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Figure 4—Association control by 6 observed at character recognition
code is reduced to some extent by taking 6 smaller than s at N(s, )= (‘;)-N((), 0)

the index identification over s blocks of information.

The number of the information which are associated with
the s and 6 selected is specified as N(s, 6) by (10), where p
and o characterize a local distribution of block information
around indices and global distribution of block information
in the code space, respectively.

- i (g__ll)-N(s, w), (0<6<s)

n=6+1

N(s, s)=(p'q"*y-(o-q"yP*

=po g, (0<0=5)

(10)



The proof is given in Reference 3. The value that N(s, 6)
actually takes differs greatly with application depending on
its particular distribution of information in a code space.

The input of newly applied information X is controlled as
follows. When A’s which satisfy the condition C(X,
IA)=0'(0=0'<s) are found, these A’s are replaced by X.
Otherwise, X is added, unmodified, to the memory. Modifi-
cation of A’s already stored in the memory is also possible
by taking the weighted average of X and A, and by feeding
it again into the memory. This allows the flexibility of
adapting to the continuous use of a recognition machine by
particular writers resulting in the increase of recognition
rate when the memory is applied, for example, to on-line
character recognition systems.

HARDWARE IMPLEMENTATION

In this section, we give an exact description on the
hardware implementation of the association mechanism
from the architecture technological point of view. Here, (1)
each function is modularly structured for ease of adapting
to a variety of possible applications, (2) parallelism, and
pipeline control schemes are fully adopted to meet the
requirement on speed for some possible real-time uses of
the memory, and (3) control is distributed so as to save the
overcrowding of control lines. This serves to lower the cost
of the system. Hereafter, we will refer to this memory as
ARES. The functional block diagram is shown in Figure 2.

The control of ARES is explained as follows. For the
association of stored information, the input X, which is
composed of p blocks of the class (i) code, is fed into the
error correcting array through the Search Key Register.

At the Error Correcting Array, the IX is derived from X
by applying an error correction procedure to each block of
X, separately. Consequently, IX is composed of p blocks of
error corrected code vectors, and is called the index of X
for the association.

On the other hand, the information A’s are stored in the
Contents Array, and the indices IA’s of A’s which, it is
assumed, are previously obtained are kept in the index
array.

The Index Array is essentially to check the blockwise
coincidence of IX with IA’s, but, it assumes its most
important role at our association, and characterizes ARES.
The number of blocks coincided with each other is counted
over s(<p) blocks unmasked for all IA’s stored in the
memory, and compared with the 6 properly selected. When
it is equal to or greater than 6, a flag is set at the output of
the index cell which contains the corresponding IA, and the
corresponding information in the contents array is selected
as a candidate for the information to be associated. But, for
most practical applications, there will be a limit 6 on the
number of associated information, and @ is adaptively
selected at every step of the association through trial and
error. This requires ARES to have a very high speed
processing of index identification with probably a larger
number of modules than ordinary content addressable

memories have. We will take all bits in parallel comparison
at index identification.

The number of flags appearing at the outputs of index
cells is counted and compared with & at the Multiple
Response Resolver for the control of 6. If the number of
flags is greater than the limit 8 on the information to be
associated, 0 is increased by one. Otherwise, it is lowered
by one. Thus, 6 is heuristically selected so that a greater
number of flags as possible are obtained within the limit 8,
and then the contents array is accessed by the flag bits.

The input of newly applied information is controlled by ¢’
as explained in the preceding section, and is transferred to
the index and contents array through the Write Regiser.

ARES FOR CHARACTER RECOGNITION

The configuration, which is generally described in the
preceding section, strongly depends on the application. The
size and the speed required should be clearly specified at
design. Some alternatives are provided by compromising
cost and speed. We will show, as an example, ARES
applicable to the on-line character recognition.

The essential feature of each character is coded into a
symbol sequence by tracing the directions of the stylus
movements following the diagram in Figure 3. The length of
the coded symbol sequence thus obtained is normalized
into N=18, and this is divided into p(=N/n)=6 blocks so
that the perfect (3, 2, 1)-code of n=3 and ¢=7 is used for
the association. The normalization is governed by local
rules which are applied to the symbols in a sequence
simultaneously in parallel.

When an input pattern is applied, a set of patterns is
associated through index identification with the 6 properly
selected. Figure 4 explains how the association is controlled
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Figure 5—Number of associated patterns N(s, ), s<p=6
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by 6 in the case of p=s. When 6=0, there occurs no nized, and detailed checking of the similarity is carried out
association capability. Imaginary visible representations of concerning this limited number of associated patterns. The
index patterns are given at the right side of the figure. The preliminary experimental results on handprinted character
associated patterns are necessarily the patterns which are recognition obtained through computer simulation are given

most helpful in identifying the input pattern to be recog- in Reference 4.



Figure 5 shows the number of associated patterns N(s, 6)
estimated by (10) for some possible information sources
specified by g=7 and N=18. It is observed that around 30
patterns are associatively selected with 6=3~5 from the
100~1000 patterns stored in the memory. Actually, the N(s,
6) differs greatly for each pattern to be recognized, and
ARES for character recognition is designed to select 6

adaptively for each so that the logic array provided for the
Lee distance calculations of 32 (=§) patterns at most is
filled up with as many associated patterns as possible.

The above observation gives the exact design of the
index cell. The index array is composed of index cells of up
to 1024. The diagram of an index cell is shown in Figure 6.
As the comparator, a conventional content addressable
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memory is applicable. The number of index blocks which
are identified by the index blocks of applied information is
compared with @ (or ') at the Block Response Resolver.

There are three alternatives in the design of the Multiple
Response Resolver. These are: (1) serial counting by a shift
register, (2) table look-up by ROM, and (3) counting by
adders. As a compromise between the cost and speed, we
apply a mix of (2) and (3) resulting in 50 percent decrease of
the required components with a slight increase on speed
(300 to 350ns) compared with (3). The diagram is given
in Figure 7.

The execution time attainable is less than | usec for the
association with heuristic searching of 6.

Some possible ways to economize ARES especially for
on-line recognition are: (1) adoption of bit serial processing
at content addressing, (2) simplification of the index cell
structure and common cell utilization on a time-sharing
basis, (3) sequential controlling throughout the system, (4)
use of cheaper devices, and (5) partial or entire simulation
by microprocessors.

CONCLUSION

An association mechanism is presented in the field of
pattern recognition; characteristic features are as follows:

e Pieces of information are stored in a memory together
with their indices obtained by the application of an
error correction procedure.

e Mutual relevancies of information defined in terms of
the Lee distance are estimated simply by checking
blockwise coincidence between indices without the
direct calculation of Lee distances.

e When the number of coinciding index blocks exceeds
the threshold 6, the information corresponding to the
index is associated, and the number of associated
information is well controlled by adapting 6 to the
externally given condition.

The hardware implementation of the proposed mecha-
nism is described; its main characteristics are as follows:

e ARES is modularly structured, and its control algo-
rithm is realized on microprogrammed logic or PLA
(programmed logic arrays). This makes the system
extension easier.

e Parallelism and pipeline control schemes are fully
adopted throughout the system to meet the require-
ment for speed on some possible real-time uses of
ARES.

e By sacrificing speed, depending on its application, the
structure of ARES can be easily simplified.

In conclusion, ARES is a step towards more sophisti-
cated memories specially designed for advanced pattern
recognition applications. The effectiveness of the associa-
tion will become more obvious when a large scale ARES is
shared with a number of small sized recognition logic
arrays. Moreover, it is expected that ARES will offer
significant advantages as an intelligent and adaptive mem-
ory for improving the execution performance of high level
language machines. Error correction systems can be prop-
erly selected depending on the application.
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Cache memory systems for
multiprocessor architecture

by O. P. AGRAWAL* and A. V. POHM

Towa State University
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ABSTRACT

The performances of two types of multiprocessor systems
with cache memories dedicated to each processor are
analyzed. It is demonstrated that by appropriate cache
system design, adequate memory system speed can be
achieved to keep the processors busy. A write through
algorithm is used for each cache to minimize directory
searching and several main memory modules are used to
provide interleaved write. In large memories a cost per-
formance analysis shows that with an increase in per bit
costs of 5 to 20 percent, the memory throughput can be
enhanced by a factor of 10 and by a factor of 3 or more over
simple interleaving of the modules for random memory
requests. Experimental evidence indicates smaller cache
memories are required for dedicated processors than for
standard processors. All memories and buses can be of
modest speed.

INTRODUCTION

In this paper, buffered or cache memory organizations
suitable for multiprocessor systems employing a set of
identical processors or individualized dedicated processors
are examined The intent-of the analyais is te show organi-
zations which have adequate performance, low incrementai
costs, and simple logical and electrical requirements. Such
an analysis is particularly pertinent in terms of the rapid
microprocessor development which is occurring.

These recent advances in solid state technology coupled
with the consistent decline in the cost of hardware and
persistent increase in the cost of software, have provided
the impetus to reexamine the traditional hardware/software
boundary. Conventional machines and other early stored
program computers were constrained to a single instruction
stream, a single data stream and to sequential organizations
primarily because of economic considerations. Recently,
highly hardware oriented computing structures with radical
departure in architectural organization such as the SYM-
BOL-2R computer*? designed by Fairchild and now operat-
ing at Iowa State University, Ames, have appeared. In

* Now at Rockwell International, Cedar Rapids, Iowa.

addition, the arrivai of cheap, flexible but quite powerfui,
bipolar microprogrammable bit slice microprocessor chips
along with low cost, high speed, compact memory chips are
making the organization of large computers potentially
more modular. A collection of homogeneous or heteroge-
neous microprocessors with either common or localized
memories can form a cost effective system.

In regard to changing architecture, Winsley® states that
electronic disks will cause radical changes to occur in
computer architectures. Three major impact areas cited by
him are:

e Time-sharing computing systems with mini-processor
units attached to a shared large central memory (Figure
b;

¢ Stand alone minicomputers with large memories;

e Systems in which main memory is treated as a small
cache with the main data storage being in the elec-
tronic disk.

In the analysis conducted in this paper, the properties of
the new electronic disks have not been specifically in-
cluded. However, the analysis can be easily extended to
include these memories by choosing appropriate parameters
for the main memory.

One of the basic system architectures assumed is similar
to that of SYMBOL-2R computer with dedicated proces-
sors working out of a common memory. Figure 2. The other
organization assumes a collection of general purposes pro-
cessors working out of a common memory. Figure 1.

Building individual processors from basic bit-slice bus
transceivers, micro sequencers and microprocessor chips
imparts a highly flexible and modular nature to the basic
architecture of such systems. Basic building block features
of the microprocessor chips can allow all processors to
appear homogeneous as far as their bus interfaces are
concerned. Particular heterogeneity features can be im-
parted by microprogramming. Microprogramming enables
one to tailor any microprocessor for any particular dedi-
cated function without changing any hardware. Provision of
a small amount of cache memory for each dedicated micro-
processor improves tremendously the performance of the
system?? and reduces the contention for global memory.
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BUFFERED MEMORIES

A sample basic architectuer for any particular processor
is shown in Figure 3.

In most large systems, memory speed is a limiting
throughput factor so that a collection of processors most
likely would aggravate the problem unless memory en-
hancement techniques are employed.

For the systems analyzed, a buffer is assigned to each
processor to enhance effective memory performance. To
alleviate the need for directory searching in all buffers a
write through algorithm is assumed to maintain valid infor-
mation in the main store. Further, in order to enhance
performance, the main memory also is assumed to be multi
module. As noted below, numerous buffer organizations are

The use of buffered memories for conventional and
unconventional computing structures has been the subject
of numerous investigations over the past decade.*™?' As
early as 1962, Bloom et al.,* first proposed the use of a small
associatively tagged memory to enhance memory perform-
ance and termed it a look-aside memory. The memory as
discussed by Lee® and Wilkes® described a ‘‘slave memory”’
to store the most recently used instructions in a direct map-
ping mode. Gibson’ described a buffered memory system in
which multiword blocks were transferred and he reported

COMMON BUS

the effect of various replacement strategies on the percent-
age of words not found in the buffer. Kaplan and Wind
son,* Meade,!! Liptay,® Bell et al.,’»% and Mattson,%-12
have conducted extensive studies on the effects of buffer
size and block size on the miss ration for a variety of
computing environments. They have also reported on the
relationship between the number of classes and the hit
ratio.!’ Pohm et al.,’®~*® have also demonstrated the effec-
tiveness of a parallel buffered memories for conventional
machines. Agrawal et al.,?? have demonstrated the applicabil-
ity of cache memories to highly unconventional computing
structures like SYMBOL-2R.

Effective cycle computation

One of the most important figures of merit of a buffered
memory system is the effective cycle time. Effective cycle
time, by definition, is the average time required by the
whole memory system to provide a memory word. Ob-
viously the primary goal of the buffered memory system is
to provide operand to the processors at a rate sufficient to
keep them continuously busy.

Various parameters which affect the effective cycle time
of a buffered memory system are as follows:?

e Hit Ratio (HR)
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e Fraction of Read/Write ration (FR) FR

e Type of control algorithms

e Number of main memory modules (Block size) and HR
how they are started. X

e Effective delay or wait time for a particular module.

e Effective or average delay for all memory modules. TSRC
TSRA
TFRC
The performance of a multi-module buffered memory TFRA
system has been evaluated for two algorithms. Write TDFR
through and flagged, registered swap'® assuming random TFWC
write requests, misses and flagged words. The following TSRH
notations are used.? DF
The Flagged, registered swap algorithm is generally the
fastest!®” and is compared with the write through algorithm DS

proposed for the system.

