; -

new rp->rel sensor id 
- /* succeSs 

else 

., ., 

., 
new_ rp • NULL; I* to indicate !allure *I 

I 
if ( new rp '*"" NULL t 

appendrearSEQrelatlon(new schema->relatlons,this rp); 
else - -
I ,. 

Must oet new relation, 
* create a new seQuence of attributes from the old, 

append the attributes in app seQ ap to it, makino 
sure that rel_vlensensor is iccuiate . . , 
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SEQattrlbute t_seq_ap; 
attribute 
lnt 

ap; 
pos; 

I* tmp variables 

I* position ln record 

new rp • copyrelatlon(thls rp); 
app8ndrearSEQrelatlon(new Schema->relatlons,new rpt; 
retrievelastSEQattrlbute(new rp->attrlbutes,apt; 
if ( !new rp->rel vlensensor-) 

pos --ap->attr_pos + ap->attr_lenoth; 
foreachinSEQattrlbute(app_seq_ap, t_seq_ap, ap) 
I 

appendrearSEQattrlbute(new rp->attrlbutes,ap); 
if (new rp->rel vlensensor) 

ap->attr_poi - -1; 
else 
I 

ap->attr_pos - pos; 
pos +~ ap->attr length; 
if ( (typeof(ap=>attr_type)J •• Ktype_strtno J 

new_rp->rel_vlensensor - TRUE; 

., 

., 

I* make variable lenoth */ 

I I* else - new relation section *I 
I* foreach - settlno up SEOrelatlon in new_schema *I 

return(new_schema); 

I I* modify_schema .*I 

I* tty.h *I 

I* Author: J. Menges, UNC 
* Modified: 

lli·h 

• s. Duncan, UNC, 3118186: added comments ., 
tlnclude <sotty.h> 
finclude <syslloctl.h> 

typedef struct ( 
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char 
lnt 

PTYPORT; 

typede! atnact 
PTYPORT 
PTYPOA.T 

PTY; 

typede! atruct t 

•name; 
fd; 

aaaten 
ahv•l 

atruct aottyb &Qttyb; 
atruct tchara tchara; 
int ldlac; 
atruct ltchara ltchara; 
int lmaak; 

TTYATTR; 

co routi·ne. £ 

1• co_routine.c 
• 

~· start coroutine~ channel write, 
channBt_errori channel_eOt 

•I 

llnclude <stdio.h> 
llnclude <siQnal.h> 
linclude •schema idt.h• 
linclude •tuple.h• 
lltdef PTYS 
linclude •tty.h• 
lendlf PTYS 

,. 

channel_read. 

These routines are used to start and communicate with a co-routine~ 
• Since the implementation la likely to be system dependent, it is 
• isolated in this module. The main routine doean•t know how the 

routine is accessed, only that it ia. 
• This particular implementation uaea 4.2 BSD ptya to run the co-routine. 

The requirement tor any routine ia that it will not buffer IIO on 
more than a line basis. The co-routine must be able to produce a line 

• !or every line given lt before processing the next input line • . , 
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,. 
• Global communication structures: ., 

1• alze of IO buffer ., ldefine RTNBUFS!ZE 1024 
ldetlne LINEHAX 512 
ldetlne TO 1 

1• permitted length of line ., 
ldetlne FROM 0 
static FILE *channel[2}; t• comm cho1nnel to coroutine •I 
static char buffer(RTNBUFSIZE}; 
extern char *Toolnam.r 

,. 
1• 10 buffer for raault ., 
1• name ot tool •I 

·------------------------------------------------------------------------
• start coroutine -
• fork and exec a coroutine. 
• After the fork~ dup atdin ~nd stdout to be the ends of the pty. 

·------------------------------------------------------------------------., 
void 
stolrt_coroutineiargv) 
char ••arov; 
I 
Ufdef PTYS 

int child; 
PTY *pty; 
void c•sigchld_manage} (); 
PTY *getptyt}; 

, . 
1• hold the pid of the 
1• pseudo terminal 
I* handles dead child 

• Get a pseudo terminal to run the coroutine on. ., 
it ( (pty .. gatpty U) •• NULL ) 

_exit(l); 
if (ttycopyattr(O, pty->alave.fd) < 0) 

_exit (1); 
if (ttysetecho(pty->slave.fd) < 0} 

_exit (1): 
lf (ttysetcbreak{pty->slave.fd) < 0} 

_exit (1}; 

it ( (child•ptyexecvt•arov. argv, pty. 07)) < 0 ) 
I ,. 

• Error. abort the process. ., 

child •1 
•I ., 

fprlntf(atderr~·ta: atut coroutine- fork failed•, Toolnaae); 
_exit(l}; -

I; ,. 
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fend it 

• Parent - do other half of ptys ., 
if ((channel(O) - fdopen(pty->slave.fd, •w•)) ·-NULL} 

exit {1); 
if t(channel(ll - fdopen(pty->master.fd, •r•)J --NULL} 

ex!t(l); 
slonil(SIGCHLD, aigchld_manaoe); 

Ufdef PRWOPEN 
char 
void 

argline[LINEMAX]; /* holds argument line to coroutine */ 
(*sigchld_manaoe} ();/*signal handler for child process*/ 

fendif 

,. 
* Convert arov into form that prwopen can handle. ., 

signal{SIGCHLO,siochld manage}; 
for ( : •argv: arov++ ) 
I 

strcat (arollne, •arov}: 
strcat (argline, • •); I* separate the arguments 

,. 
' Open channel to coroutine. ., 

lf ( prwopen(argline,channel} < 0) 
I 

fprintf (stderr, 
••s:start coroutine - prwopen failed for •s\n•, 
Toolname,iroline); 

_exit (1); 

I /• start_coroutine */ 

,. 

., 

·------------------------------------------------------------------------• channel write -
• wrTte a line to the co_routine on the pty 
• The line must be.extracted from the tuple according to the 
' attributes in rp. 
•------------------------------------------------------------------------., 

int 
channel_write(tp,rp) 
tuple •tp; 
relation rp; 
I 

int 
tuple 

,. 
status; 
tup; 

I* status of call */ 
/' rebuilds tp *I 

• Create a new tuple using the record from tp and the relation 
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• rp. use tupleprlnt"to write this to the channel. ., 
tup.record - tp->record; I* make new tuple using rp *I 
tup.relation - rp; 
status • tupleprint(channel[TOJ, 'tup,DONTPRINTLABELS); 
if ( status < 0 ) 
I . 

fprintf (stderr, 
•ts:channel write- couldn't write to coroutine\n•, 
Tool name): -

_exit (1): 

I 
fflush(channel(TO)); 
return (status); 

/* make sure lt oets there •1 

) /* channel_write 'I 

,. 
·------------------------------------------------------------------------• channel read -
• reid a line from the co routine on the pty. 

Convert the line to the-format in rp and put it in fields. 

·------------------------------------------------------------------------., 
lnt 
channel read{results) 
char -••results: 
I 

char *bp - buffer; I* read into this butter 

foets(bp, RTNBUFSIZE. channel[FROH)); 
if ( feof(channel(FROM)l ) 
I 

I 

•results .. NULL; 
return(O); 

if ( ferror(channel[FROMJ) 
I 

I 

fprintf(stderr.••s:•, Toolname); 
perror(•channel read•); 
_exit {1); -

I* preface to perror 

if ( buffer( strlen (buffer} - 1 ) 1- ~ \n• ) 
I ,. 

' If bp doesn't end in newline, discard data until it does. 
• This has the effect that all of a oiven tuple• a append 
• domains oet eaten up. Put out an error mso too. 
' Calling routine will figure out that it doesn•t have 
* enough values. 

Alternative is to try to oet enouoh space to read line. ., 

., 

., 
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char err_bp[RTNBUFSIZE); 

fprlntt(atderr,•ta:ch~nnel_re~d- results too laroe~\n•~ 
Tool name); 

fprlntf(atderr,••a:data:td,ta\n•,Toolname,atrlen(buffer}, 
buffer); 

foeta(err bpe RTNBUFSIZEs channel[FROH)); 
while C lfeot(channel{FROK)) ) 
I 

1f ( err bp( •trlen(buffer) - 1 I ·- '\n' 
br•ak; 

fgeta(err_bp, RTNBUFSIZE, channel(FROMJ); 

•results - buffer; 
return(atrlen(butfer,); 

/*channel_read •1 

,. 
., 

The followtno are routine• to allow an external module to 
look at the coroutine output channel. 

,. 
~------------------------------------------------------------------------• channel_error -

check for an 10 error on the output channel 

•------------------------------------------------------------------------. , 
lnt 
channel error 0 
I -

return(ferror(channel(FROHJ)); 

I' 

·------------------------------------------------------------------------* channel~eot -
check for eof on the output channel 

•------------------------------------------------------------------------. , 
lnt 
channel_eot 0 
I 

return (teo! (channel (FRC:ttiJ)); 

,. 
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·------------------------------------------------------------------------
• sigchld manaoe -

hahdle anything funny from childs like it dying. 

·------------------------------------------------------------------------., 
static void 
aigchld manage() 
I -

fprlntf(stderrv•ta:Coroutine •tatus has changed\n•,Toolname); 
_exit() 1 

I* apply.c - apply_coroutine */ 

flnclude <stdlo.h> 
finclude <ctype.h> 
flnclude •montypes.h• 
flnclude •schema idl.h• 
finclude •tuple.h• 

, . 

~·.£ 

·------------------------------------------------------------------------apply coroutine -
* pass domains to coroutine 
* append the output of the coroutine to the tuple 

·------------------------------------------------------------------------•I 

int done • FALSE; 
extern char •Toolname; 
lnt max_lnts() .. ( 

o, 

void 

(Oxtf-1) • 
(Oxtfff-1) • 
(Oxtffftf-1,, 
(Oxtttfffft-1) 
I; 

appiy~coroutine(tp, rp, app_aeq_ap) 
tuple •tp: 

I* processing done flag 
I* name of tool 

I* values for given length 

I* affected tuple 

., ., 

'I 

., 
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relation 
SEQattribute 
I 

rp; 
app_seq_ap; 

SEQattribute 
attribute 
lnt 

tloat 
char 

void 

t_seq_ap; 
ap; 
!_pas, 
a lion. • TRUE, 

1; 
t: 
•results, 
•record • t~>record, 
• last, 
*pos, 
• res - results; 
channel_write 0; 

if ( done ) return; 
channel_write(tp,rp); 

,. 

I* relation that chanoes •t 
I* new domains •I 

/* loop variable *I 
I* temp. variable *I 
I* index of position *I 
I* alionment of domain •I 
I* inteoer result value *I 
/* rational result value •1 
I* strino of results domains *I 
I* record from tp *I 
I* last allowed position •I 
I* pOsition in record *I 
/* position in results *I 

I* don•t append anymore 
I* send to the coroutine 

., 
•I 

• Only have to read from coroutine if it writes somethlno. ., 
if ( emptySEQattribute(app_seq_ap) 

return; I* nothino to append ,. 
• We have domains to append • . , 

if ( channel read(,results) •• 0 ) 
I -

done • TRUE; 
return; 

fifdef DEBUG 
fprintf(stderr,"'s",results); 

tendlf DEBUG ,. 
• Append each attribute to tuple 

I* all done here 

• ensure that there is room in the tuple, 
• ensure that all attributes are present ., 

ap- oetdomainbyname(tp->relation,•cmdlenoth"); 

•I 

., 

I* find lenoth of tuple */ 
i_pos .. record[ap->attr_pos) • 2; 
pos .. '(record[! pas)); 
last • &(record[(sizeof(mon_putevent) 
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/* convert to chars • I 
I* place to append *I 

- 1111; 

cord\n", 

I~ end of tuple 

foreachinSEQattribute{app seq ap, t seq ap, ap) 
I - - - -,. 

• scan in the value of each domain into 
• the record at pos ., 

while ( •res '' isapace(*res) 
if ( ap->attr lenoth I• 1 ) 

pos +• {p0a - record)\2; 
switch{typeof(ap->attr type)) 

rest+; 

I* aUon field 

I -
case Ktype strino: 

while ( •res '' liaspace(*res) '' pos < last ) 
I 

,. 

*(post+) • *(res++); 
alion • lalion; 

• Have to end string on alignment, since last 
* is unalioned, we don~t have to check it ., 

*(pos++) • ~\0'; 

it ( lallori·) *(pos++) • •\O'; 
break; 

case Ktype inteoer: ,. -
• Need a different approach for each lenoth, 
* with sanity checks for them. ., 

if ( pos + ap->attr length > last 
I -

fprlntf(stderr, 

., 

., 

"\s:apply_coroutine - domain \a extends past end of re 

Toolname, ap->attr name); 
_exit(l); - I* can't continue *I 

I 
if ( (i • atoi(res)) >max ints[ap->attr lenoth) ) 
I - -,. 

• Print mso but continue ., 
fprintf {stderr, 

"'s:apply coroutine -value truncated, 's:\d\n", 
Toolname,-ap->attr_name, i); 
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fifdef DEBUG 

fendlt DEBUG 

cord\n•, 
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fprintf(stderr 6 •td\n•~i); 

while ( isspace(•res, ) res~+: 
while ( isdiglt(•res) ) res~+; 
svitch(ap->attr length) 
t -
case 1; 

I* 
• Note that thla is already aligned 
*I 

*(unsigned char •)poe ~ 1; 
po ... +: 
break; 

case 2: 
*(abort ~)pos • 1; 
pos +"' 2; 
bre11k; 

Cll88 4: 

•(long •)poa • 1; 

1• upd11te position •t 

1• update position */ 

pos +• 4; 1• update position •1 
break; 

default: 
I* 

• Critical errorD since length is not definedt ., 
tprlntf(atden. 

•ta:apply_coroutine - unknovn length in achema\n•, 
Toolna .. ,; 

_exit (1); 

break; 

case Ktype rational: 
if ( PQs + ap->attr length > last } 
t -

fprintf (stderr, 
•\a:apply_coroutine - domain ls extends past end of re 

Toolname, ap->attr_name); 
_exit (1); 

I 
1t C ascanf(res,•tt•,,t) I• 1 ) 
t 

fprintf(stderr, 

I* can•t continue */ 

••a:apply_coroutlne - couldn•t read value tor ls\n•, 
• Toolname, ap->attr_nameJ: 

_axit(l); 1• can't continue */ 

*(float •)pos • t: 
pos +• ap->attr_langth; I* update position */ 
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cord\n•, 

break; 

case Ktype boolean: 
if { PQs + ap->attr length > last ) 
I -

fprintf (stderr, 
•ts:apply_coroutine - domain •• extends past end ot re 

Toolname, ap->attr name); 
exit(l}; -

I -
1t ( aacantCres,•u•,UJ I• 1 ) 
I 

fprlntf (stderr, 

I' can't continue */ 

•ts:apply coroutine - couldn't read value for ts\n•6 
Toolname,-ap->attr name); 

_exitCU; - 1• cotn't continue */ 
I 
•(unaioned char •)pos • (1 I• 0); 
pos++; 
break; 

I* update position •1 

default: 
fprlntt (stderr~ 

••a:apply_coroutine- invalid type, \s:td\n•, 
Toolname, ap->attr nama, typeof{ap->attr type)J; 

exit(l); - t• can•t continue */ 
1 !•-switch on typeof •1 

1• foreach •1 
return; I* normal return ., 

I /* apply_co_routine •1 

I* pty.c - prwopen, prvclose •t 
I* 

• NAME 

l!U'.·!! 

prwopen- modified popen(3) to work with pty•s instead of 
pipes, and also provide both read and write 
capabilities to the child process • 

• 
• SYNOPSIS 
• tlnclude <stdio.h> 
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• 
• lnt prwopen{ cmd, streams ) 

char *cmd; 
• 
• 

FILE streams[2J; 

* AUTHOR (actually, merger!) 
* John Ioannldls, loannldis@cs.columbla.edu 
• Chris Torek mod made by Steve Duncan 

* SEE ALSO 
• 
• 

popen(3), after which this call is modelled • 

* UNIX SOURCES USED 
popen(3), script (1) • 

• ., 
f!nclude 
Unclude 
llnclude 
linclude 
llnclude 
Unclude 

static 

int 

<std!o.h> 
<sys/loctl.h> 
<sys/types.h> 
<sys/stat.h> 
<slonal.h> 
<sotty.h> 

tnt plp_pld( 20 ]; 

prwopen( cmd, streams 
char *cmd; 
FILE •streams[); 
I 

tnt pty, 
p!d, 
j; 

struct stat stb; 
char c; 

I* file descriptor tor pty 
t• pld of cmd 
/* index into char table 

static char *line - •tdev/ptypO•; 

., ., ., 

for( c • •p•; ; c++ 
I 

/* Torek Mod: removes condition */ 
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,. 
• Check pty•s from ptycO 

Invariant: no available pty• s before 'line' 
• Terminates when no more ptys to check ., 

line(strlen('"ldevlpty'"t) • c; 
line(strlen(*ldevlptyp")J • •o•; 
if( stat 1 line, utb I < 0 I 

break; I' loop terminator 
fort 1 .. o; j < 16; j++ I 
I ,. 

., 

opened: 
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* Get particular pty ., 
line(atrlen('"ldevlptyp'")l • "0123456789abcdef'"[jJ; 
if( ( pty • open( line, 2 )J > 0 ) 
ooto opened: 

return( -1 ) : I* no ptys available 

, . 
• Have found a pty ., 

switch( pid • fork() 
I 
case -1: 

case O: 

., 

return( -1 ); 

int t, 
tty; 

I' descriptor of Old tty 
I* descriptor of new tty 

struct agttyb bf; 
t•open( '"ldevltty'", 
lt(t>-0) 

2 I; 
I' check for valid 

I 
ioctl ( t, TIOCNOTTY, (char *)0 I; 
close ( t )'; I' discard parent tty 

,. 
* Get equivalent tty for other half of device 
•r 

line[atrlen('"ldev/")1 • •t•; 
tty • open( line, 2 ); 
close ( pty I; I* only used by parent 

ioctl( tty, TIOCGETP, 'bf ); 
bf.so_tlaos ,. ~ECHO; 
iOctl( tty, TIOCSETP, 'bf ); 
dup2( tty, 0 ); I* reset stdlln,out,err) 
dup2{ tty, 1 ); 
dup2( tty, 2 ); 

., 

., 
•I 

., 

., 

., 
close( tty); I* all done with this now */ 

exec!( '"lbln/sh'", '"Sh", •-c", cmd, 0 ); 
_exit (1); 
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I 

plp_pld(pty)-pld: t• so we know which one 

lt( (streamsiOI • fdopen« pty, •r• )f''•loi·NULL II 
(stre•m•(lJ .. fdopenC pty~ "'W"" )J •• NULL) 

return( -1 }I 

aetbuf ( atr••••IOI, NULL ) ; 
aetbuf( atr• .. •lliD NULL); 
return( pld )I 

t• get rid of block size 
1• oat rid of block alze 

prwcloae( streams 
FILE •atreama{); 
I 

register f, r, (•hatat, () D C•isut) 0, t•qatat) 0; 
tnt at.atua: 

f • flleno(streama(l))l 
fclose(streama(O)); 
fclose(streama{l}); 
!stat • slonal(SIGINT, SIG IGN,; 
qstat • slonal(SIGQUIT6 SIG IGN); 
hstat • alonal(S!GHUP~ SIG IGN); 
whlle{(r - wdtCUtatua)) T- plp_pldlfl " r I• -U 

' it(r -- -11 
statua • -1; 

slonal(SIGINT, tatat); 
algnal(SIGOUIT, qatat); 
algnal(SlGHUP, hatat): 
return (atatua}; 

ill~£ 

,. tty.c - oetptyname, ptyopen, oetpty, ttygetattr. ttysetattr, 
• ttycopyattr. ttyaetaecho, ttyaetcbre•k• ptyexecv ., 

t• Author: J. Menges, UNC •t 
t• Modified: 

S. Duncan, UNC, 3/18/16: added comments 
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., 
tlnclude <sys/types.h> 
tinclude <sys/stat.h> 
tlnclude <sys/loctl.h> 

tlnclude <stdlo.h> 

tinclude •tty.h"" 

tdefine PTYTEHPLATE •tdev/ptyxx• 
tdefine PTYLETTER 'p' 
tdefine PTYDIGITS •ot23456789abcdef• 

tdetlne error_pep(strinQ} (perror(atring); return(NULL);} 
tdeflne error_prp(string}\ 

(tprintf(stderr, ••s\n•, strino); return(NULL);) 
tdetine error_pen(atrinQ) fperror(atring); return(-l);j 
tde!ine error_prn(8trinQ) (fprintf(atderr, "''a\n•~ atrinoJ: return(-1);1 

,. 
•------------------------------------------------------------------------• oetptynarne -
• return tha name ot a pty 

·------------------------------------------------------------------------., 
static char • 
oetptynama (1) 
I 

static char *template • PTYTEHPLATE; 

template(strlen(PTYTEHPLATE) - 2) • PTYLETTER + 1 I atrlen(PTYDIGITS); 
template(strlen(PTYTEHPLATE) - 1) • PTYDIGITS(i' atrlan(PTYDIGITS)); 
return template; 

,. 
·------------------------------------------------------------------------• ptyopen -
* return a descriptor to a pty 
•------------------------------------------------------------------------., 

static tnt 
ptyopen(ptyname) 
char •ptyname; 
I 

struct stat statuso 

return (stat(ptyname, 'status) < 0) ? -2 open(ptyname, 2); 

applyop 



,. 
*-----------------------------------------------------~------------------
• oetpty -
• return a pointer to a PTY struct 
·------------------------------------------------------------------------., 

PTY * 
oetpty 0 
I 

,. 

1nt 1; 
char *ptyname; 
PTY •pty; 

pty • (PTY •) malloc(slzeof(PTY)); 
if (pty --NULL) error_pep(*oetpty: malloc*); 

tor ct - o: : 1++) c 
ptyname • oetptyname(!}; 
pty->master.!d • ptyopen(ptyname); 
if (pty->master.!d -- -2) error prp(•oetpty: no more ptya\n*); 
if (pty->master.fd >• 0) t -

pty->master.name- (char*) malloc(strlen(PTYTEMPLATE) + 1); 
if (pty->master.name --NULL) error_pep(*oetpty: malloc•); 
strcpy(pty->master.name, ptyname); 

pty->slave.name • {char *) malloc(strlen(PTYTEHPLATE) + 1); 
if (pty->slave.name •• NULL) error_pep(•oetpty: malloc•); 
strcpy(pty->slave.name, ptyname}; 
pty->slave.name[strlen(PTYTEMPLATE) - 5] • •t•; 
pty->slave.fd • open(pty->slave.name, 2); 
if (pty->slave.fd < 0) 1 

free(pty->master.name); 
pty->master.name • NULL; 
close(pty->master.fd); 
free(pty->slave.name); 
pty->slave.name • NULL; 

else .break; 

return pty; 

·------------------------------------------------------------------------
" ttyoetattr -
• return the attributes of a tty 
·------------------------------------------------------------------------
'1 

TTYATTR " 
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ttyoetattr ( fd) 
.int fd; 
I 

,. 

TTYATTR "ttyattrp; 

ttyattrp • (TTYATTR *) malloc(slzeof(TTYATTR)); 
if (ttyattrp •• 0) error_pep(•ttygetattr: ioctl•J; 

if (ioctl{fd, TIOCGETP, (char •) '(ttyattrp->sottyb)) <OJ 
error_pep(•ttygetattr: loctl•); 

if (ioctl(fd, TIOCGETC, (char •) '(ttyattrp->tchars)) < 0) 
error_pep(•ttygetattr: ioctl•); 

if (ioctl(fd, TIOCGETD, (char*} '(ttyattrp->ldisc)) < O) 
error_pep(•ttyoetattr: !oct!•); 

if (ioctl(fd, TIOCGLTC, (char •) '(ttyattrp->ltchars}) < O) 
error pep(•ttygetattr: !oct!•); 

if (ioctl(fd, TIOCLGET, (char*} '(ttyattrp->lmask)} < 0) 
error_pep(•ttygetattr: ioctl•); 

return ttyattrp; 

·------------------------------------------------------------------------• ttysetattr -
• set the attributes of a tty 

·------------------------------------------------------------------------., 
tnt 
ttysetattr (fd, ttyattrp) 
int td; 
TTYATTR •ttyattrp; 
I 

,. 

lnt rc; 

if {loctl (fd, TIOCSETP, (char •) '(ttyattrp->sottyb)) < 0) 
error pen (•ttyoetattr: loctl •); 

if (ioctl(fd, TIOCSETC, {char •) '(ttyattrp->tchars)) < 0) 
error pen(•ttygetattr: ioctl•); 

if (!octl(fd, TIOCSETD, (char •) '(ttyattrp->ld!sc)) < 0} 
error pent•ttygetattr: ioctl•); 

if (loctl(fd, TIOCSLTC, (char "') '(ttyattrp->ltchars)) < 0) 
error pen(Nttyoetattr: !oct!•); 

if (ioctl(fd, TIOCLSET, (char *) '(ttyattrp->lmask}) < 0) 
error_pen(Nttyoetattr: ioctlN); 

return O; 

·------------------------------------------------------------------------

applyop 



• ttycopyattr -
copy the attribute• of A tty 

'---------------------------~--------------------------------------------., 
int 
ttycopyattr(fdfrom, fdto) 
lnt fdfra., tdto; 
I 

TTYATTR *ttyattrp: 
lnt rc; 

ttyattrp - ttyoetattr(fdfrom); 
if (ttyattrp •- NULL} return NULL; 
rc- ttysetattr(fdto, ttyattrpJz 
free(ttyattrp); 
return (rc < 0) 1 -1 : o: 

,. 
·--------------------------------------------------.----------------------
• ttysetecho -
• aet the echo on a ttlf 

·------------------------------------------------------------------------., 
int 
ttysetecho (!d) 
int fd; 
I 

atruct aottyb sottyb; 

1f (loctl (fd, TIOCGETP. (char *) 'sQttyb) < OJ 
error_pen(•ttyaetecho: ioctl•); 

sgttyb.so !laos , .. -ECHO; 
if (loctl(td, TIOCSETP, (char *) 'agttyb) < 0) 

error_pen(•ttyaetecho: !octl~J; 

,. 
·------------------------------------------------------------------------• ttysetcbreak -
• set CBREAK mode on a tty 

·------------------------------------------------------------------------., 
int 
ttysetcbreak(fd) 
int !d; 
I 

struct sattyb sottyb; 

if (loctl (td, TIOCGETP, lchar *) 'sgttyb) < 0} 
error_pen{Mttyaetcbreak~ ioctlM); 
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,. 

sgttyb.SQ !laos 1- CBREAK; 
it {ioctl(fde TIOCSETP, (char *) 'sottyb) < O) 

error_pent•ttyaetcbreak: ioctl•J; 

·------------------------------------------------------------------------
• ptyexecv -

execute a program on a PTY 

•------------------------------------------------------------------------., 
int 
ptyexecv(nama, ~rgvQ pty~ fds) 
char •nama; 
char •arov[); 
PTY *pty; 
int fda; 
I 

lnt child; 
int fd; 

if ((child • vfork()} < 0) arror_pen(•ptyaxec: vfork•J; 

if (child •• 0) I 
cloaa(pty->maater.fd); 
for (fd • 0; fds; fd•+, fda >>• 1) 

if (fda ' 01) 
if (dup2(pty->alaveofd, fd) <OJ arror_pen(•ptyexec: dup2•); 

close(pty->alave.fd); 
execv(name. arov); 
perror(•ptyexecv: execv•); 
_exlt(l); 

I 
else ( 

close(pty->slave.fd); 
return (chlld}; 

applyop 



BLIND PRINT 

HONDEF • MONITOR 
HONINCLUOE • monitor 
DEBUG • -DMONDEBUG -DDEBUG 
CFLAGS • -D$(HONDEF) -Usun 

makef!le 

bllndprint: blindprlnt.o monlib 
cc -o blindprint blindprlnt.o monlib.ar 

blindprint.o: bllndprlnt.c •• /$(MONINCLUDE)/mondefs.h 
cc -c blindpr!nt.c 

monllb: readrecord.o dumprecord.o prlntevents.o 
ar ru monlib.ar readrecord.o dumprecord.o prlnteventa.o 
ranlib monlib.ar 

readrecord.o: readrecord.c •• /S(HONINCLUDE)/montypes.h 
cc -c readrecord.c 

prlnteventa.o: prlntevents.c •• /$(HONINCLUDE)/mondefs.h \ 
•• /$(HONINCLUDE)/montypes.h 

cc -c printevents.c 

dumprecord.o: dumprecord.c •• /$(HONINCLUDE)/montypes.h 
cc -c dumprecord.c 

I* bllndpr!nt.c -main */ 
I* monitor project •1 

blindprint.c 

1•111 111111 111111111111 1111111111111111 II 11111111111111111111111111 11111• 
I I 

project: Monitor project under Richard Snodoras at UNC 

programmer: Stephen Duncan, 3/6/84 

Blind print ot sensor records. Format ot each record taken 
from the sensor descrlpter file with eacb int field in· the 
descripter beino a short in C, and each double int in the 
descripter file being an int in c. The lenoth field present 
in the second b¥te of each record is used to determine how 
much to read from the tile. 

