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ABSTRACT

CRIME File System is & computerised data base
system being used by the Oakland Police Department to aid
investigators in identifying suspects on basis of known
characteristics. The system can accomodate uptc six
investigating terminals, and the object of this thesis
project is to study the extent to which time sharing can be
introduced in the system with respect to these terminals,

and incorporate the same.
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CHAPTER 1

INTRODUCTION

1.1 CRIME File System.

1.1.1 Purpose.

'Computerised Retrieval of Identifiers and Modus
Operandi Elements' is the approach taken by the Oakland
Police Department .in utilising advanced technology for
criminal investigation. Before the advent of computer
random search systems, many of law enforcement's traditional
crime fighting resources broke down under the sheer volume
of crime. In police department such as Oakland, where
40,218 persons were arrested in 1970, the information
necessary to identify the perpetrator of a crime was very
often 'hidden' within a document storage facility. Hence
the department wanted a fast, reliable and convenient means
of searching sizable storage of identification elements of
people, fingerprints and vehicles. Also, the system had to
provide a means of updating information, and of presenting
visual records of persons matching the observed character-

istics.



1.1.2 System Description.

The CRIME File System was designed and built by
Hewlett Packard Company and has been in operation since
September 4, 1972. The system employs a computerised data
base as a source of investigative leads to help in identi-
fying suspects whose characteristics are partially known.
There are fouf major characteristics contained in the data
base; they are physical description, type of crime, address
of mug shots and fingerprint cards, and description of
vehicles with occupants of recent police interest. By
entering known characteristics into the system, a search on the
data base can yield a summary list and/or display of mug
shots or fingerprints of all listed persons who match the

information entered.
1.1.3 Hardware Configuration.

Hardware configuration of the system consists of :
. HP2100 Computer with 24K of memory.
. Two HP7900 Cartridge Disc Drives (12960-010).
. HP2748A Papertape Reader,
. HP2752A Teleprinter.
. HP2761A Mark Sense Card Reader.
. Two terminals each consisting of one IMAGE SYSTEMS

microfilm unit with 100 address buffer and one KSR 33



teletype.
Note: The system is designed to handle expansion upto
six terminals.
. HP12563A - Five spare disc cartridges.
Note: The total system contains seven removable disc
platters (cartridges) and two fixed disc platters

(one in each HP7900R2).

1.1.4 Software Architecture.

General software architecture of the system
consists of special application programs in HP's Moving
Head Disc Operating System (DOS-M) with Extended File
Management Package (EFMP). These programs are under the
control of the operator at the system console. There are four
programs each consisting of several segments, they are :

. UPDAT for updating data base.

QUERY for implementing search on data base.
. INTIL for initializing data base.
. VERUP for verifying the file structure of data base.
UPDAT, VERUP and INTIL can be executed only from the system
console, and INITL and VERUP are activated only when a. new
data base is to be initialized. While QUERY is initiated
and terminated from the system console but accepts search

commands and outputs results to the query terminals;



however only one of the six can be active at any one time.

The data base is divide into two functional files,
the Subject File (SF) and Vehicle File (VF). Actual file
structure is designed to provide fast retrieval for frequen-
tly used parameters, by maintaining reference files sorted
on different characteristics. All files associated with
SF and VF data bases are contained on three disc packs,
and the fourth disc pack is used for DOS-M and CRIME

programs.

1.2 Project Problem.

System experience with CRIME File System revealed
appreciable success, as indicated by the Project Report of
Oakland Police Department. However theif evaluation also
pointed out certain problems. One of their major complaints
was that, if one terminal is executing the QUERY program,
all other terminals are locked out until that terminal is
released. Query from one terminal involves appreciable
amount of system - investigator conversation before a search
can be initiated. And since the system is locked to one
terminal at a time, considerable time is wasted while the
system is waiting for slow human response to its inquiry.

Extreme is, of course, the case when the investigator forgets

=3



to give the terminal release command at the end of his query
job. Hence there was a competetion for the use of the system,
and many times very promising jobs had to ke aborted due

to delayed access to the system. Hence it was highly
recommended to incorporate in the system a sort of time

sharing capability to enable multiple inquiry from terminals.

The object of this thesis project is to study
the extent and the manner in which the problem outlined
above can be tackled; and incorporate necessary changes

in the system.
1.3 System Implementation.

Project work was to be carried out at the Image

Analysis Labratory of Electrical Engineering Department,
University of Houston; and hence the CRIME File System
had to be implemented on the available resources. Though
these were quite compatible to the requirements, some minor
differences warrented certain changes in the original system.
. The CRIME File System was designed to operate under HP's

DOS-M system, while we needed to implement it under the

DOS-III system. These two DOS systems are quite similar

except for certain minor differences in the EFMP routines.