Fraction of reads (relative to total number of
memory accesses)

Hit ratio

Fraction of buffer words written after load-
ing from main

Main memory read cycle

Main memory read access

Buffer read cycle

Buffer read access

Data transfer from main to buffer

Buffer write cycle

Directory search time

Delay waiting for main memory to complete
previous operation

Delay waiting for a particular memory mod-
ule to complete previous operation.

Effective cycle time computations for various wriﬁng algorithms are computed as follows

Write through

twr=FR.HR.TFRC

+(1-HR) FR (TSRH+RSRA+DFA +N*TDFR)
+(1-FR)YTFWC OR DS+START.TIME)
of main
mod

which ever is greater

DS=DSR+DSW

=(1-HR)FR(TSRC—TSRA—((N+1)/2). TDFR)
+(1-HR)FR(TSRC—-TSRA—-NNN+1)/2). TDFR+TFRC).(FR.HR)
+(1-HR)FR(FR.HR)TSRC—-TSRA—((N+1)/2) TDFR-2.TFRC)
+ ...

+((I1-=FR)/N) (TSRC-TFWC)

+((1-FR)YN) (HR.FRY(TSRC-TFWC-TFRC)

+((1-FR)/N)) (HR.FR)? (TSRC —TFWC-2.TFRC)

+ ...

+((1-FR)/N) ((1-FR(N-1)/N)(TSRC-TFWC—-TFWC)
+((1-FR)Y/N)((1-FR)Y(N—-1)N)XTSRC-TFWC—-2.TFWC)

Flagged Register Swap

tFRS: FR. HR. TFRC

+(1-HR) FR (TSRH+TSRA+DFD+ 100+ N=*TDFR)
+(1-FR) H. TFWC
+(1-FR) (1-HR) (TSRH+TSRA+DFD+In+(N—1).TDFR)

DFD=DFDR+DFDW
DFDR=DFCR

DFDW=

+(1-FR) (1-HR)X(TSRC-TFWC)

+(1—fr) (1-HR)X(TSRC-TFWC-TFWC).HR

+ ...

+(1-FR) (1-HR) . (1-X) (TSRC-TFWC)

+(1-FR) . (1-X) (TSRC-TFWC-TFWC).HR

+(1-FR) (1-HR) (1-X) (TSRC-TFWC-2.TFCW) . HR?
+ ...

(Assuming TFRC=TFWCQC)
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Figures 4 to 7 illustrate the effect of the two writing
algorithms on the effective cycle time for the memory
systems for the variation of HR with fixed fraction of read/
write ratio, for different block sizes and different speed
discrepancy factors. This speed discrepancy factor is de-
fined as the ration of main memory cycle time to buffer
cycle time. These figures illustrate that, for smaller speed
discrepancy factor, WT algorithm tends to give a similar
performance to the FRS algorithm for all block sizes;
however, as the speed discrepancy increases the FRS
algorithm tends to give better performance. Because sev-
eral buffers would be expected to operate in parallel, the
effective speed descrepancy factor would be large.

Figures 8, 9, and 10 illustrate effective cycle time
variation for the case where the block size is 8 words and
the main memory is interleaved 8 ways. The effective cycle
time is plotted in units of TFRC rather than some absolute
numbers. Without considering the basic processor cycle
time, if just the effectiveness of buffer memory itself is
considered, then we see that even for a lower hit-ratio the

performance improvement is attractive. The effectiveness
of buffer increases with an increase in the speed discrep-
ancy factor. Figure 8 illustrates the case for example of a
200 ns buffer with a 800 ns backing store and Figure 10
illustrates the case of a 50 ns buffer with 800 ns buffer. If
for example eight processors requiring a memory word
every 0.5 usec are operated in parallel, an effective mem-
ory system cycle time of .0625 usec is required to provide
operands at a rate which keeps all processors busy.

Figure 10, for example would correspond to the case of
eight processor, with 0.4 usec buffers operating into a
common 0.8 wsec main memory. Note a hit ratio of .94
would give an effective cycle time of 90 nanoseconds and a
hit ratio of .98 would give an effective cycle time of .65
nanoseconds. In the case of identical processors working
on different problems of a normal mix, Mattson’s'*? and
other experimental data indicate a buffer of about 8192
bytes for each processor would provide a hit ratio of .98.

It has been shown? that for highly dedicated processor
systems a judicious provision of 2K bytes of buffer only, is
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enough to achieve a hit ratio of 95-97 percent, thus improv-
ing the effective speed of the whole system. Thus it appears
dedicated processors make more effective use of buffer
space. This appears reasonable because code required to do
the dedicated task would tend to remain resident.

ECONOMIC ANALYSIS

An economic analysis is given in Table I for a variety of
buffered memory systems to illustrate the economic effec-
tiveness. The costs which are assumed for the analysis are
given in Table 1 and represent 1976 typical OEM price
levels. The example computed fits the worst case in which
identical processors requiring larger buffers are used.
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Cost analysis

= number of main memory modules
= number of pages/module

= number of blocks/page

number of words/block

number of blocks in the buffer

= number of flag bits/buffer directory word
= number of bits/word

Beos: = Buffer cost/bit

M.t = Main memory cost/bit

P.st = Priority update list cost/bit

D.s: = Directory cost/bit
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TABLE I—Memory System Costs

Main Memory 0.3¢ (0.8 pe sec)
Buffer Cost 1.5¢ (400 ns)
Priority Update List S¢/Bit
Directory S5¢/Bit
Buffer Controller $400
Main memory Buffer
1024 Blocks 512 Blocks 128 Blocks 256 Blocks
No. of Modules=8 65,536 Bytes 32,768 Bytes =8.192 Bytes =16,384 Bytes
Total Cap Cost Cost % of Main Cost % ofMain Cost %ofMain Cost % of Main
512K Bytes $12,582 $1617  12.85 $2829 225
1,024K Bytes $25,165 9556 38% 4828 19% $1630 6.43%  $2855  11.25%
2,048K Bytes $50,331 9700 19.2% 4745 9.5% $1643 3.22%  $2881 5.6%
4,09K Bytes $100,662 9800 9.7% 4300 4.8% $1656 1.61%  $2907 2.8
Using these notations All of the sample computations were made assuming
Main Memory Cost=M(N. M. B. W. §) modules large enough for iarge computer application. The
Buffer Cost =Buffer memory cost basic word lengths is 64 bits and the virtual memory is
+Buffer directory cost organized to be as big as 16 million pages (with each page
+Priority update list cost being 2K bytes). The main store modules are assumed to
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have .8 usec. cycle time. The total number of blocks in the
buffer of a particular dedicated processor is highly depend-
ent on the particular processor, its behavior and the dura-
tion of its use by any particular job. However, the cost
computation is carried out with 8 main memory modules
when 8 modules are interleaved, it is assumed that about 3
modules can be kept busy continuously.

The cost analysis was carried out for a multiclass cache
organization as well. Buffer cost is a function of the size of
the buffer directory and update list and directory cost is a
function of the type of address translation schemes. The
major cost of the buffer memory is the memory price itself.
Directory update list and switching network typically repre-
sent less than 50 percent of the cost. As shown in Table I,
adequately sized buffers can be supplied to each processor
for modest increases in the cost per bit for a memory
system. Main memory can be of modest performance and
each individual buffer can be of modest performance which
reduces the cost of the memories.

CONCLUSIONS

Multiprocessor systems consisting of a collection of stand-
ard processors or dedicated processors can employ a cache

NUMBER OF MODULES = 8
WI Algorithm
TSRC = 8 TFRC

Effective Cycle Time
in Units of TFRC

Fraction of Read-Write
(FR)

Normal Operating Region

Figure 9

memory for each processor to achieve the required memory
system performance.

By use of a write through algorithm, an updated copy of
all information is maintained in the main memory and
multiple directory searching is not necessary. Simultaneous
searching in a group of buffer memories would require
extreme speed and would require all buffers to be located
physically together to limit propagation delays.

In the memory system, discussed both the main memory
and the cache memories can be of modest performance. In
the design example shown, the main memory was assumed
to have a cycle time of 0.8 usec and each of the eight
caches have a cycle time of .4 usec. In terms of memory
throughput, the arrangement provides 10 times the memory
performance assuming worst case cache memories sizes of
4096 to 8192 bytes each.

For main memories of one to four million bytes in an
eight processor system, the memory system cost/bit is
increased from 20 to 5 percent respectively over that of a
single 0.8 usec main memory in the worst case.

Experimental evidence indicates much smaller cache
memories can be used with systems with dedicated proces-
sors than with systems with general purpose processors.
Overall, the system has the attractive feature of not requir-
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Cache Memory Systems
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Choosing a medical billing system

by JEFFREY ROTHMEIER

University of Massachuseits Medical Center
Worcester, Massachusetts

ABSTRACT

A billing system is fundamental to the financial survival of
an institution. Choosing one requires considerable manage-
rial skill and mistakes are easy to make. Several factors
have an impact on the decision-making process. These
include environmental, managerial, technical and planning
considerations.

Among environmental considerations, the organizational
dynamics and organizational structures are most important.
The system can be managed in several ways; in-house
approaches, use of service bureaus and use of facilities
management firms are among the most common manage-
ment methods. Flexibility, on-line versus off-line systems
and the use of large or small computers are major technical
considerations. These also have considerable impact on
costs. As in most important decisions, the relationship of
the billing system to a long-range computer plan should be
carefully thought out.

ENVIRONMENTAL CONSIDERATIONS

Most medical institutions make a clear distinction be-
tween the segment of the organization which deals with
financial management and that segment of the organization
which deals with daily administrative operations. This can
cause considerable problems in impiementing a general
computing system because the information necessary to bill
patients is a subset of the information necessary to deal
with patients for purposes of medical record registration
and daily care activities.

Differences in data collected have to do with the types of
data that are emphasized. For daily operations in a hospital,
for instance, the most important thing may be to know
where the patient is located; for billing purposes, it is
important to know who the guarantor is and what insurance
applies. Numbering systems may also be a source of
differences. Each individual ancillary service frequently
maintains an accession number and it is not unusual to have
different numbering systems for medical records and billing
or different systems for outpatients and inpatients. These
differences can affect the choice of a billing system. In
order to effectively choose an overall system, it is essential
that a person be identified who has some influence on all
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aspects of the medical organization so that differences can
be reconciled.

Perhaps the most important environmental consideration
is the level of patient activity. In most computing systems
there is a fundamental number that determines the kind of
system or the power of the system necessary to do the job.
Probably the most sensitive number here is either the
number of beds or the number of outpatient visits.

The scope of activity is another important environmental
variable. The division between inpatients and outpatients or
physician and hospital billing can be extremely important.
The range of services is a very crucial consideration. Not
all billing systems are complete. Consideration of whether
or not records from patients who are seen outside of the
institution in outlying clinics introduce additional adminis-
trative problems. In clinics or community hospitals, the
scope of activity is much less than those of a medical
center. The computing system requirement is correspond-
ingly decreased.

There may also be operational restraints that greatly

affect the choice of the billing system for a particular
environment. These are in part, a product of the adminis-
trative organization but there may be a valid historical
precedence which the individuals who are providing the
services are committed to. Attempting to change these by
administrative fiat may cause more problems than they
solve.
"“Finally, in many environments, change is frequently a
difficult concept. This means that the consideration of
installing a new system may be blocked by those people
who are comfortable in the jobs that they currently have.
The dynamics of an environment can be an important
variable in determining whether installation of a new sys-
tem is at all feasible. If the level of inertia is high, a
complex billing system should not be considered.

MANAGERIAL CONSIDERATIONS

There are three basic ways that one can install a billing
system within a medical environment:

1. One can run the system on one’s own facilities within
the institution.
2. One can purchase services from a service bureau. This
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can be done in several ways. Terminals can be con-
nected to the service bureau or mail receipt of and
transmission of documents between the service bureau
and the facility can be used.

3. A vendor can set up a computer center within your
facilities and establish a price for their people to do
the job.

Each of these approaches has advantages. The particular
approach that should be taken depends upon the environ-
ment one is in. In general, the in house approach is more
attractive to larger environments, i.e., environments of
more than 300 beds or more than 5000 outpatient visits per
month. Whereas, the shared service approach is generally
desirable for smaller environments. The in-house approach
has more in common with the facilities management ap-
proach than using an outside service. It does remove from
the management of the institution the responsibility for the
facility and may make the costs more visible since they are
a visible part of accounts payable. However, management
does have less control over the program than with a totally
in-house system. Many observers also believe that though
the costs are more visible, they may also be more expen-
sive. This consideration would depend upon the efficiencies
and abilities of a particular institution to manage a com-
puter facility. Obviously, if an institution has no in-house
expertise and does not choose to develop any, a shared
service or a facilities management team should be consid-
ered. In-house approaches are particularly important when
the system is designed to be very responsive and innovative
to local users. Shared services can only implement systems
that many users will also find useful. They will usually
charge a great deal for changes which appear to them to be
of value to a single institution. In many situations, a
combination of these approaches may be appropriate. For
example, if registration is fundamental to both billing and
medical record storage and retrieval, this may be a function
that would appropriately be done in house. This system
could feed information to a billing system for physicians
since it may have unique characteristics in which one may
not want to develop in-house expertise. In some instances,
technical considerations, like expertise with physician bill-
ing, expertise with outpatient billing or familiarity with
inpatient billing may determine the approach for choosing
the system in each of these three areas. In other instances,
pressures from individuals within or without of the institu-
tion may be the fundamental considerations. It is very
likely that most of the choices depend on combinations of
pressures. This may be a fundamental reason why there are
so few examples of outstanding billing systems in the
United States today.