Input: 

output: 

stdin - sensor records from the accountant 
or files named on command line 

stdout - ascii of fields in sensor record. 
without filtering 

rt~n-

truncated sensor message 
invalid sensor id 

Modules: main 
External modules: <syalmontypes.h>, 

readrecord.c 
prlntevents. c 
dumpevents.c 

Maintenance: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

•1111111111 111111 II II II II II IIIII I II II II II II II II II II II II II II II II II I I I I 11•1 

flnclude 
finclude 
Unclude 

,. 
<stdio.h> 
<monitorlmonops.h> 
<monitorlmontypes.h> 

·---------------------------------------------------------------------* reads sensor record and 
prints ascii of each record, one per line. 

·-------------------~-------------------------------------------------., 
main {argc, arov) 
int aroc; 
char * arov{]; 
I 

mon putevent record; 
lnt- rstatus, 

1; 
FILE * fp, 

* !open(), 
!close(); 

if (aroc .... 1) 

I 

I* event record */ 
I* status of calla *I 
I* index for arov *I 
I* for input *I 



while ((ratatua • raadrecord (atdln, 'record) I I• O) 
I' 

• Note that the alae condition (bad read) 
• juat read• th• next r•cord ., 

1t (ratatua > 01 
avltch (ncord.clld.type) 
I 

caaa HONOP PUTEVENT INT: 
prlntlit (atdout",iracord); 
break I 

caae HONOP PUTEVENT EXT: 
prlnteit (atdout, iracord); 
br .. ts 

else 

case HONOP PUTEVENT EXT: 
printeit (stdoul,iracord); 
break; 

default: 
fprlntf (stderr, 

-••: Bad command: ld at diap ld in ls\n-, 
ouov ( 0) , record. cmd. type, 
ftell (fp), arov(l))-

dumprecord (stderr, iracord)l 

fprlntf (stderr, •\a: 
argv[OJ, arovli), 

1• an error •1 
Read error for file Ia at td\n•o 
ftell (fp) I; 

default: fcloae (fp); 

else 

,. 
• Thia ia probably just an error record 
•I 

fprlntf (stderr, 
•1s: Bad command; .ld at d!sp ld in stdln\n~, 
argv(O), record.cmd.type, ftell(stdin)•; 

dumprecord (atderr, 'record); 

alae 1• an error •1 
fprlntf. (stderr, "h: Read error for stdin 11t \d\n·~ 

argv(O)o arov(1) 0 ftell(atdin)J: 

tor (i - 1; 1 < aroC: 1++) 
I 

if ({fp - fopen Carov(i), *r")) -- NULL) 
I 

alae 

fpr!ntf (atderr, "Is: can't open ls\n", argv[OJ. argv[i)); 
exit (1): 

while ( (ratatua • readrecord (fp, uecord)} 1- 0) 
I ,. 
• Note that the elsa condition (bad read) 
• just reada the next record ., 

if (ratatua > 0) 
awitch (record.cmd.type• 
I 

caae HONOP PUTEVENT XNT: 
pr!ntiDt (stdout.,record}; 
break; 
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readrecord.£ 

/* readrecord.c - readrecord •t 

llnclude <stdio.h> 
linclude <monitor/montypes.h> 
ldefine FIXEDLEN slzeof(struct mon_cmd)*2 

1*----------------------------------------------------------------------------
readrecord 

- reads an event record from a file pointer into a putevent struct 
- puts event record into structure pointed to by reed 
- returns the length of the record or -1 on an io error. 

·----------------------------------------------------------------------------
., 

readrecord(fp,recd) 
FILE •tp; 
mon_putevent •reed; 
I 

tnt stat;: 
int varlen: 

/* for io calls •1 
/* length of record past cmd •1 

bllndprlnt 



short •record•(short *)reed; I* a little short hand *I 

,. 
* Find lenoth of record ., 

1f 

,. 

(stat • !read (record, aizeof(short), FIXEDLEN, fp) 
I I• FIXEDLEN 

1f (feof {fp)) return (0): 
else return{-1); 

I* all done */ 
I* some error */ 

* Determine lenoth in shorts remainino, (note recd••record) ., 
varlen- (int)recd->cmd.lenoth- FIXEDLEN; 

,. 
* Get remainder of record ., 

if ( (stat - !read ((record + FIXED LEN), 
sizeof (short), varlen, fp) 

1- varlen I 
return t-1): I* didn't read whole record *I 

return (reed->cmd.lenoth); I* return lenoth in short ints *I 

printevents.c 

I* printevents.c- printint'printext •I 

tinclude <stdio.h> 
linclude <monitorlmontypes.h> 

,. 
·---------------------------------------------------------------------
* printint 
* print internal event reeds 
·---------------------------------------------------------------------., 
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pr!ntint(fp,recd) 
FILE * fp; 
reolster mon_putevent * reed; 
I 

lnt tndex•O; 

swltch(recd->eventnumber) 
I 
case 1: 

case 2: 

case 3: 

case 5: 

fprintf (fp, •command • kernel\tlenoth • t6d\t", 
recd->cmd.lenoth); 

fprintf (fp,·•eventname- Namestart\t•); 
!print! (fp, •performer • '6d\tobject- ,d,,d\t•, 

recd->performer, 
(recd->object)>>l6, 
(recd->objeet),Oxffff); 

fprintf (fp, "initiator - '6d\ttimestamp a '10u\n•, 
recd->initiator, 
recd->timestamp); 

break: 

!print! (fp, •command • kernel\tlenoth- \6d\t•, 
recd->cmd.lenoth); 

fprlntf (fp, •eventname- NextCornponent\t~); 
fprtntf (fp, •performer • '6d\tobject- ,d,,d\t•, 

recd->pertormer, 
(·Eecd->object) »16, 
(recd->object),Oxffff); 

fprtntf (fp, •initiator • \6d\ttlmestamp • 'lOu\t•, 
recd->inttlator, 
recd->timestamp); 

fprintf (fp, •filename - \s\n•, 
reed-> fields); 

break; 

!print! (fp, •command • kernel\tlenoth • '6d\t•, 
recd->emd.lenoth); 

fprintf {fp, •eventname • INodeCreate\t•); 
fprlntf (fp, •performer • '6d\tobject - ,d,,d\t•, 

recd->performer, 
(recd->object)>>16, 
(recd->object),Oxffft); 

fprintf (fp, •initiator • '6d\tt1mestamp- '10u\n•, 
recd->initiator, 
recd->timestamp); 

break; 

fprlntf (fp, •command- kernel\tlenoth - '6d\t•, 

blindprint 



case 6: 

caaa 1: 

case 8: 
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recd->cmd.lenoth); 
tpr!ntf (fp, •aventname- Opensucessful\t•); 
fprlntf (fp, •performer • \6d\tobject ~ \d,\d\t•, 

!'&Cd->_parformar, 
(recd->object)>>l6, 
(recd->objact),Oxffff); 

tprlntf Cfp, •initiator • \6d\ttlmeatamp • •tOu\t•, 
.!'c&cd->inltlator. 
~aod->tlmaatamp); 

tprintf (fp, •mode • '6d\t1n1taize - •tOd\n•. 
gecd->fielda(OJ, 
•Unt •)(recd->fielda +1)); 

break; 

fprintf (fp, •command • kernel\tlength • '6d\t•, 
recd->cmd.lenoth); 

fprlntf (fp, •eventname • FlleClose\t•); 
fprintf (fp, •performer • '6d\tobject • ,d,\d\t•, 

recd->performer, 
(recd->object)>>16, 
(recd->object),Oxffff): 

fprintf lfp, •initiator • '6d\ttimestamp - \lOu\t•. 
reed-> initiator, 
recd->tlmaatamp): 

!print! (fp, ~rtnala!ze • \lOd\n•, 
• (int •) (recd->flelda +OJ): 

break; 

···~. 

!print! (fp, •command • kernel\tlength • •6d\t•, 
recd->cmd.length); 

fprintf (fp, •eventname- INodeDelate\t•); 
fprintt (tp, •performer • t6d\tobject • ,d,\d\t•, 

recd->performer, 
(recd->object)>>16, 
(recd->object),Oxffff); 

fprlntf (fp, •initiator • '6d\ttlmestamp • \lOu\n•, 
recd->lnltlator, 
recd->tlmeatamp); 

break; 

fprlntf (fp~ •command • kernel\tlenoth • t6d\t•. 
recd->cmd.lenoth); 

fprintf (fp, •eventname • ReadSensor\t~); 

fprintf (fp, •performer • t6d\tobject • td,,d\t~. 

recd->performer, 
Crecd->object)>>l6, 
(recd->object)~Oxffff); 

fprlntf (fp, •initiator • t6d\ttimestamp- 'lOu\t•, 

4J 

case 9: 

default: 

recd->lnltlator, 
recd->timest•mp); 

fprlntf (fp. •ttlepos • tlOd\tactualcount • t6d\n•, 
• (1nt •) (recd->tlelds +OJ, , 
recd->flelds(2)); 

break: 

fpr1ntf (fp. •command • kernel\tlenoth • t6d\t•, 
recd->cmd.lenoth); 

fprlntf (fp, •eventname • WrlteSensor\t•J: 
fprlntf (fp, •performer • t6d\tobject • td,,d\t•, 

recd->performer, 
(recd->object)>>16, 
(recd->object),Oxffff); 

fprintf (fp, •initiator • '6d\ttlmeatamp • tlOu\t•, 
reed-> initiator, 
recd->timestamp); 

!print! (fp, •tilepos • \lOd\tactualcount • '6d\n•, 
•(lnt R) (recd->flelds +0), 
recd->flelda(2)); 

bre•k: 

fprln'tf (stderr, 
•prlntevent: No internal eventnumber •sd\n•, 
recd->eventnumberJ: 

dwmprecord(atderr, reed); 

,. 
·----------------------------------------------------------------------• printext 
• print external event reeds 

•----------------------------------------------------------------------., 
prlntext(fp,recd) 
FILE * fp; 
reoister mon_putevent • reed; 
I 

int index•O; 

sw1tch{recd->eventnumber) 
I 
case 0: 

fprlntf (fp, •command • external\tlength • \6d\t•, 
recd->cmd.lenoth)o 

fprlntt (fp, •eventname • AcctHeader\t•); 
fprlntf (fp, •performer • '6d\tobject • lOtd\t•. 

bllndprlnt 



case 1; 

case 2: 
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recd->performer, 
recd->object); 

fp~!ntf (fp, •initiator • \6d\ttimestamp • \10u\t*, 
reed-> initiator, 
recd->tlmestamp); 

fpr!ntf (fp, •acct date .. 10\d\t•, 
*llano *}(recd->fields +index)); 
index +• 2: 

fprintf (fp, •kernel date • 10\d\t•, 
*(lono *)(recd->fields +index)); 
index +• 2; 

fprintf (fp, •hostname - \s\t•, 
{char *) (recd->tlelds + index)); 

index +• (strlen ((char *) (recd->fields+index)) +2) »1 = 
fprlntf (fp, •tn!t text • \s\n•, 

(char *) (reed-> fields + index)); 
break; 

!print! (fp, •command • external\tlenoth • t6d\t•, 
recd->cmd.lenoth): 

fprlntf (fp, •eventname- UserXamplSensor\t•): 
fprintf (fp, •performer • \6d\tobject • 10\d\t•, 

recd->performer, 
recd->object); 

fprintf (fp, •initiator • \6d\ttimestamp • \lOu\t•, 
reed-> initiator, 
recd->timestamp); 

fprintf (fp, •str parm 1 • \s\t*, 
(char *) (recd->"fields + index)) : 

index +• (strlen((char *) (recd->fields+index)l+2)>>1; 
fprintf (fp, *sh_parm_2 • 6\d\t•, 

recd->fields(lndex++)); 
fprlntf (fp, •str_parm_J - \s\t•, 

(char *) (reed-> fields + index)): 
index +• (strlen ((char *) (recd->flelds+lndex)) +2) »1; 
fprintf (fp, *lo parm 4 - 10\d\t*, · 

*llano *)(recd->tlelds +index)); 
break; 

fprintf (fp, •command - external\tlenoth - t6d\t•, 
recd->cmd.lenoth); 

fprlntf (fp, •eventname • Header\t*); 
fpr!ntf (fp, •performer • \6d\tobject • \d,\d\t•, 

recd->performer, 
(recd->object)>>l6, 
(recd->object)&Oxffff); 

fpr!ntf (fp, "initiator - \6d\ttimestamp - tlOu\t•, 
recd->initlator, 
recd->timestamp); 

44 

default: 

fprintf {fp, ~header • \s\n•, 
(char *) (reed-> fields)); 

break; 

fprintf (stderr, 
•pr!ntevent: No external eventnumber \Sd\n•, 
recd->eventnumber); 

dumprecord(stderr, reed): 

I* dumprecord.c dumpra~ord */ 

finclude <monitor/montypes.h> 
finclude <stdio.h> 

,. 

dumprecord.c 

*---------------------------------------------·-----------------------* dumprecord 
* - dumps an event record in hex to a file descripter 

*---------------------------------------------------------------------., 
dumprecord(!ile,record) 
FILE "file: 
mon_putevent *record; 
I 

uns!oned short *ptr • {unsioned short *)6record; 
unsloned short *end - ptr + record->cmd.lenoth; 

tor ( : ptr < end ; ptr++ ) 
fprlntf(file, •t04x •, *ptr); 

fprintf (file, *\n"l: 

blindprint 



DESCHEMA 

makefile 

CFILES • deschema.c 
N - /dev/null 
OFILES • daschema.o 
LIB - •• /lib /usr/include/monltor 
LIBFILES • •• /llb/streamlo.o •• /llb/tuple.o •• /lib/schema ldl.o \ 

•• /llb/readrecord.o •• /lib/wrlteracord.o 
CFLAGS- -o -1 •• /llb -1/usr/includa/•onltor 

deschema: $(OFILES) $(LIBFILES) 

depend: 

cc -o deachema $(CFLAGS) $(0FILES) $(LIBFILES) \ 
/usrtsoftlab/llb/llbldl.a 

egrep •Atinclude• $(CFILES» $N I grep -v •<• I sed -e •J<.*>/d~ \ 
-• 's/:( )*\Unclude( )•\•\(.*\)\•.*$$/: \11' \ 
-a •s/\.c/.o/• > /tmp/dep 
-tor 1 in •awk '(print $$2)' /tmp/dep 1 sort 1 uniq' ; \ 
do for 1 in . ${LIB) ; \ 

do it [ -f $$1/$$1 I ; \ 
then echo •sf$$1,$$1/$$1,• : \ 

break ; \ 
fl : \ 

done : \ 
done > /tmp/sedflle 
sed -f /tmp/sedflle /tmp/dep > /tmp/dep2 
sed -e '/A\1 Dependenciea/~$$ d' makefile > ltmp/makef!le 
echo •t Dependencies DON'T REMOVE THIS LIN£• \ 

I cat - /tmp/depi >> /tmp/makefile 
mv makeflle makefile.old 
cp /tmp/makefile make!ile 
-r. -t /tap/dep /tmp/dap2 ltmp/sedfile /tmp/makefile 

Dependencies 
deschema.o: 
deschema.o: 
deschema.o: 
deschema.o: 

DON'T REMOVE THIS LJNE 
montypes.h 
•• /lib/ache~ idl.h 
•. /lib/at reamTo.h 
•• /llb/tupla.h 

I* deschema.c - main */ 

tinclude <stdio.h> 
flnclude •montypes.h• 
tinclude •schema ldl.h• 
tinclude •streamTo.h• 
tincluda •tuple.h• 

,. 

deschema • .£ 

·------------------------------------------------------------------------
• millin -
* splits ott • schema from • &tre•• And writes it to ill file. 

·------------------------------------------------------------------------., 
tdefine BUFSIZE 1024 

char *Toolname; I* invoked name */ 

rna in (argc, arov, 
int aroc; 
char ••arov; 
I 

FILE *fp; 
Hstream •sp: 
database schema; 
int to count, 

I* ptr to file to receive schem. */ 
I* input ·stream 
I* schema from input 
I* count read or written 

buffer(BUFSIZE); /* io buffer 

Toolname • *illrgv++; I* save name tor messages 

it C arQC I• 2 ) 
I 

I 

fprintf{stderr, •usaQe: ts filename\n•, Toolname); 
exit (1); 

if ( (fp • fopen(*arov,•w•)) <• 0 ) 
I 

perror(•Openino schema file•); 
exit (1};. 

if ( (sp- str_open(stdin)) •• NULL 
I 

fprintf(stderr, ••s: Can't open input stream\n•, Toolname); 
-~Xit (1); 

., ., ., ., 

., 



I 
if ( (schema - str_schemaread(sp)) •• NULL ) 
I 

fprlntf(stderr, •\s: Can~t read schema\n•, Toolname); 
exit(l); 

output(fp, schema)~ 
!close (fp); 

I* writes schem to file •1 

,. 
• NOW we can just write as fast as we can • . , 

while ( (lo_count • fread(buffer, slzeof(lnt), BUFSIZE, stdin)) 
> o I 

I 

if ( fwr!te(buffer, sizeof(int), io_count, stdout) •• 0 '' 
ferror(stdout) I 

fprintf(stderr, •\s: Error writlno event records\n•, 
Tool name): 

exit(l); 

if { ferror(stdln) 
I 

I 

fprlntf(stderr, •\s: Error readlno eventrecords\n•, Toolname); 
exit (11; 

exit (0): 
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EN SCHEMA 

enschema.csh 

1\11/bln/cah \-f 
f Enschema - prepend a ach .. a to a bunch of event recorda 
f Uaaoe: 

enschema achemafile (-} [filename ••• ) 

Last Edit: 
Author: 

Mon Dec 2 16:41 1985 
Stephen E. Duncan <duncans@unc> 
Department of Computer Science 
University of North carolina 
Cha.p&l HUl, He 27514 .,._ 

Copywrite (C) The University of North Carolina, 19BS 

All rights reserved. No part of this software may be aold or 
distributed in any form or by any means without the prior written 
permission of the SoftLab Software Distribution Coordinator. 

Report problems to softlab@unc (csnet) or 
aoftlablunc@CSNET-RELAY (ARPAnet) 

Direct all inquiries to the SoftLab Software Distribution 
Coordinator, at the above addresses. 

set rcsid-'SHeader:$• 

t Revision Log: 
• $Log:$ 
I 
t Edit Loo: 
t Nov 20 1985 Cduncan•l Created. 
I 

lf ( -a $1 J then 
cat $ 1 

exit 0 
else 

end it 

echo $0 
exit 1 

schema file $1 not found. 



FINITESfATE 

make file 

FILES • maln.c machlneparse.y lex.l findpartitlon.e machine.c queue.c 
OFILES • maln.o machineparse.o flndpartitlon.o machlne.o queue.o lex.o 
CFLAGS • -Q -DYYDEBUG -1 •• /llb -1/usr/include/monltor 
LIBS • •• /lib/llbmontools.a -11 /usr/softlab/lib/llbldl.a 
YFLAGS • -d 

flnitestate: S(OFILES) lex.l 

depend: 

cc -o !s $(CFLAGS) $(0FILES) $(LIBS) 

eorep •Aflnclude• StFILES} 1 orep -v '<' I sed -e •t<.*>/d• \ 
-e •s/:( J"'\finclude[ )*\*\(.*\)\•.•sst: \1/' \ 
-e •s/\.c/.o/• > /tmp/dep 
-for 1 in •awk '(print $$2)' /tmp/dep 1 sort 1 uniq'; \ 
do for 1 in • $(LIB} ; \ 

do if [ -f $$1/$$1 I ; \ 
then echo •s,S$1,$$1/$$1,• ; \ 

break ; \ 
t1 ; \ 

done ; \ 
done > /tmp/sedflle 
sed -f /tmp/sedfile /tmp/dep > /tmp/dep2 
sed -e •fA\f Dependencies/,$$ d' makeflle > /tmp/makefile 
echo •t Dependencies DON'T REMOVE THIS LINE• \ 

1 cat - /tmp/dep2 >> /tmp/makeflle 
mv makeflle makeflle.old 
cp /tmp/makefile makeflle 
-rm -f /tmp/dep /tmp/dep2 /tmp/sedflle /tmp/makeflle 

Dependencies DON'T REMOVE THIS LINE 
maln.o: schema idl.h 
maln.o: tuple.h 
maln.o: streamlo.h 
maln.o: ./finitestate.h 
main.o: ./fstab.h 
machineparse. y': schema idl. h 
machineparse.y: tuple.h 
machineparse.y: ./finitestate.h 
lex.l: ./fs_machine.h 

lex.!: ./y.tab.h 
findpartltion.o: schema idl.h 
findpartition.o; tuple.h 
findpartltion.o: ./finitestate.h 
machlne.o: monopa.h 
maehlne.o: montypes.h 
machlne.o: schema idl.h 
maehlne.o: streamfo.h 
maehine.o: tupla.h 
machlna.O: ./flnltestata.h 
queue.o: schema idl.h 
queue.o: tuple.h 
queue.o: ./finltestate.h 
queue.o: montypes.h 

finitestate.h 

I* flnitetypes.h - include file tor flnitemachlna */ 

finclude •tuple.h• 
f!nclude •fs_machlne.h• 

,. 
• Types for the partition ., 

typedef struet queue node 
tuple *q tUple; 
struct queUe node 
1 q_node; -

typedef struct 
q_node *q_head, 

*q_ta!l; 
tnt q_count; 
I t_queue; 

typedef struct 
lnt type; 
union I 

•q_next; 

char •eva!; 
lono nval; 
I u; 

part_key; 

I* for the· fs_machine */ 

I* the tuples in sentence */ 

/* queue of tuples in sentence */ 

I* key to select partition struct */ 



typedef struct I 
part key 
t queue 

I* atatua of partition's inat~nce *I 

tit 
l partition; 

p_key; 
p_queue; 
p_atate: 

tdettne empty_q(queue_pointer, C(queue_polnter)->q_count •• 0) 
void tnaert_q(); 
tuple *delete_q(}; 

~-h 

I* fatab.h *I 

static char rel_naae(l • •rtnlteState•; I* n.-e of naN rel *I 

,. 
'I 

This 1a a table cont.tlnino the .Jttrlbut.ea for the do111o11n• 
of the FiniteSt.Jte relation~ 

atruct fatab 
char name[20I; I* domain name ., 
1nt ty,pe, 1• lnteoeru boolean, r.Jtional~ string *I 

18noth; I* in bytea 'I 
tstabll • I 

t •cmdtype•, Ktype_lnteoer, 1 ), 
I "'andlenoth•, Ktype_lnteoer, 1 ), 
I •eventnumber• g Ktype_lnteoer, 2 I, 
I "performer .. , Ktype_tnteger, 2 •• 
I "'object•a Ktype_lntaoer, 4 ), 
I •tnlthtor•, Ktype_inteoer, 2 ), 
I "timestamp•, Ktype_tnteoer, 4 }, 
I "laattlmestamp~~ Ktype_lnteoer, 4 1, 
I "partition", Ktype_atrlng, .24 J, 
); 

lnt fatabatze • alzeof(fatabJ 1 aizeot(atruct fatab); 

machineparseo.r. 

I* machineparaeoy - yyparae, yyerror */ 

I' 
*------------------------------------------------------------------------• Parser for selection fo~ulo1 -
• This actually executes the formula for each record. 

·------------------------------------------------------------------------
'I 

" 
flnclude <stdio.h> 
linclude •schema idl~ha 
linclude •tupla.b~ 
linclude "flnitestate.h• 

tifdef TESTALONE 

static char Toolnama() • •test•; 

talse 

extern char *Toolname; 
extern machine *Hachine; 

landlf TESTALONE 

I* invoked name of program •1 

I* invoked name of program */ 

I* line number of input */ 



\type 
Uypa 
\type 

" machine 

line 
I 

<teat list> 
<line> 
<line> 

line 

test list 
line 
machine 

machine line 

NUM NUM testlist 

testllat : I* empty */ 
testlist test I 

test : STRING STRING NUM 
STRING STRING STRING 
·-· STRING NUH . -· STRING STRING 

STRING STRING ·-· 
STRING ·-· . -· 
error 

: 

" 
I• 

Machine - $1; $$ 
if ( $1->1 state 
I -

• Machine; ) 
<• $2->l_state 

Sl->1 next • $2; 
$$ - i2; 

else 
I 

yyerror(•statea not in order•) 

return(l)-

I $$ - newline(ato1($l),ato1($2),$3); 

$$ • NULL; I 
$$ - 1$1)? 