Basically, the DEFINE statement, that cdefines the number



of words to be used by EFMP for its internal tables and
buffers, had tc modified in all program segments.

. At the Oakland Police Department, hardware confiéuration
incliuded a two-drive disc unit, giving a total of four
disc cartridges. At the Image Analysis Labratory
we have a'single—drive unit. Hence to be able to
implement the CRIME File System on a two-disc system
instead of a four-disc system, the size of the data base
had to be reduced by a factor of ten. Thus the
maximum number of entries in SF was reduced from 25,200
to 2,520, and VF was reduced from 31,500 to 3,159,

This was achieved by making appropriate changes in the
data base initialization program INITL.

. Oakland Police Department had obvious reservations in
releasing their data base, hence a synthetic data base
was generated. And since we did not have a card reader
at the Image Analysis Labratory, card images were
generated and stored on magnetic tape, and then read-off
the tape by the UPDAT program. A Synthetic Data BEase
Generation Program was developed by this author in
conjunction with Ha Nguyen, and it is documented in his

thesis.

In this thesis the author has tried to explain all

the aspects of the CRIME File System that are relevant to



this project. However, for documentation of the complete
original system, the reader is referred to :

. Oakland Police Department CRIME File System Project
Report.

. Oakland Police Department CRIME System Internal
Maintenance Specification.

. Source listing of the CRIME programs.



CHAPTER 2

SYSTEM DESIGN

2.1 Design Concepts.

The idea of incorporating time sharing capability
in the CRIME system, is based on the reasoning that because
human thinking processes and responses are slow relative
to the logical and arithmetic capabilities of the computer,
it should be possible to switch the computing resources
from one user to another in such a way that each user could
interact with a terminal online to the computer and think
he had sole access to the computer. Now, I/O devices also
have a speed disadvantage compared to the Central Processing
Unit. HKence if the user is considered as much a part of
the system as I/O devices, the idea of time sharing woulid

be to share system resousces sequentially in time.

Time sharing systems can be classified as :
. Online File Maintenance and Retrieval Systems.
These systems are characterized by the limited range of
gueries or additions which can be made to a common
information bLase.

. Special Purpose Time Sharing Systems.



These systems allow the user to prepare and execute
programs in a very limited number of languages.
General purpose time sharing systems. )
CRIME File System is data base system, and hence after
time sharing is incorporated, it could be included in
the first classification. However, since updating of the
data base is done only from the system console, time shariné
need only be incorporated in the QUERY section. Thus the

object is to design an Online Retrieval System with time

sharing capability.

There may be several users wanting to use the QUERY
program at the same time, if time sharing is introduced. One
way wculd be to provide seperate copies of the program for
each user. However, considering the limited memory space of
24K words and the sizable QUERY program,'an alternative way
obviously need be sought. Hence let there be just one
program being shared, but each user using it does so as a
seperate process; and the processes run concurrently. By
concurrent, we mean that two or more processes are in a
'state of execution'. A process is in a 'state of execution'
if it has been started but not completed or terminated. Such
a concurrent execution of two or more processes is called

‘multiprogramming', and.is employed in this project.

0
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A single copy of the program which can be used
concurrently by several processes is called a 'pure procedure'
or is said to be 'reentrant'. For a program to be reentrant
it must not modify itself, hence it was necessary to avoid
any instruction modifying programming techniques in the
QUERY program. Secondly, the program shouid not store data
local to itself, hence separate data and temporary storage
areas must be provided for each user of the program. This
was taken care of in the 'context block' as explained in the

next paragraph.

In order to switch the physical processor from one

process toc another, some information must be saved when a

process is removed from control, and restored again when a

process returrs to control. This information is often

called the 'context block'. The followiﬁg is the type of
infermation that must be saved and restored.:

. The process must know what instruction to execute hext
when it assumes control of the physical processor.

. The address space of the process must be saved. This
also ensures separate data and temporary storage areas
as required for reentrant programs, menticned in previous
paragraph.

. The state of the I/0 devices affecting the process must

be saved.
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There may be additional information regquired in other

systems, but for QUERY this seems sufficient.

Assignment of the physical processor to processes
is scheduled by 'processor management'. General description
of the processor management employed in QUERY is illustrated
in Figure 2. 1. '‘Process scheduler' and 'traffic controller'
are two modules that control and keep track of state
transitions of defferent processes. Process scheduler decides
which of the processes receives the processor and at what time.
Traffic controller keeps track of the status of each process.
When a terminal user signs-on, his process is assigned READY
state. Next, the process controller in conjunction with
the traffic controller assigns it to the physical processor
and labels its state as RUNNING. While it is running the.
traffic controller continuously updates the status information
on other concurrent processes. When the procéss requests an
I/0, it is put into WAIT state until the I/0 request is
conplete, and then it is assigned READY state again. Each
process has an identical state diagram. It is worthwhile to
note here, that all the processes are identical since they
all execute the same program. Secondly, as will be discussed
later, no time slice allotment was employed, and hence in the
state diagram, there is no direct path from RUNNING state to

READY state.
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2.2 Design Implementation

Now that general design concepts have been presented,
let us probe deeper into how these were implemented in the

QUERY systemn.