Finally, it would seem that with the many years that
billing systems have been in existence that they would be
refined to the point that it would be immediately obvious as
to when one system was superior to another. This is
however, not the case. The inability to agree on payment
priorities for third party billing have also had a major
impact on the variety and quality of systems. Billing within
the health industry differs from that in other industries,

primarily because the person to whom the bill is sent is not
usually the one who pays the bill. More often it is a third
party who will pay all or part of the bill. Someone has to
decide which third party should pay first. It is often
possible to separate the quality of one billing system from
another by carefully exploring the ability to do prorating.

Reporting requirements from third parties, particularly
those of state insurance and federal insurance agencies can
also be important considerations in choosing the billing
system.

TECHNICAL CONSIDERATIONS

There are a variety of technical considerations which can
go into the decision for choosing a billing and accounting
system. Perhaps the most fundamental of these is whether
an online system or a batch system is desired. As in the
case of the divisions between in-house systems, shared
systems and facilities management systems, a combination
of the two can also be considered. The current trend is
toward online systems, but there are still only a limited
number of vendors who make them available. In addition,
the terminology is not very precise and one vendor’s online
system may be another vendor’s batch oriented system. For
instance, simply entering the data online at a terminal does
not necessarily mean that the system is online. If in fact the
information is not merged into a file for twenty-four hours,
then such things as inquiry as to the current status of a
patients bill or in particular, having a reasonably accurate
bill for an outpatient before they leave the facility will not
be possible. It is fair to say that for many aspects of billing,
it is not necessary to be totally online. However, as the
costs of the hardware continue to decrease, the gains that
can be achieved from being online, particularly in the areas
of file editing, which insure that files are accurate and for
inquiry purposes by a cashier are not to be underestimated.

Another technical consideration that has an impact both
on the style of computing and on the cost of computing has
to do with whether to choose a minicomputer or a large
scale computer. Until very recently, for hospitals in excess
of 300 beds, only large scale computers were available. This
is no longer the case. Furthermore, the complexity of large
systems has become such that it is no longer true that if you
double the size of the computer, you will increase the
efficiency by a factor of 4. At a certain level, it is even
questionable as to whether the efficiency increases at all as
the size of the computer increases because of the large
overhead costs as the system grows. This applies both to
people and to the support of a multiplicity of systems and
languages. In addition, if there are too many functions on a
large scale computer, it can be difficult to establish priori-
ties. If billing and accounting is one of many functions and
payroll is another, there may be sharp disagreements within
an institution as to which should come first if equipment or
other problems require a delay in schedule. The back-
ground of people who relate to small computers or large
ones is generally different. There are few computer special-
ists today who feel comfortable with both minicomputers



\O
~

Choosing a Medical Biiiing System

and large scale machines. The above two fundamental
technical decisions can greatly influence the options which
a particular institution has available for a billing system.

Another technical consideration is related to the exper-
tise in the billing office. The extent of the reporting that is
required is directly related to the sophistication of the
people using the reports. Also, some people are willing to
do some things manually rather than require the computer
to do it. There is a delicate balance between whether the
energy to implement a function on a computer justifies it
when a person may be able to accomplish the same function
with a couple of days of effort each month. Generally, there
is a way to distinguish one system from the other by
comparing the number and quality of management reports
that the system produces.

The timeliness with which the reports are produced and
the operational difficulty required to produce them are
other considerations. Proraticon is another important consid-
eration. Very few systems today do a complete and accu-
rate job of prorating the hundreds of different insurance
plans which many institutions have to deal with. There are
some managers who feel that they would prefer not to have
the computer perform this function. This is especially true
if it is poorly done. As computing systems do this more
accurately and produce complete and usable claim forms,
this undoubtedly will be an important part of the decision
process in choosing billing systems.

The comparison of systems by the types of reports
produced can be very difficult. Generally, the best way to
do this is to spend the time with the vendors to hear their
point of view and also rely on managerial people within the
institution who have had extensive billing experience. Prob-
ably the most important thing is to obtain the opinions of
other users who have had experience with the billing
system under consideration. This can be done in several
ways. The ideal way is to make an in-depth visit to the
system under discussion. If this is not possible, names of
people who have had experience can be obtained and they
can be called. Finally, one can try a written survey. Both of
the latter two methods may not give sufficient information
in order to make a reliable judgment.

Fiexibility is another fundamental technical considera-
tion. It is probably one of the most difficult to measure.
Nobody would like to admit that he isn’t flexible and
generally, if one asks specific questions as to whether this
report can be changed or that can be changed, one will get

from vendors at least a guarded probable yes. It is only
when one asks for a commitment in writing that one finds
how flexible the system really is. It is very important to
write a contract which spells out in as much detail as
possible those important considerations and how they will
be accommodated.

Reliability is fundamental to all operations. If possible,
one should obtain the up time characteristics for any
system under consideration. This is very difficult to do and
only through discussion with other users can one truly tell
whether a system is or is not reliable. Lack of reliability can
cause some of the greatest frustrations among the opera-
tions people within a computing department and can be a
fundamental reason for lack of performance within an
institution.

Finally, one of the often talked about technical issues and
this is both a technical and a managerial issue, is security.
Recent fair information practice legislation has made it
difficult to interpret how much security is really desirable
within a medical computing system. Nonetheless, it ought
to be a conscious decision to make the information avail-
able and not something that happens by accident. Security
is related both to the technical and managerial aspects of
the system. A batch oriented computer system with tight
controls on the distribution of the hard copy is the most
secure. A dial in time sharing system with no security codes
on any files is the least secure. It should not however, be
assumed because there are terminals on a system, that it is
less secure than one without. Each computing environment
can take steps and provide security even with a large
number of terminals.

PLANNING CONSIDERATIONS

The choice of a billing and accounting system ought to
take into consideration long range planning. This can be
done by trying to project total costs over a suitable time
period in the future. This should include costs for equip-
ment, outside contracts, internal people costs and operating
budget for supplies. A typical example of such a projection
tor a 400 bed hospital with 100,000 outpatient visits per year
who has a desire to interface the billing system with a
patient information system can be seen in Figure 1. Each of
the items within a plan should have more detail which
breaks it down into individual functions and individual

Billing
Patient and
information accounting Pharmacy Laboratory Radiology Total
FY77 72,500 — — — — 72,500
FY78 87.100 74,172 52,200 — — 213,472
FY79 71,200 74,172 36,300 234,000 — 415,672
FY80 56,800 74,172 11,800 24,000 106,000 272,772
FY8i1 61,400 74,172 11,800 24,000 21,800 193,172
Totals 349,000 296,688 112,100 282,000 127,800 1,167,588

Figure 1—Summary of direct costs



968 National Computer Conference, 1977

people and equipment. This will make it possible for a
managerial review team to determine whether the costs are
in fact being accurately projected and review on a regular
basis the progress of the plan.

Finally, the type of billing and accounting system one
chooses can be affected a great deal by the relationship of
the billing and accounting system to other systems. I
mentioned before the importance of registering patients.
This is a good place to begin computerization. Hospital
programs which do this are generally referred to as admis-
sion, discharge and transfer systems. Use of such a system
provides the fundamental base for many other activities
within the institution.

It would also seem that starting with information systems
that are helpful to the physicians, the nursing staff and
other clerical people can obtain support and finally result in
a successful installation of a billing system. Thus, beginning
with systems that provide timely lab results, timely x-ray

reports and smooth pharmacy operations, have considerable
merit. Frequently, however, it is the case that the individu-
als who function in these service areas have little experi-
ence with the use of computers. Increasingly, their col-
leagues in other institutions may tell them that they could
function more effectively with this tool. However, it is still
most common to begin computerization in a medical envi-
ronment with billing and accounting. In summary, the
choice of a billing and accounting system must take into
consideration several important factors. Perhaps the most
important one is the individual environmental peculiarities. I
think we can expect these to be less significant in the future
as federal regulations increasingly begin to create uniform
data basis, uniform reporting requirements and control
many operations previously within the purview of individual
institutions. The complexity of a billing operation will
continue to make choosing a system a difficult venture for
some time in the future.



Designing software for the minicomputer business
data processing environment—A case history
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ABSTRACT

The design of software for the minicomputer business data
processing environments poses significant practical design
problems. This paper deals with the history of the design
and implementation of a specific system for that environ-
ment. Changes in the system design due to problems in the
operational environment are examined. Conclusions are
made concerning the design of the system.

INTRODUCTION

The problems experienced in designing and implementing
software for the small business environment provide impor-
tant lessons that illustrate the problems involved in apply-
ing computer science principles to solve real life demands
on a computer. In this case, the application of interest
involves the design of a general-purpose accounting system
for medium to large scale automotive dealerships. Certain
aspects of the accounting system design (such as selection
of hardware, programming language, and operating system)
were not negotiable. This was due to the fact that the
accounting system to be developed was to run on an
existing minicomputer system already being marketed to
automotive dealerships.’

THE DESIGN GOAL

We were required to implement a double-entry account-
ing system with on-line data collection, validation, and
posting of accounting transaction data. Current account
balance information was to be available for demand inquiry
at terminals. In addition, the system had to produce gener-
alized schedules of account activity as well as conventional
general ledger and journal reports. The system had to be
able to retain information about 30,000 to 60,000 account
debits and credits.

HARDWARE/SOFTWARE ENVIRONMENT

The system to be developed was to operate within the
framework of an existing operating system and application
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program. The software runs on a Data General NOVA 3/12
minicomputer. The software system supports an automo-
tive warranty system, a payroll system, and a parts inven-
tory system, as well as the accounting system. The lan-
guage used in this development is BASBOL (BASic
Business-Oriented Language). This is an extended version
of a multiuser BASIC, with extensions appropriate for
business data processing. BASBOL contains variables and
constants of extended precision as well as elaborate output
formatting capabilitiecs. BASBOL is an interpretive system.

Typical systems in the field have four or five interactive
user terminals on one NOVA 3/12 CPU. In addition to
having a terminal in the business office, terminals are often
available in the parts department, the service department,
and in the office of the owner or business manager. A
typical system is illustrated in Figure 1.

The file system is maintained on a 10 million byte disk
and provides access to two types of files: (1) random-access
files that are byte addressable, and (2) limited indexed-
sequential files that allow quick access to a specific record
but require batch updating for addition of new records.

It is important to note that, at the time of the initial
system specification, we were told that a tape drive would
become available for the real-time journalizing of account-
ing transactions entered on-line.

Because of constraints imposed by the availabie memory
space and due to the size of the operating system, no
accounting program could be larger than 5000 16-bit words
in length. An overlay feature was available in BASBOL but
it was too slow to allow for frequent use.

INITIAL DESIGN DECISIONS

As stated, this system is designed primarily for use by
automotive dealerships. Until the introduction of this sys-
tem, the accounting and other functions were either done
manually or by a ‘‘service bureau’” which would receive
information from the dealership and return reports accord-
ing to some schedule, usually a brief daily report with more
detailed weekly, monthly, and/or annual reports. Such
systems typically utilize large sorts and data selection
software supported on large computer systems with much
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ACCOUNTING BUSINESS
DEPARTMENT OFFICE

USED FOR DATA CRT

TRANSMISSION TO CRT
MANUFACTURER'S AUTOMOTIVE
WARRANTY SYSTEM
PAPER TAPE
PUNCH
PARTS
NOVA 3/12 CPU DEPARTMENT
32,768 16 BIT CRT
WORDS OF
MEMORY
LINE PRINTER I
300 LPM
SERVICE
DEPARTMENT
DISK STORAGE CRT
S MB FIXED
5 MB REMOVABLE

MB - MEGABYTE
CRT - TELETYPE COMPATIBLE CRT TERMINAL
LPM - LINES PER MINUTE

Figure 1—Typical system configuration

1/0O capability. In our case, we were to use much smaller,
slower hardware with limited I/O capability. Demands by
other users for input/output and the limited I/O band width
of the hardware made heavy I/O demands involving the
disk prohibitive from a time standpoint. We needed to
choose a disk structure for our system that would keep the
number of disk accesses required during execution to a
minimum.

Double-entry accounting systems have two major data
structures. The General Ledger contains one entry for each
account. A typical automotive dealership will have from
300 to 500 accounts. For each account, the system must
have available the current balance figure. In order to
produce the required reports, the system must actually
retain much more information than this for each account.
Other information retained included the account title, the
balance at the start of the month, the account ‘‘password”’
(used for protection of information in the interactive envi-
ronment), and information telling which journals have
caused changes in the account balance.

The second major data structure contains the journals.
Journals contain the accounting transaction entries—modi-
fications to individual accounts. These entries modify the
account balances in the general ledger. Journals are usually
defined to contain only transactions of a specified type
(e.g., new car sales journal, parts & accessories journal,
cash disbursement journal).

In a manual system, information is entered regularly into
the various journals. Periodically, the general ledger is
updated to reflect recent journal entries. For our automated
system, we decided to transmit journal information to the
general ledger immediately, so that general ledger balances
were always current and available for inspection from any
terminal. As a result, journals in our system contain infor-

mation which is-historical, in the sense that the entries had
already been reflected in the general ledger.