C$1->t next • $2, $$ • $1) 
$2; -

$$ • maketest($1, $2, $3); I 
$$ • maketest($1, $2, $3); ) 
$$- maketest(NULL, $2, $3): 
$$ • maketest(NULL, $2, $3); 
$$ • rnaketest($1, $2, NULL); 
$$ • maketest($1, NULL, NULL); 
return (1); ) 

·------------------------------------------------------------------------* yyerror -
• routine invoked by parser when error is detected 
·------------------------------------------------------------------------
'I 

void 
yyerror(s) 
char •s; 
I 

fprintf(stderr, •\s: yyParse: \s around line \d\n*, 
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Toolname, a, lineno); 

I' 

•------------------------------------------------------------------------• newline -
• create and setup a new linenode in the machine 

·------------------------------------------------------------------------
'I 

static linenode • 
nevline(state, nextatate, testliat) 
tnt state, nextatate; 
testnode •testlist; 
I 

I' 

linenode *lp • (linenode *)malloc(aizeo!(linenode)); 

lp->l_atate • state; 
lp->1 nextstate • nextstate; 
lp->1-tlist • testlist: 
lp->l:next • NULL; 
return (lp); 

·------------------------------------------------------------------------• maketest -
• create and setup new teat condition 

·------------------------------------------------------------------------'1 
static testnode • 
maketest(rel, dom, val) 
char •rel, *dom, •val; 
I 

testnode *tp • (testnode *)malloc(aizeo!{testnode)); 

tp->t next - NULL; 
if crel) 
I 

tp->t rel - (char *JmallocCstrlen(rel)+l); 
strcpYttp->t_rel,rel); 

else tp->t rel • NULL; 
if (dom) -
I 

tp->t dom- (char *)malloc(strlen(dom)+l); 
strcpY(tp->t_dom,dom); 

else tp->t dom - NULL; 
tp->t_reloP- '\0'; 
if (val) 
I 

f1 ni testate 



1f ( •val -- '\V ) 
awitch(val (11) 
I 

I* check for relational operator at 

caae "I': 
if (atrlen(val)>l) 
awitchCvA1(2)) 
I 
case "•": 
case ">~ g 
case "<": 
case • \0": 

tp .. >t relop • 
break I 

default:: 

break; 

I* may be two position 
break.; 

val(ll: 

case ~-· • . '"'"'' 
case • >': 
case "<': 

tp->t_relop • val(l); 
break; 

default: 
1 I* don•t do anything 

tp->t val - (char *)•alloc(atrlen(val)+l); 
strcpY(tp->t_v•l,v~l)Z 

else tp->t_val - RULLI 
return (tp): 

l /* maketeat 111 1 

fifdet TESTALONE 

,. 
• Nin -
• teat routine ., 

main() 
I 

int stat; 
stat • yyparse(); 
exit (stat); .. 

fend! f TEST ALONE 
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fa machine.h 

I* ts_machtne.h - typedefa for the fa machine *I 

,. 
* The machine ia built by the ~raer as linked liata. To speed 
* execution, the linked lists are replaced by arrays terminated 
* by NULL pointer&. ., 

fifndef FS MACHINE 
fdefine FS=HACHINE 

typedef struct tnode 
char 

char 
struct tnode 
) testnode; 

*t rei, 
*t-dom, 
*t-val; 
t ielop; 
•t_next; 

/* condition in line */ 

typedef struct 1noda I* line (transition) in aachtne *I 
tnt 1 state, 

1-nextatate; 
testnode •I tlist; 
atruct lnode *1-next; 
) ltnenoda, .achin8; 

fend it 

I* lex.l - yylex 111 1 
ll 
finclude <stdto.h> 
finclude •ts_machine.h• 
finclude •y.tab.h• 

,. 

lex.! 

finitestate 



·------------------------------------------------------------------------* yylex -
* lexical analyzer for finite etate machine 

·------------------------------------------------------------------------., 
extern char 
extern tnt 
char 

., 
" [ \tl 
\n 
t.•$ 
-?{0-9)+ 

,.( ... •Jt 

("- \t\n)+ 
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*Tool name~ 
llneno; 
next char; 

I* invoked name of program *I 

: ) I* ignore white space *I 
lineno++; ) 
: I I* comment *I 

yylval.num • (char *)malloc(yylenu+l}; 
strcpy(yylval.num, yytext); 
return NUM: 

return yytext(O); 

if ( yytext(yyleno - 1] -- '\\' I 
yymore(); I* pick up the rest *I 

else if ( {nextchar- input()) ) 
I 

yylval.name • (char *)malloc(yylenoJ; 
strcpy(yylval.name, yytexttl); 
yylval.name(strlen(yylval.name)) • '\0'; 
return STRING; 

else return O; 

yylval.name • (char 
strcpy(yylval.name, 
return STRING; 

*)malloc(yyleno+l); 
yytext): 
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tindpartition.c 

I* findpartition.c - findpartition !nit iterate iterate *I 
Unclude <stdio.h> -
finclude •schema idt.h• 
finclude •tuple.h• 
finclude •finitestate.h• 

,. 
·------------------------------------------------------------------------* This module implements •n •bstract structure containing a 
* set of <key, value> pairaa 
* The only operators are fiftd and iterate. 
* Find takes a key and searches the private structure for it, 
* allocating a new one if not found. 

·------------------------------------------------------------------------., 
extern char 
extern char 

*Tool name; 
*part_name; 

I* invoked name of program *I 
I* name of partition *I 

,. 
·------------------------------------------------------------------------* partlist -
• private data structure containino a key and a value. 

·------------------------------------------------------------------------., 
partition *findpartition(); 
static partition *rfind(); 

. static struct entry 
part key key~ 

partition part; 
struct entry *next: 
J *partlist • NULL; 

I* key for this entry 
I* values 
I* linked list 
1• list of values 

., ., ., ., 
fdefine NUM 0 
fdefine CHAR 1 

I* definitions for key.type •1 

,. 
·------------------------------------------------------------------------* find -
• 
• 
• 

search for the key in the data structure partlist, 
if one doesn't exist, add it • 
return a pointer to the partition in the entry 

·------------------------------------------------------------------------

f!nitestate 



•I 

partition 
findpartltlon(tp) 
tuple *tp~ 1• input tuple */ 
I 

put_key 
attribute ,. 

p_tey; 
•PI 

1• key tor partition into lilt */ 
/* olttributea of partition •1 

• find the p.rtltion in the tuple ., 
if C {ap- oetdom.inbynamaCtp->relatlon->attributa•,part_name)) 

•• NULL , 

,. 
fprlntf(atderr,•ta; record miaalno partltion\n•,Toolname); 
axlt(l); 

• Sat up the kay ., 
switch (typeof(•p->attr type)) 
t -
caae Ktype_strlno: 

p key.type • CHAR; 
p=:ltay.u.cval • 

(char *)malloc(atrlan(,tp->record[ap->attr_po8)) +1 ); 
stKcpy(p_key.u.cval 6 'tp->record{ap->attr_poa))l 
break: 

case Ktypa_boolean: 
p_l•ey.type - NUH; 
p_key.u.nval • (lono) Ctp->record[ap->attr_posl •• 1); 
break; 

Cllae Ktype_rational: I• too touoh to partition on a float •1 
P_key.type • NUH; 
p_key.u.nv~l • (long) (*Cfloat*)'tp->record(~p->attr_poaJ); 
break; 

case Ktype 1nteoer: 
p_key.type • NOH; 
swltch(ap->attr length) 
t -
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case 1: 
p_key.u.nval • (1nt) (tp->record(ap->attr_poaj); 
break; 

case 2: 
p_key.u.nval • *{ahort*litp->record(ap->attr_pos); 
break; 

case 4: 
p_key.u.nval • •clono*l'tp-~recordlap-~attr_pos); 
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break; 
default: 

tprint!(stderr,•ls: Invalid domain lenQth tor \a:la\n•, 
Toolname, tp->relation->rel name, ap->attr name); 

exit{l): - -

break; 
default: 

,. 

tprintt{stderr8 •la: Invalid domain type for \a:\a\n•, 
Toolname, tp->relatlon->rel_name, ap->attr_name); 

exit (U; 

• Actually starts up recursive lookup with global partliat ., 
return (rfind(,partllat,p key)); 

) I* findpartltlon *I -,. 
•------------------------------------------------------------------------• rfind -
* Does real work~ traverses partlist looking for match on p_key 

·------------------------------------------------------------------------., 
fdetlne NEWENTRY (struc:t entry * )malloc (sizeot (atruct entry)) 

static partition * 
rtlnd (partllst,p_key) 
struct. entry **partllat; 
part key •p key; 
t - -

I* partition list, never NULL *I 
I* lookup key *I 

,. 
* This searches a sorted linked list tor a key 
* and return& a pointer to the partition tor that key. 
• The key may be numeric or character, and the entry 

may have to·be created. ., 
int sw; 
reoister struct entry •ep; 

I* 3 way decision variabl• */ 
I* pointer to list entry */ 

it ( *partlist I• NULL) 

I 
1• Can still check ., 

sw • (p key->type -· NOH) 1 I* put in form of strcmp *I 
p_kOy->u.nval - (*partlist)->key.u.nval 
: strcmp(p key-~u.cval, (*partlist)->keyou.cval); 

if ( sw .... 0 1-:- I* found it *I 
return('((*partlist)->part)); 

1f ( sw > 0 ) I* keep looklno *I 
return(rtind((*partlist)->next,p_key)); 

flnitest.at.e 



I t• 

,. 

,. 
* If sw < O, we should insert 
• the entry here, so just fall throuoh. ., 

* Insert a new entry here 
• This was reached by either a null list 
• or the value is prior to the current list value. ., 

if ( (ep • NEWENTRY) •• NULL ) /* create a new entry */ 
I 

fprlntf(atderr, •rfind: malloc falled\n•); 
exlt{l): 

I 
if (p_key->type 
I 

NUMI 

ep->key.type - NUM; 
ep->key.u.nval • p_key->u.nval: 

else 
I 

ep->key.type • CHAR; 

I* initialize p_key ., 

I* character key ., 
ep->key.u.cval • (char *)malloc{strlen(p key->u.cval) +1) ~ 
strcpy(ep->key.u.cval, p_key-~u.cval); -

ep->part.p state • 1; 
ep->part.p=queue.q_head .. NULL; 
ep->part.p_queue.q_tall • NULL: ,. 

• Insert the new entry into the list ., 
ep->next • *partllst; 
•partlist - ep; 
ret urn I' ( {*partliat) ->part)): 

rf1nd */ 

~·£ 

I* atartlnQ state *I 
1• empty sentence •I 

I* set up tall of list *I 
I* link into list *I 

I* machine.c - run accept reject *I 

tinclude <stdio.h> 
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flnclude •monops.h• 
flnclude •montypes.h• 
finclude •schema ldl.h• 
flnclude •streamio.h• 
finclude •tuple.h• 
finclude •ttnltestate.h• 

machine *Machine; I* the automata itself ., 
extern char *Tool name; I* invoked name of prooram ., 
extern char *part_name: I* name of partition domain *I 
extern relation fs_relation; /* relation of partition ., 
extern Mstream *sp_out; ·/* output stream ., 
,. 
·------------------------------------------------------------------------
• run -
• actl-Jally run the machine 

·------------------------------------------------------------------------., 
void 
run {pp, tup p, 
partition •i)p; I* atruct for this partition *I 

I* input tuple *I tuple •tup_p; 
I 

lnt 

machine 

state • pp->p state, I* current state 
- I* result of strnanp cmp; 

*sp; 
•tcp; 
seq_ap 

I* pointer to state 
I* test conditions 

• tup_p->relation->attributes: 

., ., ., ., test node 
SEQattribute 
attribute 

char 

ap, 
o_ap; 
•o_record; 

I* attributes of test domain */ 
I* attributes of prev tuple *I 
I* reco.rd of prec tuple *I 

,. 
Position at the rioht state ., 

for ( sp • Machine; sp '' sp->l_state I• state; sp • sp->l_next ) 

if { sp •• NULL II sp->1 state I• state , 
I -

,. 
fprintf(stderr, •ts: panic in automata at td.\n•, 

Tootname, pp->p state,; 
exit(l,; -

Check each line of the machine with the same state. 
• Take the newstate of the first line whose conditions are met. ., 

for ( ; sp->l_state •• state; sp - sp->l_next 
I 

fin! testate 
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I• 
Go through the list of conditions, all of which must 

' me met to btl Mccepted. 
•I 

for C tcp • ap->l_tliat; tcp; tcp • tcp->t_next 
I 

if ( I Ctcp->t rel •• NULL II 
atrcmp(t~_p->relation->rel_name,tcp->t_ral) --·o) 1 
brukr /* ·tailed for thh Una •I ,. 

• Ne have •atched the relation ., 
if ( tcp->t dam •• NULL ) continua; 
alae lf « (ip • oetdamalnbyname(seq_ap.tcp->t_dom)) •• NULL I 

break; 1• failed the dom'ain teat */ 
if ( tcp->t val •• NULL ) continua: 
it ( tcp->t-relop 1 /*'" relatlonill compare •I 
I -,. 

• A rel.ttional operator compares to 
• the previous tuple in this partitiono ., 

if ( empty_q(,pp->p_queue) 
I ,. 

• Condition 11 always true the first time ., 
lnsart_q(,pp->p_queue,tup_p); 
pp->p_state • sp->l_nextstate; 
return; 

o_record • pp->p_queue.q_tall->q_tuple->record; 
o_ap - oetdomainbyname( 

pp->p_queue.q_ta11->q_tuple-> relatlon->attr!butea, 
tcp->t_dom.): 

cmp • atrncmp(tup_p->record(ap->attr~J. 
o_racord(o_ap->attr_poal. 
ap->attr length); 

switch (tcp->t relop) 
I -
caae "I': /*may be followed be relop •I 

awltch(tcp->t val(l)) 
I -
caae '>•; 

if f l(crnp > 0) ) 
alae· 

caae ~<·: 
it I l(cmp < OJ I 
•1•• 

caae •·•: 
caae '\0•: 

continue; 
break; 

continue; 
break; 
I* These are synonymous •I 
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if ( cmp I• 0 ) continue; 
else break; 

default: 
fprintf(stderr,•ts: corrupted test in state td\n•. 

Toolnama, pp->p state); 
exlt(l); -

break; 
case '•': 

if ( cmp •• 0 1 continue; 
else break; 

case'>': 
lt(cmp>O) 
else 

continue; 
break; 

case • <': 
if ( cmp < 0 ) continue; 
else break; 

I 
,. it ., 

alae 
switch ( typeof(ap->attr_type) 
I 
case Ktype atring: 

if ( atrcmp(tup_p->record[ap->attr_poa), 
tcp->t_val) ... 0 ) continue; 

else break; 
case Ktype boolean: 

if ( •tcp->t_val '' 
tup_p->record[ap->attr_posl } continue; 

else break; 
default: 

if ( atrncmp(tup_p->record(ap->attr_pos), 
o_record(o_ap->attr_poal, 
ap->attr_length) •• 0 ) continue; 

else bre•k; 

I /* for */ 
if ( tcp •• NULL ) 
I 

I* uncondttionale or conditions met */ 

it 
I 

sp->l_nextatate •• 0 

accept (pp,tup__p): 
return; 

else if { sp->1 nextstate < 0 ) 
I -

else 
I 

reject (pp); 
- return; 

I* accepted */ 

/* rejected */ 

fin! testate 



' 

,. 
* To next state, so enqueue tuple, increment count, 
* and set new state; ., 

insert_q(,pp->p_queue, tup_p} • 
pp->p_state • sp->l_nextstate; 
return; 

/* transition */ 

I* it •1 
I* tor *I ,. 

* No valid state was found, so reject the sentence ., 
reject (pp) ~ 
return; 

J /* run */ 

,. 
•------------------------------------------------------------------------* accept -
• code !or handllno an accepted sentence 

·------------------------------------------------------------------------., 
static 
accept (pp, tup p) 
partition *pp;-
tuple •tup_p; 
I 

tuple 

mon _put event 
SEQ attribute 
attribute 

,. 

*q_tup, ,. 
fs_tup; ,. 
fs_event: t• 
tseq ap; ,. 
fa_ap, ,. 
q_ap, ,. 
ap; ,. 

pointer to tuple in record queue */ 
finite state tuple */ 
finite state event recoid • I 
loop tmp */ 
attributes for domains in fS tup */ 
attributes for domains in tuPle queue */ 
tmp */ 

• Create new tuple FINITESTATE and write lt out ., 
q_tup • pp->p queue.q head->q tuple; /* needed to fill !s event *I 
fs_tup.relat!On • fs_relatlon; -
fs_tup.record • (char *),fs_event; 

foreachinSEQattrlbute(fs_relation->attributes, tseq_ap, fs_ap) 
I 

if ( (q_ap • oetdomalnbyname(q_tup->relation, fs_ap->attr_name)) 
-- NULL) 
continue; 
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,. 

else ,. I* we have a match *I 

,. 

• This relies on all the fields in FlniteState beino 
* at a fixed position and that equivalent fields 
* have the same lenoth. A straioht struct copy 
* can't be used since the queue record may no 
• lonoer be in mon_putevent form. ., 

strncpy((char *)'fa_tup.record[fs_ap->attr_pos), 
'q_tup->record[ap->attr_pos), 
ap->attr_lenoth); 

• Set up those domains unique to FinlteState and 
* that come from .. the last record. ., 

fs_ap- oetdomalnbyname(q_tup->relatlon,•lasttlmestamp•); 
q_ap - oetdomalnbyname(tup_p->relatlon,•ttmestamp•); 
*(lono *)'fs_tup.record(fs_ap->attr_pos) • 

*(lono *),tup_p->record(q_ap->attr_pos); 

fa ap- oetdomalnbyname(fs tup.relatlon,•partltlon•); 
strcpy(,fs tup.record[fs aP->attr pos), part name); 
fs ap->attr lenoth • strlen(part name) + I: -
fs-ap->attr-lenoth +• (fs ap->attr lenoth' 2) 1 

- 0 :-1: - -

fs event.cmd.type - MONOP PUTEVENT EXT; /* not from kernel 
fs=event.cmd.lenoth • (fs=ap->attr:Pos + fs_ap->attr_lenoth) 
fs_event.eventnumber • fs_relation->rel_sensor_ld; 

str_wrlte(sp_out, 'fs_tup); 

while (l empty_q(,pp->p_queue) 
I 

q_tup- delete_q(,pp->p_queue); 
str_write(sp_out, q_tup); 
free (q_tup); 

I* write out sentence 

., 
>>1; 

•I 

str wrlte(sp out, tup_p); 
free (tup PI:­
pp->p_sti'te - 1; 

I* write out last tuple •I 

I* restart machine •1 

*------------------------------------------------------------------------
* reject -
• code for handllno an rejected sentence 
•------------------------------------------------------------------------

f1 ni testate 



., 
static 
reject (pp) 
partition 
I 

tuple 

*pp; 

*q_tup; 

while (I empty_q(,pp->p_queue) 
I 

q_tup- deletG_Q('pp->p_queue); 
·free (q_tup,; 

pp->p_atate .. h 

Queue .. £ 

I* queue.c - empty_q inaert_q dalete_q */ 

flnclude nschema ldl~h• 
finclude •tuple.h• 
tlnclude uflnltestate.h• 
tlnclude •montypea.hu 

I' 

I* restart machine */ 

·------------------------------------------------------------------------• inaert q -
* tRsert a new tuple into the queue 

·------------------------------------------------------------------------., 
void 
insert q(qp, tup_p) 
t queu8 *qp; 
tUple *tup_p; 
I 

q_node 

I' 

*next • lq_node *)malloc(slzeof(q_node)); 

Set up q_node tor current tuple 
'I 
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next->q tuple- (tuple *)malloc(slzeof(tuple)); 
next->q=tuple->relation • tup_p->relation; 
next->q tuple->record • (char *} 

malloc(((atruct mon_cmd *)tup_p-~record)->lenoth 
* 2 1: I* roo• for record*/ 

strncpy( next->q_tuple->record. tup_p->record, 
(((atruct mon cmd *)tup p->record)->lenoth * 2) ); 

next->q next • NULL; -
1! ( emPty_q(qp) I 
I 

qp->q_head • next; 
qp->q_tail - next: 

else 
qp->q_tail->q_next • next; 

qp->q_count++; 
J I* insert_q *I 

I' 

/* new tall *I 
I* alze of queue */ 

•------------------------------------------------------------------------
* delete q -
* r8turn the tuple at the tail of the queue 

·------------------------------------------------------------------------
'I 

tuple * 
delete_q (qp) 
t queue *qp; 
1-

I I' 

tuple 
q_node 

•tup_p;: 
•tmp; 

if ( empty q (qpl J return (NULL): 
tup_p • qp=>q_head->q_tuple; 
tmp - qp->q_head; 
qp->q_head ~ qp->q_head->q_next; 
free (tmp); 
qp->q_ count--; 
return (tup_p); 

delete_q */ 

I* tuple to be returned *I 
I* ao we can tree the node *I 

Clnitestate 



PROJECT 

makeflle 

CFILES • maln.c args.c modify schema.c 
OFILES • maln.o aros.o -
LIB • •• /lib /usr/lnclude/monitor 
LIBFILES • •• /lib/streamlo.o •• /lib/tuple.o •• /lib/schema ldl.o \ 

•• /llb/readrecord.o •• /llb/wrlterecord.o 
CFLAGS- -o -I •• /llb -I/usr/lnclude/monitor 

project: $(0FILES) $(LIBFILES) 

depend: 

• 

cc -o project $(CFLAGS} ${0FILES) $(LIBFILES) \ 
/usr/so!tlab/llb/llb!dl.a 

eorep ·~tlnclude• S(CFILES) 1 orep -v •<' I sed -e •J<.*>fd• \ 
-e 's/:( )*\Unclude[ )•\•\(.•\)\•.•$$/: \1/' \ 
-e *s/\.c/.o/• > /tmp/dep 

-for 1 in •awk '(print $$2)' /tmp/dep I sort 1 untq•; \ 
do for 1 in • $(LIB) : \ 

do it [ -! S$1/S$1 ) : \ 
then echo •s,$$1,$$1/$$1,• : \ 

break ; \ 
fl • \ 

done : \ 
done > /tmp/sedflle 
sed -f /tmp/sedflle /tmp/dep > /tmp/dep2 
sed -e '/~\1 Dependencies/,$$ d' makeflle > /tmp/makeflle 
echo •t Dependencies DON'T REMOVE THIS LINE" \ 

I cat - /tmp/dep2 >> /tmp/makefile 
mv makeflle makeflle.old 
cp /tmp/makeflle makeflle 
-rm -f /tmp/dep /tmp/dep2 /tmp/sedflle /tmp/makeflle 

I Dependencies DON'T REMOVE THIS LINE 
maln.o: /usr/lnclude/monttor/montypes.h 
maln.o: •• /lib/schema idl.h 
main.o: •• /llb/strearnio.h 
maln.o: •• /lib/tuple.h 
main.o: ./project.h 
aros.o: •• /lib/schema_idl.h 

args.o: •• llib/tuple.h 
args.o: ./project.h 
modify schema.o 
mod!fy-schema.o 
modify=schema.o 

1• project.h */ 

,. 
• Options for project ., 

tdefine KEEP 1 

I* maln.c - main 6 / 

linclude <stdlo.h> 
linclude •montypes.h• 
linclude •schema ldl.h• 
finclude •streamio.h• 
finclude •tuple.h" 
finclude aproject.h" 

,. 

•• /lib/schema idl.h 
•• /lib/tuple.h 
./project.h 

project • .!! 

main.£ 

6------------------------------------------------------------------------
• main 

determine the relations and domains to project from 
6 the command line, read and revise the schema, read 
• each record and reject or project as appropriate. 
*------------------------------------------------------------------------., 

char *Toolname; I* invoked name •t 



main Caroc. argv) 
int aroc; 
char 1111 -irgv; 
I 

int options, /II command line options ., 
tranafer_length, /II how much to copy ., 
iltai'i / 11 otatua of system· calla*/ 

char *inpoa8 •outpoa; I* positions in recbrda ., 
Hstr••• *ap_ine *sp_out; I• i/o streams ., 
SEQrehtion pro:l_••q_rp; I* relations to project . , 
tuple tup_in~ tup_out; I* i/o tuples ., 
attribute ln_apq• out_ap; I* specific domaina . , 
SEQattribute ln_aeq_ap, out_aeq_ap, I* domains for copy . , 

t_ .. q_apl I* tmp for loop . , 
Toolname • •arov; /• save name for meaaagaa */ 

if C {sp_in • atr_openCatdin)J •• NULL 
I 

fprintf(atderr~ •ta: Can't open input stream\n•, Toolname); 
exit(l); 

if ( str achemaread(ap in) •• NULL ) 
I - -

I* neede,d for aros 0 

fprlntf{atderr 0 •ta: can~t read input achema\n•, Toolname); 
exit(l); 

if ( (spout~ str open(atdout)) •• NULL) 
I - -

fprintf{atderr, •ta: Can't open output stream\n•¥ Toolname); 
axit(lJ: 

aroalaroc, argv, loptiona, lproj_seq_rp, sp_in->schema, 

. , 

l(sp out->achema)); 1• handle cornmand line •I 
tup_out.record • ap_out->record; 

while I {stat • atr read(ap in,nup in)) > 0 ) 
I - - -
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if C 1 inSEQrelation(proj seq rp,tup in.relation) 
I - - -,. 

code for relations not to be projected~ ., 
if ( optionslKEEP ) J• keep non-projected rels? */ 
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t• 

if ( {stat • str_vrite{sp_out,Uup_outn < 0 ) 
I 

I 
alae 

break: 

continue; 

/ 11 end on write error 

1• next tuple 

* Code for relations that are to be projected • 
• 

., 

., 

• Find the equivalent of the input relation in the output sche.a • 
• Transfer data between records ln lumpa of contiguous domains • 
• write the new record • ., 

tup out.relation - getrelationbysensorid(sp out->schema, 
-tup_in.relation->rel_aensor_id}; / 11-set output rel. "/ 

outpoa • tup_out.record; /* clear position in output record •1· 
out_seq_ap • tup_out.relation->attributes; /* inlt. list 11 / 

while ( I emptySEQattribute(out_saq_ap) ) 
( ,. 

. 

* Transfer data between recorda. 
• Transfers equivalent contiguous domains as a lump • 
* Since order of domains may have changed, aust start 
• looking at firat input domain each time. 
* Huat make aura that everything i1 properly aligned 
11 on short boundaries. Test for this before and after 
* finding lump • . , 

retrievefirotSEQattribute(out_seq_ap, out_ap); 
in_seq_ap • tup_in.relatlon->attributes: 
foreachinSEQattributa(in_seq_ap, t_aeq_ap, in_ap) 
I ,. 

• set in_seq_ap to first equiv dom. in out_seq_ap. 
* Note that it has to be there • . , 

if 
I 

strcmp(in_ap->attr_name, out_ap->attr_n~e) •• 0 , 

ln_seq_ap • t_seq_ap: 
lnpos • ( inpos < 0 

- tup in.record -
tup=in.record + 

break; 

t• 1st equiv. da.aln •1 
1 / 11 pos. in input */ 

in ap->attr pos : 
in= ap->11t t r::_pos; 

project 



UQS.£ 

1• arga.c - arga •/ 

Unclude 
Unclude 

· 'Uncluda 
Unclude 

I' 

<stdio.h> 
•sch&lh ldl.h• 
•tuple.h• 
•project.h• 

·------------------------------------------------------------------------• aroa -
• set flaos and grab argument• from command line. 

Exit" with 1 upon error. 

·------------------------------------------------------------------------
'I 

extern char *Toolna•1 1• naae under whlch.progra. ia invoked •1 

void 
aroalargc, arov. optiona, ralationa, achema, new schema, 

1• lumber' ot argUments •1 
1• command line options •1 
I* Array ot arguments */ 

int aroc, 

char 
SEQrel.iition 
database 

1nt 

*options; 
••arov; 
•relations; 
schema, 
• new_ acheN; 

i, j, 

I• relations to be projected ., 
I* old •chema •I 

1• Array subscripts •I 
I* position of current domain in relation */ 

relation new rp • NULL,/* current relation in command line *I 
old-rp; I* old version of relation *I 

offset • 0; 

SEQattribute -
tmp_aeq_11p; 

attribute .ap, 
old_.ap, 
tmp_.ap; 

•options .. 0;: 
arov++; 
aroc--; 

I* tmp for foreach *I 
I* current .attribute in command line *I 
I* old version of .attribute */ 
I* temporary pointer *I 

I* Clear options •1 
I* bypass program name */ 

*new schema- copyachema(achema,; 
initi.allzeSEQrel•tlon(*ral•tlons}: 
for ( i • 0; i < argc; 1++, arov++ 
I 

I* set up new schema */ 
I* initialize sequence */ 
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if ( *(*arov+O) -· ~- 6 
'' *(*arov+l) ) 

I 
I* test for option */ 

,. 
* Options can be individually specified or 
• all lumped together behind a single ~-· 
•I 

!or ( j • 1; *(*argv + j) ; j++) 
switch (*(*argv + j)) 
I 
case ·t~: 

*options t• KEEP; 
break; 

default: 
fprintf(stderr, •unknown option: •c\n•, 

•c•arov + j)); 
exit(l); 

I* switch */ 
) I* if */ 
else I* select operand */ 
I ,. 