The overall flow chart for the segments of the
original QUERY program is shown in Figure 2.2. 1In brief,

the functions of each of these segments can be described as :

. QYERY : This is the main program to which control is
given by DOS directive from system console to initiate
the QUERY program., It is a dummy main program for
loading purposes and establishes a common block of 128
words for use throughout QUERY.

. QSEGl : This overlay segment initiates operator commu-
nication through the system console, checks the validity
of disc packs to be used, and verifies the active
terminals by L.U.N. (logical unit number) and initializes
certain common buffers and flags.

. QSG1A : This overlay segment polls all terminals for
attention to sign on, and once a terminal has signed on,
it transfers control to QSGIB for query commands.

. QSG1B : This overlay segment is responsible for
controlling the operation of the query functions and does

ail user communications. It accepts and performs the

13
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various query commands entered at the terminal. And prior
to doing any I/0O or EXEC calls, it checks to see if other
terminals are requesting attention.

. QSEG2 & QSEG3 : These two overlay segments actually
handle the search on data base based on entered charac-
teristics. 1In the time sharing system these run to
completion before releasing control, therefore these do
not have appreciable effect on the object of incorporating
time sharing in the system and they need not be further
elaborated.

It can be seen from the above description that since segments

QSG1A and QSG1B handle the terminal sign on procedure and

user communications, these will have to be modified in order

to implement time sharing. Minor modifications can also

be envisioned in QUERY and QSEGLl.

Segment OSGlA polls the terminals for attention

to sign on, and transfers control to QSG1B when a terminal
signs on. It is very possible that after a process for one
terminal has reached QSG1B, some other terminal would want

to sign on. In this case, switching control from one terminal
to another would require jumping back to segment QSGlA, and
hence would require swapping of overlays between main memory
and disc storage. This would also require files to be opened

and reset, and certain buffers to be initialised in each

15



segment each time they were swapped. Hence to prevent this
unnecessary overhead, it was pertinent to combine QSGlA and
QSG1B into one overlay segment QSGl. And since QSGlA was

comparatively small segment, the combined segment QSGl did

not overflow the memory.

Now let us discuss the information management
required for multiprogramming QUERY, ie. the context block
for each process. In the original version of QUERY, all the
variables which were modified during the execution of QUERY,
were assigned a common block of 128 words. However there
were scme unused locations in this block. These came in
handy for assignment to certain variables local to QSGl, such
as loop variables and flag variables. The idea was to
maintain a copy of this common block for each process and
swap them whenever control was switched from one process to
another. Henc2 it was necessary to store all the variables

that were manipulated during QSGl, in this common block.

A second common block was inserted to store certain
status variables for the terminals and for process scheduling
queue, and buffers in which information read from differnt
terminals could be stored. Also included in this common
block was a 128 x 6 word array , in which a copy of the first

common. block for each terminal could be stored. Detailed

16
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description of all these variabhles and arrays is given in
Chapter 3, but the object behind this brief mention here

is to indicate the division of information storage area into
two blocks, one of which needs to be swapped each time the
processes are switched, and the other which maintains the
status of each process and can be modified or tested during

execution of any process.

The file structure of CRIME File System was not
of much consequence in this project, hence is not discussed

in detail. However there are certain files whose mention

is very pertinent here. The characteristics that are
entered during execution of QSGl are stored in a master
interface file 'MIF', and when control is passed on to the
search routines, search is performed based on parameters in
this file. The hits encountered in the search are passed
back to QSGl in a master hit file 'MHF'. There are also
six hit files 'HIT1' to 'HIT6é', one for each terminal, for
saving the hits for future referance once that terminal user
gives the 'END' command to end his query job. With the
inclusion of multiprogramming, search parameters can be
ccncurrently entered from many terminals, and hence a sepa-
rate interface file was created for each terminal - 'MIF1'
to 'MIF6'. Each of tﬁese is 96 words long. Since hits

cbtained during search routines also need to be saved for
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each terminal, information in MHF on return to QSGl from
search routines, is immidiately transferred to appropriate
hit file 'HIT#'. In the original system, the size of file
HIT1 was 8192 words while HIT2 to HIT6 were 256 words long.
These same sizes are maintained, however if the number of
hits in MHF is greater than the size of file HIT#, a
warning to that effect is printed on the appropriate
terminal so that the investigator can rerun the search with
more parameters, thereby reducing the number of hits.