It should also be noted that an individual transaction (e.g.,
an individual car sale or purchase) will result in no net
change in the general ledger. That is, amounts are trans-
ferred from one account to another or the same amount can
be added to one account and subtracted from another, but
the sum of all account modifications for an individual
transaction must be zero.

It was necessary for our system to provide a data
structure for retaining transaction information so that
**schedules’ of account activity could be printed. Basi-
cally, a schedule is a record of all transactions which affect
a given account or group of accounts. All transactions
involving the specified accounts appear on the schedule,
regardless of which journal was used to enter the transac-
tion. An example of a common schedule is the accounts
receivable schedule. An entry is made to the accounts
receivable account when a charge purchase is made for
which the car dealer will later issue a bill. By scheduling
this account, a listing of all transactions involving that
account can provide much information about which cus-
tomers have paid their bills and which customers have an
outstanding balance. Typically, the information on the
schedule is sorted so as to facilitate use of the information.
Additionally, information gained from processing schedules
may be used to remove transaction data which is no longer
of interest (such as removing detailed information about a
bill which has already been paid).

To implement the system we used two files. The first is
an indexed-sequential file that contains the general ledger
accounts and balances. It is not often that account numbers
are added to or deleted from the general ledger, so the need
for a batch run to accomplish this was not a serious
disadvantage. The primary purpose of the general ledger is
to be able to access information about individual accounts,
including account balances.

The second file is known as the transaction data base.
This is a random access file which contains ail of the
individual accounting transactions maintained for historical
purposes. This is a relatively volatile file that must provide
for quick record deletion and addition. To achieve this goal,
plus the goal of maintaining journal and schedule structure
among the entries, we selected a linked list structure. The
structure used is shown in Figure 2. For easy deletion of
records, all lists are doubly-linked, except for the free
record list in which deletions and additions are always done
at the head of the list.

The initial choice of the general ledger and transaction
data base formats proved to be useful. The structures
remained essentially unchanged from inception of the pro-
ject through production use, even though other parts of the
system changed.

One unfortunate side effect of using the linked structure
in the transaction data base was the necessity to develop a
number of support programs to initialize the file, to dump
its contents for diagnostic purposes, and to provide list
manipulation facilities for other programs in the system.

The time from system design to the shakedown phase
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TRANSACTION DATA BASE FILE FORMAT

PROLOGUE DATA AREA

PROLOGUE - CONTAINS INFORMATION THAT DESCRIBES THE FILE.
IT CONTAINS LISTHEADS FOR THE JOURNAL LISTS, THE
SCHEDULE LISTS AND THE FREE RECORD LIST.

DATA AREA - CONTAINS ALL DATA RECORDS, BOTH FREE AND

ALLOCATED.
DATA RECORD FORMAT
JOURNAL
4 SCHEDULE
LINK DATA FIELDS
FIELD LINK FIELDS

‘DATA RECORD - CONTAINS BOTH DATA FIELDS AND LINK FIELDS.
EACH LINK FIELD CONTAINS A FRONT AND BACK POINTER.
A RECORD CAN BE ON ONE JOURNAL LIST AND FOUR
SCHEDULE LISTS SIMULTANEOUSLY OR ANY COMBINATION

THEREOF .
FREE LISTHEAD
F F F
JOURNAL LEGEND

LISTHEAD

TABLE Sn - RECORD IN SCHEDULE n

Jn - RECORD IN JOURNAL n
F - FREE RECORD

SCHEDULE
LISTHEAD

THE FREE RECORD LIST IS A SINGLY LINKED LIST. BOTH THE JOURNAL
AND SCHEDULE LISTS ARE DOUBLY LINKED. THE MAXTMUM NUMBER OF
ENTRIES TN EACH LISTHEAD TABLE IS DETERMINED DURING INSTALLATION
OF THE ACCOUNTING SYSTEM AT A PARTICULAR SITE.

.. Figire 2——Transaction data base file. stoucture

consumed approximately three months of part-time work.
When we began serious system testing, we discovered that
one of our most dread suspicions had indeed been well
founded. The program which collected accounting entries
on-line, posted the general ledger and updated the transac-
tion data base was much too slow. The program needed to
run fast enough to allow input of data to the terminal with
only a delay of a few seconds between account transac-
tions. Instead, delays of 40 to 50 seconds were occurring
between transactions involving only six or seven different
accounts. This was not acceptable, especially since it was
not uncommon for transactions to involve that many ac-
counts. Thus, we had a problem. The difficulty was in the
great number of disk arm positionings required to perform
the list manipulations in the transaction data base. Since ali
additions to lists are done at the start of the lists, the

solution decided upon was to implement a software sup-
ported cache to contain the free listhead and heavily-used
journal and schedule listheads in core, updating them on
disk when on-line data entry activities were completed.

The cache solved the problem of program execution time
by reducing drastically the number of disk operations
required to perform the needed list manipulations. At this
point in system development, the system was distributed to
two customer sites for installation. Little did we suspect the
nature of the problem that would next confront us!

Even though we had been told that there would be a tape
drive with which to record on-line data entries for use in
recovery from system crashes, the drive did not material-
ize. At first this did not seem to be a serious problem. Then
we began having system crashes on our computer, due to
hardware malfunctions. Since we were knowledgeable com-
puter users and understood how to restore the disk, such
problems were only a minor set-back to us. But in the field
at the production sites, there were no users knowledgeable
in the ways of the computer.

System crashes at production sites when the cache was
used spelled disaster for the integrity of the transaction data
base. Since the updated listheads were core resident, a
crash meant that the new listhead values were lost even
though the list elements themselves were already modified.
The net result was that the free listhead on disk (the old
value) now pointed to a record that was linked onto a
journal list. The transaction data base was now a trap for
the unaware user! When the system crashed and destroyed
the data base’s integrity, the file could still be used for a
short period of time for data entry without signs of its being
defective. The user had no idea that disaster had befallen
his file, rendering it useless in producing meaningful re-
ports. Since some of these files at the point of failure had
accumulated 10,000-20,000 transactions, the need for reen-
tering the data tended to render the customer somewhat
less than enthusiastic about the system.

Our response to this problem was twofold. First, a
systematic backup procedure was instituted. None of the
other software systems on the computer was as sensitive to
machine failure as the new accounting system. Before the
accounting system was delivered, users had backed up the
disk on a rather casual basis. Second, we developed a
simple data structure testing program known as VERIFY,
to give the user a way to determine whether or not the
transaction data base is intact. VERIFY performed the
rather simple function of checking to see that all of the
records on the free list were indeed free. This is possible
since a record not allocated to a journal or schedule has a
null back pointer value in its link fields. Also, VERIFY
made sure that the sum of all account balances in the
general ledger was indeed zero. System failure in the
middle of updating account balances for a transaction could
have made the general ledger totals inconsistent. Thus,
VERIFY could warn a user if the transaction data base or
the general ledger was damaged, and the user could then
restore from a backup disk, losing only transactions entered
since the previous backup.

A computer being used by knowledgeable people is in
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friendly hands. Our system was being used by people with
absolutely no computer knowledge and was in hostile
territory. First, the users refused to follow backup proce-
dures conscientiously. Second, they continued to enter data
even when VERIFY informed them that something was
wrong.

At this point, we were somewhat astounded as to what
had become of our attempts to assemble a relatively simple
on-line data entry system. Two things became clear to us.
First, for economic reasons, the system would not have a
tape drive for retaining the entered data. Second, we had to
reduce drastically the amount of time that elapsed while the
transaction data base list manipulation routines were ac-
tually being used in order to reduce the possibility that a
system crash would damage the integrity of the data base.

Our answer was to collect the accounting transactions in
a disk file and defer making the entries in the transaction
data base until a later ‘‘batch’’ run. In the original on-line
design, a person might spend three to four hours at the
terminal entering accounting transactions. During this en-
tire time period, the critical listhead pointers would be
maintained in core. A hardware problem at any time during
this period would have the potential of destroying one or
both of our main files.

By collecting the entries into a file and adding them to the
data base in a batch mode, we were able to reduce our
vulnerable period to only 10-20 minutes each day. One
interesting result was that the person performing the data
entry noticed no change in the operation of the system,
except that the data entry process was much faster. This
was due to the fact that list processing was not being
performed at data entry time. Instead, we were simply
collecting entries in a sequential file after insuring (by
checking the general ledger) that only valid account num-
bers were being used and that the sum of the dollar
amounts for each transaction totalled to zero. This insured
that adding the amounts to the general ledger during the
“‘batch’’ update would not make the ledger out of balance.
By collecting entries in this way, the user could run the
“‘batch’” program to transfer entries to the two main files at
any time during the day. Additionally, in the case of a

system disaster that did damage the files, backup was
usually possible with no loss of data since all of the current
day’s.entries were in a sequential file that was generally not
affected by a system crash due to its simpler structure. At
the end of the day, users were instructed to run the
VERIFY function. VERIFY would now insure that all
entries into the sequential file had been transferred to the
transaction data base and that the account balances in the
general ledger had been updated.

SUMMARY

The system has been in production use for over one year. It
has proven to be a reliable system which has been extended
to meet needs discovered since the original design. With the
change from on-line file update to deferred batch updating,
system failures have not been a serious problem.

The data structures chosen initially proved to be suitable.
In retrospect, our major design error was failing to plan
properly for the environment in which our system would be
running. The problem of developing a reliable software
product for the business-oriented minicomputer is not one
to be undertaken lightly. We should have initially spent
much more time designing the system to be durable in the
face of hardware and software crashes as well as less than
perfect behavior by the user.

Small business oriented computing is an area that is
growing at an increasing rate. However, success in this area
seems to be greatly affected by the reliability of the systems
that can be delivered. In such systems the designer should
first view the system design from the standpoint of reliabil-
ity. Without operational reliability and durability, the sys-
tem will be of little value to its users.
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What to look for in distributed

(source) data processing

by W. HARRY VICKERS
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ABSTRACT

Non-traditional concepts about distributed data processing
can change your way of thinking and planning for a system.
In this paper, it is suggested that the term source data
processing is more descriptive of what this subject is all
about. It tells everyone immediately where the processing
is taking place—at the source of the data, not at some
arbitrary place widely dispersed from the central processor.
It presents some guidelines for integrating this technique
into existing systems and strongly recommends the need to
insist on simplicity of design so that everyone can take full
advantage of this management tool. Cautioning against
limiting one’s scope to only the COBOL world, it encour-
ages readers to take a look at the newer software systems
and to keep an open mind relative to technology.

INTRODUCTION

Some rather important concepts have recently been made
available on computers designed for source data process-
ing. Typically, these concepts are non-traditional, non-
standard. But, with source data processing, where there is a
high degree of personal interaction with a data base on a
small system, the traditional concepts. are nat always. the
best concepts. In fact, distributed processing itself is non-
standard!

In reading this paper, I hope you will keep an open mind
relative to technology. By this, I mean more than hardware
technology. Software technology (usually in a lower profile)
is the subject that today challenges some traditional con-
cepts held by the EDP establishment. ANSI, CODASYL
and similar groups have not really gotten their heads out of
the trees long enough to look at some of the newer, more
exciting non-traditional, non-standard concepts available on
computers designed for distributed (or source) data proc-
essing. Don’t limit your scope only to the COBOL world or
you’ll miss out on a good bet. Remember, the traditional
concepts are not always the best.

As a matter of fact, the traditional words describing what
we are talking about do not always do the best job. The
semantics in the field of data processing can often cause
even the most sophisticated computer professional some
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confusion. Does anyone know, for example, if distributed
processing, distributive processing, dispersed processing,
and computer networks mean the same thing or something
different? Consistent terminology is a key to understanding
the plan of action to be discussed. In this paper, the term
““‘Source Data Processing’’ is used to portray—quite viv-
idly—where the data processing is taking place. It means, at
the source of the data or in the using department. The
action is not happening at some arbitrary place, widely
dispersed or distributed from the central processor through
a computer network.

Granted, some data processing may make use of a
network arrangement, but you actually think differently
when you do your planning while standing at the central
processing unit (implied by the term distributed) than you
do if you put yourself right at the source of the data. When
you think and plan from the source point of view, some
interesting developments take place. Before looking at
these, it might be well to review some reasons for wanting
to process the data at the source.

WHY PROCESS AT THE SOURCE OF DATA?

Some companies firmly established with a centralized
computing sysiem, may question the need for processing
data anywhere else. The same can be said for other
companies who may be designing their first system. So, the
valid question—**‘Why process at the source of data?”’

One of the factors in the trend toward source data
processing is pressure by departmental managers for their
own computing capability. Depending upon how far a
company has gone toward having P & L oriented depart-
ments, the magnitude of the pressure varies. The more an
organization says, ‘‘the manager shall be sensitive to his
own profit,”” then the more that manager will respond by
saying he needs some tools to help run his department
efficiently. The computer happens to be one of those tools.

Also significant in allowing the trend toward source data
processing is the availability of computer knowledge and of
system software. As few as five years ago, the lack of this
availability would have made source data processing out of
the question, whereas today, it is completely realistic to
plan and implement in this direction.
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Programming knowledge, in particular, is much more
widespread than it was five to ten years ago. This is a
standard subject in most high schools and colleges, and the
computer industry itself has trained a lot of people. A lot of
managers and clerks in using departments now have at least
a minimal understanding of computers and are not afraid of
them. And the maturity of systems software today means
that you can have many features of a mainframe operating
system running on a small minicomputer. Features such as
virtual memory, high level languages, data base technology,
and simultaneous operation of many functions are available
in today’s minicomputers.