* This section seta the operands depending on 
• how many have been seen. Note that storage 
• must ba provided for·each. 
'I 

if ( new_rp-- NULL II atrcmp(*argv, •-•) -- 0) 
I 

int d • O; I* count of domalna •1 

,. 
• Set up new relation and append 1t 
'I 

1t new_rp I• NULL ) I* already seen one relation • 

new_rp->rel_vlensensor • ( offset < 0) ? 
TRUE ; FALSE; I* handle last relation *I 

argv++; I• bypass •-• *I 
I 
if ( (new_rp- oetrelatlonbyname(•new_schema,•argv)) 

•• NULL ) 

fprintf(stderr, •ts: bad relation- ts\n•, 
Toolname, •argv); 

exit(l); 

new rP~>rel name • (char •)GetHeap(strlen(*arovl + 1); 
strCpy(new_rp->rel_name, •.argv); 

I' 

project 
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,. 
* Note that an odd poe implies a 1 byte field 
• but an even pos can be any length. 
• Note that tup in's attributes are all correct in pas, 
• but outpos haS not been set yet. . , 

if ( (outpos - tup out.record) \ 2 -- 1 
'' (inpos - tuP_tn.record) \ 2 •• 0 

for 

,. 
• Have to line thlnos up. Other cases all work fine. 
* Worst case is a misaligned copy of lots of 
* 1 bytes fields. ., 

if 
I 

else 
I 

,. 

out_ap->attr_lenoth l• 1 I* next > 1 byte */ 

•outpoa • *(outpoa- 1); 
/* allan to even boundary */ 

*(outpos++- 1) • •\0'; I* pad*/ 

I* next domain is 1 byte long */ 

•outpos++ • *lnpos; 
continue; 

transfet length - o; 

I* next lump */ 

(I emptySEQattrlbute(out_seq_ap) /* note break */ 
'' I emptySEOattrlbute(ln_seQ_ap) ); 

(out_seq_ap • tallSEQattrlbute{out_seq_ap), 
in_seq_ap • tallSEOattrlbute(!n_seq_ap) ) 

Actually determine how much to copy at once. ., 
retrievef!rstSEQattribute(out seq ap, out ap); 
retrievefirstSEQattribute(in Seq_ip. in aP); 
if ( strcmp(out ap->attr name, in ap->attr name) 

transfer_leHoth +• th_ap->attr_lenoth;­
else 

-- 0 I 

break; /* end of series */ 

bcopy(inpos, outpos, "transfer_ledqth); ,. 
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• Must make sure that everythino is properly alloned 
• on short boundaries • . , 

if ( I transfer lenoth t 2 ) /* mis-alioned */ 
I -,. 

* If the next domain doesn't take care of it, 
• a paddino char must be added • ., 

if ( (retrievefirstSEQattrlbute( 
tailSEQattribute(out_seq_ap), out_ap) ) •• NULL 
II out_ap->attr_lenoth t- 1) 

,. 
* This is the last domain. ., 

*(outpos +transfer lenoth- 1 ) -
*(outpos +tranSfer lenoth- 2); 

*(outpos++ + transfer_l&noth- 1) • '\0': 

outpos +• transfer lenoth; 
inpos +• transfer-lenoth; 

I* while */ -

((struct mon cmd *) (tup out.record))->lenqth • 
ioutpos = tup_out.r8cord) I 2; I* Reset record lenoth */ 

if ( (stat • str_write(sp_out,,tup_out)) < 0 ) 
break; /* break loop on write err *I 

I /* while */ 

if ( stat < 0 ) /* see if here due to error */ 
I 

fprintf(stderr, •\a: I/O error in processino records\n•, 
Tool name); 

exit(l); 

exit (0); 
I /* main "/ 

project 



modifY schema o £ 

I* modlty_achema.c .. Jllodlfy_schema */ 

tinclude <atdlo.h> 
tlnclude •schema ldl.h• 
llnclude •tuple.h• 
tlnclude •project.h"' 

,. 
•------------------------------------------------------------------------• modify schema -
* cOpy the schema and modify the copy to have 
• the relations in aeq_rp 

·------------------------------------------------------------------------., 
extern char *Tool name; I* invoked name from command line *I 

database 
modify schema(schema, seq_rp, 
databaSe schema; I* schema to be modified *I 
SEOrehtion seq_rp: 1• relations to be projected */ 
I 

SEOrelatlon 
relation 

database 

,. 

t_seq_rp; 
old_rp, I* tmp ptr to old entry */ 
new rp, /* new relation */ 
oetralationbynamaC): 
new_schema, /* schema to be created *I 
copyachem.a () ; 

Copy schema to naw_schema and modify new_schema. 
'I 

new_schema- copyachema(achama); 

,. 
* For each relation to be projected {in seq rp), change ita 

entry l·n· the schema. Don't touch those nOt to be projected. 
Hust usa name since copyachema avoids sharing • . , 

foreach1nSEOrelat1on(aeq_(p, t_aeq_rp, new_rpl 
t 

lt C (old_rp • aetrelationbyname(new_schema, new_rp->rel_name) 
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I• NULL 
•old_rp • •new_rp; 

l 1• foreachinSEO *I 
1 /* modlfy_achema */ 

1• see it lt's there *I 
1• replace it */ 

project 
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• Add relation to list of relations to project, 
• must use schema instead of new schema since 
• comparison is done on input. -
'I 

old rp·• oetrelationbyname(schemaf•arov»; 
appendrearSEOrelation(*relations,old_rp); 

/' 
• Set up fields in relation, don•t touch 
* cmd.type, cmd.lenoth, and eventnumber of 
• attributes. These are the first NUMFIXEDDOMS 
* domains. Truncate rest of attributes. 
'I 

new rp->rel sensor id • old rp->rel sensor id; 
new-rp->rel-vlensensor • FALsE; -,,initially*/ 
!oreachinsEOattribute(new_rp->attributes, tmp_seq_ap, ap) 
I 

if ( ++d >• NUMFIXEDDOMS ) 
I 

tmp_seq_ap->next • NULL; 
break; 

I* truncate list */ 

if ( (offset • ap->attr_pos) > 0 ) /* fixed position */ 
offset +- ap->attr lenoth; 

l*ll*l -
else /* oather in domains */ 
I 

I' 
* Note that this code allows for duplicate domains! 
* This is a feature, thouoh maybe not that useful 
* a one. 
'I 

if ( (tmp ap • oetdomainbyname (old rp, •arov)) .... NULL ) 
I - -

I 
it 
I 

fprintf(stderr, M\s: bad domain- ts\n•, 
Toolname, •arov); 

exit (1) t 

(ap • copyattribute (tmp_ap)) .... NULL } 

fprintf(stderr, M\s: couldn\•t copy domain- \s\n• 

Toolname, *arov); 
exit(!); 

appendrearSEOattribute(new_rp->attrlbutes,ap); 

I' 
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* Handle the new position 
'I 

I* variable lenoth */ if ( offset < 0 ) 
ap->attr_pos • offset; 

else 
/* str read() sets offset */ 
I* ttxed lenoth portion */ 

I 
if ( typaof(ap->attr type, -- Ktype strino ) 
I - -

I' 
• Position becomes variable after this ., 

ap->attr pos • offset; 
offset ---offset - 2; 
new_rp->rel_vlensensor • TRUE; 

else 1f ( ap->attr_lenvth •• 1 ) 
ap->attr_pos - offset++; 

else 
I 

ap->attr pos • (offset \ 2 
offset : ++offset; 

offset +• ap->attr_lenQth; 

.... 0) ? 
1• allvn */ 

l /* else fixed lenvth *I 
i /* else handle domains •1 

f~tt else handle operand */ 
I* for •t 

I' 
*Make sure that we.have what is needed. 
* relation shouldn't be empty 
'I 

if ( new_rp 1- NULL ) /* we have someth!nQ •1 
new_rp->rel_vlensensor • ( offset < 0, ? TRUE 

else 
I 

FALSE; 

fprintf(stderr,Mts: no relations to project\nM,Toolname); 
exit(l); 

) /* arvs */ 

project 



I; 
fendU 

t• aaln.c - main */ 

tlnclude <stdlo.h> 
tlnclude •schema !dl.h• 
flnclude •atreamTo.h• 
flnclude •tuple.h• 
tlnclude •y.tab.h• 
linclude •aelect.h• 

I' 

main.£ 

·------------------------------------------------------------------------• uin -
* process the arga, 
* read the achem. 
* check each record against formula tor selection 

•------------------------------------------------------------------------
'I 

char 
tuple 
rehtton 
bool 

*Toolna~~~e; 
tup; 
rp; 

I* invoked name of program 
/* relation info and event 
/* relation to select upon 
/* boolean selection set by 

•I 
reed •! 