At this stage the above mentioned sizes of hit files was
considered suitable, however if need be, it would not be

too difficult to increase the sizes of these files,

Now let us discuss the general approach employed
in scheduling and switching control from one process to
another. In general, conversation of the system with the
terminal user follows a sequence. The system asks a
question of the user or it just gives a prompt requesting
further informaticn, and the user reosmonds with the
information. The system processes this input and outputs
a prompt for signaling next input or comments on the previous
entry and then outputs a prompt. It was ohserved, as could
be expected, that system response to user's input was
instataneous from user's standpoint, therefore it was

considered unnscessary to assign fixed time slices to the
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process steps. Hence here, alloted time slice was the time
interval, beginning when the user input was accepted by the system
for processing, to the time the system response to this

input was output to the user's terminal. Thus time slices

were defferent for each process step, but could not be

recognised by the user. The strategy was to utilise the

time, while the system is awaiting a terminal user's input,

in polling othexr terminals and employing round robin

scheduling for switching control to another process.

As mentioned before, there are two important
routines, process scheduler READA and traffic controller

POLL,. MNow let us consider the significance of these,

0S¢l is divided into 29 program steps ie. there
are 29 entry points. These entry points are given statement
numbers 5201, 5202, .........., 5229, Whenever the
program reaches a point where it needs to read from the
terminal, XEADA is called. The general pattern of coding
at this point is :
NSTMT <« ##
CALL READA
GO TO 5200
52#% ... ...

Here NSTMT is the next statement numbher for the current
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process, that is passed on to READA. On exit from REACA
NSTMT holds the next statement number for the new process.
Statement numbered 5200 is:

5200 GO TO (5201,5202,..c.400440,5229)NSTMT
Eence on exit from READA, control will be transferred to
appropriate entry point for the new process. A similar
coding pattern is also employed where PRINT directive from
the terminal user is processed, to interleave printing of
the entries in 'hit files'. This will be clear when we
consider an example later in the Chapter. Traffic contro-
ller is called from within READA and also at several places
in the QSGl prcgram. It updates the status information of

various terminals and the scheduling queue.

Each of the terminals has two status flags assigned
to it, they are IOCMND and IOSTAT. IOCMKND when set, indicates
that I/0 READ EXEC routine is to be called for that terminal
when that I/0O device becomes free. While IOSTAT when set,
indicates that the process is ready to be scheduled for
running ie. ready to be included in the scheduling queue,
when the I/0 device becomes free. These two flag variables
are employed to provide concurrent I/0 on the terminals.

The object was to be able to replace all Fortran READ and
WRITE statements by I/0 EXEC calls which would initiate the

I/0 and then without waiting for completion, transfer
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control to he next instruction in the program. The

flow charts for READA and POLL are shown in Figures 2.3 and
2.4, and in conjunction with the above discussion they
become quite self explanatory. There are however couple of
things that may need elaboration. The KOMON area mentioned
in Figure 2.3 is the common block which is individual to
each process and needs to be swapped each time processes
are switched. Secondly each terminal is assigned a buffer
of 36 words into which information from that terminal is
read. And before exiting from RZADA, contents of the
appropriate huffer is transferred to a local huffer of

36 words in the KOMON area.

At this point let us digfess to an important
aspect of the extent to which time sharing is to be provided
in QUERY. During the time that search is being executed
(ie. control is being transferred to QSEG2 and QSEG3 as in
Figure 2.2), there is no system - user conversation. Further,
it was observed that for most cases the time required for
searching was not intolerably long. Hence it was decided
to allow search to be performed uninterrupted. However
consider a case where one user has given the PRINT command
and while the hit list is being printed on his terminal,
some other user enters the search segments. Since printing

is interleaved, it is possible that in between printing of
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two lines, the other terminal may enter search implementing
routine, causing noticable time lag between two lines.

This was considered undesirable and hence PRINT was given
priority by introducing the feedback loop in READA, as shown

in Figure 2.3.

2.3 Example.

Now let us consider an example to get a clear
picture of how process switching and concurrent I/O is
achieved. For simplicity, let us assume time sharing
between just two users. As shown in Figure 2.5, say
process 1 has reached statement 15, and next transfers
control to READA, where immediately NSTMT (1) is set to 3.
At this instant say, next statement for process 2 is 5202
ie, NSTMT(2) is 2, and there is a READ EXEC call pending on
terminal 2. Let IOSTAT(1l), IOCMND(2), IOCMND(l) be reset and
TOSTAT(2) be set to 1, and the scheduling queue be empty.
READA will set IOCMND(l) and call POLYL.. In POLL, since

there is no I/0 pending on terminal 1 and since IOSTAT(1)

is 0 & IOCMND(l)is 1, a READ EXEC call will be given on
terminal 1, and now IOSTAT(1l) will be set and IOCMND(1)
reset. If terminal 2 has still not completed its input,
now both terminals are busy, hence queue remains empty.