These are intangible reasons to consider processing at the
source of data. However, unless the underlying economics
dictates that this is the best plan, it will never happen. Used
in this context, the word ‘‘economics’’ means: the econom-
ics of running a total business. This is partly the economics
of collecting and using accurate data. It also includes the
cost of delay, the cost of stockouts, the cost of customer ill
will—all due to inaccurate or out of date data.

I stress the economics of accurate data because there is a
big distinction between accurate data and any other kind.

Accurate data is expensive to get, compared to the other
kind. You have to check it for consistency several ways;
have it visually approved by someone; and finally checked
against your master files. You have to catch errors that can
creep in at any point where human voice, hearing, sight, or
hand is involved.

When you consider all the clerical personnel involved in
these tasks as well as in the typing, filing, and transporting
of data; when you consider the computer time devoted to
preprocessing for validity checking; and when you consider
the costs of correcting misteaks (sic) that sneak through
anyway, you will agree that the cost of collecting accurate
data is indeed the largest cost.in any data processing
operation.

There are several cost trends that affect your decisions
today. Hardware costs have been in a very steep decline for
a number of years. The microprocessor has brought about
dramatic cost improvements, and over the next few years
we are likely to see considerable speed improvements.

Even the large computers are using small computers
internally. Semiconductor memory has pushed down the
prices of all forms of main memory. Disk storage costs have
dropped by a factor of 25 since 1970. Data communications
costs have also dropped, although not nearly so dramati-
cally as computing hardware.

On the other hand, labor has gone up an average of eight
to ten percent a year; and, in many places, it is hard to find,
train, and keep quality people. So quite clearly, the eco-
nomics are saying, ‘‘Use more hardware if it will save labor
or, if it will make labor more efficient or more effective.”
The fact that profit sensitive managers are pushing for
source data processing, or their own computer, is good
evidence that the economics are in favor of it today.

SOME NON-TRADITIONAL CONCEPTS

With that in mind, and the feeling that source data
processing is a viable management tool—one that you may

end up with whether or not you plan for it—let’s explore
some of the nontraditional concepts available today.

One important concept is using the computer to guide the
operator through all his tasks, including tasks that are part
of the basic system as well as tasks that are part of the
specific application. Typically, this is done with a question
and answer approach called menus or help lists. This allows
a new operator to quickly learn operational techniques in a
step-by-step approach.

Another concept is that the data structure and program-
ming language should be different for a multi-user transac-
tion processing environment than for a batch processing
environment. Unfortunately, most ‘‘standard’’ languages
have evolved from a batch processing environment. The
result is an attempt to add a data base structure on top of a
batch processing structure rather than starting over. That is
fine if you want to sell hardware, especially memory. A
system designed from the ground up can work in '/1oth of
the main memory of a traditional system.

In addition to these concepts, there are several funda-
mental guidelines to follow if you intend to decentralize
your computing operations or go to source data processing.

First, although it seems axiomatic, you should plan. Plan
now for source data processing before it sneaks up on you
and you get it by default. If you wait, you will end up with a
hodgepodge of equipment and no single source to refer to
for knowledge about the overall operation. This is not
necessarily a bad thing, but you lose some of the flexibility
that you can have by planning in advance.

A second guideline that will help you ‘‘make it happen’
is one that is easy to overlook. That is—insist on simplicity.
At first blush, you might think this unimportant. Some of
your own people might disagree with attaching much im-
portance to this.

By simplicity, I mean simplicity of vendor-supplied soft-
ware that supports your application, rather than your
application software itself. The reason to insist on simplic-
ity is so that everyone can make full use of its potential.
The line managers must understand it at more than just a
superficial level.

Although they don’t have to know how to program a
whole application, they should know how the applications
work. They should know how the data is structured so that
they can determine which are the easy questions to ask the
source data processing system, and which questions may be
difficult.

For example, a manager might want to know the top ten
overdue accounts, or the ten largest orders this week, or
the ten employees who have the highest absenteeism. This
type of question will come up many times—after the
application is programmed. The line managers should not
have to go to the EDP group and wait for programming time.
The manager doesn’t care if the report has a nice heading,
or if it is spaced neatly on the page, or even whether he gets
extra information or more than ten names.

He wants specific information, and he usually wants it
fast. He should be able to get it. With today’s source data
processing system, based on correct emphasis from the top
to ‘‘keep it simple,”” he can write (or have a clerk write)



and execute any program in a very short time and have the
report. The clerks do not have to be programmers—they
need only know a few rules and simple logic. I have seen
this work in many companies much to the pleasure of the
management. By the way, the execution speed is not nearly
as important as the speed with which the program can be
correctly written.

From my experience, installation goes much more
smoothly when non-EDP people are involved with deter-
mining what a ‘“‘simple’’ system is. The reason for this is
that data processing people, per se, have a traditional data
processing education and work experience that makes it
difficult to step out of the trees they know so well and see
the forest as a non-EDP person sees it. Now, this is not
unreasonable and it is certainly not a criticism. It is just that
we are back to the problem of semantics again. The DP
person interprets the word simplicity from a different
perspective than the non-DP manager. Of course, things are
simple once you understand them. The DP-er may have
spent many hours of study to simplify, or become comfort-
able with terms like owner, member, inverted file, chain
file, data division, data dictionary, contention, embrace,
etc. To the typical line manager, however, these terms will
always be just the data base mystique; some mumbojumbo
that is designed to keep him out of the computer room.

But, it really doesn’t have to be this way. Today, there
are source data processing systems that will give you 95
percent of the functionality of a mumbojumbo system, with
a structure that the typical non-EDP manager can under-
stand. This is a structure that can be explained in terms of a
manual filing system. Three terms are really all that is
needed to explain a data base system: The concept of a file,
the concept of an index, and the concept of transactions. A
file is like a filing cabinet. An index is like a card file which
cross references from one key piece of information to tell
you where it is filed. A transaction is a sequential log of
what changes were made to the file so the auditors can
reconstruct what events took place. Managers and clerical
people understand these concepts easily. A computer sys-
tem can be constructed with these concepts and perform as
wel as anv comnlicated traditions) system ‘

The concept of security and control is also an important
one to consider. In most companies, there are certain
master files and certain programs that should not be
changed except by a central programming group. On the
other hand, there is a legitimate need for user departments
to program certain one-shot reports. A good distributed
processing system should provide for both needs. It should
provide security for important things and yet still allow user
access for report generation. If you select a system without
both features, you will regret the choice.

If we keep in mind that source data processing is a tool
for use by the non-EDP departments, we will automatically
involve them in deciding whether or not the proposed
system is simple to use or not. They must be able to use
this tool for tasks that have not been planned.

HOW TO MAKE IT WORK

When you are convinced that source data processing is
the wave of the future and you now want to convince your
company that this is the way to go, here are some sugges-
tions that may ensure your success.

The first thing to do is to take it one step at a time. This
is an evolutionary process. Don’t try to get it all done and
then present it to the company as a completed package.
However, plan to show some progress fairly quickly so that
line managers don’t get disenchanted. If they do, they are
likely to embark on their own plan and impede your
progress.

You can probably take care of the hardest part of the
overall problem by solving the most pressing need. As we
have seen, for most cases that is capturing accurate and
timely data. If you start here, by capturing data at the
source, you will find that some very tangible progress
results in a very short time. It can be done simply and
quickly. Once you know that your transaction data are
accurate, you can get your data base accurate. The rest is
relatively easy.

THE FUTURE

The future is clearly going to be interesting. The structure
of the computer industry may be substantially different
from what it is today with more vendors having a substan-
tial market share than is now the case. Here are some areas
that I see on the horizon as more companies implement
source data processing systems.

e Mainframes will really be several minicomputers.

e Large mainframes will be used mainly for computa-
tional problems and major reservation systems, such as
airlines, rather than for the customary business appli-
cations.

e The typical EDP department will function as an inter-
nal consultant, auditor, and coordinator of efforts
being done by line departments.

e The data base administrator will specify the formatting
of key data elements in all source data processing
systems and also will specify the formatting of all
intercomputer transfers of data, but the data base will
be decentralized.

Although the data processing department of the future
may be different than it is today, I expect it will be more
influential because the computer will permeate to more
depths of the business, it will be a more important part of
the business, and the people who really understand it will
have much more influence on the business.

In any event, following my recommendations to plan,
keep it simple, keep an open mind, and to consider source
data processing as a tool cannot help but ensure a success-
ful system for you.






RESQ—A package for solution of
generalized queueing networks
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ABSTRACT

RESQ (RESearch Queueing) is a tool for solution of
queueing networks. The class of networks treated includes
general multi-server queues, passive queues and complex
routing decisions. Multiple solution techniques are pro-
vided, including numerical solution of separable balance
equations and regenerative simulation. User access is pro-
vided through both interactive dialogue and a subroutine
level interface.

INTRODUCTION

RESQ allows explicit consideration of many system fea-
tures which are often ignored in queueing models. The goal
of RESQ is to provide facilities for convenient model
construction and efficient model solution so that the user
can concentrate on formulating models. The user, e.g2., a
system designer or developer, need not be sophisticated
with respect to the methods of solution. Since several
solution methods are provided, the user can use the method
most appropriate to the model and can use two or more
methods in a hybrid solution. The constructs of RESQ are
ofiented 1oward computer and communication system fea-
tures, but the terminology is strictly in terms of queueing
networks.

RESQ employs state of the art techniques for solution of
queueing networks. Depending on the particular model, the
solution may be obtained by numerical analysis of separa-
ble balance equations' or simulation.? The separable bal-
ance equation solutions are available for a subset of RESQ
models. The simulation techniques include the regenerative
method for determination of confidence intervals and a
sequential sampling method for determination of appropri-
ate run lengths. By providing a high level framework for
model definition and appropriate analysis of simulation
results, RESQ alleviates two of the common problems with
simulation: expense of constructing simulation models and
insufficient statistical analysis of simulation results. Other
techniques and solution methods are being included in
RESQ on an experimental basis.
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All RESQ capabiiities are provided through a set of PL/I
programs. In addition, the user interface components of
RESQ are duplicated in APL. Queueing networks can be
defined, listed, evaluated and revised either interactively or
by writing programs which call RESQ routines.

This paper is organized as follows: The second section
briefly summarizes related previous work on application of
queueing network models, solution techniques for queueing
networks and solution packages. The third section de-
scribes the generalized class of networks provided for in
RESQ and the dialogues for network definition. The last
section considers listing, evaluation and revision of net-
works. Additional details are given in Reference 4.

QUEUEING NETWORKS

In analyzing the performance of computing and commu-
nication systems, one usually finds the dominant factor to
be contention for resources such as processors, memory,
secondary storage, communication links, etc. Therefore
queueing network models can be used to characterize this
contention and estimate system performance. Some of the
earlier efforts in this area were those of Kleinrock,* Smith®
and Buzen.” More recently there has been much work in
this area, see References 8, 9, and 10 for examples and
further references.

Corresponding to the activity in application of queueing
network models, there has been much progress in the
solution of queueing networks. Very complex queueing
networks can be represented as Markovian processes and
most of the solution efforts have done so. The direct
numerical solution of these processes can be attempted for
modest size problems!! but this approach is not practical in
general. Representing the solution of the process as that of
a collection of separable balance equations has made possi-
ble the solution of very large problems with restricting
assumptions.’'*!3 There is hope that approximate solutions
will alleviate the need for such assumptions.®!** Finally,
there has been much recent effort to improve statistical
analysis of simulation, in particular the simulation of regen-
erative systems such as Markov processes.'¢*

There have been a variety of packages proposed and



978 National Computer Conference, 1977

implemented for the solution of queueing networks.20723
However, all of these provide only a single solution tech-
nique and thus are only useful when the solution technique
is appropriate to the problem. One of the major advantages
of RESQ is that it provides several solution techniques.
Thus the user can solve similar models and study the
effects of different restricting assumptions (it is rare that the
modeler can explicitly consider all system characteristics)
and can construct hybrid solutions using more than one
solution technique.'®

RESQ CONSTRUCTS AND INTERACTIVE
DIALOGUES

This section briefly describes the constructs of RESQ
and illustrates some of them with a model of a simple
terminal oriented computing system. This model is an
extension of the central server model proposed by Buzen,’
and is similar to models discussed in References 8 and 9.

The elements of RESQ include:

1. A population of jobs. Each job has an attached varia-
ble which can be used to retain job attributes.

2. A set of queues. There are two types of queues, active
and passive. Active queues are queues in the tradi-
tional sense. Passive queues are used to represent
contention for secondary resources and regulate sub-
network job populations.

3. A set of nodes. Some types of nodes are parts of
queues. Other nodes are used for auxiliary functions
such as creation of jobs or changing the value of a
job’s variable.

4. A set of routing rules. These rules allow probabilistic
and deterministic routing of jobs from among the
nodes of the network.