extern atruct 
select; 
token_ entry *fo~ula_liat; /* lex. analyzed 

•I 
yyparse •/ 
formula */ 

main (aroc. arov) 
lnt argc; 
char 
I 

~~~•arov: 

lnt 

char 

stat. I* status of calls 'I 
parae_errs • 0: t• count of bad parses •I 
•formula; 1• selection formula 'I 

Hst ream "'sp_in, *ap_out; t• input and output streams •1 
atruct token_entry "'formula_head; 1• saved head of form. 

t• 
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Basic operation is to read the schema, determine the 
relation to be selected upon, and run a parser on each 

list •t 
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"' incomlno record. The parser seta the Qlobal •select• 
• to determine selection. 
'I 

Toolname .. •arov; 
if ( (sp in • str open (stdin)) 

1• save for error aeasaoes "'/ 
NULL ) 

I - -

I 

fprlntf{stderr, •••: Can't open input streaa \n•, Toolname); 
exit(l); 

if ( (ap out .. atr open(atdout)) •• NULL) 
I - -

I 

fprintf{stderr, ••a: Can't open output stream \n•, Toolname); 
exit (1)1 

1t ( (sp in-> schema • str schema read (sp in) J •• NULL J 
I - - -

fprintf(stderr, ••a: Can't read input schema \n•, Toolname): 
exit (1) 1 

sp out->achema - sp in->achema; 
arOataroc, arov, ,rp, 'formula, ap !n->schema): 
build formula list (formula); 7• lex. analysis of fomula *I 
fonauia heild = formul<~~ Ust; I* save heild of list "'/ 
while r (atat-str read(sP. in,ltup)) > 0 ) 
I - -

select • FALSE; 1• initialize for this record */ 
formula list • formula head; I* reinitialize list */ 
1t I<PI- - 1• only on one relation */ 
I 

1t 
I 

rp •• tup.relat!on 

if C yyp~rse() •• 0 '' $elect 
str_vrtte(sp_out, itup); 

else 
parse_errs+t; 

alae 
I 

1• select on illl relations */ 

I 

if C yyparse{) •• 0 '' select 
str wrlte(sp out, Uup); 

else - -
parse_errs++; 

1f ( parse_errs 
I 

fpr1ntf(stder.r, ••s: 'd parsino errors encountered.\n•, 
Toolname, parae_erra); 

I 
exit(O): 

select 



SELECT 

makefile 

CFILES • maln.c arga.c !lnddomalnoc parae.y lex.c 
OFILES • maln.o aros.o finddomain.o parse.o lex.o 
LIB • •• /lib /usr/lnclude/monltor 
LIBFILES • •• /llb/streamio.o •• /llb/tupla.o •• /lib/schema ldl.o \ 

•• /llb/readrecord.o •• /llb/vrlterecord.o -
CFLAGS- -o -DYYDEBUG -1 •• /lib -1/uar/include/monltor 
YFLAGS • -d 

select: $(0FILES) $(LIBFILES) 

depend: 

• 

cc -o select $(CFLAGS) $(0FILES) $(LIBFILES} \ 
/usr/softlab/llb/llbidl.a 

eorep •~tlnclude• $(CFILES} 1 orep -v '<' I sed -a •t<.•>!d• \ 
-e 's/:( 1*\tinclude[ )*\*\{.*\)\•.•$$/: \1/' \ 
-e •st\.cl.oJ• > /tmp/dep 

-for 1 in •awk •tprlnt $$2)' /tmp/dep I sort 1 uniq•; \ 
do for 1 in • $(LIB) : \ 

do if { -f $$1/$$1 I ; \ 
then echo •s,$$1,$$1/$$1,• ; \ 

break : \ 
fi ; \ 

done ; \ 
done > /tmp/sedflle 
sed -f /tmp/sedflle /tmp/dep > /tmp/dep2 
sed -e •t~\t Dependencies/,$$ d' makeflle > /tmplmakeflle 
echo •f Dependencies DON'T REMOVE THIS LINE• \ 

1 cat - /tmp/dep2 >> /tmp/makeflle 
mv makefile makefile.old 
cp /tmp/makeflle makeflle 
-rm -f /tmp/dep /tmp/dep2 /tmp/sedflle /tmp/makefile 

I Dependencies DON'T REMOVE THIS LINE 
maln.o: •• /lib/schema ldl.h 
maln.o: •• /llb/streamlo.h 
maln.o: •• /llb/tuple.h 
maln.o: ./y,tab.h 
maln.o: ./select.h 
aras.o: •• /lib/scherna_ldl.h 

args.o: •• /llb/streamlo.h 
aros.o: .,/lib/tuple,h 
flnddomain.o: ./select.h 
tinddomain.o: ./y.tab.h 
finddomaln.o: •• /lib/schema idl,h 
finddomain.o: •• /llb/tuple.h 
finddomaln.o: ~./llb/streamlo.h 
parse.y~ G/select.h 
lex.o: ./y.tab.h 
lex.o: ./select.h 

select._h 

I* select.h - header flle tor select "/ 

fdefine TRUE 
fdefine FALSE 

1 
0 

fdefine BOOLOPS •()i•><,l• 

fdetlne LITERAL 1 
fdefine LOOKUP 2 
ldefine INLIST 3 

typedef unsloned char bool: 

struct token_entry I 
int entry type; 
int token-type; 
union ( -

char 
YYSTYPE 
!nt 
I v: 

*lookup name; 
lnllst Ivalo 
llterai_val: 

struct token entry *next; 
J: -

f1 fdef OWSTUFF 
struct token entry 

int - type; 
char 01 domaln_name; 
struct token entry *next; 
YYSTYPE yylvil; 
bool lookup; 

I* operators in formula ., 
1• type of token_entry ., 

I* entry in process formula ., 
I* LITERAL LOOKUP or INLIST ., 
I* not defined for NOTTOKEN ., 
I* when lookup ., 
I* when inllst ., 
1• when literal ., 
I* next entry in table ., 

I* entry in process formula *I 
jtr. token type ., 
I* name of domain if lookup *I 
I* next entry ln table ., 
I* lval for parser ., 
/* lookup or in yylval ., 



•ta: finddomain -- bad length for \s in \s: td\n•, 
Toolname, do• name, tup.relation->rel name, 
ap->attr lenQth); -

return(O); -

return NUMBER; 

case(Ktype rational}; 
yylval7num • *(float*) ('tup.record(ap->attr_poa)); 
return NUMBER; 

case(Ktype boolean): 
yylval:boolean • ( tup.record{ap->attr_pos) I• 0 ); 
return BOOLEAN; 

case (Ktype string): 
yylval:atr • tup.record + ap->attr_poa; 
return STRING; 

default: 
fprintf (atderr, 

•ta: flnddomain -- bad type for ta in ts: td\n•, 
Toolname, dom_naae, tup.relation->rel_name~ 

typeof(ap->attr type)); 
return(O); -

/* switch */ 
1 /* finddomain */ 

parse.x_ 

I* parae.y - yyparse, yyerror *I 

,. 
·------------------------------------------------------------------------* Parser for selection fo~ula -

Thi• actually execute• the formula for each record. 

*------------------------------------------------------------------------., 
tun ion 

double 
char 
char 

Appendix D 

nua; 
•str: 
•rexp; 

67 

" 

unsioned char 
I; 

finclude •select.h• 
finclude <stdio.h> 

boolean; 

extern char *Toolname; 
extern bool select; 
char *emag, 

I* invoked naaa of program */ 
I* set to determine selection */ 
I* error •aaaage troe re_comp *I 

*re_comp(} 1 

\I 
\token <num> NUMBER /* lexical analyzer interprets domains */ 
\token <str> STRING 
\token <rexp> REGEXP 
\token <boolean> BOOLEAN 
ttype <boolean> bexpr axpr numexpr atrexpr 
\left ' I' 
\left . ,. 
\lett . -· • <' '>' 
\left 'I • .. ,. 

• Boolean expression. 
• handles p.~rens, AND, OR, NOT, tr~nd erron ., 

bexpr : expr ( $$ • $1; select • $1; YYACCEPT;J 
'I' expr 1 if t $2 •• 0 ) $$ • 1; else $$ • O: t 
'I • bexpr I $$- I $2 •• 0 I; I 
expr • I • expr I if I $1 II $3 I $$ • 1; a1•a $$ • 0; 
bexpr ' I' bexpr I $$ - I $1 II $3 I; I 

I expr ''' expr I if { $1 '' $3 ) $$ • 1; elsa $$ - 0; 
bexpr ''' bexpr I S$ .. f $1 u U ) : l 
•t•expr')' I $$ • $2; I 
'(' bexpr ')' I $$ • $2; I 
error I YY'ABORT; l 

,. 
* Expression. 
• union of numerical expression and string expression and 

use of BOOLEAN ., 
expr numexpr 

strexpr 
BOOLEAN 
BOOLEAN '•' 
error 

I $$ - $1; I 
BOOLEAN ( if ( $1 .... $3 ) $$ • 1; else $$ • 0; t 

( YYABORT; ) 

select 



) I* main *I 

I* aros.c - aros *I 

finclude <stdio.h> 
flnclude •schema ldl.h" 
flnclude •streamTo.h• 
flnclude •tuple.h• 

,. 

arqs._£ 

*------------------------------------------------------------------------
* aros -
* process arouments from command line 

•------------------------------------------------------------------------., 
extern char *Toolname; 

aros(aroc, arov. rp, formula, schema) 
lnt aroc; 
char **arov. 

**formula; 
relation *rp; 
I 

if ( aroc > 3 ) 
I 

I 

fprlntf(stderr, •usaoe: ts relation formula\n•, Toolname); 
exit(l); 

if ( (*rp • oetrelatlonbyname(schema, *++arov)) --NULL ) 
I 

fprintf(stderr, •ts: relation not in schema\n•, Toolname); 
exit(l); 

*formula • *++arov: 
I I* aros *I 
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I* flnddomaln.c - finddomain */ 

finclude <stdiogh> 
flnclude •y.tab.h" 
flnclude ~select.h• 
finclude •schema idl.h" 
finclude •tuple.h• 
finclude •streamio.h• 

,. 
* tlnddomain -

finddomain.!! 

* find the domain in the tuple and set yylval accordinoly 
* return a token based on the attr_type 
• ., 

extern tuple 
extern char 

tup; 
*Toolname; 

finddomain(dom_name) 
char *dom_name; 
I 

I* input tuple 
I* invoked name of prooram 

I* name of the domain 

'I ., 
'I 

attribute ap; !* attributes of domain */ 

if ( (ap- oetdomainbyname(tup.relation, dam name)) •• NULL) 
return (0); -

switch ( typeof(ap->attr_type) 
I 
case(Ktype inteoer): 

switch(ap->attr lenoth) 
I -
case 1: 

yylval.num- {float) 
((unsioned char)tup.record(ap->attr posJ); 

break; -
case 2: 

yylval.num • (float) 
*(shortt~-) (Uup.record[ap->att:c pos)); 

break; -
case 4: 

yylval.num • (float) 
*(int *) (Uup.record[ap->attr pos)); 

break: -
default: 

fprint f (stderr, 

select 



entry • (atruct token entry 
if ( tormula_llat -- iULL } 
I 

*)malloc(slzeof(struct token_entry}}; 
I* starting out •t 

alae 

formul~ list • entry; 
lht_tt~Tl .. entry; 

list tail->next • entry; 
entry->nixt • NULL; 

I* add at tail of list 

,. 
Determine entry characteriatics. ., 

if ( (index(·-~·,•tor_p) '' isdigit(*(for_p~lJ)J 
II hdigit C* tor_p) 
II ( 6 for_p' •• '.' u iadioit (* (for_p+l)} 

,. 
• Numeric token ., 

entry->entry_type • INLIST; 
it ( 88canf(for_p,•tt•, (float *l'f_tmp} •• 1 ) 
I 

., 

fifdaf YYD£BUG 
fprlntf (atderr, 

•ta: build formult~ list -- num • tf\n•, 
Toolname, f_tmp): -

fendif YYDEBUG 
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,. 
* Point tor_p to after number • . , 

entry->v.inliat lval.num • f tmp; 
for_ptt; - 7• bypass 
while( 1adiglt( 11 for_p) II 11 for_p •• 
if C •for_p •• •.• ) 

while ( isdigit(*+tfor_p) ); 
if ( *for_p ..... 'a' II *for_p •• 'E' 
I 

possible sign */ 
) for_p++; 

for_p++; I* by~ss possible sign */ 
while ( iadiglt(*~tfor_p} ); 

entry->token type • NUMBER: 
liat_tall ... 8ntry; 

else 
return(l): 

else if (*tor p ••· 'I' ) 
I -,. 

Regular Expression 

I* couldn't read it ., 
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I 

., 
entry->entry type • INLIST; 
str_p • ~+tory: I* hang on to start */ 
tor ( ; I (for_p >• for_end II * for_p •• 'I'): for_p++) 
I 

I 

1f ( *for_p 
for_pt+; 

'\\' , 
entry->v.lnlist_lval.rexp • 

I* escape character *I 

(char *)malloc(for_p- str_p t 1}; 
strncpy{entry->v.inliat_lval.rexp, atr_p, for_p- str_p): 
entry->token type • REGEXP; 
l!st_tail - 8ntry; 

else if C *for_p --
1 

... 

I 

,. 
·~rt~ ., 

entry->entry type • INLIST; 
atr_p • ~tfor_p: I* hano on to start */ 
for (: l(for_p >• for_end II *for_p •• •\•'); for_ptt) 
{ 

if ( *for p •• •\\' ) 
for__pt"t; 

I* escape character */ 

entry->v.inl!st lval.str • 
(char *)malloc(tor_p- str_p + 1); 

entry->token type • STRING; 
strn~py(entiY->v.inllst_lval.str, str_p, for_p- str_p); 
llat_ta11 • entry; 

else if ( lndex(BOOLOPS,*for_p) 
I 

I* operator ., 

I 

entry->entry type • LITERAL; 
entry->v.l!t8ral_val • (int)*for_p+~; 
list_ta!l • entry; /* point to tall of list *I 

else it ( !salph.a(*for_p) II *for_p •• • _• 
I 

I* domain name */ 

if ( (*for_p -- "T' II *for p •• •r•) I* boolean? *I 
"(lndex(BOOLOPS,*(for=:ptl)) II *(for_p+l} -- '\0'1 I 

else 
{ 

entry->entry_type - INLIST; 
entry->token_type • BOOLEAN; 
entry->v.inl!st_lval.boolean • (*for_p •• 'T'); 
lht_t_all - entry; /* point to tail of list 

for ( str_p • for~p; 

., 

select 



I' 
• Numerical expression 
* any expression with NUMBERs 
'I 

numexpr : NUMBER '•' NUMBER I if I $1 •• $3 ) $$ • l: else $$ • O; ) 
NUMBER '<' NUMBER ( if ( $1 < $3 ) $$ • 1; else $$ • 0; J 
NUMBER'>' NUMBER 1 if ( $1 > $3 J $$ - 1; else $$ - O; ) 
• (' numexpr •) • I $$ • $2; I 
error ( YYABORT; ) 

I' 
• Strlno expression 
• loolcal expressions with strlnos and reoular expressions 
'I 

strexpr 
) 

I 

STRING '•' STRING 

STRING '•' REGEXP 
else $$ • 0; J 
STRING '<' STRING 
STRING '<' REGEXP 
STRING '>' STRING 
STRING '>' REGEXP 
• ( • strexpr ')' 

(if (strcmp($1,$3) •• 0) $$ • 1; else $$ - 0; 

{if ( (emso•re_comp($3)) •• NULL ) $$ • re_exe 

Uf (strc:mp($1,$3} < 0} $$ .. h else $$ • O: 
(if (strcmp($1,$3) < 0) $$ ~ 1; else $$ • D; 
(if (strcmp($1,$3) > 0) $$ • 1; else $$ • O; 
(if (strcmp($1,$3} > OJ $$ • 1: else $$ • 0; 
I $$ • $2; I 

c ($1, $3); 
I 
I 
I 
I 
I 
I error ( YYABORT; l .. 

I' 

·------------------------------------------------------------------------• yyerror -
• routine invoked by parser when error is detected 

·------------------------------------------------------------------------
'I 

void 
yyerror(s) 
char *s; 
I 
I* tinclude <sional.h> */ 

fprintf(stderr, •\s: yyparse: ts\n•, Toolname, s); 
I* kill(O,SIGQUIT)3 *I 
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I* lex.c - build_formula_list yylex */ 

tinclude <stdio.h> 
tlnclude <ctype.h> 
finclude •y.tabeh• 
finclude •select,h• 

extern char *Toolname: I* invoked name ot program 
1• list of tokens in formula 

'I 
'I struct token_entry ~formula_llat; 

I' 

·------------------------------------------------------------------------• build_yylex_list -
• create a list of the tokens in the formula, uses global 
* formula list, formula, and 
*-------------=-----r----------------------------------------------------., 

build_formula_liat (for_p• 
char *for_p; I* formula from command line *I 
I 

int 
float 
char 

1: I* index into dom name *I 
1• hold numeric tram formula *I 
/* start of strino *I 

t tmp; 
~~"itr p, 
*for-end • strlen(for p); I* end of fonnula *I tor_p + 

*entry9 
•Uat_taU; 

struct token:= entry /*-list entry *I 
I* head of list *I 

I' 
• Process til end of formula~ 

Add entry to front of list. 
'I 

formula list • NULL; 
while (-for p < for end 
I - -

I* initialize list 

while ( tsspace(*for_p) '& for_p < for_end 

'I 

tor p++; I* ionore white space *I 
if ( !or_p >- for end II *for p •• '\O• ) 

return(OJ'i" - I* all done *I 
I' 
* Allocate and initialize a new entry. 
'I 

select 



STREAMPRINT 

CFILES • millln.c 
OFILES - maln.o 
CFLAGS • -Q $(LIBS) 

aakeflle 

LIB • •• /lib •• /include Jusr/include/monltor 
LIBS • -1 •• /llb -1 •• /lnclude -1/uar/include/monltor 
LIBES • •• /llb/llbmontoola.a /uar/aoftlab/llb/libldl.a 

streamprlnt: $(OFIL£S) 
cc $(CFLAGS) $(OFILES) -o atreamprlnt $(LIBES} 

depend: 
-rm -t /tmp/dep 
eorep •Ailnclude• $(CFILES) /dev/null grep -v • <" 

\ 
sed -e •J<.•>Jd• 

-e 'a/:( )*\tlnclude( )*\•\(.*\)\•.•$$/: \1/' \ 
-e •st\.cl.oJ• > /tap/dep 

-rm -f /tmp/sedflle 
touch /tmp/sedflle 
-tor 1 in •awk •(print $$2)• /tmp/dep• ; \ 
do tor l tn $(LIB) ; \ 

done 

do if [ -f S$1/$$1 I ; \ 
then echo >> /tmp/&edflle •a,$$1,$$1/$$1,• ; \ 

break ; \ 
C1 ; \ 

done ; \ 

aed -f /tmp/sedflle /tmp/dep > /tmp/dep2 
aed -e '/A\f Dependencies/,$$ d' makefile > /tmp/makeflle 
echo •t Dependencies DON'T REMOVE THIS LINE• \ 

1 cat - /tmp/dep2 >> /tmp/makefile 
mv makeflle makefile.old 
cp /tmp/makefile m.ketlle 
-rm -t /tmp/dep lt•p/dep2 /tmp/sedfile /tmp/makefile 

f Dependencies DON'T REMOVE THIS LINE 
main.o: •• /lib/schema idl.h 
main.o: •• /llb/tuple.h 
main.o: ..• /lib/streamlo.h 

1• main.c - main */ 

linclude <stdio.h> 
tlnclude •schema ldl.h• 

'flnclude •tuple.h• 
tinclude •atre~io.h• 

,. 

main.£ 

•------------------------------------------------------------------------
• main -
• 
• 

print out in ••eli the values tor each record, one per line • 
Label the values if invoked with -1, toggled with -u • 

·------------------------------------------------------------------------., 
char •Toolname; 1• invoked n.tme of progra~ •1 

main (argc, argv) 
tnt aroc: 
char •arov (I; 
I 

int 1, 1• loop index 
options • PRINTLABELS, /* command line options 
stat: 

Mstream •ap; 
tuple tup; 

,. 
• Process coommand line. ., 

1• status of system c.lls 
1• input streaa 
1• input tuple 

., ., ., 
'I ., 

Toolname • •argv; 
while (++argv,--argc) 
I 

1• save for error messages */ 

1f {{•argv) (OJ •• '-') 
I 

for {1•1; c•argv) (i]; 1++) 
I 

switch ( (*argv) (i]) 
I 
case 'P: 

options • PRINTLABELS; 
break; 

case •u•; 

I* NOTE 

options • DONTPRINTLABELS; 
break; 

this toggles •/ 



else 
I 

(Us space (*for_p)) 
'' (!ndex(BOOLOPS.*for_p) ~-NULL); 

for_p++) 

entry->v.lookup name • 
(char *)malloc(for_p - str_p + 1); 

strncpy(entry->v.lookup_name, str_p, for_p- str_p); 
entry->entry.type • LOOKUP; J& run time eval. */ 
llst_ta!l - entry; I* point to tall of list */ 

/* literal 

entry->antry_type • LITERAL~ 

entry->v.llteral_val • (int)*for_p++; 

'I 

llst_tall - entry; /* point to tall of list */ 

I /* while */ 
1 /* build_formula_Ust */ 

,. 
·------------------------------------------------------------------------* Lexical analyzer for select formula -
• also does lookups into current tuple 

·------------------------------------------------------------------------
'I 

yylex (I 
I 

!nt type; /* token type ., 
if ( formula_llst -- NULL J /• no more tokens */ 

return(O); 
else if ( formula list->entry type -- LOOKUP ) 

type • flnddoMa!n(formula-list->v.lookup name); 
else if ( formula list->entry-type •• INLIST-) 
I - -

else 

type • formula list->token type; 
yylval .. formula=:llst->v.inlTst_lval; 

type • formula list->v.literal val~ 
formula list - formula list->next;-
return(type); -

/* must be LITERAL */ 

/* point to next token */ 

J /* yylex •/ 
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SHUTDOWNACCT 

HONDEF • MONITOR 
HONINCLUDE • monitor 
DEBUG • -DHONDEBUG -DDEBUG 
CFLAGS • -D$(HONDEF) -Uaun 

makeflle 

ahutdownacct: shutdownacct.c •• /$(MONINCLUOE)/montypes.h \ 
•• /$(HONINCLUDE)/aondeta.h 
cc -o -D${HONDEFI -o abutdownacct ahutdownacct.c 

&hutdownacct. c 

I* shutdownacct.c- main shutdown*/ ,. 
·---------------------------------------------------------------------• shutdownacct 
* - allows superuser to close down monitoring in case 
* - of emergency. 

- Note: SYSL_MONITOR actually checks for auperuser 

·---------------------------------------------------------------------., 
fdefine MONITOR 
finclude <sys/syslocal.h> 
tlnclude <monltor/mondefs.h> 
linclude <monitor/montypes.h> 
linclude <stdlo.h> 

short 
main (I 
I 

buffer(4096J; 

shutdown(); 1• all done; clean up ~1 

,. 
~---------------------------------------------------------------------
• shutdown 

- closes down monitor 
- caller must be root 

~---------------------------------------------------------------------., 
shutdown() 
I 

struct mon cmd command; 
lnt 1;-

command.type • HONOP_SHUTDOWN; 
command.lenoth • sizeof(struct mon cmd); 
1 • syac•ll(SYSLOCAL,SYSL MONITOR, (unsigned char *)'comm.nd); 
fprintf(stderr,•shutdownaCct: shutdown-- 'd\n•,i); 



default: 
fprintf(stderr, ~usaoe: ts [-lu)\n'", Toolname); 
exit (U; 

I I* tor *I 
I* if *I 

else 
I ,. 

* try to open *arov as a stream {str fopen) and 
* then print it. treat ~-~ as stdin: 
* allow chanoino to unlabelled •tn medias res• ., 

tifdef MULTIFILE 
if 
I 

strcmp(*arov,•-•) •• 0 } 

telse 
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I 

sp • str open(stdin); 
*arov - •standard input•; I* for error messaoes *I 

else if ( (sp • str fopen(*arov,•r•J) ·-NULL 
I -

I 

fprintf(stderr, •ts: can't open ts\n•, 
Toolname, •arovl; 

continue; I* next aroument *I 

while ( (stat • str read (sp, Uup} I > 0 I 
if ( tupleprint(stdout, 'tup, options) I• 0 

fprlntf (stderr, 
•ts: can't print tuple in ts.\n'", 
Toolname, *arov); 

swltch(stat) 
I 
case STRIO ESCH~: 

fprintf(stderr, •ts: no schema for lnput~\n•, 
Toolname); 

exit (1); 
break; 

case STRIO EREAD: 
fprintf(stderr, •ts: input read error.\n·~ 

Toolname); 
exit (1) ~ 

break.; 
default: 

1f ( stat < 0 ) 
I 

perror(•streamprint: Readino•J; 
exit (l); 

fprintf(stderr, •usa9e: ts [-lu)\n", Toolname); 
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exit(l); 
fendif MULTIFILE 

J /"" else */ 
I /* while *I 

fifndaf MULTIFILE 
sp • str_open(stdin); 

while ( (stat .., str_read(sp,Uup)) > 0 , 
if ( tupleprint(stdout, 'tup, options) I• 0} 
I 

!printf(stderr, •ts: can't pr!nt tuple~\n•, Toolname); 
exit(!}; 

swltch{stat} 
I 
case STRIO ESCHEMA: 

fprintfCstderr, •ts: no schema for input~\n•, 
Tool name); 

exlt{l): 
break; 

case STRIO EREAD: 
fpr1ntf(stderr 0 •ts: input read error.\n•, 

Tool name); 
exit(l); 
break.; 

default: 
if { stat < 0 ) 
I 

I 
fendlf MULTIFILE 

exit (0); 
) /* main */ 

perror(•streamprint: Readlno•): 
exlt(l); 

streamprint 



schema idl.!! 

t• schema idl.h- IDL declaration• generated by idle, version 2.0 
on TU. Apr 1 19;29:02 1986 

'I 
I include •tusr/softlab/include/C/Qlobal.h• 

I* Private Types */ 

/* Class Headers */ 

/* Nodes •1 
typedef struct Rattribute • attribute; 
I define Kattributa 2 
I detine Nat tribute f attribute f (attrlbute)N INIT( \ 

GetNode(slzeof(atruct RattrlbuteJ,Kattributa), \ 
Kattribute,sizeof{atruct Rattribute)))) 

I define rattributa(n} (Xattribut•Cn); FraaNodaCn, Kattrlbute);) 
I define attribute (N) CN) 
1 define iattribute(N) 

typedef atruct Rdatabaae • database; 
t define Kdatabase t 
I define Ndatabase f database((data~ae)N INIT( \ 

GetNoda(s1ze0f(struct Rdata~aa),idatabaae), \ 
Kdatabaae,sizeof(struct Rdatabase))}) 

I define Fdatabase(n) (Xdatabaaa(n); FreeNode(n, Kdatabase};) 
I define database(N) (N) 
I define idatabase(N) 

typedef atruct Rrelatlon • relation; 
I define Krelation 6 
I define Nrelatlon ( relatlon((relation)N INIT( \ 

GetNode(s1ze0f(struct RrelationJ,Krelation), \ 
Krelatlon,aizeof(atruct Rrelation)l)) 

I define Frelatlon(n) (Xrelation(n); FreeNode(n, Kralation);} 
I define relatlon(N) (N) 
I define Xrelation(N) 

typedaf int type boolean; 
I define Ktype bOolean 1 
I define Ntype-boolean Ktype boolean 
I define Ftypa:boolean(n) -

typedat int type 1nteoar; 
1 define Ktypo_lhteoar 3 
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1 define Ntype_lnteoar Ktype_inteoar 
1 define Ftype_lnteoar(n) 

typedef int type rational; 
1 define Ktype_rational s 
t define Ntypa_rational Ktypa_rational 
1 define Ftype_rational(n) 

typedef int type atrlno; 
I define Ktype_atrtnQ 1 
1 define Ntype_strino Ktype_strlno 
1 define Ftype_string(n) 

1• Classes •1 
typedef union I 

tnt IDL1nternal; 
HgenerlcHeader IDLclaascommon; 
type_inteoer Vtype_integer; 
type rational Vtype rational; 
typa:atrlno Vtypa_atrtno; 
type_boolean Vtype_boolean; 

type; 

I* Sets and Sequences •t 
typedef struct IDLtaoll 

struct IDLtaQl •next; 
relation value; 

Cralatlon, *Lralatlon; 

I define SEQrelatlon Lrelatlon 
define lnSEQrelatton(relatlonseq,relatlonvalua) IDLinLlat((pGenLiat)relation 

seq,relatlonvalue) 
f define initlalizeSEQrelation(relationseq} relationaeq • NULL 
I define appendfrontSEQrelation(relationseq,relationvalue) relationaeq•\ 

(SEQrelation}IDLLlatAddFront((pGenLiat}relationseq,relationval 
ue) 
f define appendrearSEQrelation(relatlonseq,relationvalue) relationaeq•\ 

(SEQrelation}IDLLiatAddRear((pGenLlat)relatlonaeq,relationvalu 
~ 
I define orderedlnsertSEQrelation(relatlonseq,relatlonvalua,ralationcompfn} re 
latlonaeq•\ 

(SEQrelation)IDLLlstOrderedlnsert((pGanLlst)relatlonseq,relatt 
onvalue,relatloncompfn) 
f define retrievefiratSEOrelation(relationseq, relationvalue)\ 

relationvalue- (relatlon)IDLLlstRetrieveFlrst((pGenLlst)relat 
ionseq) 
I define retrievelastSEQrelation(relationseq, relationvalue)\ 

relatlonvalue • (relatlon)IOLLiatRatrleveLaat((pGenList)relati 
on seq) 
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makefile 

CFILES • atreamio.c tuple.c readrecord.c writerecord.c 
OFILES • atream!o.o schema ldl.o tuple.o readrecord.o writerecord.o 
INCLUDE • -1/usr/softlab/iDclude ' 
LIB • 
LIBES • /usr/aoftlab/lib/libldl.a 
IDLC - /usr/so!tlab/bin/idlc 
IDLCFLAGS • -o 
CFLAGS • -Q $(INCLUDE) 

llbmontools.a: $(0FILES) 
ar rue llbmontools.a $(OFILES) 
ranlib llbmontools.a 

$(1DLC) $(IDLCFLAGS) $< 

schema_ldl.h: schema_idl.o 

depend: 
-nn -f /tmp/dep 
eorep •Afinclude• 

-e •sf: [ 
$(CFILES) I grep -v 

) *\finclude[ 
> /tmp/dep -e •a/\ .c/.of• 

-rm -t /tmp/sedflle 
touch /tmp/sedfile 
-for 1 in •awk •(print $$21• /tmp/dep• 
do for 1 in $(LIB) ; \ 

do if ( -! $$1/$$1 I : \ 

~<' I sed -e •f<o*>fd• \ 
)*\•\(.*\)\•.•$$/: 

' 
then echo >> /tmp/sedfile •s,$$1,$$1/$$i,• 

break : \ 

done 

fl 
done : \ ' 

sed -t /tmp/sedtila /tmp/dep > /tmp/dep2 
sed -e '/A\1 Dependencies/,$$ d' makefile > /tmp/makefile 
echo •t Dependencies DON'T REMOVE THIS LINE• \ 

I eat - /tmp/dep2 >> /tmp/makefile 
mv makefile makefile.old 
cp /tmp/makefile makefile 
-rm -f /tmp/dep /tmp/dep2 /tmp/sedfile /tmp/makefile 

\1/' ' 

' 

f Dependencies 
streamio.o 
streamio.o 
streamio.o 
tuple. a: 
tuple.o: 
tuple.o: 
tuple.o: 

DON'T REMOVE THIS LINE 
schema idl.h 
streamTo .. h 
tuple.h 
schema_idl.h 
tuple.h 
tuple key.h 
printTabels.h 

achema idl.idl 

Structure schema Root database Ia 

database. •> 

relation _, 

database name 
relationS 

rel name 
rel-sensor id 
rel-vlenserlsor 

String, 
Seq Of relation: 

Strino, 
Inteoer, 
Boolean, 

- true if variable lenoth 

attribute •> 

type : :• 

For type Use Enume·rated; 

attributes 

attr name 
att()enoth 
attr_pos 

attr_type 

type lnteoer 
type =strlno 

Seq Of attribute; 

Strlno, 
Integer, -- in bytes 
Inteoer, 

from beginnino, < 0 if notflxed 
type; 

type rational 
type=boolean; 

type_lnteoer•>; type_ratlonal•>; type_strino•>; type_boolean•>; 

End 

Process schema_idl Inv schema Is 

Pre input 
Post output 

End 

schema; 
schema; 



tdefina SCHEHAREAO 
fde!lna SCHEMAWRITTEN 

fdeflna STRIO ESCHEHA 
ldefina STRIO=EREAD 

1 
2 

-1 
-2 

flfndef HAXRECSIZE 
fdafina HAXRECSIIE 
fandif 

I* to allow an override *I 
512 

typedaf atruct s Hatra~m t 
FILE *tp; 
char record[MAXRECSIZE); 
ct.tabaae schema; 
ahort tl~g; 

1 Hatnalft; 

,. 
• Function declarations ., 

Matra• 

datilbaaa 

int 

•atr_opon n. 
•atr_fopenO; 

atr_achemaread(); 

str achemawrlta(), 
atr-read(). 
atr:wrtte n: 

Iandi! STREAMIOINCLUDE 

8treamlo.c 

I* •trauio.c - library routines for atreamlo in Honltor system 
1tr open, str topen, atr acheJUreadq str achemawrite, 
atr=read, •tr=write - -

• 
., 

linclude <stdio.h> 
fincluda <monitor/monopa~h> 
lincluda <monitor/montypaa.h> 
lincluda •achema_idl.h• 

Appendix D 77 

finclude •streamio.h• 
tlncluda •tupJe.h• 

atatic Hstream atream(_NFILEJ; I* ha• same indea aa fp into _lob */ 

,. 
·------------------------------------------------------------------------* atr open -
* - associate a fp, gotten from !open or somewhere, with a Stre.a 
• There 18 a one to one relationship between atreams and FILEa 

•------------------------------------------------------------------------., 
Hstream * 
atr opan(fp) 
FILi *fp; 
I 

reolater Hatream •sp - NULL; 

if ( fp •• NULL ) 
I 

I* pointer to stream ., 