Thus READA will keep on calling POLL till one cf the two



PROCESS 1 PROCESS 2
15 NSTMT=3 . NSTMT=2
CALL READA CALL READA
GO TO 5200 GO TO 5200
5202 . 5202 .
CALL POLL CALL POLL
C I/0 WRITE 338 IOSTAT (IORDN)=1

CALL EXEC(2,KONWD,0UT16,17) C I/0 WRITE
GO TC 15 CALL EXEC(2,KONWD,0UT24, 8)
NSTMT=16
CALL READA
GO TO 5200
5216 .

CALL POLL

GO TO 338

Figure 2.5
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terminals completes input.

Assume that terminal 2 completes input first.
Since IOSTAT(2) is 1, it will be included in the gqueue, and
READA will swap the appropriate KOMON blocks before transf-
ering control to process 2. Process 2 now say has to process
the PRINT directive, hence after certain amount of processing
and calling POLL to check if terminal 1 has completed its
input, it reaches an I/0 WRITE EX¥EC call., At statement 338
IOSTAT(2) is set, before the WRITE EXEC call. This EXEC
call starts write operation on terminal 2 and immidiately
proceeds to next statement. Now process 2 transfers control
to READA which in turn calls POLL. It should be noted that
the queue is stepped up the first time POLL is called after
switching processes. Hence once again the queue is empty.
Now terminal 1 has an incomplete READ call on it while
terminal 2 has an incomplete WRITE call on it, and until
one of them completes, control will switch back and forth

between READA and POLL.

Next, say input on terminal 1 is completed, and
since IOSTAT(1l) is set, terminal 1 is included in the queue
and both IOSTAT(l) and IOCMND(1l) are cleared. REZDA swaps
the appropriate KOMON'blocks, and process 2 starts executing

and reaches an I/O WRITE EXEC call. It starts WRITE operation



and continues executing till it again transfers control to
READA. In PEADA, IOCMND(2) is set and control transferred

to POLL.

Now terminal 2 completes its WRITE operation

first, and since IOSTAT(2) is set, it is put on the queue.

Both IOSTAT(2) and IOCMND(2) are cleared and after swapping

KOMON areas, control is switched to process 2. Process 2
continues to execute, initiates another WRITE EXEC call and
again transfers control to READA after setting IOSTAT(2).

READA in turn calls POLL.

Now if terminal 1 is the first to complete the
WRITE operation, POLL issues a READ EXEC call on terminal 1
since IOSTAT (1) is cleared and IOCMND(1l) is set. Then
IOSTAT(1l) is set, IOCMND(1l) cleared, and contrcl returned
to READA. Still the queue is empty, hence till terminal 2
finishes its WRITE operation or terminal 1 completes READ

operation, control oscillates between READA and POLL.

This example is typical of the process swapping
and concurrent I/0O that would be expected in normal
execution of QUERY. It is important to note here the

difference between coding for issuing an I/0 WRITE EXEC call

in the two processes. This is so, because process 2 is shown

27
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to be responding to a PRINT directive from the user. In
all places except in PRINT processing, a WRITE EXEC call

is issued without either setting IOSTAT or calling READA.
In all these cases there is a definite pattern of alternat-
ing READ and WRITE EXEC calls. Hence if WRITE is initiated
and then if READ needs to be initiated on the same terminal,
IOCMND is set, and routine POLL on detection cf completion
of WRITE, immidiately issues a READ EXEC call. Hence
knowing the pattern of WRITE being followed by READ, there
is no need to wait for completion of WRITE until a READ
EXEC call is to be issued. ©on the other hand during
processing of PRINT directive, two WRITEs can occur conse-
cutively or a WRITE may be followed by READ; hence it is
necessary for that process to wait till each WRITE is
complete. The waiting time is utilised in polling other

terminals for attention, by calling READA.



CHAPTER 3

DOCUMENTATION

This chapter gives the documentation of the
modified QUERY program segments. Segments QUERY, QSEGl and
QSGl are documented in their entirity, and since the remainihg
segments have very few modifications, the reader is referred
to 'Oakland Police Department CRIME System Internal Maintenance

Specifications', for their documentation.

3.1 QUERY

3.1.1 Program Objectives : A dummy main program written in
Fortran IV for loading purposes. It establishes twc common

blocks, ICOMM of 128 words and IKOMM of 1017 words.

3.1.2 Flow of Control : Receives control from DOS-M eXxecutive

and immediately transfers control to segment QSEGL.