In the example, jobs represent users of the system. A job
alternates between think times at a terminal and use of the
computational facilities. When a job is to perform computa-
tions, it first acquires memory then alternates between use
of a central processor and use of the input/output devices.
The job variable is used to count the number of cycles of
alternating computation and input/output. A passive queue
is used to represent memory; active queues are used to
represent other components. A model such as this can be
used to estimate response times, device utilizations, queue
lengths and other performance metrics.®

MEMORY PARTITIONS E-—

TERMINALS

Diagram of extended central server model

In interactive usage of RESQ the command SETUP is
used to define a network. As with other RESQ commands,
SETUP enters the user into a dialogue where RESQ will
prompt the user for information, e.g., the name of the
model, queue characteristics, etc. If the user’s response
seems correct to RESQ, more information will be requested
by RESQ until the command is finished. If RESQ discovers
an error in the user’s response then it will produce an error
message and repeat the prompt. If the user wishes clarifica-
tion of the prompt, then the user replies ‘‘how,”” RESQ
responds with a detailed description of the information
needed, and then RESQ repeats the request. If there is a
default value for a particular prompt, then the user may
effect the default value by entering a return of a null line. In
this section, user responses will always be given in lower
case.

Active queues

An active queue consists of a set of servers, a set of
waiting areas for jobs requesting or receiving service and a
control mechanism for allocating the servers to the jobs.

Single server queues

The waiting areas of the queue are called classes. These
classes are local to the queue and are to be distinguished
from the global ‘‘classes’ often used in queueing literature.
As described in a later section, a job is routed to one of
these classes and joins the queue. Upon arrival the work
demanded by the job is determined as follows: First, a
sample is taken from the work demand distribution associ-
ated with the job’s class. Second, the flag for job variable
scaling is tested. There is such a flag for each class. Job
variables will be discussed in a later section. If the flag is
set, then the sample taken in the first step is multiplied by
the job variable.

Once placed in the waiting area, the job remains there
until all of the work demanded is completed. When all of
the job’s work is complete, the job instantaneously departs
from the queue. The server chooses which job to serve
according to the overhead mechanism, if any, and the
queueing discipline.

Multi-server queues

Queues with more than one server allow all of the
capabilities described above except for the cyclic priority
queueing discipline. Each server has associated with it an
effective rate and a set of classes which it will serve. The
rate of a server may be a function of the total number of
jobs at the queue. If all servers at a queue have exactly the
same characteristics, the queue is considered symmetric.
Otherwise it is asymmetric.

Dialogue for active queues

The first prompt is for the queue type. The subsequent
prompts are strongly dependent on the queue type. In



RESQ 979

setup
MODEL NAME: ecsm
METHOD: aplomb

NUMBER OF: Definition of Network Size
CHAINS: 1
QUEUES: 5

CLASSES: 4
ALLOCATE NODES: 1
RELEASE NODES: 1
DESTROY NODES: O
CREATE NODES: O
SET NODES: 2
FISSION NODES: O
FUSION NODES: O
SPLIT NODES: O
NUMBERED SOURCES: O
DUMMY NODES: O

COMMENTS? vyes
COMMENT: extended central server model

CHAIN: 1 TYPE: closed

COMMENT: Jjobs have a think time at a terminal.

: then they request memory.
after being allocated a partition, they determine
their number of processing/data transfer cycles.
after this number of cycles they release their
partition and go back to the thinking state.

Definition of Routing

(1) 1->2->3->4->5 6;.2 .8

( 2) 5 6->7->4 8;jv—=0 jv=0

( 3): 8->1

( 4):

CHAIN POPULATION: 20

QUEUE 1 TYPE: is Definitions of Queues
COMMENT: terminals (is -- infinite server)

CLASS LIST: 1

STME. DISTR: 5

QUEUE 2 TYPE: passive
COMMENT: memory partitions

TOKENS: 5

QODSPL: fcfs

ALLOCATE NODE LIST: 2
AMOUNT(S): 1

RELEASE NODE LIST: 8

QUEUE 3 TYPE: active
COMMENT: central processing unit

SERVERS: 1

QDSPL: ps

CLASS LIST: 4

WORK DMND. DISTR: <.002,1>
JV SCALED: no

SETUP for extended central server model
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addition to the two basic queue types, active and passive,
there are several special cases for simplified active queues.
These simplified cases are indicated by responding with a
queueing discipline to the prompt for queue type. The
response to the queue type prompt of “‘active’’ allows all of
the options described above. The distributions, e.g., the
work demand distribution for each class, may be specified
as either a single value which is interpreted as the mean of
an exponential distribution, or as a pair of values in angular
brackets (‘“(’, **)’”) which are interpreted as a mean and
coefficient of variation, respectively. If all classes of the

SERVER 1:
RATE: .1
ACCEPTS: all
QUEUE 4 TYPE: active
COMMENT: disk
SERVERS: 1
QODSPL: fcfs
OVHD: none
CLASS LIST: 5
WORK DMND. DISTR: .044
JV SCALED: no
SERVER 1:
RATE: 1
ACCEPTS: all
QUEUE 5 TYPE: fcfs
COMMENT: drum
CLASS LIST: 6
STME. DISTR: .008
SET NODES: 3 7

SET TO: «r
DISTRIBUTION FOR NODE 3
VALUES: 10 20
PROBS: .5 .5

END OF SETUP.

queue are to have the same distribution, the list may be
replaced by a single distribution which will be used for all
classes.

Passive queues

A passive queue consists of a pool of tokens, a non-
empty set of waiting areas for jobs requesting or possessing
tokens, a possibly empty set of other nodes for actions on
the queue and a control mechanism for the tokens and jobs.

Definition of Set Nodes

SETUP for Extended Central Server Model

CLASS
\\\\~-————1

——

—

CLASS

O —
O) —

SERVERS

&

Active queue with two classes and two servers



RESQ 981

The tokens of the passive queue are analogous to the
servers of an active queue. The waiting areas are called
allocate nodes. There are three other types of nodes which
may be associated with a passive queue: release nodes,
destroy nodes and create nodes. The usual purpose of
passive queues is to limit or measure the population of
subnetworks.

Allocate nodes

A job arriving at an allocate node requests possession of
a number of the queue’s tokens. If the tokens requested by
a job are available at the time of arrival at an allocate node,
then the request is satisfied instantaneously. Otherwise the
job must wait until sufficient tokens become available and
are assigned to the job. (Tokens become available through
the action of other jobs at other nodes.) As soon as the
request for tokens is satisfied, the job is allowed to visit
other nodes of the network. However, as long as the job
possesses tokens of a given queue, it is considered to be
part of that queue. Thus a single job may be a member of
one or more passive queues and one active queue simulta-
neously.

Release nodes

When a job visits a release node associated with a queue
which the job is a part of, the job instantaneously returns all
its tokens belonging to the queue. When a job visits a
release node associated with a queue which the job is not a
part of, there is no effect on the job or the queue. In either
case the job’s visit to the release node is instantaneous and
the job proceeds without delay.

Destroy nodes

When a job visits a destroy node associated with a queue
which the job is a part of, the job instantaneously destroys
all-ite-tokens belonging to- the agueve: -then the jobh is ne
longer part of the queue. When a job visits a destroy node
associated with a queue which the job is not a part of, there
is no effect on the job or the queue. In either case the job’s

POOL OF TOKENS

TOKEN FLOW _J ~ o
JOB FLOW A N
NI VAS N—

ALLOCATE ,/

CREATE A

Passive queue and associated nodes

visit to the destroy node is instantaneous and the job
proceeds without delay.

Create nodes

A job visiting a create node adds new tokens to the pool of
its associated queue. The number added is determined by
sampling from a discrete distribution associated with the
node. There is no effect on the job; its visit is instantaneous
and it proceeds without delay.

Sources

A source emits jobs one at a time. The time between a
given arrival from a source and the next arrival from a
source is determined by a sample from a continuous distri-
bution associated with the source. The job variable is set to
zero when the job is emitted. The description of sources is
included in the dialogue describing the routing.

Sinks

Sinks are nodes which allow jobs to exit from the
network. A job exiting from the network releases all tokens
held, if any, and returns them to the appropriate pools. The
exiting process is instantaneous. The description of sinks is
included in the dialogue describing the routing.

Set nodes

A set node is used to affect the value of a job variable. A
job’s variable will be zero unless it has been given some
other value by a set node. Job variables are useful for
making work and overhead demands job dependent. They
are also especially useful for effecting deterministic job
dependent routing, e.g., to cause a job to cycle through a
set of nodes for a predetermined number of cycles. There
are five kinds of set nodes, assignment set nodes, incre-
ment set nodes, decrement set nodes, change sign set
nodes and previous node set nodes.

An assignment set node assigns a non-negative value to a
job’s variable, an increment set increments a job’s variable
by a non-negative value and a decrement set node decre-
ments a job’s variable by a non-negative value. In any of
these cases, the values used are samples from a distribu-
tion. The distribution is associated with the set node and
may be either continuous or discrete. A change sign set
node changes the sign of the job variable. A previous node
set node assigns to the job variable the identity of the node
the job just left. A job’s visit to a set node is instantaneous.

Fission and fusion nodes

A job arriving at a fission node generates one or more
additional jobs. The generating job is referred to as the
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parent and the generated jobs are referred to as offspring.
A parent job and its offspring are considered to be related
and know the identities of each other. Each of these jobs
has a separate routing from the fission node. The visit of
the parent job is instantaneous; the offspring depart from
the node immediately after generation. The offspring do not
possess any tokens; their job variables have the value zero.
Combinations of fission and fusion nodes are useful for
representing packetizing of messages in a communication
network. They are also useful in models of computing
systems to represent overlap of processing and data trans-
fer.

A fusion node provides a waiting area for related jobs.
Related jobs wait at a fusion node until they have no
relatives; they then depart instantaneously. If a job arrives
at a fusion node where it has a related job, one of the jobs is
eliminated from the network instantaneously. If one of the
jobs is the parent of the other then the other job is
eliminated. If both of the jobs are offspring then it is left
undefined which job will be eliminated. Any tokens pos-
sessed by the eliminated job are returned to the appropriate
pool. (Fusion nodes have no effect on jobs without rela-
tives. If a job is waiting at a fusion node and all of its
relatives leave the network, the job departs from the node
immediately.)

The description of fission nodes appears in the routing
dialogue. Fusion nodes are identified by a single prompt for
a list of fusion nodes.

Split nodes

Split nodes are like fission nodes with the difference that
the generating job and the generated jobs are independent
of each other; they are not considered to be related. Split
nodes are useful in representing bulk arrivals. They are also
useful in communication network models to represent the
generation of control messages. The description of split
nodes appears in the routing dialogue.

Routing

All nodes except fission nodes, split nodes and sinks may
have several alternate routing paths for jobs leaving the
node. Fission and Split nodes have separate fixed routing
paths for the creating job and each created job. (Dummy
nodes may be used with fission or split nodes to provide
alternate routing paths for jobs leaving those nodes.) A
node with alternate routing has a list of possible routings.
Each item on the list consists of the identity of a possible
destination node and either a predicate or a probability. The
predicates are statements about values of job variables,
availability of tokens, etc. A job leaving a node with
alternate routing selects a destination by scanning the list
until it finds a predicate which is true or until it succeeds at
a Bernoulli trial with one of the given probabilities. If the
list is exhausted without a node being selected, the results
are undefined. A job travels from one node to the next
instantaneously.

The nodes of a network are separated into one or more
disjoint sets called chains. A chain is defined as the largest
subset of nodes such that all nodes of the chain are
connected. Open chains are those that include sources and/
or sinks. All other chains are closed.

The routing is described separately for each chain of
nodes. Before prompting for the routing description,
SETUP prompts for the type of the chain, open or closed.
Then there is prompting for routing transitions. A routing
transition consists of a list of nodes, a list of alternative
destinations for those nodes and a list of probabilities and
predicates. Transitions may be entered individually or the
concatenation of two or more transitions may be entered
simultaneously. The prompt for a transition or concatena-
tion of transitions is a parenthesized integer. The value of
the integer has no significance except to number the entries
the user has made during the input dialogue. The prompting
for transitions or concatenations of transitions continues
until a null line is -entered.

Consistency checks and error messages

After the dialogue is complete, SETUP goes through a
variety of consistency checks to look for errors in the
model or incompatibilities with the solution technique. If
errors are found, an error message (presumably a self-
explanatory error message) will be given.

MODEL LISTING, SOLUTION AND EVALUATION
LIST

The command LIST produces a tabular listing of a
model. The listing includes, in order, the solution method,
the model name, the numbers of elements, the characteris-
tics of the chains, the characteristics of the queues and the
characteristics of the nodes. Headings are suppressed for
columns which have no entries, e.g., ‘‘classes accepted’’
for networks with only symmetric queues.

EVAL

The command EVAL is used to apply the solution
method specified with the model and to examine the results
produced by the solution method. The most general solu-
tion technique is simulation (APLOMB). Numerical
(QNET4) solutions are available for a subset of the class of
models simulated.

APLOMB

APLOMB is a simulation program specifically designed
for the class of queueing networks represented in RESQ. A
major feature of APLOMB is its capability for determining
confidence intervals for simulation results. (Note that even
if this capability is used incorrectly and APLLOMB is unable
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list

MODEL NAME: ecsm
SOLUTION METHOD: APLOMB
MODEL NAME: ECSM

1 CLOSED CHAIN(S)
0 OPEN CHAIN(S)

5 QUEUE(S)

4 CLASS(ES)

8 NODE(S)

COMMENT: EXTENDED CENTRAL SERVER MODEL

CHAIN| TYPE |POP |COMMENT
————— e It
7 JCLOSED|{ 20jJOBS HAVE A THINK TIME AT A TERMINAL.

THEN THEY REQUEST MEMORY.
AFTER BEING ALLOCATED A PARTITION, THEY DETERMINE
THEIR NUMBER OF PROCESSING/DATA TRANSFER CYCLES.
AFTER THIS NUMBER OF CYCLES THEY RELEASE THEIR
PARTITION AND GO BACK TO THE THINKING STATE.