fprintf(stderr, •atr_open: null FILE pointer\n•); 
return (NULL) : 

else 
I 

1nt 1: I* index into record */ 

- '•tream{fp-8td1n); I* same atre~m for each fp *I 
- fp; 

ap 
•p->fp 
for ( 1 • 0; 1 < MAXRECSIZE; itt) /* clear record *I 

I I* atr_open */ 

,. 

sp->record(l) • NULL; 
sp->achema - NULL; 
ap->tlao • o; 
return (ap}: 

I* recorda achema status *I 

•------------------------------------------------------------------------• str !open -
• -open the named flle and assochte a Stream with ito 

•------------------------------------------------------------------------., 
Hstream • 
str fopen(filename,mode) 
char *filename, •mode;: 
I 

reQister Hstream *sp • NULL; 
FILE *fp; 
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f define lthlnSEQrelatlon(ralatlonseq~ index, relatlonvalue)\ 
relatlonvalue • (relatlon)IDLLlstRetrl~veith{(pGenLlst)relatio 

nseq, index) 
f define tailSEQrelatlon(relationseq)\ 

((relationseq) 1 relationseq->next : NULL) 
t define removefirstSEQrelation(relationseq) relationseq-\ 

(SEQrelat1on)IDLL1stRemoveFirstCell((pGenLlst)relationseq) 
f define removeSEQrelation(relatlonseq,relationvalue) relatlonseq•\ 

(SEQrelation)IDLListRemoveCell((pGenList)relationseq,relatlonv 
alue) 
f define removelaatSEQralation(relationseq) relationseq•\ 

(SEQrelation)IDLListRemoveLaatCell((pGenLlst)relationseq) 
f define foreach!nSEQrelatlonCrelatlonseq.relatlonptr,relationvalue} for\ 
(relationptr • relationseq; \ 

relatlonptri•NULL,,((relatlonvalue•relationptr->value) I (1); \ 
relatlonptr•relationptr->next) 
f define emptySEQrelatlon(relatlonseq) ((relatlonseq)••NULL) 
f define lenothSEQrelatlon(relationseq) IDLListLenoth(relationseq) 

typedef struct IDLtao21 
struct IDLtao2 *next; 
attribute value; 

Cattrlbute, •Lattribute; 

f define SEQattribute Lattrlbute 
t define lnSEQattrlbute(attrlbuteseq.attributevalue) IDLinList((pGenLlst)attri 
buteseq.attrlbutevalue) 
f define lnitiallzeSEQattrlbute(attrlbuteseq) attributeseq • NULL 
f define appendfrontSEQattrlbute(attributeseq,attributevalue) attrlbuteseq•\ 

(SEQattr!bute)IDLListAddFront((pGenList)attrlbuteseq,attribute 
value) 
f define appendrearSEQattribute(attrlbuteseq.attributevalue) attrlbuteseq•\ 

(SEQattr!bute)IDLLlstAddRe~{{pGenLlst)attributeseq,attrlbutev 

alue) 
f define orderedinsertSEQattribute(attributeseq.attributevalue,attrlbutecompfn 
) attrlbuteseq•\ 

(SEQattrlbute)IDLLlstOrderedlnsert((pGenLlst)attrlbuteseq,attr 
lbutevalue.attributecompfn) 
f define retrieveflrstSEQattribute(attributeseq, attrlbutevalue)\ 

attrlbutevalue • (attr!bute)IDLListRetrieveF!rst({pGenList)att 
ributeseq) 
f define retrievelastSEQattrlbute(attr!buteseq. attrlbutevalue}\ 

attributevalue- (attribute)IDLListRetrleveLast({pGenList)attr 
ibuteseq) 
f define ith1nSEQattribute{attributeseq 1 index, attrlbutevalue)\ 

attrlbutevalue • (attrlbute)IDLListRetrieveith((pGenList)attri 
buteseq, index) 
t define tailSEQattribqte(attributeseq)\ 

((attributeseq) 1 attrlbuteseq->next ~ NULL) 
t define removefirstSEQattribute(attributeseQ) attributeseq-\ 

(SEQattrlbute}IDLListRemoveFlrstCell{(pGenList)attributeseq) 
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f define removeSEQattrlbuteCattrlbuteseq,attrlbutevalue) attributeseq•\ 
(SEOattribute)IDLLlstRemoveCell((pGenList)attributeseq.attribu 

tevalue} 
t define removelastSEQattribute(attrlbuteseq) attributeseq•\ 

· (SEQattribute)IDLListRemoveLastCell((pGenList)attributeseq) 
f define foreachinSEQattr!bute(attr1buteseq 1 attributeptr,attrlbutevalue) for\ 
(attrlbuteptr • attrlbuteseq; \ 

attrlbuteptri•NULL£,((attrlbutevalue•attributeptr->value) Ill); 
\ 

attributeptr•attributeptr->next) 
f define emptySEQattribute (attrlbuteseq) ( (attributeseq) ••NULL) 
f define lengthSEQattrlbute(attributeseq) IDLLiatLength(attrlbuteseq) 

/* Class Attributes */ 

I* Node Structures*/ 
struct Rattrlbute t IDLnodeHeader IDLhidden; 

Strlno attr_name; 
tnt attr_lenQth; 
lot attr_pos; 
type attr_type; 

I; 
struct Rdatabase ( IDLnodeHeader IDLhidden; 

String database_name; 
SEQrelation relations; 

I; 
struct Rrelatlon 1 IDLnodeHeader IDLhidden; 

Strlno rel name; 
lnt rel sensor ld; 
Boolean-rei vlensensor; 
SEQattribut8 attributes; 

I: 

I* Port Declarations */ 
void output 0; 
database input(); 

streamio._h 

/* streamlo.h- header for using streamio */ 
tifndef STREAMIOINCLUDE 
tdefine STREAMIOINCLUDE I* to prevent re-lncludlno */ 
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,. 
• Set up tuple ., 

tp->racord • ap->record; 
tp->rel•tion- oetrel•tlon(tp->record, .p->achema}; 
aetpoaitionCtp)r /* this upd~tea phtaic•l position of dom~tn */ 

return(stilt)l 
I /* str_re•d */ 

,. 
•------------------------------------------------------------------------* atr write -
• - write out ~ tuple tor this atream 

•------------------------------------------------------------------------., 
lnt 
atr_write (sp,tp) 
Hat rae • sp; 
tuple *tp; 
I 

I* pointer to stream 
I* pointer to tuple 

., ., 
if ( I (sp->tlao ' SCHEMAWRITTEN) ) 

if ( sp->achama ) 
I* ensure schema ia written */ 

(void)atr ach~vrtte(ap); 
else -

I* always ok. 

return{StRIO ESCHEMA): I* •uat have a schema 
ret ui-n·c write record (ip->fp, (mon_putevent *) (tp->recordl J ) ; 

I 1• str_wrlte •1 

tuple • .!! 

/" tuple.h - header for using tuples "/ 

flfndef TUPLEINCLUDE 
tdeflne TUPLEINCLUDE 

fdaflne NUHriXEDDOHS l 1• the number of fixed domains 
tdatine connectSEQattribute(al,a2) sl - \ 
(SEO.ttrlbute)IDLListConnect((pGenLlJt)al, (pGenL1at)a2} 

fdefine PRINTLABELS 1 /" options for tupleprlnt 
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tdeflne OONTPRINTLABELS 0 

pGenList IDLLlstConnect(); 

typedef struct &_tuple 
char 1• usually streaa•a rae. ., 
relation 
/"SEQattrlbute 
1 tuple; 

•record; 
relation; 
domains;•/ /" same as relatton->•ttributea "I 

,. 
• Function decl•rations ., 

relation 

void· 

attribute 

database 

oat relation(), 
oetrelationbysenaorld(), 
oetrelatlonbyname(J, 
copyrebtlon 0; 

satpoation {), 
rmrelatlonbynama(), 
rmdomalnbyname(); 

oetdomalnbyname(), 
copyattributa(); 

copy schema(); 

fendif TUPLEINCLUDE 

tuple key • .!! 

1• tupla_key.h "/ 

,. 
" These are the key domains which must be in every event record ., 

tdefine KEYNAHESIZE 25 /* lonoest key nua allowed "/ 
static char kay_attr_tab()(KEYNAMESIZEI • ( 

•CJnd.type•, 
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if ( (!p • fopen{filename,mode}) •• NULL) 
I* just leave errno set */ 

else 
ap • str open(!p); 

return(sp); -
} I* str_fopen *I 

,. 
·------------------------------------------------------------------------* str_schemaread -
* read in a schema from a stream 

·------------------------------------------------------------------------
'I 

database 
str schema read (sp) 
Mstream *sp; 
I 

int c; I* actually a char, but !oetc needs an int */ 

if 
I 

I 
if 

,. 

sp->flao ' SCHEMAREAD) 

fprlntf (stderr, 
•str schemaread: schema already read\n•); 

ret urn (NULL); 

(sp->schema - input (sp->fp}). I• NULL) 
sp->flao I• SCHEMAREAD; 

• There may be a \n left after the schema, but we want 
• to point to the beolnnino of the event records. 
'I 
if ( (c•foetc (sp->fp)) I• '\n' ) 

unoetc ((char} c, sp->fp); I* wasn• t there afterall *I 
return(sp->schema); 

) I* str_schemaread *I 

,. 
•------------------------------------------------------------------------
• str schemawrite -
• - write out the schema for this stream 
·------------------------------------------------------------------------., 

lnt 
str schemawrlte(sp) 
Hstream •sp; 
I 

if ( sp->flao ' SCHEMAWRITTEN) 
I 

fprintf (stderr, 
•str_schemawrlte: schema already written\n•); 
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return(-1); 

output(sp->fp,sp->schema); 
sp->flaq I• SCHEMAWRITTEN; 
return(O); 

I I* str_schemawrlte *I 

,. 
·------------------------------------------------------------------------• str read -
• - read a tuple !rom the stream 

·------------------------------------------------------------------------., 
lnt 
str_read(sp,tp) 
Mstream •sp; 
tuple •tp; 

I* pointer to stream •1 
I* pointer to tuple *I 

I 
lnt stat•O: 

,. 
* Read in a schema, 1! necessaryo 
•I 

If 
I 

,. 

I {sp->flao ' SCHEMAREADt J 

if C str schemaread(sp) •• NULL , 
I -

sp->flao 1- STRIO ESCHEMA: 
return(STRIO_ESCHiMA); 

~ Read in the event record. ., 

I* status of calls 

switch tstat • readrecord{sp->fp9 (mon_putevent *)sp->record)) 
I 

case -1: 
return(STRIO_EREAD): 
break; 

case 0: 
return (stat): 
break; 

default: 

I* readrecord error 

1• EOF 

., 

., 

., 

if ( stat > MAXRECSIZE } 
I 

I* Probably already an error *I 

fprlntf(stderr, •str read: buffer overflow\n•); 
exit(l); -
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fprintf(atderr,•atr_read: invalid relation td\n•, sensorld); 
ret urn (NULL) ; 

I 
return (cur_rp} 1 

J / 1111 getrelatlonbysensorld 1111
/ 

,. 
•------------------------------------------------------------------------,., getrelation -
• return a pointer to the relation ln the record 
*-------·~----------------------- ... --------------------------------------., 

relation 
getrelAtlon(record,ach ... ) 
short •record; 
database schema; 
I 

register lnt sensorld • ( (110n_putevent *)record) ->event number; 

return( oetrelatlonbysensorld(schema, sensorld) ); 

I I* oetrelatlon 1111
/ 

,. 
*-----------------------------------------------------------------------• getrelationbyname -
• return a pointer (which may be NULL) to the relation with name 
• in the scheu 

·------------------------------------------------------------------------., 
relation 
oetrelationbyname(sche-.,na .. ) 
database schema; 
char 
I 

•name: 

reolster relation 
register SEQrelation 

rp • NULL; 
ttap_ seq_ rp; 

foreachlnSEQrelation(schema->relatlons, 
if ( strcap(rp->rel name, name) 

1f (tmp seq rp I• NULL) . -
-retUrn(rp): 

else 
return(NULL); 

I 1• oetrelat1onbyname •1 

,. 

I* tmp in foreach */ 

tmp seq rp, rp) 
•• 0 ) break; 

I* we found it •1 

I* didn 1 t find it */ 

•------------------------------------------------------------------------• rmrelationbyname -
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• remove the named relation from the schema, if it~s there 

·------------------------------------------------------------------------
•I 

void 
rmrelationbyname{schema, na~e) 

database schema; 
char 
I 

•nme; 

register relation rp; 1• pointer to relation 1111
/ 

if ( (rp • getrelationbyname(sc~e~,name)) I• NULL 
removeSEQrelation(schema->rel~tiona, rp); 

I /* rmrelationbyname */ 

,. 
·------------------------------------------------------------------------
• setposition -
• Set the position of each domain in the relation. 
• Fixed lenoth relation• don~t chanoe, nor do the 
• fixed fields of variable lenoth relations. A variable 
• position field is indicated with a negative position. 

·------------------------------------------------------------------------., 
void 
setposttion (tp) 
tuple *tp; 
I 

SEQattribute 
relation 
attribute 
char 

tmp ap; / 1111 pointer for foreach 
rp ~ tp->relation; 
cur_ap; /* pointer for foreach 
*buffer • tp->record; 

., 
•I 

lnt offset - 0, / 1111 accumulated offset 
alan; / 1111 intermediate value 

into record •I 
•I 

,. 
• Set up the attributes so that the position is correct for 

the current sensor. Only the positions for the variable 
• part of variable lenoth sensors need be calculated. ., 

if ( rp->rel_vlansensor ) 
I 

foreachinSEQattribute(tp->relation->attrlbutes,tmp_ap,cur_apt 
I 

1t {offset < 0) 

I . . ,. 
• Variable position ., 

if ( cur ap->attr lenQth I• 1 ) 
ofts8t -- (-offaet)\2; /* alton the domain •/ 
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•cmdlengtb•, 
•event number• 
I; 

tnt key_attr_tabslze- sizeof(key_attr_tab)/KEYNAMESIZE; 

prlntlabels.J! 

/6 prlntlabels.h */ 

,. 
* The tabel is the attr name of the domain, the value 
* field, except for boolean fields, which are Tor F. 
* and lengeth are used to select the right format. 

h the value 
The attr_type 

'I 

fdefine FHT RELATION 0 
tdefine FMT-STRING 1 
tdefine FMT-BOOLEAN 2 
fdeflne FMT-INT 1 3 
fdefine FMT-INT-2 ' fdeflne FMT-INT-4 5 
tdeflne FMT=RATfONAL 6 

static char *1 format[) - t I* labelled format 
"ls::\t•, I* relation name 
'"\s • \s\t"', I* type_strlng 
"'\s .. ls\t'", 1• type_boolean 

., ., ., 
'I 

'"ls .. l-Jd\t•, I* type_lnt, length 1 */ 
"'ls • \-5d\t•, 1• type_lnt, length 2 *I 
"'ls • l-lOld\t"', 1• type_lnt, length 4 */ 
•ts - l-10.10!\t"', /* type_ratlonal . , 
I; 

,. 
* The 'l.Os' is used to discard an argument, so that the print routine 
* doesn•t care about formatting. ., 

static char *u_fonnat (I - t I* unlabelled format 'I 
•t.Os", I* relation name ., 
•t.Osts\t", I* type_str!no ., 
•t.Os\s\t", I* type_boolean 'I 
"\.Os\-3d\t". I* type_lnt, length 1 *I 
"\.Os\-5d\t", I* type_int, length 2 */ 
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"\. Os\-lOld\t "', 
"'. Os\-10 .10!\t •, 
I; 

tuple.£ 

I* type int, length 4 */ 
I* type=rational *I 

/* tuple.c - oetrelation, oetrelationbyname, ~elationbyname, 
• getdomainbynameu rmdomainbyname, setposition, 
* copyschemag copyrelation, copyattribute, 
* tupleprint : 
* tuple manipulation routines ., 

tdefine LIBTUPLE 
finclude <stdlo.h> 

I* signifies what to ignore in tuple.h *I 

finclude <monltorlmoniypes.h> 
finclude •schema ldl.h" 
finclude •tuple.h• 
finclude ~tuple key.h" 
finclude "printlabels.h" 

,. 
'•'········· 

·------------------------------------------------------------------------* getrelationbysensorid -
* return a pointer to a relation in a database from a sensorld 

*------------------------------------------------------------------------
'I 

relation 
getrelationbysensorid(schema, aensorid} 
database schema; 
int sensorid; .. 
I 

SEQrelation rp • schema->relations, 
tmp_rp; 

relation cur_rp; 

foreachinSEQrelation(rp, tmp rp. cur rp) 
I - -

I* allowable relations */ 
I* ptr for foreach *I 
I* ptr for foreach *I 

if ( cur rp->rel sensor id -- sensorid 
break; - -

I 
1f (tmp rp •• NULL) 
I -

I* didn't find it */ 
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I I' 

regiSter attribute new_ap - Nattribute; I* new attribute */ 

I' 
• All th~t needa to be done is to copy ·in the fields. 

Nota that nama sharea &&me space aa old name. This allowa 
conpar1aona on name pointer for similar domains 

'I 

new ap->attr name 
new=ap->attr:lenoth 
new_ap->attr_poa 
new ap->attr type 
retUrn (new ai)): 

copy.Jttribute-•/ 

• ap->attr name; 
- ap->attr:lenoth; 
.. ap->at tr _poa; 
• ap->attr_type; 

fifdef OBSOLETE 
I' 

·------------------------------------------------------------------------• copykey -
m.Jke a new copy of the key and all ita parts 

·------------------------------------------------------------------------
'I 

key 
copykey(kpl 
key kp; 
I 

I* the key to be copied */ 

key new kp - Nkey; 
SEQ~ttrlbute taiT_seq_ap; 
reoister SEQattribute tmp_aeq_ap: 
attribute ap. 

new_ap; 

I' 

I* copy of key •t 
/* used in appending */ 
I* for use in foreach */ 
I* pas in sequence */ 
I* copy of attribute */ 

• Copyino consists of copying the name into a new area, 
• and copying the sequence of attributes. 
'I 

1t 1 kp -· NULL ) /* don•t have to do anything */ 
return ( NULL ) ; 

if f (new kp->key name • (char *)GetHeap(atrlen(kp->key name) +1)) 
-NULL)- -

I' 
• No room left, wa•re in trouble 
'I 

fprintf(atderr, •copykey: no roam in heap\n•); 
ret urn (NULL) : 

strcpy(new_kp->k•y_name, kp->key_name); 
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if ( emptySEQattribute(kp->attributes) 1• don•t have to copy 
'I 

return(new_kp); 

I' 
Copy the attributes (all are immutable domains) 

•I 

I• 

retrievefirstSEQattribute(kp->attributes, ap); 
if ( (nev_ap- copyattribute(ap)) •• NULL) /• didn't vork */ 
I 

I 

fprintf{stderr,•copykey: couldn"t copy attributea\n•); 
return(NULL); 

append!rontSEOattrlbute(nev_kp->attributea, nev_ap); 

tail_aeq_ap • tailSEOattrlbute{kp->attributes); 
foreachinSEOattribute(tail_aeq_ap, tmp_aeq_ap, ap) 
I 

1! ( (new_ap • copyattribute(ap)) •• NULL 
I 

I* didn't work */ 

fprintf(stderr,•copykey: couldn't copy attributea\n•): 
retUrn (NULL): 

appendrearSEQattribute(new_kp->attributes, new_ap); 

All done. 
'I 

return (new kp); 
) /* copykey */ -
lfendif OBSOLETE 

I' 

·------------------------------------------------------------------------* copyrelatlon -
• create a new copy in mem.ory of the relation 

·------------------------------------------------------------------------
'I 

relation 
copyrelatlon(rp) 
relation rp: 
I 

lnt 
relation 
SEQattribute 
reoister 
attribute 

I; 
new rp • Nrelation; 
taiT_seq_ap; 
SEQattrlbute tmp_seq_ap; 
ap • NULL, 
new_ap; 

I' 
I' 
I' 
I' 
I' 
I' 

line in table 'I 
copy of rp •I 
used in appending 'I 
for use in foreach */ 
pos in sequence 'I 
copy of attribute 'I 
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if C typeof(cur ap->attr type) 
I - -

Ktype_strlno 

I' 
• Lenoth must be multiple of 2, since 
* sensors write data in shorts. 
'I 

alan- strlen(buffer+offset) +1; 
cur ap->attr lenoth • (slen\2)? 

-slen + 1- : slen; 

cur_ap->attr_pos • offset~ 

Offset -· cur ap->attr lenoth: 
I* if */ - -

else 
I 

I' 
Fixed position 

'I 
if ( cur ap->attr length I• 1 ) 

offset +• offiet\2; /* alion the domain 
if ( typeof(cur ap->attr type) -- Ktype strino 
I - - -

I' 
* Subsequent fields are variable position, 
* but this field is still fixed. 
* Lenoth must be multiple of 2, since 
* sensors write data in shorts. 
'I 

slen • strlen(buffer+offsetl +1; 
cur ap->attr lenoth • (slen\2)? 

-slen + 1- : slen; 
cur ap->attr pos - offset; 
otfSet +- cur ap->attr lenoth: 

'I 

offset • -ottSet; -,. now it's variable pos *I 
I* if */ 

else 
I 

cur ap->att'r pos • offset; 
otfiet +• cur ap->attr lenoth; 

I* else */ - -
I* else */ 

I /* foreach */ 
if ( {(struct mon cmd *)bu!fer)->lenoth f• offset>! ) 

((struct mon Cmd *)buffer)->lenoth- offset>!; 
- I* reset lenoth */ 

I /* if *I 
I /* setposition */ 
I' 
•------------------------------------------------------------------------
* oetdomainbyname -
• return a pointer to the named domain in the tuple, 
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* NULL is returned !f the domain Isn't in the tuple. 

·----------------------------------------------~-------------------------
'I 

attribute 
oetdomainbyname(rp,domname) 
relation rp; 
char *domname; 
I 

I• 
* Search for the named 
•I 

domain, return pointer to domain 

reoister SEQattrlbute 
reolster attribute 

tmp_ap • NULL; 
cur_ap • NULL; 

I* ptr for foreach */ 
I* ptr for foreach */ 

foreachlnSEQattrlbute(rp->attributes, tmp ap, cur ap} 
I - -

if ( strcmp(cur ap->attr name,domnamel -- 0 ) 
break; - -

I 
if tmp_ap •• NULL ) 

return(NULL); 
/* not in attributes */ 

else 
return (cur ap): 

I /* oetdomainbyname */ -

I' 
·------------------------------------------------------------------------* rmdomainbyname -
* remove the named domain from the relation, if it is there 

•------------------------------------------------------------------------
'I 

void 
rmdomainbyname(rp,dname} 
relation rp; 
char *dname; 

1~ relation contalnlnq domain *I 
/*·name of domain */ 

I 
attribute ap; I* pointer to attribute 

if ( (ap- oetdomalnbyname(rpu dname), I• NULL ) 
removeSEQattrlbute(rp->attrlbutes, ap); 

I /* rmdomainbyname a/ 

I' 

'I 

·------------------------------------------------------------------------
* copyattribute -
* make a new copy of an attribute in memory 
·------------------------------------------------------------------------
'I 

attribute 
copyattribute(ap) 
attribute ap; 1~ attribute to be copied */ 
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·------------------------------------------------------------------------
tupleprint -

print out in ascii the values for the tuple 
* Label the values if label ia true 

·------------------------------------------------------------------------., 
lnt 
tupleprlnt(fp, tp, la~l) 
FILE •tp; 
tuple •tp; 
tnt label; 

' 

k 
' 0 

,, 
1• where to Print *I 
1• what to print 'I 
1• whether to label ., 

char 
SEQattrlbute 
Attribute 

**format; 
t_seq_ap; 
•PI 

I* format to use for output *I 
I* tmp for loop 
I* trap for loop 

if ( fp •• NULL ) 

' 
I 

fprintf(atderr, •tupleprint: invalid file.\n"'); 
return (-1): 

if ( tp ..,.., NULL II ~p->relation •• NULL 
II tp->re1At1on->attr1butes •• NULL 

,. 
., 

fprintf (atderr, •tupleprint :· invalid tuple. \n"'); 
return(-1); 

Select the appropriate pr1nt1no format. 
either labelled or unlAbelled. 

format • {label •• PRINTLABELS)? !_format u_format: 

,. 
• Print the relation name (it labelled) and each domain. 
•I 

fprintf(fp, format[FHT RELATIONJ, ~p->relation->rel name); 
foreachlnSEQattr1buta(tp->relat1on->attr1butea, t_s8q_ap, ap) 
I 

switch(typaof(ap->attr type)) 
I -
case Ktype strino: 

fprintf(fp, format[FMT STRING), ap->attr name, 
tp->record(ap->attr_posJ): -

., ., 

fprintf(fp, format(FMT BOOLEAN), ap->attr name, 
C (tp->record[ap->a'ttr_pos) •• 0) 'l •r'; : "'T"') ) : 

break; 
case Ktype inteoer: 

awltch{ap->attr_lenoth) 

' case 1: 
tprintf(fp, tormat[FHT INT 1), ap->attr name, 

(int) tp->record [aP:>attr_poa) J; -
break; 

case 2: 
fprint!(fp, format(FHT INT 2), ap->attr name, 

*(short *)l(tp->reCord(ap->attr_poa))); 
bre.ak; 

c.ase 4: 
fprlntf(fp, format{FMT INT 4), ap->attr name, 

*(lono *)l(tp->recOrd(ip->attr_poa))J; 
break; 

default: 
fprlntf(fp, "'UNKNOWN "'); 

I 
break: 

case Ktype_rational: 
fprintf(fp, format(FMT~RATIONAL), ap->attr_name, 

*(float •)l(tp->record[ap->attr_poa))); 
break; 

default: 
fprlntf (fp, "'UNKNOWN *); 

I I* switch *I 
I* foreach *I 

(void) putc (' \n', fp): I* end the line *I 
if ( ferror(fp) ) 

' perrort•tupleprint•); 
r8turn (-11; 

return (0): 
I I* tupleprint *I 

readrecord.c 

break; 1• readrecord.c - readrecord */ 
caae Ktypa_boole~n: 
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,. 
• Copylno consists of copyino the name, the sensor id, and the 
• variable length flao, and then copyino th& key attributes (see 
• key attr tab in tuple key.h} and the remainino attributes. ., - - -

1t ( rp -· NULL ) /* don't have to do anythlno */ 
return ( NULL ) ; 

,. 
* Note that the name pointer is copied, 
* so that the space is shared. ., 

new rp->rel name 
new-rp->rel-vlensensor 
new:rp->rel:sensor_ld 

t• 

• rp->rel name; 
• rp->rel-vlensensor; 
• rp->rel:sensor_ld; 

• Must set up immutable {key) fields 
•t 

for ( 1 - 0; 1 < key attr tabsize; 1++) 
I - -

ap • oetdomalnbyname(rp, key attr tab[l)); 
if ( ap -- NULL ) - - I* Should never happen! */ 

I 

I 

I 

fprintf{stderr, •copyrelation: error in keys\n•); 
exit(!); 

appendrearSEQattrlbute(new_rp->attributes, ap); 

if ( emptySEQattribute(rp->attributes) 
return(new_rp); I* don•t need to copy other attrs *I 

t• 
* Copy the attributes (mutable domains) 
•t 

foreachinSEQattribute(rp->attributes, tmp seq ap, ap) 
I - -

if ( inSEQattribute(new_rp->attributes, ap) 
continue; I* 

if ( (new ap • copyattribute(ap)) •• NULL} 
I -

don't copy keys *I 
I* didn't work *I 

fprlntf(stderr,•copyrelation: couldn't copy attributes\n•): 
return (NULL); 

appendrearSEQattribute(new_rp->attrlbutes, new_ap); 

return(new_rp); 
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I I* copyrelation *I 

t• ·-------------------------------------------------------------··----------
• copyschema -
' copy a schemao This creates a completely separate copy 
• of the schema so that changes to it will not affect the 
' orioinal schemao , _________________________ ; _____________________________________________ _ 

•t 
database 
copyschema(schema) 
database schema; I* schema to be copied •t 
I 

I* taroet for copy •t database 
relation 

nevschema • Ndatabase; 
rp, 1~ current pas in SEQrelo *I 
nev_rp; 1• copy of rp 

reolster 
SEQrelation tmp_seq_rp; I* for use in foreach 

t• 
* Copyino consists of copyino the name and 
* copyinQ the sequence of relationso 
•t 

•t 

•t 

if schema •• NULL 
return ( NULL } ; 

1• don't have to do anythlnQ *I 

t• 
* Note that name is shared by both schemas. ., 

newschema->database_name.,"' _schema->database name; 

if ( emptySEQrelation(schema->relations) 
return(nevschema); I* don•t have to copy *I 

foreachinSEQrelation(schema->relations, tmp_seq_rp, rp) 
I 

if ( (new rp • copyrelat ion (rp)) ... - NULL ) 
I -

I* dldn•t work *I 

fprintf(stderr,•copyschema: couldn•t copy relations\n•); 
return(NULL): 

appendrearSEQrelatlon(newschema->relatlons, new_rp); 

return(news"chema); 

J /* copyschema */ 

t• 
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MINI KERNEL 

~ 

This directory contains a set of files for emulating kernel calls. When 
it is compiled with •accountant• or •acct• of the Honltor system, lt can 
be used to test ~hose proar.ma without endangering the system. 

kern.c vehicle for kern sensors 
makeflle pennlta •make t~cct•, make •accountant• 
mlnlkern.c kernel routines, cilll kern aya and uta 
sys.c vehicle for ufa sensors 
uts.c vehicle for uta sensors 

Other files that are used that are not in this directory: 
local_syscalh.c ayslocal and monitor system calls. 
/$(SOFTLABI/1nclude/monitor 

headers for Monitor system 
/$1SOFTLABI/arc/monltor1ngkernel/monacct/acct.c 

minimal accountant program 
/S(SOFTLAB)/src/accountant/ 

real accountant. 

makefile 

ACCOUNTANT-/usr /soft 1 ab/S rci/ilc'coUhtiant 
ACCT•/usr/softlab/src/monltorlngkernel/monacct 
CFILES•/usr/softlab/src/monltorlngkernel/monsys/local_syscalls.c \ 

minlkern.C ufs.c kern.c sys.c 

accountant: $(ACCOUNTANT)/*.c $(CFIL£S) 

acct: 

make -f $(ACCOUNTANT)/Hakef1le testaccountant 
mv testaccountant accountant 

${ACCT)/acct.c $(CFIL£S) 
make -f $(ACCT)/Makef1le ainiacct 

mv mlnlacct acct 

minlkern.c 

/* minlkern.c - copyin copyout syscall panic sleep */ 
titndef lint 
static char rcsheaderl) • •$Header•; 
fendif lint 

fundef sun 
tlnclude <sys/param.h> 
flnclude <sys/dlr.h> 
flnclude <sys/systa.h> 
tlnclude <sys/user.h> 
tlnclude <sys/proc.h> 
tlnclude <sys/syslocal.h> 
tlnclude <sys/stat.h> 
finclude <stdio.h> 

,. 
•-------------------------------------------------------------------