3.1.3 Internal Arrays : INAME is a 3 word integer array that
contains the name of the segment to which control is to be

transferred - QSEG1,
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3.2 QSEG1

3.2.1 Program Objectives : An overlay segment written in
Fortran IV to which control is given by an EXEC call from
QUERY. It initiates operator communication through the

system console and checks the validity of disc pack labels

for use in the CRIME system. It sets up and verifies the
active terminals by LUN and initializes certain common
buffers and flags. It also initializes 6 context blocks,

one for each terminal.

3.2.2 Flow of control : Receives control from QUERY. After

performing its function, control is transferred to QSGIl.

3.2.3 Interface Parameters in First Common Block :

1. ITYPE is a simple integer variable that contains the code
for the data file to be queried 'MS', 'FP' or 'VF' in ASCII.

2. ICMND is a simple integer variable that contains the current
command (first two characters only) in ASCII,

3. IERRNO is a simple integer variable that is set to the EFMP

error return code.

4., IYEAR is a simple integer variable that contains the last
two digits of the current year.

5. ILUN is a simple integer variable that contains the L.U.N.

of the currently active terminal.
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6. NICKNM is a 5 word integer array that contains a subject

nickname in ASCII or 2zero in the first word.

7. LUN is a 6 word integer array that contains the active
terminals by Logical Unit Number (L.U.N.).

8. IBUFFR is a 6 word integer array. It is really 6 one word
input buffers, one for each possible terminals.

9. IHITN is a 3 word integer array that contains the name of
the current 'hit' file in ASCII, such as HIT1, HIT2, etc.

10,.IFILEN is a 3 word integer array that contains the name
of the current ‘'hit' file or file 'MHF' in ASCII.

11.I0RDN is a simple integer variable that contains the
ordinal number of the terminal (1-6) with respect to array
LUN.

12.IPISPN is a 6 word integer array that contains a pointer
(or displacement from the beginning) to the next entry in
the 'hit' list (file HIT#) for use with the DISPLAY

function for each of the 6 possible terminals.

3.2.4 Interface Parameters in Second Common STATEMENT :

1. LINET is a 36x6 word integer array that provides 36 word
input buffer space for each of the 6 terminals.

2. LSTAT is a 128x6 word integer array that constitutes address
areas for the 6 terminals where the first common block

of 128 words for each terminal is stored.
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3.2.5 Internal Simple Varibles

1. IOLDUS is a simple integer variable that contains the old

user status code.

3.2.6 Internal Arrays :

1. IOPNTB is a 128 word integer array that contains the EFMP
Opened -~ File Table.

2. ITRBUF is a 256 word integer array that contains the EFMP
Temporary Record Ruffers.

3. INAME is a 3 word integer array that contains the name of
segment QSGl in ASCII.

4, ISTATE ic a 10 word integer array that contains the EFMP
status of disc pack.

5. IFWAME is a 3 word integer array that temporarily contains
the name of an EFMP file.'

6. KOMON is a 128 word dummy array, eguivalenced with the
first common block for the purpose of swapping this block
on switching terminals. |

7. NOTRB is a two word integer array for specifying number

of temporary buffers in DEFINE EXEC call.

3.2.7 Diagnostics Produced :
1. EFMP ERROR NUMBER ##

2. LOGICAL UNIT ### IS DOWN AND SO WILL NOT BE USED.
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QSEG1

L !
N\ BEGIN QUERY SEARCH. /

<. ENTER THE CURRENT YEAR 19#%/
JRRENT i

no Between
1672 & 1999
?
. . -
\
\\- ENTER THE USER STATUS COD%//

Status no

1

\PSER STATUS CODE DOE /

[R— = YeS \  NOT MATCH. ‘
IDENTIFY THE ACTIVE TERMINALS BY S -
‘ L.U.N. o C?Top 2>

yes

L /ni®

LOGICAL UNIT ## 1S /
\ DOWN & WILL NOT BE ’ ~_down 2
‘yes \\\\/////

\USED. '
o 1 NO
/Z‘&Nno

| S —

\\QUERY SYSTEM NOW OPERATIONAL.

terminijfijy;/ —)

?

yes NO TERMINALS UP AND
7 AVAILABLE. !

( STCGP 3 )

"Do an I/0 READ w/o0 wait on each
terminal.
¥

Initialize and store the parameters of the
2nd Common stayement.

NOTE : The symbols used in the flow charts are the same as those
used in the Oakland Police Department CRIME System Internal
Maintenance Specification (Form 19601A).
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3. THERE ARE NO TERMINALS UP AND AVAILABLE.
QUERY TERMINATED.