QUEUE| TYPE |Q DSP IMS|IMQIRATE(S)I|C.A.]COMMENT

]
I
1 [ACTIVE |IS 11 1.001 | TERMINALS (IS -- INFINITE SERVER)
2 |PASSIVEI|IFCFS | 51 1| | IMEMORY PARTITIONS
3 |ACTIVE |PS 1 1 0.101 4 | CENTRAL PROCESSING UNIT
4 |ACTIVE |FCFS | 11 1} 1.00] 5|DISK
5 [ACTIVE |FCFS | 11 11 1.00] | DRUM
NODE| Q |CHN|TYPE | WD/STICW/S| DDV DDP
Bl el e ity | === [——= -
11 11 1ICLASS| 5.0011.001
21 21 1IALLOCI I ] 1.0 1.0
31 I V1ISET | | [10. 20. .5 .5

|
I
|
|
|
41 31 1ICLAsS| .00211.00]| [
5/ 4| 1VICLASS| .044]1.00] |
61 51 1ICLASS| .008]11.00} |
7| | 1ISETDC| 1.0010. | |
81 21 1|RELSEI I ! |

FROM| TO|INDICATOR|VALUE

LIST for central server model
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eval

MODEL NAME: ecsm

INITIALIZE: 20 0 0 0 0 0 0 O
REGEN : 2000000O0O0

SEQUENTIAL SAMPLING LIMITS:
CYCLES: 10
STATE CHANGES:

CONFIDENCE LEVEL:

CHECK QUEUE: 2
RELATIVE PCT.

SEED: 314159

50000
95

INTERVAL WIDTH: 10

NO ERRORS DETECTED DURING SIMULATION

SIMULATED TIME: 1217
NUMBER OF STATE CHANGES:
NUMBER OF CYCLES: 140
CORRELATION OF CYCLE LENGTHS:

114020
.010

WHAT: how

UT=UTILIZATION, QL=MEAN QUEUE LENGTH, SDQL=STD.
QT=QUEUEING TIME, TP=THROUGHPUT, PO=POPULATION,
ALL=ALL OF ABOVE.

TRY AGAIN:
WHAT: gt
CONFIDENCE INTERVALS, POINT ESTIMATES, OR BOTH?
QT 01 02
4.97E+00 1.67E+00
(4.82E+00,5.13E+00) (1.58E+00,1.75E+00) (6
0 4 Q5
6.84E-02 1.10E-02
(6.61E-02,7.08E-02) (1.09E-02,1.12E-02)
WHAT: ut
CONFIDENCE INTERVALS, POINT ESTIMATES, OR BOTH?
UT 01 Q2
.690 .797
0 4 05
.396 .291
WHAT: ql
CONFIDENCE INTERVALS, POINT ESTIMATES, OR BOTH?
oL : 01 0 2
(1.46E+01,1.52E+01) (4.74E+00,5.31E+00) (2.
0 4 05

(5.85E-01,6.45E-01) (3.92E-01,4.12E-01)
WHAT:

EVAL for central server model

DEV. OF Q.L.,
RT=RESPONSE TIME,

both
0 3
6.55E-02
37E-02,6.72E-02)

point
Q3
.901

con

Q3
85E+00,3.08E+00)

to provide confidence intervals, APLOMB will still provide
the user with point estimates.) When the solution method
specified for the model is APLOMB, EVAL prompts the
user for parameters used in determining confidence inter-
vals and in controlling the simulation.

Initialization and regeneration

In order to apply the confidence interval techniques, one
must specify a system state called the ‘‘regeneration’’ state.

The occurrences of this state divide the simulation into
independent cycles. Presumably the simulation will enter
this state frequently. Usually the regeneration state will be
chosen so that there are no jobs in any nodes belonging to
open chains. Usually the regeneration state will be chosen
so that jobs of closed chains are distributed among the
nodes according to expected populations of these nodes. Of
course one usually will not know in advance the popula-
tions at the various nodes; reasonable guesses are usually
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sufficient and poor guesses are often workable. Since visits
to most nodes are instantaneous, non-zero expected popu-
lations are only reasonable at classes, allocate nodes and
fusion nodes. The first prompt from EVAL is for the
number of jobs to be initialized at each node. The reply
should be a list of non-negative integers, with as many
elements in the list as named nodes in the network. The
second prompt is for the number of jobs at each node in the
regeneration state.

Sequential sampling procedure

The next series of prompts determines when the simula-
tion will stop. APLOMB uses a sequential sampling proce-
dure to run the simulation until satisfactory confidence
intervals are obtained. The procedure has two limits, on the
number of regeneration cycles and on the number of state
changes, to control the period between samples. The sam-
pling period ends when the first of the two limits is reached
for that period. If after the first sampling period has ended
too few cycles have been completed to compute confidence
intervals, the simulation ends and only point estimates are
provided. Otherwise, the width of the confidence interval
for the mean queueing time at a given queue, relative to the
point estimate of the queueing time for that queue, is
compared to a threshold. If the threshold is exceeded, then
a new sampling period is begun. Sampling periods continue
until the relative width does not exceed the threshold. The
first prompt of the series requests the sampling period limit
on the number of regeneration cycles. The second prompt
of the series requests the sampling period limit on the
number of state changes. The third prompt is for the
confidence level of the intervals. The fourth prompt is for
the number of the queue to be used in determining whether
to continue sampling or not. The final prompt is for the
threshold for the relative width of the confidence interval
for the mean waiting time at the queue. The relative width
is expressed in percent of the point estimate. Notice that
the sequential sampling procedure can be defeated by
specifying a very large threshold, e.g. 200 percent.

Seeds for pseudo-random streams

The final prompt before simulation begins is for an
integer to be used as a seed for the pseudo-random number
streams. Each random variable in the network has its own
stream. Each of these streams has its own seed. The user
specified seed is used to start a stream which produces
seeds for all of the other streams.

Simulation results

After the simulation ends, EVAL will either respond
““NO ERRORS DETECTED DURING SIMULATION" or
will give an error message if an error was discovered during
simulation. Then EVAL gives the simulated time, the

number of state changes that occurred, the number of
regeneration cycles completed and an estimate of the corre-
lation between the lengths of successive regeneration cy-
cles. (This estimate should be near zero if the state chosen
is actually a regeneration state.)

EVAL now prompts the user with “WHAT:”’ and is
ready to provide simulation results. The user replies with a
code indicating the type of results desired. Results of that
type are given for all appropriate elements (queue, node or
chain).

QNET4

If the solution method is QNET4, then no solution
dependent information is required. The prompting begins
immediately with “WHAT:”’ and the same codes are used
as with APLOMB. There is no option for confidence
intervals since the QNET4 values are exact within the
limits of numerical error.

CHANGE

CHANGE allows more or less arbitrary revisions of a
model. Most of the dialogues are similar to dialogues
occurring in SETUP. Unless otherwise stated, the same
responses may be given in CHANGE as may be given for
the corresponding prompts in SETUP. Often additional
information is provided for the user’s reference.

SUMMARY

RESQ makes possible and convenient the solution of a
great variety of queueing network models. The many con-
structs allowed given the modeler the freedom to study a
variety of system characteristics and to determine the
degree that various characteristics impact performance.

In addition, RESQ provides a variety of solution tech-
niques. Thus the modeler can make tradeoffs between
expense of solution and model accuracy. The modeler can
use a-combination of techmiques to form a hybrid sotution.
The solution techniques provided are the best available for
this class of problems. Proposed solution techniques are
being included in RESQ on an experimental basis. The
multi-solution technique capability is also helpful in study-
ing these proposed techniques.

Finally, the user interface is designed for convenience for
a variety of users. Interactive dialogues are provided.
Subroutine level interfaces are also available for repeated
or specialized usage of RESQ.
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An approach to simulation of
multilevel production systems

by J. F. CLARK and D. M. COHEN
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Needham, Massachusetts

ABSTRACT

An approach to modeling interlevel activity in an hierarchical
man-machine system or organization is developed and
discussed. This approach involves defining a set of com-
mand messages for the higher level control subsystem; a
complementary set of actions for the lower level production
subsystem; a set of feedback messages for the production
subsystem; and a complementary set of actions for the
control subsystem. This technique tests decision models,
management policies and the coordinability of subsystems.
Since this paper deals only with one aspect of a general
hierarchical model, a brief description of that model is
provided. Then the technique is demonstrated using a two
level system which has only one subsystem at each level
and a small command/feedback repertoire.

INTRODUCTION

Among the approaches to systems analysis, hierarchical
modeling promises to be the most effective in dealing with
complex multi-level situations. For this reason a compre-
hensive total system model consisting of a market and a
production system has been developed.! It was demon-
ctrated- that the modet contd-be- wsed-to compute -total
resources required in meeting the demand generated by the
market and that the production system could be designed to
react to or, to interact with, the market. One of the major
aspects of the model was a provision for dealing with inter-
level effects within the production system—i.e., to study
the effect of the transfer of control/feedback information on
other aspects of system operation. This implies a truly bi-
level model-—one level concerned with production activity;
the other level concerned with control activity which is
capable of being affected by and of affecting production
activity.

PURPOSE

There is a need to take into account the effects of
management processes on the flow of work—or else to

argue that their effects are negligible. The purpose of this
paper is to present an approach to modeling a two-level
production system incorporating decision making. It is
intended that this approach would be used to explore such
areas of fixed (determinate) decision making as decision
models, management policies and subsystem coordinability
because of the limitations on the flexibility of a computer
simulation of decision making processes.

SCOPE

Such a simulation could incorporate a detailed model of a
complex production level along with a rich set of choices
for the control subsystem and even real-time decision
inputs from the person running the simulation. This paper
will only deal with a very simple system consisting of a

* control subsystem and a production subsystem. The con-

987

centration here is on the control/feedback process itself and
how operations will be modified by it.

MODEL

Even though a complete discussion of the basic model is
outside the scope of this article, the following summary
should prove helptul (see Figure 1). At the highest—i.e.,
most general—level, the model consists of a production
(functional) system driven by a market. Within the system
under study, work is done in response to inputs from the
market. Each demand is for a specific product and the
transformation from demand to product—from input to
output—follows a predefined path through the system.
System resources are used as a result of this transforma-
tion. The goal of analyzing a system in this manner is to
optimize the use of resources while satisfactorily meeting
the expected demand.

There is no theoretical limit on the complexity of the
work stations which make up the paths through the system.
It is considered here that each work station represents a
subsystem in the model and that it is represented by a
subroutine in the computer code. A work station subroutine
is given the information necessary for it to determine how
many transformations it must perform and therefore what
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Figure 1—General model for market driven total system analysis

resources it will use. It returns an accounting of the
resources used and an assessment of its present state.

From the point of view of the operational subsystem/
subroutine, a single level simulation involves executing a
relatively unchanging set of operations as the user (i.e.,
market) inputs are supplied. But in a two-level simulation
(see Figure 2), the control information must be scanned and
taken into account before the user inputs can be operated
on. Additionally, after the transformation has been com-
pleted—or sooner, if the situation warrants—a feedback
report must be passed to the control subsystem/subroutine
for evaluation prior to the next command output.

For the control subsystem/subroutine, the shift from
single level to bilevel simulation involves addition of deci-
sion making activities to the bookkeeping. In a single level
simulation, the Administration subsystem/subroutine only
needs to model the paper shuffling required to keep the
system running. A two level simulation, however, is specif-
ically aimed at introducing the elements of control and
decision making. Hence, the communication of command
and feedback information as well as the use of resources in
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Figure 2—Detail of production system showing interlevel activity

the decision making process must be included in the model.
The information passed between levels tells the receiver
what options are presently open and thereby affects the
flow of the program.

AN EXAMPLE

Consider a simple two level production system that
accepts user inputs ¥ and outputs product X. As a conve-
nience there are only two subroutines representing the con-
trol and the production processes respectively. Assume that
none of the accounting or manufacturing operations are of
any interest and only the following aspects of the system
need to be developed:

(a) each input Y; carries two levels of significance which
are designated management and production informa-
tion respectively.

(b) within the production subroutine is a scheduling
function which sets up production of output X; on a

TABLE I—Available Control Options

Designator Control Outputs Complementary action
Mt Complete Order “‘i” Reorder Job Schedule to Complete Job *‘i”” by Required
Not Later Than ‘‘date’ Date. Note Conflicts with Already Scheduled Priority
Requirements and Provide Feedback Message.
M2 Farm out Orders Delete Jobs iy, iy, . . . i, from Job Schedule and Reorder
i, gy o oy Job Schedule. Note any Jobs Already in Progress or
Completed and Provide Feedback.
M3 Reschedule Order “‘i”” Move Job “‘i”’ to a Point in Schedule Where it Does Not
at Lower Priority Conflict with Priority Jobs.
M4 Delete Order “‘i"” Remove Job ‘i’ from Schedule. Feedback if Job in
Progress or Completed.
M5 Show Status Feedback Job Schedule Status

Mé No Change

Continue Schedule
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TABLE Il—Available Feedback Options

Designator Feedback Outputs Complementary Actions

P1 Job “*i”” Completed as Scheduled Using Perform Accounting Functions
Resources “*j,x”

P2 Job ““i”’ Delayed Because of Event **j”’ Consult Policy Table for Next Action

P3 All Jobs Delayed Because of Equipment Determine Minimum Cost Alternative and Generate
Delay *‘t”’ Appropriate Command

P4 Current Jobs Scheduled as Follows Update Order Schedule Checking for Violations of

Priority Requirements
Ps Schedule Conflict Job *“i”’, Job **j” Determine Minimum Cost Resolution and Generate

Appropriate Command

first in/first out basis using the production informa-
tion contained in Y;.