• This module emulates the three kernel calls necessary to permit 
• local syscalls and the accountant work without actually going 
• throuQh the kernel. 

·-------------------------------------------------------------------., 
st ruct proc u __procp; 
struct user u; 

,. 
1• kernel user structure •! 

•-------------------------------------------------------------------
• copyin -

copies a user buffer of a specified lenoth to a kernel buffer 

·-------------------------------------------------------------------., 
int 
copyin(outbuf, inbuf, len) 
reolster caddr t 1nbuf, 

- outbuf; 
reolster tnt len; 
I 

for (;len> 0; len--) 
•inbuf++ • •outbuf+t; 



tlnclude <stdlo.h> 
flnclude <monltor/montypes.h> 
fdeflne FIXBDLEN slzeof(struct mon_cmd)*2 

!•----------------------------------------------------------------------------
• readrecord 
• - reads an event record from a file pointer into a putevent struct 
* - puts event record into structure pointed to by reed 

- returns the lenoth of the record or -1 on an io error. 
·----------------------------------------------------------------------------., 

readrecord(!p,recd) 
FILE *fp; 
mon putevent *reed; 
( -

int 
lnt 
short 

,. 
stat; 
varlen; 

*record•(short *)reed; 

/* for io calla *I 
I* lenoth of record past cmd */ 
I* a little short hand */ 

* Find lenoth of record ., 
it 

,. 

(stat- !read (record, sizeof{short), FIXEDLEN, fp) 
) f• FIXEDLEN 

it (feof (fpl) return {0): 
else return{-1); 

/* all done */ 
I* some error *I 

* Determine lenoth in shorts rema!nino, (note reed--record) ., 
varlen - (!nt)recd->cmd.lenoth - FIXEDLEN; 

,. 
* Get remainder of record ., 

if ( (stat- !read ((record+ FIXEDLEN), 
slzeof(short), varlen, fp) 

l• varlen I 
return (-1); /*didn't read whole record*/ 

return (recd->cmd.lenoth); /* return lenoth in short lnts */ 
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writerecord.c 

I* writerecord.c - writerecord */ 

flnclude <stdlo.h> 
flnclude <monitor/montypes.h> 

1*-------~--------------------------------------------------------------------

* wrlterecord 
• - writes an event record from a buffer that atarta with a mon cmd 
• - struct (a mon_putevent reed , for the length ln specified 1D 
• - that struct. returns what fwrlte returns 

·----------------------------------------------------------------------------., 
writerecord(fp,recd) 
FILE *fp; 
mon_putevent •reed: 
( 

short *record•(short *)reed; I* a little short hand */ 

return( fwrite(record. sizeof(short), recd->cmd.lenoth, fp) ); 
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kern() 
I 

struet !node In; 
struet file F, •tp; 
struct I 

tnt tv usee; 
int tv-sec; 
) u ... , 

struet a I 

struet I 

lnt p__pid; 
)p; 

struct • •u__procp; 
I u; 

In.l dev - 2; 
In.l-number • 1;: 
In. (:she • U; 
fp- U; 
fp->f data - (caddr u nn; 

ttfdaf DEBUG - -
fprlntf(stderr,•In kern aenaor\n•); 
fprlntf{std•rr,•sen comm.nds: •ddrl ~\d. addr2 • \d, [0) • X\x, (0)'6 

4 • \d\n•, -

tendlf 

san commands, 
'seR_commanda(O), 
sen commands[O), 
san:commands{0),64); 

tlme.tv_usec • 1500; 

struct 
tnt tv usee; 
tnt tv-sec; 
I time; 

struct a I 

struct I 

tnt p_pid; 
)p;: 

struct a •u_procp; 
I u; 

tifdef DEBUG 

tend it 

fprintf(stderr, •In sys sensor\n•); 
fprlntf(stdarr, •sen commands(O): X\4x\n•, 

sen_commands(OJJ; 

time.tv usee - 1500; 
tlme.tv-sec - 1500; 
p.p_ptd-- 12345; 
u.u_procp • 'P; 
ReadSensor(13,10,512,128); 
Wr1tasenaor(l3,10,512,12BJ; 

tlme.tv sec • 1500; uts.c 
p.p_pld-- 12345; --
u.u_procp • 'P; 
FlleClose ( ( (atruet !node ") (fp->f data}) ->1 dev, ( (struct !node •) (fp-> 

f_data))->l_number, ((struct !node*) (fp->[_data))->T_size): 

linelude w •• /h/types.h" 
tinclude • •• /h/sya aansors.h• 
tlnclude <stdlo.h>-
-11 
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•• 

tinclude • •• /h/types.h• 
tinclude • •• /h/ufs_sensors.h• 
tinclude <stdlo.h> 
ufs() 
I 

struct I 
tnt tv usee; 
lnt tv-sec; 
J time"'i 

struct a ( 
lnt p_pid; 
)p; 

struct I 
struct a •u proep; 
) u; -

short cname[l2); 
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return (len); 

,. 
·-------------------------------------------------------------------* copyout -
* copies a kernel buffer of a specified lenoth to a user buffer 
·-------------------------------------------------------------------
'I 

!nt 
copyout (lnbuf, out but, len) 
reoister caddr_t inbuf, 

reoister int 
out but; 
len; 

I 

,. 

for (;len> 0; len--) 
*outbuf++ • *inbu!++: 

return (len); 

*-------------------------------------------------------------------
* syscall -

handle system calla. 
intercept it and call 

If the call ooea to SYSLOCAL, 
syslocal. Otherwise, fail. 

*-------------------------------------------------------------------., 
!nt 
syscall {dl, d2, u_buffer) 
int dl,d2; 
reoister unsioned char *u buffer; 
I -

struct a ( 
lnt callno; 
unsioned char *aro: 

I uap; 
char dummy(802-4): 
lnt rcode; 

kern(): I" oenerate kernel sensor data *I 
sys (): 
ufs 0; ,. 

" Set up olobal user struct ., 
u_procp.p_pid • 15; 
u.u_procp - ,u_procp; 
if ( dl •• SYSLOCAL ) 
I 
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uap.callno • SYSL_HONITOR; 
uap.arg - u_buffer; 

else 

,. 

u.u ap • (int *)'uap; 
syslocal{SYSL MONITOR,u buffer); 
rcode- (u.u error< 0)-? u.u error 
return{rcode); -

return (-1): 

u.u_r.r_vall; 

*------------------------------------------------------------------------
" panic 
* print the aroument and exit with 1 

·------------------------------------------------------------------------
'I 

panic(mso) 
char *mso; 
I 

,. 

fprintf(stderr~ mso); 
fputc(stderr, '\n'); 
exit (1); 

I* NULL terminate~ strino */ 

1• End with new line *I 

·------------------------------------------------------------------------
* sleep -
* simulates sleep system call 

·------------------------------------------------------------------------., 
sleep(secs) 
int sees; 
I 

finclude • •• lhltypes.h" 
finclude " •• /h/inode.h" 
finclude ~ •• lhlfile.h• 
finclude • .. lhlkern sensors.h" 
tinclude <stdio.h> -

1• Don•t do anyth!no */ 

''"''' .. 
~·£ 

88 minikernel 



DISTRIBUTION/{MAKEFILE,SHORTALIGN.C} 

Hakefile 

f Name of target kernel, used aa basta tor new one 
KERNEL•GENERIC 
t Name tor new kernel 
HONITOR•HONITOR 
f Define for lfdefa 
HONDEF•MONITOR 
f Define for fetch depandenciea, deteralned within 
SHORTALIGN• 
f Name of directory for monitor include files 
HONINCLUDE•monltor 
f Name of directory for Monitor system 
HONSYS•monsya 
t Location of system files 
SYS•/ays 

f Files that get patched 
PATCH•kern descrlp.c ufa syscalla~c ufs naml.c uta alloc.c \ 

syS oenerlc.c ayicalls.c !nit sYsent.c -
f C files th kernel -
TARGETS•local syscalls.c $(PATCH) 
f Files that depend on $(HONINCLUDEJ 
INCLDEPS• h/ufs_sensora.h ~/aya_aensors.h h/kern_sensors.h h/syalocal.h\ 

monsya/local syscalls.c •onsys/acct.c monsys/miniacct.c \ 
monsys/uta.c-monsya/sya.c aonsys/kern.c monsys/acct sensors.h\ 
monsya/blindprint.c monsys/readrecord.c monsys/printevents.c \ 
monsys/dumprecord.c monsya/shutdownacct.c \ 
monitor/montypes.h monltor/aondefs.h monitor/monops.h \ 
monitor/•onerrcds.h 

Determine if this machine can only fetch shorts on short boundaries 
config: 

cc -o shortalign shortalign.c 
/bln/rm -f makeflle 
sed 1 /ASHORTALIGN/ s/•.*/•1 'shortallon'#/ 1 Hakeftle > makefile 
@echo *>~ke: Now you can make install* ' 

f Put all the 
install: 

@echo 

directories in place and substitute in for defines 
PATCH $(JNCLDEPS) 

•>Hake: Installing system• 

1 Don 1 t run sed unless you have to 
-grep -s $IMONINCLUDEI monsys/makefile I I \ 

sed •/AHONDEF/ s/HONITOR/${HONDEF)/ 1 monsys/Hakefile J\ 
sed 1 /AHQNINCLUDE/ s/monitor/$(MONINCLUDE)/• > •onsys/makefile 

t Only do the moves and stuff once 

I* .bak 

-test -f $(SYS}/h/ufs sensors.h II cp h/ufs senaors.h $(SYS)/h 
-test -f $(SYS)/h/sys-sensors.h II cp h/sys-sensors.h $(SYS)/h 
-test -f $(SYS)/h/kern sensors.h II cp h/kein sensors.h $(SYSI/h 
-test -t $(SYS)/h/sysl0cal.h II cp h/syslocal:h $(SYS}/h 
-test -d $(SYSJ/$(MONINCLUDEI 11 mkdir $(SYS)/$(MONIMCLUDE) '' \ 

cp monitor/• $(SYS)/$(HONINCLUDE) 
-test -d /usr/include/$(HONINCLUDE) II \ 

(Cd /Usr/lnclude; ln -s $(SYS)/$(HONINCLUDEJ $(HONINCLUD£)) 
-test -f $(SYS)/$(HONINCLUDE)/*.bak '' /bin/rm -t $(SYS)/$(HONINCLUDE} 

@echo •>Hake: Sensors installed• 
-test -d $(SYS)/$(MONSYS) 11 mkdir ${SYS}/$(HONSYSJ '' \ 

cp monsys/* $(SYS)/$(HONSYS) 
-test -f $(SYS)/$(MONSYS}/•.bak '' /binlr• -f $(SYS)/${MONSYS}/*.bak 
@echo •>Hake: Makino Accountant• 

f Note that if this is run twice, nothtno really happens 
(cd ${SYS}/$(HONSYS); make acct; make blindprlnt; make shutdownacct) 
@echo ·>~ke: Installation done; run make new or aake modify• 

1 create a brand new kernel - most reliable way to oo 
new: $(PATCH) 

@echo •>Hake: creating new system• 
f Assume that if this is done twice, that we should overwrite 

awk •(if ($$1 -- •ident*J(printf •ident\t\t\•$(HONITOR)\•\n•J else prl 
nt $$OJ• $(SYS)/conf/$(KERNEL) 1\ 

awk 1 (print $$0) /Aoptlons/ (if (T++ •• 0) (prlntf •options\t\t$(HONDEF 
$(SHORTALIGNJ\n•JJ• > $(SYS)/conf/$(HONITOR) 

/bin/rm -t $(SYS)/conf/files.$(HONITOR) 
This only makes or undates file.$(HONITORJ if necessary 

-(test -f $(SYS)/conf/files.$(HONITOR) '' \ 
orep -s "$ (HONSYSJ" $ (SYS) /conf/files.$(MONITOR) J II \ 
sed •s/monsys/$(MONSYSJ/• files~HONITOR \ 
> $(SYS)/conf/files.$(HONITOR} 

-(cd $(SYS)/conf: \ 
{test -d •• /$(MONITOR) 11 mkdlr •• /$(HONITORH ;\ 
confiQ $(MONITOR)) 
(cd $(SYS)/S(HONITOR}; make depend> depend.out 2>il: \ 

make vmunix > make.out 2>il) 
@echo •>Hake: New system all done• 

1 Modify an existing kernel --trouble on some machines (SUN. e.g.) 
f Unsupported, should do nearly the same as •new•, except should 
f touch all .o files 
modify: $(TARGETS) $(PATCH) 

@echo •>Make: Hodlfyino• SIKERNELI 
cp sedfile $(SYS)/$(KERNEL) 
(cd $(SYS)/$(KERNEL); \ 



char •compname•(char *J (cname); 

f!fdef DEBUG 

fend if 

fprintf(stderr, •rn ufa sensor\n•); 
fprlntf(stderr, •sen_commands: addrl • ,d, addr2 • 'd• (OJ - x•4x\n•, 

sen convnands, 
'sen commands[O), 
sen Commands(O)); 

!flush (stderr): 

tlrne.tv usee - 1500; 
tlme.tv-sec - 1500; 
p.p_pid-- 12345; 
u.u procp- 'P: 
Opensuccessful(1, 1024): 
Namestart(13,2048); 
strcpy(++compname,•seventy•); 
Nextcomponent(l3,2048,compname); 
strcpy(compname,•four•); 
NextComponent(13,204B,compname); 
1Nodecreate(l3,2048); 
INodeOelete(l3,2048); 
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SYSIH 

README 

These are the include fllaa tor the local system call and the kernel 
sensors. 

kern sensora.h 
sys Sensora.h 
syslocal.h 
ufs_sensora.h 

sensors tor kern * files 
sensors tor sys * files 
detlnltlons for-local system 
sensors for uta_• files 

kern sensors.h 

/* sensor macros for the Kern process. 
Generated from kernel.aen on June 14, 1984 {by hand). 
Contains the following macros: 

FlleClose(davlce,inumber,flnalalze) ., 
tUde! KERNEL 
tlnclude • .• /monitor/mondefs.h• 
finclude • .. /monitor/montypea.h• 
tifndef ntoha 
tlnclude • •• /netlnet/ln.h• 
tendif 
telse 
tlnclude <monitor/mondefs.h> 
finclude <monitor/montypes.h> 
t ltndef ntohs 
finclude <netlnet/ln.h> 
tend! f 
tendif 

calls 

tdetlne Timestamp (lnt) { {tlme.tv_aec « 15) 1 (time.tv_usec » 5)) 

extern int mon_semaphore; 
extern unsiQOo!d char 'mon_wrtte_ptr: 

extern uns!Qned char •mon eventvector end; 
extern int mon_eventvector_count; -
extern int mon oflow count; 
extern unstoned Short man enablevectorlJ: 
extern uns1Qned char *WraParound(); 

t1 fdef MONITOR 
tdeflne FlleClose(devlce,lnumber,flnals!ze) 
if (*(mon_enablevectortO} ' (1<<6)) 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

I 
if (mon_aemaphore++ .... 0) 

I 
if (man eventvector count < 

-HON_EVENTVECSIZE - 14*2 - sizeof (mon_errrec)) 

reotster mon putevent *reQ ptr • (mon_putevent *)man write ptr;\ 
register sho'Ct •sen_nelds • reo_ptr->f!elds; - - \ 
mon_pr!ntf((•FileClose: mon_write_ptr • \d,\t•, mon_write_ptr});\ 
reo_ptr->cmd.type • MONOP_PUTEVENT_INT; \ 
reo_ptr->cmd.lenoth - aen_f1elds+2 - (short *) reo__ptr; \ 
mon_eventvector_count +• reo__ptr->cmd.length*2; \ 
reo__ptr->eventnumber .. (short) 6; \ 
r&Q ptr->performer • 0; \ 
reQ-ptr->object ... ( (short)dev1ce«l6 } 1 \ 

- ( (short) lnwnber ' Oxtfff}: \ 
reo_ptr->!nlt!ator • u.u_procp->p_p!d; \ 
reo_ptr->tlmestamp - (!nt)T!mestamp; \ 
• (int *) (sen fields) - (lnt} finala!ze; \ 
sen fields - +• 2; \ 
if ( sen fields > (short *}mon eventvector end ) \ 

mon Write ptr • Wraparound((unsioned char *)sen fields);\ 
else - - - \ 

mon write ptr - (unsigned char *)sen fields; \ 
mon_prfiittcc•id\n•, mon_wrtte_ptr)); - \ 
I \ 

else mon oflow count++; \ 
mon semaPhore-=: \ 
I - \ 

I* end F!leClose */ 
telse 
tde!ine F!leClose{dev!ce,inumber,finalsize) 
tend!! 



mv makefile makefile.$(kERNELJ; \ 
mv makefile.bak makefile.bak.SIKERNELJ: \ 
sed -f sedfile makefile.bak.$(KERNELJ > makefile; \ 
make depend > depend.out 2>,1; \ 
make lint > lint.out 2>,1: \ 
make vmunix > make.out 2>,1) 
@echo •>Make: all done• 

cleanmodify: 
(cd $(SYS)/$(KERNEL); \ 
mv makefile.S(KERNEL) makef!le: \ 
mv makefile.bak.$(KERNEL) makefile.bak) 

PATCH: 
(cd Patch; make patch; mv patch •• ) 

$(INCLDEPS) :: 
t Only apply chanoes if necesary 
I Sorry about two neoatives beinQ required. 
f Since bak is the orioinal, we don•t want to overwrite it 

bak I \ 

-test monitor • $(HONINCLUDEI II \ 
eorep -s •Afincl.*(</)$(HONINCLUOEI' $@ I I \ 
((test -f S@.bak II mv $@ $@.bak); \ 
sed •/Aflnclude.*l<\/lmonitor\1/ s/monitor/S(MONINCLUDEI/' $@. 

sed '/Afffdef[ )MONITOR/ s/MONITOR/$(MONDEF)/' > $@) 

t This is used to modify the kernel's makefile 
$(TARGETS):: SEDFILE makefile 

echo •s,S(SYS)/sys/S@,$(SYS)/${HONSYS)/$@,o' >> sedfile 
echo 's/\/sys\/sys\/S@/\/sys\/S(MONSYS)\/$@/o' >> sedfile 

f Clear sedflle 
SEDFILE: 

>sedflle 

I This actually installs the sensors and system call support in source 
$(PATCH):: 

@echo •>Hake: Applylno patches• 
patch $ (SYS) /sys/$@ $ (SYS) /$ (MONSYS) /$@.patch -D $ (HONDEF) -o $ (SYS·) /$ 

(MONSYS) /$@ 
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shortallon.c 

/* shortallon.c - main, siohandle */ 

flnclude <sional.h> 
finclude <stdio.h> 

,. 
*----------------~-------------------------------------------------
- shortalion 

- if the machine requires alloned fetches. output is 
* SHORTALIGN 
• - else nothino 

*------------------------------------------------------------------., 
main (I 
I 

static short sarray[2]•{0,0); 
char *charptr•(char •)sarray; 
short shold; 
void slohandle(); 

,. 

/* To insure allonment */ 

• Basic operation is to misalion charptr and then cast it 
* as a shOrt, should cause a bus error if there are troubles. ., 

,. 

siqnal(SIGBUS,slohandle); 
&hold • • (short *) (charptr +1}; 
prlntf ("\n•),; 

·------------------------------------------------------------------
* slghandle 
• - prints out • SHORTALIGN' when called 
·------------------------------------------------------------------., 

void 
siqhandle 0 
I 

printf{N,SHORTALIGN\n•); 
exit (0); 

distrlbution/!makefile,shortalign.cl 



mon write ptr • 
man_prtnttcc·id\n•, 
I 

(unsigned char *)sen fields; 
man write ptr)); -
I* 8nd wrTtesensor */ 

lelse 

elsa man aflow count++; 
mon_se~Phor•-~; 
I 

fdeflne WrlteSensor(device,inumber,tilepos,actualcountt 
fend!! 

uta sensors.h 

I* Sensor macros for the UFS process. 

•t 

Generated from kernel.sen on June 14, 1984 (by hand}. 
June 16,1985: added macros for char string handlinQ for 

machines that can't fetch from arbitrary boundaries: 
PackStr(ptr) - mondefs.h 
NotEOS(ptr,last} - mondefs.h 
type mon string - montypes.h 
All of these are dependent on SHORTALIGN 

Contains the tollowinQ macros: 
OpenSuccessful(mode, initaiza) 
NameStart(devlce,lnumber) 
NextComponent(device,inumbar,fllename) 
INodeCreate(device,lnumber) 
INodeDelete(device,lnumber) 

Ufdef KERNEL 
finclude • •• /monitor/mondefs.h• 
finclude • •. /monltor/montypea.h• 
titndef ntohs 
finclude • •• /netlnet/ln.h• 
fendlf 
false 
tinclude <monitor/mondefs.h> 
tinclude <rnonitor/montypes.h> 
tifndef ntohs 
flnclude <netinet/in.h> 
fend if 
tendif 
Ide fine Timestamp (tnt) ( (time.tv_sec « 15) 1 (time.tv_usec » 5)) 
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.extern tnt mon_aemaphore; 
extern unsigned char *mon_write_ptr; 
extern unsigned char *mon_eventvector_end; 
extern tnt mon eventvector count; 
extern tnt mon=o!low_count1 
extern short mon_anablevector(l; 
extern unsigned char •wraparound(); 

I* The parameters for Opensuccessful are: 
mode : mode; 
inits1ze : ip->dl_dze; 

•t 
f Ude! MONITOR 
fdefine Opensuccessful(mode,lnitsize) \ 
if (mon enablevector[OI ' 1<<5) \ 

I - \ 
if (mon semaphore++ •• 0) \ 

I - \ 
if (rnon eventvector count < \ 

-MON EVENTVECSIZE- 13*2 - aizeof(mon errrec)) \ 
I - - \ 
reolster man_putevent •reo_ptr • (mon_putevent *)mon_write_ptr;\ 
register short *sen fields - reg ptr->t1elds; \ 
reo_ptr->cmd.type - MONoP_PUTEVEN()NT; \ 
reg_ptr->cmd.lenoth - aen_tields+l-(ahort *)reo_ptr: \ 
mon_eventvector_count +• reoytr->aad.lenoth*2; \ 
reo ptr->eventnumber • (short) 5: I* id of sensor •/\ 
reo-ptr->perfomer - 0; \ 

false 

reg=ptr->object .. 0; I* no object */ \ 
reQ_ptr->initiator .. u.u__procp->p_pld; \ 
reQ_ptr->tlmestamp • (lnt)Tlmestamp; \ 

•sen fieldst+ 
•(tnt •)sen fields 
sen_fields -
if { sen fields > 

mOn Vrtte ptr 
else - -

·t•type•/ \ 
.. (short)mode; /* tnt */ \ 
.. (tnt) initsize; /* dint */ \ 

+- 2: \ 
(short *)mon eventvector end t \ 
- Wraparound((unslgned char •)sen fields);\ - \ 

mon_wrlte_ptr • (unsigned char *)sen_fields; 

else mon_oflow_count++; 
mon_semaphore--; 

\ 
\ 
\ 
\ 

I \ 
1• end Opensuccessful •1 

tdeflne OpenSuccessful(mode,initsize) 
tend if 

I* parameters 
device : 
!number: 

tor NameStart are from: 
lp->i_dev 
ip->l_number 

sys/h 



sys sensors. h 

/* Sensor macros for the Sys process. 

., 
Generated from kernel.sen on June 14, 1984 (by hand). 
Contains the followino ma~ros: 

ReadSensor(device,inurnber,fllepo•,actualcount) 
WrlteSensor(devlce,lnumber,filepos,actualcount) 

11 fdef KERNEL 
finclude - •• /monltor/mondefs.h• 
Unclude • •• /mon!tor/montypes.h• 
litndef ntohs 
finclude • •• /net!net/in.h­
fendU 
felse 
finclude <monitor/mondefs.h> 
f!nclude <monitor/montypes.h> 
fifndef ntohs 
linclude <netinet/in.h> 
lendif 
fend!! 
ldefine Timestamp lint) ({time.tV_sec << 15) I (tlme.tv_usec >> 5)) 

extern int mon semaphore; 
extern unsioned char *mon_write_ptr; 
extern unsioned char *mon eventvector end; 
extern int mon eventveclor count; -
extern tnt mon-oflow count; 
extern short mon-enablevectoriJ: 
extern unsioned Char *Wraparound(); 

lifdef MONITOR 
I define Read sensor (device,lnumber ,'filepos 6 actualcount) 
if { *(mon_enablevectortO) '1<<8) 

I 
if (mon_semaphoret+ •• 0) 

I 
if (mon eventvector count < 

MON=EVENTVECSIZE- 15*2 - sizeof{mon_errrec)) 
I 

I 
I 
I 
I 
I 
I 
I 
I 

reoister mon_putevent *reo_ptr • (mon_putevent ~)mon_write_ptr;\ 
reoister short *sen_fields • reo_ptr->fields; \ 
mon printf(("ReadSensor: man write ptr- \d,\t", mon write ptr));\ 
reg-ptr->cmd.type • HONOP-PUTEVENT INT; - - \ 
reo-ptr->cmd.lenath • sen tleldst3 --(short *)reo ptr; \ 
mon=eventvector_count +- reg_ptr->cmd.length•2; - \ 
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reg ptr->perfomer • 0; \ 
reo-ptr->eventnumber - 8; \ 
reo-ptr->object • ((short) device«l6 ) I \ 

- {(short) !number ' Oxffff); \ 
reo_ptr->initlator • u.u_procp->p_pid; \ 
reo ptr->tlmestamp • (tnt) Timestamp; \ 
•ctnt *)sen fields • (lnt)filepos; \ 
sen fields - +• 2; \ 
*seR fields++ • (short}actualcount; \ 
if (-sen fields > (short *)man eventvector end ) \ 

mon_Wrlte_ptr • Wraparound((unsioned char •)sen_f!elds);\ 
else · · ' \ 

mon_write_ptr ~ (unslaned char •)sen_fields; \ 
mon_printf ( ("\d\n" • mon_wrlte __Ptr)) ; \ 
I I 

else mon otlow count++: \ 
mon_semaP:hore-::; \ 
I I 
I* end readsensor */ 

I else 
ldeflne ReadSensor(a,b,c,d) 
tendif 

fifde! MONITOR 
tdefine WriteSensor(device,tnumber,fllepos,actualcount) 
if (•(mon enablevectortO) & 1<<9) 

I -
if (mon_semaphore++ •• O) 

\ 
I 
I 
I 
I I 

if (mon eventvector count < \ 
-MON. EVEN~ECSIZE- 15*2- slzeof(mon errrec)) \ 

I - - I 
reolster mon_putevent •rea_ptr • (mon_putevent •)mon_write_ptr;\ 
register short *sen fields - reo ptr->flelds; \ 
mon_prlntf ( ("WriteSensOr: mon_write=ptr • \d, \t'" • mon_write_ptr)); 

I 
reo ptr->cmdetype • HONOP PUTEVENT INT; \ 
reo~tr->cmd.lenoth • sen_fieldst3 = (short *)reo_ptr; \ 
mon_eventvector_count t• rea_ptr->cmd.lenath•2; \ 
reo ptr->performer - O; \ 
reo-ptr->eventnumber .. 9; \ 
req-ptr->object - ((short)device «16) I \ 

- ((short) !number ' Oxffft); \ 
reo_ptr->inltlator .. u.uyrocp->p_pld; \ 
reo ptr->timestamp • (lnt)Timestamp; \ 
•ctRt *)sen_f!elds - (lnt)filepos; \ 
sen fields t• 2; \ 
•sell fieldst+ - (short)actualcount; \ 
if !-sen fields > (short *)mon eventvector end ) \ 

mon Write ptr • Wraparound((uns!Qned char •)sen fields);\ 
else - - - \ 
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felse 

reo_ptr->initiator 
reg_ptr->timestamp 

- u.u_procp->p_p!d; \ 
• (int)Tlmestamp; \ 

/*type */ \ 
if ( sen field• > (short *)mon eventvector end ) \ 

mon_;rita_ptr • wraparound(tunaigned char *)sen_fields);\ 
alae \ 

man_vrita_ptr • (unsigned char *}aen_flelds; \ 

else mon allow count++; 
man aemai)hora-=; 
I -
I* end INodeCreate */ 

\ 
\ 
\ 
\ 

fdeline INadeCreata (devlc8, !number) 
tend if 

I* parameters 
device : 
!number: 

for INodeDelate are from: 
ip->1 dev 
lp->(:number ., 

fifdef MONITOR 
fdeflne INodeDelete(devica.inumber) 
if (*(mon_enablevector~O) '1<<7) 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

I 
if (man semaphore++ -· OJ 

I -

lelse 

if (mon eventvector count < 
-HON_EVENTVECsiZE- 12*2- sizeof(mon_errrec)) 

register mon_putevent *reo_ptr - (mon_putevent *)mon_wrlta_ptr;\ 
register short •aen_fields - reo_ptr->fields; \ 
reo_ptr->cmd.type • HONOP PUTEVENT INT; \ 
reo_ptr->cmd.lenoth • aen_fields- (Short *)reo_ptr; \ 
man eventvector count +• reo ptr->cmd.lenoth*2; \ 
reo:ptr->eventnllmbar • (shori)7; /* ld of sensor */ \ 
reo_ptr->performar • 0; \ 
reo_ptr->object • ({short)devlce<<l6) 1 /* int */ \ 

reo_ptr->inltiator 
reo_ptr->tlmeatamp 

if ( sen fields > 
mon_lfrite_ptr 

else 
mon_wrlte_ptr 

((ahort)inumber,Oxffff); /* tnt */ \ 
• u.u_procp->p_pid; \ 
• (lnt)Tlmestamp; \ 

\ 
(short *)man eventvector end ) \ 
• Wraparound{(unsioned char *)sen_flelds);\ 

\ 
(unatoned char *)sen_flelds; 

else mon oflow count++; 
man semaPhore-=· 
I - ' 

\ 
\ 
\ 
\ 
\ 

I* end INodeDelete */ 
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fdefine INodeDelete(device,lnumber) 
fendlf 

/* rcsld - $Header: 
fdefine SYSLOCAL 
fdpflne SYSL_NARGS 

ayslocal.h 

syslocal.h,v 1.3 85/11/12 21:33:10 duncans Exp $ *I 
151 /* syslocal system call index */ 
5 /* Max number of aros allowed to */ 

J• local sy1tem calla. •/ 

I* local system calls */ 
fdeflne SYSL_HONITOR 1 

sys/h 



'I 
f1 fdef MONITOR 
fdefine NameStart(device,lnumber) 
if (mon enablevector[O) ' 1<<1} 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

I -
if (man semaphore++ -- 0) 

I -
if (mon eventvector count < 

-MON_EVENTVECsrzE- 12*2- alzeof(mon_errrec)) 

register mon_putevent •reg_ptr • (mon_putevent *)mon_write_ptr;\ 
register short •sen fields - reo ptr->flelds; \ 
reg ptr->cmd.type • H0NOP PUTEVENT-INT; \ 
reg=ptr->cmd.length • sen_fields- (Short *)reg_ptr; \ 
mon_eventvector_count +• reg_ptr->cmd.length*2; \ 
reg ptr->eventnumber • (short) 1; /* id of sensor *I \ 
reQ-ptr->performer • 0; \ 
req:J,tr->object - ( (short)devlce<<l6) 1 /* !nt */ \ 

((short)inumber,Oxffff); /* lnt •1 \ 
reo_ptr->lnltiator • u.u_procp->p_pid; \ 
reo ptr->tlmestamp • Timestamp; \ 
if ( sen fields > (short *)mon eventvector end ) \ 

mon_Write_ptr • Wraparound((unsioned char *)sen_fields);\ 
else \ 

mon_write_ptr • (unsigned char *I sen_fields~ \ 

else mon oflow count++; 
mon_semai)hore-=; 

\ 
\ 
\ 
\ I 

t• end NameStart */ 
false 
tdeflne NameStart(devlce,inumber) 
fend if 

t• parameters 
device : 
!number: 
filename: 

'I 
fl!def MONITOR 

for NextComponent are from: 
ip->i dev 
lp->1-number 
u.u_dbut(0 •• 15) 

fdefine NextComponent(dev!ce,lnumber,filename) 
if (*(mon_enablevector+O) ' 1<<2) 

\ 
\ 
\ 
\ 
\ 

I 
if (mon_semaphore++ •• 0) 

I 
if (rnon eventvector count < 

-HON_EVENTVECSIZE- 260- slzeof(mon_errrec)) 
\ 
\ 
\ 
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register mon putevent *t20 ptr 
register short •sen fields 
register mon_strino sen_f_ptr • 

- (man putevent *)mon write ptr;\ 
• reo-ptr->fields; - -, 

(mon_s'trtno ) filename; \ 
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reolster mon_strlng sen_!_end • (sen_f_ptr+127*2/slzeo!(mon_strino 
));\ 

register short sen_lenoth; \ 
reo_ptr->eventnumber • (short)2; /* id of sensor ~1 \ 
reo_ptr->performer - 0; \ 
reo_ptr->object • ((short)dev1ce<<16) I /* tnt */ \ 

((short)lnumber,Oxffff); /* int */ \ 
reo_ptr->initlator • u.u_procp->p_pid; \ 
reo ptr->tlmestamp - {inti 0; /* nil timestamp */ \ 
do T •sen_tieldst+ • PackStr(sen_f_ptr}; I \ 

while (NotEOS(sen_f_ptr,sen_f_end)); \ 
• (sen tields - 1) ,., ntohs (Oxf!OO); \ 
sen tf!noth - sen fields - tShort *I reo ptr; \ 
reo:Ptr->cmd. type • MoNOP_PUTEVENT_INT; - \ 
recy_ptr->cmd.lenoth • sen_lenoth; \ 
mon eventvector count +• sen lenoth*2: \ 
if (sen !lelds-> (short *)m0n eventvector end ) \ 

mon_Wrtte_ptr • Wraparound((unsiqned-char *lsen_fields);\ 
else \ 

mon write_ptr - (unsioned char *)sen fields; \ 
i* if still room in vector •I - \ 

else mon oflow count++: \ 
mon semaPhore-=; \ 
I - \ 
I* end NextComponent */ 

felse 
fdefine NextComponent(device,inumber,filename) 
fend if 

I* parameters 
device ; 
!number~ 

'I 
fifdef MONITOR 

for INodeCreate are from: 
ip->1 dev 
ip->(:number 

tdetine !NodeCreate(devlce,inumber) 
if (*(mon enablevector+O) ' 1<<3) 

I -
if (mon_semaphore++ •• 0) 

\ 
\ 
\ 
\ 
\ I 

if (mon eventvector count < \ 
-MON EVENTVECSIZE- 12*2- sizeof(mon errrec)) \ 

I - - \ 
reqister mon_putevent •reo_ptr • {mon_putevent *)mon_write_ptr;\ 