STOP 3

3.3 QSGl

3.3.1 Program Objectives :

a. Q3Gl : An overlay segment written in Fortran IV, and is
'reentrant'. It accepts and performs the various guery
commands entered at the terminals. It is responsible for
controlling the operation of the query functions and does
all user communication.

b. READA : A subroutine written in Fortran IV. This is the
process scheduler. It is responsible for switching control
from one process to another, and swapping appropriate
address areas.

c. POLL :A subroutine written in Fortran IV, It serves as the
traffic controller, continuously polling the terminals for

attention and consequently updating a scheduling queue.

3.3.2 Flow of control :

a. QSGl : It receives initial control from QSEGl . Then on,
flow is controlled by the process scheduler and traffic
controller routines READA and POLL. It transfers control

to QSEG2 when any terminal enters the DONE command, to



terminate the query codes for a SEARCH. Control is always
returned from segment QSEG2 or QSEG3, following a search
on the data base for 'hits'., Whether control is transferred
from QSEGLl or either of QSEG2 or QSEG3, is decided by
variable IERRNO.

b. READA : It is called by QSGl. Control is returned to
QSGL.

c. POLL : It is called by segment QSGl and subroutine READA,

Control is returned to the caller.

3.3.3 Interface Parameters for First Common Statement :

a. QSGl :

1. ITYPE is an integer variable that contains the code for
the data file to be queried: 'MS', 'FP' or 'VF' in ASCII.

2. ICMND is a simple integer variahle that contains the
current command (first two characters only) in ASCII.

3. IERRNO is a simple integer variable that is set to the
EFMP error return code. It is also used to determine
whether the current call to segment QSGl is from segment
QSEGl or is from completed search procedure (QSEGl or
QSEG3). The initiation call from segment QSEGl sets
IERRNO to ~1. 1If IERRNO contains a number greater than -1,
then it is the number of 'hits' found as the result of a
search.

4, KFILEF is a 28 word integer array. This array is a set of



5.

6.

7.

8.

9.

Key File flag words which correspond directly with the

28 MIF records in the Master Interface File.

NICKNAM is a 5 word integer array that contains a subject
nicknam in ASCII or a zero in the first word, if there is
none.

LUN is a 6 word integer array that contains the active
terminals by L.U.N.

I1,3,K,L,M,N are local integer varibles . These are included
in this common block since they need to be saved for each
process, and swapped when processes are switched.

IBUFFR is a 6 word integer array . It is reallv 6 one word
input buffers, one for each possible terminal.

IYEAR is a simple integer variable that contains the last

two digits of the current year,

10.ILUN is a simple integer variable that contains the L.U.N.

of the currently active device,

11,IHITN is a 3 word integer array that contains the name of

the current 'hit' file in ASCII, such as HIT1l, HIT2, etc.

12.IFILEN is a 3 word integer array that contains the name of

the current 'hit' file or file 'MHF' in ASCII.

13.I0RDN is a dimple integer variable that contains the

ordinal number cf the terminal (1-6) with respect to array

LUN.

14 .IPISPN is a 6 word integer array that contains a pointer

to the next entry in the 'hit' list (file HIT#) for use
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with the DISPLAY function for each of the 6 terminals.
15.ITHV is a simple integer variable. It contains the limit
of threshold value to be searched by the QSEG2 procedure,
That is, if the number of 'hits' on the first pass of a
guery search is greater than the threshold value (ITHV) then
the search is to continue by the QSEG2 method for the next
set of characteristics, otherwise the QSEG3 method is to
be performed for the remainder of the search parameters.
16 . LINE is a 36 word array where the most recent input data
for the current terminal is stored.
b. RE2ADA :
Same as that for segment QSG1.
c. POLL :

Same as that for segment QSGl.

3.3.4 Interface Parameters for the Second Common Statement :

a. QSGl :

1. LINET is a 36x6 word integer array thatprovides 36 word
input buffer space for each of the 6 terminals,

2. LSTAT is 128x6 word integer array that constitutes address
areas for the 6 terminals to store the first common block
of 128 words, one for each terminal.

3. STMT is a 6 word integer array that saves the next statement
number for each terminal.

4, KUEUE is a 6 word integer array that constitutes the
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scheduling queue.

5. NEXT is an integer variable that holds the number of the
next terminal that is to take over control.

6. NSTMT is an integer variable that contains the statement
number to be executed next, for the process currently in
control.

7. LAST is an integer variable that specifies the last valid
entry in thé queue KUEUE.

8. NBYTES is an array of 6 words where the number of characters
read in from the terminals are stored.

9, IOSTAT is a 6 word integer array which when set, indicates
that the corresponding process is ready to be included in
scheduling queue.

10.IOCMND is a 6 word integer array which when set, indicates
that I/O0 READ EXEC call is to be issued when the device

. becomes free.

b. READA :

Same as that for QSGl.

c. POLL :

Same as that for QSGl.

3.3.5 Internal Simple Variables :
a. QSGl :
l. CII contains the stbject I.D. number in C.I.I. format

(seven digits). This variable is double precesion floating



3.3.

point.