reolster short •sen fields ., reo ptr->tlelds; \ 
reo ptr->cmd.type • M0NOP PUTEVENT-INT; \ 
req=ptr~>cmd.lencyth - sen_fTelds - (Short *)reo_ptr; \ 
mon_eventvector_count +- reo_ptr->cmd.lenath*2; \ 
reg ptr->eventnumber • (sbort)3; /* id of sensor*/ \ 
reg-ptr->performer • 0; \ 
reg=:ptr->object .. · ( (short)device<<Hi) I I* lnt */ \ 

((short) lnumber&Oxf!ffl; t• int */ \ 
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struct mon_pevt 
I 
struct mon_CIDd cmd; 
short eventnlllllber, 

performer; 
long object; 
short lnltiator: 
lono tlaaest.amp; 
short flelda(EVENT_LIHIT); 
I; 

typedef struct mon_pevt mon_putevent; 

atruct man erec 
I-
struct mon_c:md 
lono 
I; 

cmd; 
val; 

typedef struct mon_erec mon_errrec; 

atruct mon_oevt 
I 

cmd; struct man cmd 
unsigned abort 
short 

ceq_ length; 
•acct_buf_ptr; J* This ia a buffer ln uaer•a area *I 

I; 
typedat struct mon_oevt aon_oetevent; 

struct mon request 
I -
short 

I; 

atruct 11110n_preq 
I 

targetpld, 
event number, 
enablevalue; 

struct man cmd cmd; 
struct mon-requeat req: 
I; -

typedet struct mon_preq mon_putreq: 
typadef struct mon_preq mon_oetreq; 

struct mon command 
I-
union f · 

struct mon_cmd cmd; J• other cmda only have first 2 fields •J 

I; 
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mon_putevent 
mon_oetevent 
mon_putreq 
I u_event; 

pevt: 
oevt; 
pzeq; 

typedef struct mon_command mon_command~ 

·. 

•• sys/monttor 



SYSIMONITOR 

lifdef MONITOR ,. 

mondefs.,h 

• Declarations for the monitor system call • . , 
flncluda <monitor/monops.h> /* operator defines and MONOPS macro * 
I 
flnclude <monltor/monerrcds.h> I* error codes tram syscall */ 

fdef!ne REO_LENGTH 1024*50 
ldefine ACCT BUFFER OxlObeB 
I Udef MONDEiUG 
tdef!ne HON EVENTVECSIZE 35000 
fdeflne mon~rlntf(a) print! a /* Monitor ker~el debuqotno statements */ 
I else 
fdeflne HON EVENTVECSIZE 50000 /* Size of vect that stores event recs */ 
ldeflne mon~rlntf(a) 
tend if 
fdefine MON EVENTRECSIZE s!zeof (mon command) /* Max size of event record *I 
fifdef SHoRTALIGN /* FOr fetches that may need allionment */ 
I define PackStr (ptr) { ntohs ( (*ptr«B) 1 (* (ptr+l))) ) 
ldefine NotEOS(ptr,last) (ptr <• last u *ptr+HOxff '' *ptr++,Oxffl 
I else 
I define PackStr (ptr) ((short) *ptr) 
I define NotEOS (ptr, last) (ptr <• last u *ptr&OxOOff u •ptr++,OxffOO) 
tend if 
fendif MONITOR 

fdefine HON ALROY !NIT -1 
fdefine HON=NOT_INIT -2 

monerrcds. h 

tde!lne MON BUFF FULL -3 
fde!ine MON-REO NoT FND -4 
fdefine MON-NOT-ACCTNT -5 
fdefine MON-REQ-OFLOW -6 
fdefine MON-INV-CHD -7 
fdefine MON-SYS-ERR -8 
tdeflne MON=CONCURRENCY_ERR -9 

fde!ine MONOP INIT 9 
fdefine MONOP-PUTEVENT INT 1 
tdefine MONOP-PUTEVENT-EXT 6 
fde!ine MONOP-GETEVENTi 2 
fde!ine MONOP-PUTREO 10 
tdefine MONOP-GETREQ 11 
fdefine MONOP-SHUTOOWN 12 
fdefine MONOP-OFLOW 13 
fdefine MONOP=NO_REQ 14 

monops.h 

fdefine MONOP (o, 1) ((short) (o 1 (1 << 8))) 

fdefine EVENT LIMIT 256 
tifdef SHORTALIGN 
typedef char • mon_strino: 
I else 
typedef short • mon string; 
tendif -

struct mon_cmd 
I 
char 

,, 
type, 
length; 

montypes.,!! 



uap - (struct a "') u.u ap; 
switch (uap->callno) ( 

lifdef MONITOR 
case SYSL MONITOR: 

montt0r(uap->arg[0)); 
break: 

fendlt MONITOR 

t• 

default: 
u.u error • EINVAL; 
bre'ik: 

return: 

/"' each case should be Ufdef' d 

·---------------------------------------------------------------------
"' monitor --
• The purpose of thia ayatem call Ia to allow communication 
• between aenaors in taroet prooraaa and a monitoring proceaa. 
• Sensors aend event recorda to and retrieve commands from 
• monitor while the ACCOUNTAN~aanda commands and retrieves event 
• records. 
• 

Written by Dave Doerner tor the Monitor project (CS145) 5/2183 
• Modified by Stephen Duncan aa part of HS project, 
"' Chanoed data buffer to a circular queue 
• Chanoed to utilize atructa in buffer 
• Revamped much of the code: •nemonica, flow inside cases 

·----------------------------------------------------------------------•I 

atatic 
monitor (butter) 
u_char *buffer; 
I 
flfdef MONITOR 
tinclude <sys/karnel.h> 

I* SYSTEM CALL */ 
I* Addraaa of command "'I 

tdefina CALLERID u.u_procp->p_pid I* process id of caller 

mon command u command; I* Receives command 
mon=command •u=cmd_ptr • ,u_command: 

., 

'I ., 
u_char •wrap.~round U ; I* handles ring buffer wraparound */ 

lnt 1, J; I* loop temporaries 'I 
lnt cmd_lenoth: I* length of command in chars •t 
lnt not zero, /"' booleans 'I 

match; 

mon_pr1ntf ((•••••••••SYSMON CALLED*"'''"'"''"'*''"'\nM))~ 
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if (mon_semaphore) 
I 

I"' concurrency check •t 

t• 
• A concurrency error has occurred. 
• - Turn off the kernel sensors. 
• -Return an error. 
• Note that until the error passes, no dat~ can be read from 
• the event vector, or added to it by PUTEVENTS. This is 
• to try and minimize problems with the pointers. This 
• gets cleared only when and if mon semaphore ia 
"' appropriately decremented. If twO kernel sensors 
• caused the concurrency, it will never clear, only 
• rebooting will help then. Since this indicates buggy 
"' code, the code with sensors should be recompllied with 
* the -DHON_ASSERT option. 
•I 

tor {i • 0; 1 < MON ENABLEVECTORSIZE; i++) 
mon enablevector(11 - o; t• turn off sensors 

u.u_r.r:vall • HON_CONCURRENCY_ERR; 
return; 

else mon_aemaphore++; I' begin critical section 

u.u_r.r_vall • 0; I* return val 1a initially 0 

t• 
• Copy in command 
"' first copy in struct that starts command to determine length 
"' then copy in whole command overtop of the struct for that length 
• Since the type of command ian•t known yet, the union version 
"' ot a command is used. This prevents any alignment problema that 

might occur with the structa. 
'I 

mon print! ((Mbuffer: Dxb\n•, (int) buffer)); 

•t 

•I 

•I 

if ( copyin ((caddr_t)butter, (caddr_t)u_cmd_ptr, aizeof(struct mon_cmd)) 

u.u error • £FAULT; 
u.u-r.r vall • HON SYS ERR; 
mon=seroiphore--; - -
return; 

/"' signifies system error "'I 
1• exit critical section •1 

man print! 
crn()enoth 

((•command- ld\n•, u_cmd_ptr->u_evant.cmd.type)); 
• (lntJ u crnd ptr->u event.cmd.length "' 2; 

- - - 1• copyln deals in chars "'I 
mon_prlntf ( (•length .- ld\n•, cmd_length)); 

if (cmd length > MON EVENTRECSIZE) 
I - -

u.u_error - EINVAL; 1• invalid argument to system call •/ 
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SYS/MONSYS 

local syscalla.£ 

static char rcsld[) - *$Header: local syacalb.c,v 1.3 85/11/12 20:35:36 dunca 
ns Exp $*; -

/* local_syscalls,c -- syslocal, monitor, wra~round */ 

finclude • •• /h/param.h• 
tlnclude • •• /h/dlr.h• 
tlnclude • •• /h/syatm.h• 
tlnclude • •• /h/user.h• 
tinclude • •• /h/proc.h• 
tlnclude •,,/h/syslocal.h• 
tinclude •,,/monltor/mondefs.h• 
tlnclude • •. /monltor/montypes.h• 

,. 
•---------------------------------------------------------------------• This 
• Each 

file should contain all system calla that use syslocal. 
local routine should 

• 
- be of type static to prevent lnt&rference with the 

rest of the system. 
• - have its global variables and defines with a unique prefix 

- have fifdefs to control its compilation in the system 
•---------------------------------------------------------------------., 

fdefine FALSE 
fdeflne TRUE 

Ufdef MONITOR ,. 
0 
1 

• Declarations for the monitor system call. 
'I 

tdefine HON OFLOWRECSIZE 
tdefine HON-ENABLEVECTORSIZE 
tdefine MON-REQLISTSIZE 
fde!lne MON-REQOPENSLOT 
tdefine MON-SUPERUSERUID 
ldefine MON=BAOPJD 

s!zeof(mon errrec) /* In chars 
12 /*-Chars in enable vector 
256 /* No. of entries in request list 
0 /* Harks open slot in req. list 
0 /* uid of root 
-1 /* For marking accountant_pid 

., ., ., ., ., ., 

fifdef HON ASSERT 
fdefine mon=assert(a,b) 
telae 
fdefine mon assert (a,b) 
lendit -

,. 

if (a} panic (b) 

* monitor olobal rlno buffer variables, 
* initialized at compile time and when 
* sensors are turned OFF ., 

u_char *mon_wrlte_ptr, 
*mon_read_ptr, 

I* Write pointer ln mon eventvector *I 
I* Read pointer in mon Gventvector */ 

*mon eventvector end; 
int mon &ventvector Count; 

I* Firat poa •fter buffer, start of appx */ 

eventvector-*/ -
I* No. of char• of valid event records in mon_ 

lnt mon semaphore • 0; I* Used to-detect concurrancy 
lnt mon-oflow count - 0; I* Event record overflow 
u short mon-enablivector[MON ENABLEVECTORSIZE); 
- - - I* enable flags for sensors 

,. 
• Local variables for monitor ., 

., ., 

., 

u char mon eventvector[MON EVENTVECSIZE +HOM EVENTRECSIZE); 
- - - /* Eveiit record ring buffer */ 

mon errrec mon oflowrec • « I* Buffer full indicator •1 
(HONOP OFLOW,MOi OFLOWRECSIZ£/2), /* atruct mon cmd •/ 
0 ); - - /* count - •1 

mon errrec mon noreq • ( /• Err rec for no req in queue •/ 
-(MONOP NO REO, MoN OFLOWRECSIZE/2), /* struct mon cmd */ 

0 J; - - - I* pld - *I 
int mon inittlao • FALSE; /* initialize one time only •! 
tnt mon:=accountant_pid • HON_BADPID: 1• identity of accountant */ 
struct mon request mon requests{MON REQLISTSIZE]; /* request list for users • 
I - - -

fendif MONITOR 

,. 
•------------------~---------------------------------------------------• syslocal 
• Perform local system call services 

This drives all other local system calli 

•----------------------------------------------------------------------., 
syslocal 0 I 

register struct a I 
int callno: 
int arg(SYSL_NARGSJ; 

I *uap; 
/* SYSL_NARGS is max args allowed */ 



r; 

,. 
* Still room in ring buffer 
• copy in the event record. point to the next opening, 
• handle the wraparound condition. ., . 

regi1tar aon_putevent• pevt_ptr • (mon_pUtevent *)mon_write_pt 

*pevt_ptr • *(mon_putevent *)u_cmd_ptr; 
mon_vrite_ptr +• cmd_length; 
if Cmon write ptr >• mon eventvector end) 

•on:wrlte:Ptr • Wrapiround(mon_wrtte_ptr); 
man avantvector count +• cmd length; 

I* tf */ - -
alae 
I 

It~, 

• Wo 
• 
• . , 

;A~ out of'l-oOril: tn' th~~ butter 
set a flag eo that an error 
be put in at GETEVENTS 

mon oflow count++; 
u.u-r.r vill • MON BUFF FULL; 

record will 

mon:Prtitt cc·ovERiLDW:- vecptr • \0 \n•, 
(mon_write_ptr- mon_eventvector))); 

break; 
I• el•• we overflowed*/ 

mon_printf cc•vecptr• td \n•, (mon write ptr- mon eventvector))); 
u.ur.rvt~.ll•O; -- -
bre'ik; -

t• else we are initialized •/ 

case HONOP_GETEVENTS: ,. 
Read all event records in vector. 

• Copies event recorda into buffer specified by acct_buf_ptr. 

• 

Accountant only. 
Returns number of chars written out when successful, 

HON NOT JNIT if called before initialization 
MON-NOT-ACCT if called is not accountant or auperuser 

Handles writTno Ot error recorda. 
• Must handle four cases: 

• 
• 

11 wraparound and event count > requested 
21 wraparound and event count > requested 
3) no wraparound and event count I> requested 
4) no wraparound and event count I> requested 

• The count va request vtll be handled first. 
then the presence or absence of wraparound • . , 
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if (l(mon_inltflag)) 
I 

t• not initialized ., 
u.u r.r vall • HON NOT JNIT; 
mon:Prthtt ((•Not lnttTallzed\n•)); 
break; 

else it ( I (CALLERID •• mon_accountant_pld 
II u.u_uid •• MON_SUPERUSERUIDI ) 

u.u r.r vall • HON NOT ACCTNT; 
bre'ik; - - -

else t• all ok, proceed •1 
I 

register mon_getevent •oevt • (mon_oetevent •1 u_cmd_ptr; 
1• command is a oat event •t 

register int req_length - oevt->raq_Jenoth • 2; 
I• requested length in chars •1 

register caddr_t acct_buf_ptr • (caddr_t) (oevt->acct_buf_ptr); 
t• ptr to accountants butter •/ 

register lot char count; 
- t• char count to write out •1 

tnt transfer count; 
- 1• counts chars to transfer •1 

mon_prlntf ((•Read out of vector to Accountant\n•)); 

if (mon_oflow_count I• 0) 

I 
t• ran out of room before call •t 

I* 
• Copy in error record 
• treat it just like an event record 
• guaranteed room tor it ., 

register mon_errrec •w • (mon_errrec •)mon_Nrita_ptr; 

•w • mon ofloNrec; 
w->val --mon o!low count; 
mon write pti +• sizeof(mon errrec); 
mon-eventVector count t• s1Zeo!(mon errrec); 
if {moo write ptr >• moo eventvectoi end) 

mon=Nrite:Ptr • Wrapiround(mon_Nilta_ptr): 
1! (mon write ptr >- mon eventvector end 

II man wrTte_ptr <mOo eventvect0r) 
pantcC~monitor: GET_EVENTS: err reed: polntera invalld\n•) 

mon_otlow_count • o: 
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U.u r.r vall • HON SYS ERR; 
mon=semiphore--; - -
return: 

t• sionifies system error 
t• exit critical section 

if ( copyin( (caddr_t)buffer, (caddr_t) u_cmd_ptr, cmd_lenoth) ) 
I 

u.u_error • EFAULT; 
u.u r.r vall • HON SYS ERR; 
mon=:serniphore--: - -
return; 

I* aionifies system error •1 
t• exit critical section */ 

mon_printf ((*lenoth • \d\n•, u_cmd_ptr->u_event.cmd.lenothll: 

mon printf((•Rioht before switch: oflov • ,d, noreqflao • \d\n•, 
-mon_oflov_count, mon_noreqflaQ)}; 

,. 
* This switch is the driver 
* corresponds to a command. 
• of command is cast to the 
* The command structure and . , 

of the system call. Each case 
A pointer to a specific type 

oeneric command for each easeo 
return values are command dependent. 

switch (u_cmd_ptr->u_event.cmd.type} 
I 
case HONOP_INIT: ,. 

• 
• 
., 

Initialization 
The request and event record vectors are initialized. 
Can only be called once before a shutdown, the caller 
becomes the accountant. If called a second time, 
MON ALROY INIT is returned. 
Normally ieturns the size of the event vector in chars. 

if (mon initflao) 
I -

I* must already be initialized 

u.u r.r vall • MON ALRDY INIT; 
mon-priOtt ((MAlreidy Initialized\nM)); 
break; 

,. 
• Set up pointers and counters for event vector ., 

mon_write_ptr ... mon_eventvector; 
mon read ptr • mon eventvector; 
mon-eventvector end - 'moH eventvector(MON EVENTVECSIZE]; 
mon-eventvector-count - 0; - -
mon=:onow_count- • O; 

., 

mon_initflao - TRUE; 
mon_accountant_pid - CALLERID; 

I* records whether initialized •t 
I* inltializer is accountant •; 

Appendix D 

., ., 

., 

mon_pr!ntf (('"Accountant 1s td\n•, CALLERID)); ,. 
* Turn off kernel sensors, just in case 
'I 

for (1 .. 0; i < MON_ENABLEVECTORSIZE; i++}, 
mon_enablevector{i) • O; ,. 

* Initialize request vector to all entries open ., 
tor (i • 0; 1 < MON REQLISTSIZE; i++) 

· mon requests(O):eventnumber • MON REOOPENSLOT: 
mon_printt (('"Initialization done: otTov • \d, noreqflao- \d\n'", 

mon oflow count, 
mon-noreqflag)); 

u.u r.r_vall-- HON_EVENTVECSIZE; 1• return aize of rino buffer 

break; 

case MONOP_PUTEVENT_INT: 
case HONOP_PUTEVENT_EXT: , . 

* Write event record in vector, 
* Performer and timestamp fields .are filled in and 
• the record is put into the event vector. 
• Returns 0 if the put waa successful, 
* MON NOT INIT if before the initialization, 
* MON=BUF=FULL if no room in the vector. ., 

if (I (mon initflaol) 
I -

I* not initialized *I 

else 
I 

u.u r.r vall • MON NOT !NIT; 
mon:Printr ((MNot lnitialized\n•)); 
break; 

register mon_putevent *pevt; 

,. 
* fill in certain fields of event record ., 

pevt • (mon putevent •) u cmd ptr: 
pevt->pertoimer • (short)-CALLERID; 1• fill in pid *I 
pevt->tlmestamp • (lono) (time.tv sec<< 15 I tlme.tv usee>> 5); 

I* Generate time stamp *I -

mon print! ((•Time stamp taken time~ ld\n'", pevt->timestamp)); 
if ((mon eventvector count+ cmd lenoth < MON EVENTVECSIZE- MONo 

FLOWRECS!ZE) - - - - -
&& !mon_oflow_count) 
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next copy •1 

I 

mon assert( (mon eventvector count< 0), 
-·monitor: GET_EVENT: wraP: vee count invalid\n•); 

char count -- transfer count; 
.on isaert( (char count< 0), 

-·monitor: GET-EVENT: wrap: char count invalid\n•); 
u.u r.r vall +• tianafer count; -
acct_buf_ptr +• tranafer_count; 1• adjust pointer for 

·mon_prlntf((•GtT_EVENT: iacctbuf• ,d, char_count• ,d, r_vall• 'd\n ·. 
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acct_buf_ptr, 
char count, 
u.u r.r vall),: 

if ( chir cOunt > 0) 
I -

transfer count • char count; 
if ( copfout C (caddr_i:) IMln_read_ptr, 

acct_buf_ptr, 
char_count) < 0) 

else 
I 

else 
I 

• £FAULT; u.u error 
u.u-r.r vall 
breik; -

• HON_SYS_ERR; 

,. 
• Adjust pointers and counts, 
• do sanity check. 
• Note that wraparound bas already been handled. ., 

mon_read_ptr 
mon eventvector count 
u.u:r.r_vall -

+• char_count; 
char_ count; 

t• char count; 
1• add count from this copy •1 

u.u_r.r_vall /• 2: 1• convert to shorts */ 
aon assert( (mon write ptr > mon eventvector end 

-II mon write-ptr <-mon eventVector -
II mon-eventVector couRt < 0 
II chai count< 0); 
•monitor: GET_EVENT: invalid pointers\n•); 

u.u_r.r_vall .-_ 0; J• didn•t do anything •1 
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break; 1• only break in this case ., 
case HONOP_PUTR£0: ,. 

• Write command 
• This command is used by the accountant to enable 
• kernel sensors and to put requeata in to uaer 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• ., 

proorams. 
A request ia stored in the request vector at the first 

available slot based on the taroetpid. 
The accountant uaea a 0 target pid to indicate 
that the kernel is the ta~get. 

Returns 0 if successful · 
MON REO OFLOW if the request vector la full 
HON-NOT-INIT it called before initialization 
HON=NOT=ACCTNT if called not the accountant or 

auperuser. 

it (l(mon initflaQ)) 1• not initialized ., 
I -

u.u r.r vall • HON NOT INIT; 
mon:Prtntf ((•Not lnitialized\n•)); 
break; 

mon_prlntf ((•pJD of writer: \d\n•, 
( (mon_putreq *} (u_cmd_ptr)) ->req.taroetpid)): ,. 

* Only the accountant or the auperuser are allowed ., 
it (CALLERID •• mon_accountant_;dd II u.u_uid •• HON_SUPERUSERUID) 
I 

register mon_putreq •preq • (mon_putreq •t u_cmd_ptr; 

it (preq->req.eventnumber <• 0) 
I 

1• validate eventnumber •1 

u.u r.r vall • HON SYS ERR; 
u.u-err0r • EINVALJ -
breik; 

mon print! 1 t•Enabllno sensors\n.•)): 
it { preq->req.taroetpid ... 0 ) /* in kernel •t 
I 

short pos • preq->req.eventnumber; 
if { preq->req.enablevalue ) 

mon enablevector(pos I 161 I• 1 << (pos l 16); 
alae -

mon enablevector(pos I 16) •· -(1 << (pos l 161): 
mon printt((•PUTREO: enablevector: 'd pos: 'd enableval: td•, 

- mon_enablevector[O) ' (l<<(pos\16)), 
pos, 
preq->req.en~blevalue)); 
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'I 

•I 

•I 

I 

•I 

,. 
First, calculate the number of chars to write out. 

• This handles the cases relating to the size of the 
• accountant's butter. . , 

1! (mon_eventvector_count > req_lenoth) 
I ,. 

• Determine lenqth of events that will fit in 
* req_lenoth integrallY ., 

register u_char *p; I* ptr into vector 

register int accum_lenoth - 0; 1• accumulated lenoth 

register int short_ count re<t_length I 2: 
I* decremented length 

mon_prlntf((•GET_EVENT: ->length - td. req_lenoth • td\n•, 
((struct mon_cmd *)mon_read_ptr)->length, 
short_ count)); 

I• 
* while room left, reduce room and point to next reed 
* accumulate length in accum_length 
* remember to handle wraparound 
'I 

for (p - mon_read_ptr; 
short count> ((struct mon cmd *lp)->lenoth: 
short=count -- ((struct moO_cmd *)p)->lenoth 

I 

accum_lenoth +• ((struct mon_cmd *)p)->lenoth; 1• shorts • 

mon prlntf((•GET EVENT: p->len•\d, alen•\d, scount•\d \n•, 
-((struct mon-cmd *)p)->lenoth, 

accum lenoth-;-
short -count)); 

p +• ((stCuct mon_cmd *IPI->lenoth • 2; t• u_chars 

lf (p >• mon_eventvector_end) p -· MON_EVENTVECSIZE; 

char_ count - accum_length • 2; 

I' 
• char count now has lenoth ot whole 
• reedS that will fit in request 
'I 

J /* if less requested than available */ 
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I• 

else /* more requested than available •I 
char_count • mon_eventvector_count; 

* Time to copy out to the user area • 
• This handles the cases relating to wraparound. 
•I ,. 

* transfer count la amount actually tranaferred in a 
* olven inVocation of copyout. 
• transfer count is set to the aize in chars of loqlcal 
* older pait of the rino buffer only when there is 
• wraparound physically atartino at mon_read_ptr. 
'I 

mon_printf((•IN GET_EVENT: wrap • td, out • td, req- 'd\n•, 
(mon_eventvector_end- mon_read_ptr), 

'char count, 
req_Ienoth)); 

mon_prlntf((•wr!ter•\d reader•td\n•, 
(mon write ptr- mon eventvector), 
(mon=read_9tr- mon_6ventvector})J; 

if (mon_w~ite_ptr < mon_read_ptr) 
I 

mon_prlntf((•In Wrap.\n•)J; 
I• 

• Write out all or portion of older part 
'I 

transfer_count • 
((mon eventvector end- mon read ptr) >char count) ? 
char Count ~ (m0n eventveCtor 6nd- mon reid ptr); 

it ccopyOut cccaddr_t, mon_read_ptr~ - -
(acct_buf_ptr), 
transfer_count) < 0) 

u.u error • EFAULT; 
u~u-r.r vall • MON SYS ERR; 
breiik; - - -

slse /* copy succeeded */ 
I 

I• 
* Adjust pointers and counts, 
• do sanity checks 
'I 

mon assert( (transfer count< 0)~ 
-·monitor: GET_EVENT: wrap value invalid•); 

mon read ptr +• transfer count; 
if (mon read_ptr >- mon ev6ntvector end) 

mon-read ptr -· MON-EVENTVF.CSIZ£; 
mon_evelltvector_count - -· transfer_count; 
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* Returns 0 when successful, 
• HON NOT INIT if called before initialization, 
* HON-NOT-ACCTNT if caller ia not the accountant or 
• - -the auparuser . , 

if (u.u_procp -> p_pld •• mon_accountant_pid 
II u.u_uid •• HON_SUPERUS£RUID) . 

lf (I(MOn initflag)) 
I -

I* not initialized 

,. 

u.u r.r vall • HON NOT INITJ 
RJOn::::pt;liitt .. U~,Not !Pttiallz~~\n•)); 
break; · ~ ... · 

* close down all sensors ., 
tor {i • O: i < MON ENABLEVECTORSIZE; i++) 

mon_enablevector(i) • 0; 
mon_lnitflao - FALSE; 
mon_printt ((•sensors shut down by Accountant•)); 
u.u_r.r_vall • 0; 

,. 
reinltlalize for next run ., 

., 

mon write_ptr • mon eventvector: 
mon-read ptr • mon 8ventvector; 
mon=eventvector_end • aon_eventv&ctor + MON_EVENTVECSIZE; 
mon eventvector count • 0; 
mon=otlow_count-· 0; 

alae 
u.u r.r vall • HON NOT ACCTNT; 

break; - - - -

dehult: 
u.u r.r vall • MON INV CHD; 
mon~rliitt ((•\n••••••••INVALID COMMAND***••• CMD • \d\n•, 

u _cmd_ptr->u_event. cmd. type)); 
I* End switch •I 

mon_print!(f•At end of call: mon oflow count • ld, mon noreqflao- ld\n•, 
mon otlow count, - - -
mon=noreqflaoJJ: 

mon_print t ( t•at end of call: man anablevector • tx\n•, 
mon_enablevector(O))): -

mon_semaphore--; 
return: 

tendlt MONITOR 
I 
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,. 
·--------------------------------------------------------------• 
• 
• 
• 
• 
• 
• 
• 

Implements wraparound tor the ring buffer. The buffer 
has an extr.a tall equal to the length of the longest rec­
ord, if data is written in here, it is copied onto the 
beginning of the file. The reason for doing this is so 
that one doesn't ~ve to check for the end of buffer on 
every byte of a record, only at end ot write • 
It is the responsibility of the user to insure that the 
end of the tail is respected~ 

·--------------------------------------------------------------., 
u char* 
wraparound(reo_ptr) 
register u_char •reg_ptr: I* position in ringbuffer *I 
I 
titdef MONITOR 

register u char *but end•mon eventvector end; 
register u:char *buf:start•mOn_eventvectOr; 

1• first pos of tall */ 
I* start of buffer *I 

if {reo_ptr > buf_end + HON_EVENTRECSIZE II reg_ptr < buf_start} 
panic(•Wra~round; pointer out of range\n•); 

while ( but_end <• reg_ptr ) 
•buf_start++ • *but end++; 

it {buf start > but end + MON EVENTRECSIZE II buf start < mon eventvector) 
panic("'Wraparouiid: pointer out of range\n•J; - -

return(buf start -1); 
tend it MONITOR-
I 

I* next write position ., 
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. 
' 

mon_pr!ntf(("pos/16• ld, pos,l16• td, 'enablevec{pos/161• ld\n 

pos/16, 
posU6, 
'men enablevector(pos/16])); 

u.u r.r_val1-- 0; 

else /* for user preq->req.taroetpld */ 
I ,. 

• Check for space ln array ., 
for Cl • 0; (1 < HON REQLISTSIZE '' 

mon_requests(l).8ventnumber I• MON_REOOPENSLOT); !++) 

if (1 • MON REOLISTSIZE) 
/* No room to store command •I 
I 

mon print! ((•Command queue overflowl\n•)); 
u.u:r.r_vall • HON_REO_OFLOW; 

else 
I 

I* put in new commands for user processes */ 

I 

mon requests[!) - preq->req; 
u.u=r.r_vall • 0; 

I* else for user */ 
I* it CALLERID */ 

else.,. not the accountant or auperuser */ 
I 

u.u r.r vall • MON NOT ACCTNT; 
mon:Printfi("PUTR£0: nOt the accountant•)); 
return; 

break; 

case HONOP_GETREQ: 
t• 

* Read a request 
* The request vector is searched tor a request with 
• a pld that matches the calllno program. 
• If the search is successful. copy the request back 

into the struct req in the command, 
* clear the slot in the vector. 

else write an error record into the event vector. 
• Return 0 if successful. 

., 
MON NOT INIT if called before initialization. 
MON=REO=NOT_fND if no request is found. 

if (I (mon_initflag)) I* not initialized ., 
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u.u r.r vall • HON NOT INIT; 
mon:Printt ((•Not lnltiatlzed\n•)); 

else 
I 

match "" FALSE: 
i - 0; 
while (1 < MON REOLISTSIZE '' Jmatch) 
I -

I 

match • ((int, mon_requests[i}.taroetpld •• CALLERID): 
1++; 

if (match) 
I 

I* Return command ., 
mon_oetreq •oreq - (mon_oetreq *}u_cmd_ptr; 

1--; 
oreq->req • mon requests(!); 
mon requests{i):eventnumber m HON REOOPENSLOT; 
u.u=r.r_vall • o; -

else 
I 

/* Can•t find command ., 
mon_printt f (•command not found in queue I \n*l}; 
if (mon_ofloW_count •• 0 

'' men eventvector count < 
(Hoi _EVENTVE£~,~j~ ~. 2.!.s~~eC?f .{1!\on_err:r:ec} } ) 

register mon_errrec •w • (mon_errrec *)mon_write_ptr; 
•w • tnon_noreq; 
w->val - 0; 
mon write ptr +• w->cmd.lenoth*2; 
if (mon_write_ptr >• mon_eventvector_end} 

mon_wr!te_ptr- Wraparound(mon_write_ptr): 

else mon oflow count++; 
u.u_r.r_Vall,·-HON_REQ_NOT_FND; 

break; 

case MONOP SHUTDOWN: ,. -
• Shut down monitoring 

• 
The accountant should close down all sensors and call GETEVENTS 

until it returns 0 before callino SHUTDOWNS, 
otherwise data will be left in the buffer and 
will be lost. 

• Closes down all kernel sensors, and prevents any other command 
other than !nit from being executed. 

sys/monsys 