IFINGR is an integer array. It contains an offset value
used in computing the subscript value for referance in
array ICOMM (a scratch area). In this application it is
associated with the 1n finger codes.

OPD is a real variable that contains the subject I.D.
number in O.P.D. format (six digits). It is equivalenced
to CII to conserve space.

READA

None

POLL :

Nene

6 Internal Arrays :

QSGl

IOPNTB is a 310 word integer array that contains the EFMP
Opened - File Table.

ITRBUF is a 768 word integer array that contains thé EFMP

Temporary Record Buffers.

. NOTRB is & 2 word integer array for specifying number of

temporary record buffers in the DEFINE statement.

IMIF is a 3 word integer array that contains the name of
file MIFl or MIF2 ....... OrMIF6 in ASCII.

NAME is a 3 word integer array that contains the name of

segment QSEG2 in ASCII.
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6. IMEF is a 3 word integer array that contains the name of
file MHF in ASCII.

7. ISUBJ is a 3 word integer array that contains the name of
file SUBJF in ASCII.

8. IMVEHF is a 3 word integer array that contains the name of
file MVEHF in ASCII.

9. IKEYSB is a 3 word integer array that contains the name of
file KEYSB in ASCII.

10.IMAKEM is a 15 word integer array. Each entry contains a
number that corresponds to those automokile make numbers
that can have optional models. The numbers are arranged
in ascending order and are taken directly from the VFI
form. For example, the entry 3 is for American Motors, 12
is for Buick, etc.

11.IMAKEM is a 15 word integer array. This array corresponds
directly with array IMAKEM. Each entry indicates the number
of models possible for the corresponding make of automobole.
For example, the make American Motors (#3) can have .six
possible models.

12.ISFM is a 48 word integer array. This buffer is used to
read the records from master Subject or Vehicle EFMP files.
The masters files are retrieved for the OPD, CII, PRINT
and DISPLAY functions.

13.IMIFD is a 96 word integer array. It is the buffer used

for processing the query entry data and transferring it to
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EFMP file MIF for processing by segments QSEG2 or QSEG3.

14 . Arrays I49, I50 and I53 are scratch areas. They are
equivalenced together in common block array ICOMM to
conserve space.

15.IKEYMV is a 3 word integer array that contains the name of
the file KEYMV in ASCII.

16 .KOMON is a 128 word integer array that is equivalenced to
the first common block for the purpose of swapping the
address areas when processes are switched.

17.Arrays ourl, OUT2, OUT3, ....e...., OUT32 serve as cutput
buffers.

b. READA :

l. NFLAG is 6 word integer array that indicates whether the
contents of the individual input buffer are to be transferred
to the local huffer LINE, or not. This is necessary since
READA is also called during processing of PRINT command,
at which time there is no input from the terminals.

c. POLL :

None.

3.3.7 Diagnostics Produced :
a. QsGl :
1. EFMP ERROR NUMBER ##

STOP 5.

2. CURRENT 'HIT' LIST IS LONGER THAN THE ENTRIES SAVED.



3.

I.D. NUMBER NOT IN THE SUBJECT FILE.
READA :

None.

POLL :

None.

3.3.8 Special Features

a.

b.

c.

QSGl : The operator can cause the termination of the
printing initiated by the PRINT command, by changing the
state of the switch register bit 15. This feature is

used to terminate the listing of the 'hit' list in the

event the user does not wish to continue after having begun.
It does not matter whether switch register bit 15 is turned
from off-to-on or on-to-off,.

READA : None,

POLL : None.
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FLOW CHART FOR QSG1l

(Includes pages 44 to 60)
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/
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A
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. —_ ¥ (REAnA
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files MHF and MIF#
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VF ? Initialize NICKNM

NOTE :
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CHAPTER 4

CONCLUSION

The design objective of incorporating time sharing
capability in the QUERY portion of the CRIME File System was
achieved. System =~ investigator conversation was made
concurrent for all the query terminals, however actual data-

base search was allowed to execute uninterrupted.

The system was implemented at the Image Analysis
Labratory. 2 synthetic data base was generated for test
purpose, and the system was successfully demonstrated using

this dzta base,.

The authcr would like to make a c¢losing remark
here that the system was designed and implemented using
FORTRAN IV programming language, and employing HP's DOS-III
system which is not particularly designed for concurrent

multiterminal operation.
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C26IM  JuLy 23, 1975
FTN,LLT
PROGRAM QUERY(3)
DIMENSION INAME(3)
COMMON ICOMM(128)
COMMON IKOMM(C1€17)
DATA INAME/2HQS, 2HEG, 1H1/
C CALL SEGMENT QSEG!
CALL EXEC (&, INAME)
END
ENDS
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