(c) the production scheduling function will reorganize the
job queue upon receipt of a command from the
control subroutine.

(d) the management information component of Y; can
carry priority information or can be a cancellation of
order ¥;.

(e) within the control subsystem is a decision function
which determines what command output should be
passed to the production subroutine based on the
management information component and the last sta-
tus feedback from the production subsystem.

The available control options are shown in Table I and
the available feedback options are shown in Table II. Either
subroutine can initiate an interchange so a protocol must be
established. For example, whenever a perturbation is de-
tected—i.e., management information requiring special
treatment or occurrence of a problem event in the produc-
tion subroutine—an interlevel message is scheduled after an
evaluation delay; a second delay occurs before the message
is received; after a third delay for evaluation the next
message in the cycle is sent. If this last message requires no
message response. the simulation moves ahead to the next
periurbaiion. Otherwise, (he cycle Is continued undil a no-
Op message OCcurs.

Possible interchanges following the receipt of a ‘‘must
expedite’” order start with command M1—Complete Order
“I”” not later than ‘“TIME”’ with the variables I and TIME
filled in. The production schedule attempts to comply and
sends either P4—Current Jobs Scheduled as follows (order
schedule) and M6—No Change, or P5—Schedule Conflict
(conflicting orders listed). The latter response requires that
the management decision maker resolves the conflict and
generates message M3. The production scheduler again
attempts to arrive at a workable schedule. Since this
interchange of PS and M3 could potentially propagate itself
all the way down a lengthy schedule using up excessive
resources, the simulated decision maker must be given
mechanisms for resolving such conflicts in a reasonably
short time in a manner that reflects actual system policy
and practice.

‘

Similarly P3—Equipment Failure all orders delayed-—is
potential disaster in a tightly scheduled operation. The
simulated decision maker must be prepared to react in the
same way that the system does (or is supposed to). In this
case there is a distinction between the estimated service
time provided by the production scheduler to the manage-
ment decision maker and the service time that is used to
simulate the down time for repairs. The decision maker
has to act on the estimate provided by the lower level
subsystem.

SUMMARY AND CONCLUSIONS

This paper has developed a general approach to using
simulation as a tool for studying interlevel effects in organi-
zations. The method is applicable to a wide variety of
situations since no assumptions were made about the levels
being modeled—other than the existence of interactions
between them; no assumptions were made about the com-
plexity of the system being modeled; and no assumptions
were made about constraints on the system. The general
model which was the basis for this analysis is primarily
concerned with multi-level, constrained systems. Other
aspects of this approach have been developed elsewhere. It
has heen demonatrated here that <imulption-of a trae bi-
level system—and therefore of any multi-level system®—only
requires a well defined communication set for each level, a
well defined and complementary set of actions for each
level, and a communication protocol. All of these elements
can be derived from a systems analysis using an hierarchical
model such as the Systems Analysis and Integration
Model.?
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Low cost data acquisition and control
systems for the computer hobbyist

by RALPH TENNY

Pavco Electronics, Inc.
Dallas, Texas

ABSTRACT

This paper outlines the basic data acquisition system as it
might be configured for the home computing system. Al-
lowance is made for data acquisition, interactive control
with display, temporary data buffering, cassette storage of
data, and computer control of external devices.

Cost/performance trade-offs are examined in each area
where a variety of choices are available. For control, a
simple keyboard and seven-segment display gives adequate
results. Memory requirements are minimized by appropri-
ate choices of data rates, operating system, and design of
process control parameters.

The maximum cost savings are possible in the choice of
A/D and D/A components, by careful decisions on con-
verter speed and resolution, and on test design. The hobby-
ist has time/cash trade-offs options not available to indus-
trial designers, thus hardware/software trade-offs can save
either time or cash, depending upon which is most available
to the hobbyist.

INTRODUCTION

In general, the computer hobbyist interested in instrumen-
tation projects has few kits to choose from if he wishes to
build a general purpose data acquisition and control system.
Worse, the Kkits available are not especially flexible in
application. The purpose of this study is to review the
problem areas he will encounter in choosing components
for a home-brew general purpose system, and to give
guidelines for choosing components of a custom, low cost
system. The discussion to follow assumes the hobbyist has
a functioning micro-computer with the following capabili-
ties as a minimum requirement: self-start after reset, boot-
strap to cassette loader, and random access memory (RAM)
sufficient to handle data and control as outlined below.
Figure 1 shows the basic general purpose instrumentation
system, with all system peripherals interfacing directly to
the micro-computer (uC) bus. Basic to the system under
consideration is an interactive control section; without this,
the system would operate only on stored program and
would be more properly a data logger.! Depending upon the
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experimenter’s budget, the interactive control section can
be as simple as a keyboard and display, up to a teletype or
video terminal. Careful planning of the system software is
essential to retain maximum flexibility; at.this level, the
command structure is far more important than a sophisti-
cated terminal. A number of kit and modular uC’s have
broad versatility with six digit or eight digit displays and
keyboards consisting of no more than 25 keys.? System
architecture and software expertise can provide versatility
with low cost.

MEMORY CONSIDERATIONS

The available memory has been divided into Control
Memory and Data Buffer. It is desirable, but not mandatory
for all the Control Memory to be RAM. By means of
cassette loading, it is simple to start up the system, and by
keeping all programs in RAM it is possible to quickly
modify the operating system for different tasks. The Data
Buffer can be RAM, shift register or First-In-First-Out
(FIFO)? buffer, depending upon how the data is to be stored
for later study. The total amount of system memory can be
greatly minimized if the operating system allows individual
data block storage on cassette as the data is received. The
choice of RAM, shift register or FIFO will depend entirely
upon the incoming data rate. For example, if the cassette
system accepts data at 300 baud (30 characters per second),
data rates faster than 300 baud require RAM storage. A
steady data rate of 300 baud would allow direct storage on
tape, with RAM only for temporary storage while each byte
of data is formatted for transfer to tape. Perhaps 95 percent
of all routine data acquisition applications will have a lower
data rate, so that data can be received, formatted and
stored in data blocks using a shift register. For example, a
1024-bit static shift register will store 128 8-bit characters;
at 300 baud, it takes just over four seconds to dump the
shift register onto tape. Between the extremes of 300 baud
and 15 bytes per second, the FIFO can replace RAM as a
data buffer. This is because the FIFO will accept and
transfer data asynchronously at both input and output
ports, so long as the average input rate does not exceed the
output rate.
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Figure 1—Basic computer-controlled instrumentation system

One special case also dictates the use of RAM for data
storage: if the entire block of test data must be manipu-
lated, analyzed or normalized in terms of the total test
result, it is usually far more efficient to store the entire
block of data in RAM rather than store it incrementally on
tape. In the latter case, the tape might have to be played
back a number of times before the calculations have been
completed. The data storage can be minimized with data
compression techniques;* the total amount of RAM needed
will still have to include workspace area for the data
manipulation.

The previous data discussion was simplified by the im-
plied assumption that data comes only in single-byte pack-
ets. This is rarely so; even if the output is from a single, 8-
bit A/D converter, such isolated quantities are essentially
meaningless. One example of the simplest case might be
monitoring a single temperature. If temperature variation
with time is to be recorded, the test can be arranged so that
a measurement is taken every ten seconds. By recording
the test starting time, the time of each sample can then be
computed and need not be recorded. A much more com-
mon instrumentation problem requires recording of two or
more variables from each test condition. One parameter
will be the independent variable and all the others are
dependent variables. (Dependent variables change as a
result of changing the independent parameter.) One exam-
ple: a single-tone test of an amplifier-speaker system. A
tone is fed to the amplifier at varying levels (independent
variable) and at each input level measurements are made of
Total Harmonic Distortion (THD), temperature of the out-
put transistors, and sound level from the speaker(s). This is
a case where all three quantities would need to be measured
and the computer might monitor THD or transistor temper-
ature and vary input level accordingly. Thus, it depends
upon the test whether the independent variable can be
calculated (as in the time vs. temperature test above) or
must be recorded. Careful test design can therefore mini-
mize hardware, software and memory requirements.

It is now reasonably clear that the cassette operating
system (software and hardware combined) should be such

that start-stop operation of the tape is possible. The data
would be output in a standard recording format such as the
Kansas City Standard.® The data in the tape output buffer
should consist of sync characters (especially important for
recording short blocks), ID characters, data characters,
checksum characters (or other error detection scheme) and
an ending character. As a result, the 128 characters stored
in a 1024-bit shift register might represent only a few data
points. If 8-bit A/D conversion gives insufficient accuracy,
or if a BCD converter is chosen (a number of 3% digit
modules are available), data storage requirements will in-
crease. In general, the uC will handle output from 10-bit,
12-bit and 3% digit converters as two data bytes. Some tape
routines store each byte as two ASCII characters, which
could further limit the number of data points stored in the
tape output buffer.

DATA CONVERTERS AND THEIR INTERFACES

Much of the cost of the data acquisition system can be in
the data converters and their interface circuitry. Fortu-
nately, there are a great number of low cost and medium
cost monolithic and hybrid modules available; these have
adequate accuracy and interesting combinations of features
to make the choice difficult.® A number of factors affect
the decision process; required conversion speed, accuracy
and resolution, microcomputer architecture, and location
(remote or local).

The two potentially most costly A/D parameters are
conversion speed and accuracy/resolution, and the unit
prices have fallen rapidly in recent months. Basically, the
range of conversion speed is determined by the type of
conversion—integration or successive approximation. Dual
slope or multiple slope integrators with one to fifteen
conversions/second and 8§ bit resolution are quite inexpen-
sive; moving to 500 conversions/second roughly doubles the
price. Speeds beyond two milliseconds/conversion typically
require successive approximation, and the speed jumps to
roughly 20 microseconds/conversion. Faster conversion
speeds are available but are a needless cost unless the
microprocessor is much faster than the typical hobby
machine. Increased accuracy and resolution jumps the price
quickly, and typically slows the conversion at the same
time. For example, one manufacturer’s price increased 30
percent and speed decreased by a factor of three in moving
from 8-bit resolution (.4 percent accuracy) to 10-bit resolu-
tion (.1 percent accuracy), for the same type of conversion.
The distinction between accuracy and resolution with re-
gard to A/D converters is a topic beyond the scope of this
paper. Some recent articles®~® have made detailed explana-
tions of A/D and D/A specifications.

The architecture of the microcomputer may exert some
influence on the choice of A/D converter. If the converter
will be expected to communicate directly with the data bus,
the converter will need to have tri-state output lines or must
be connected through tri-state buffers. On the other hand,
many uC systems have programmable interface devices
which allow direct communication with the converter. The
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same interface device furnishes the address decode func-
tion, and some interfaces allow handshake and interrupt
capability and can initiate the conversion process with a
strobe line.

Figure 2 is a partial block diagram for a system with
programmable interface circuits. Typically, these interface
circuits reside in memory space (are addressed with mem-
ory instructions) and therefore pre-empt some memory
addresses. Since virtually all hobby computers address at
least 32 kilobytes of memory, this poses no problem for
most data acquisition systems. Note that system compo-
nents shown in Figure 1 will supplement the sub-system
shown in Figure 2; Figure 2 merely illustrates how the
programmable interface allows a much greater range of A/D
component choices. This versatility usually allows lower
priced converter compoenents to be used.

If the data converters are remotely located, power must
be furnished, control signais must go oui and data musi be
returned. Since remote operation of the data bus is essen-
tially impossible due to propagation delays, the send/re-
ceive circuitry which services the remote converter be-
comes a separate peripheral device. Consequently, the
converter should be capable of autonomous operation on a
single, low-power power supply and produce a serial data
output. Reference 11 details systems which meet many of
these requirements.

Because there is a bewildering array of different types of
A/D converters which are normally reported, one type is
often overlooked. This is the voltage-to-frequency con-
verter (V/F), which has a number of advantages for the
computer hobbyist.>!® In particular, where conversion
speed can be on the order of one second, 12-bit resolution
(one part in 4096) is almost routine at very low cost, and 16-
bit (one part in 65k) converters are available for about $50.
This type of device is ideally suited for remote location in
that its output is a pulse train whose frequency is directly
proportional to the instantaneous input voltage or current.
Its power requirement is relatively low and low power
versions are available.® At least one ultra-low power circuit
using two standard IC’s and a single power supply voltage
bas.been reported.'? Finally, because the. V/E.is an integrat-
ing device, it tends to reject random noise, and has a wide
dynamic range of operation.

To avoid a totally rosy picture, the V/F has two major
disadvantages: slow speed and the data output stream.
Because the output frequency is the parameter of interest,
this signal must be counted. This is accomplished by having
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Figure 2—Programmable interface sub-section
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Figure 3—Normal V/F-computer interface

the uP gate the input to a counter (typically one second

- time intervals), and then reading the counter output lines as

data (see Figure 3). A new problem now exists: resolution
of even a garden-variety V/F module is 10 bits. To retain
the full V/F resolution with an 8-bit uC, it is necessary to
miultiplex the counter output lines and read in two data
bytes. However, IC counters which multiplex a number of
digits into a bit-parallel, BCD word serial format are
available. The BCD format is easily manipulated by most
uC’s with software—decimal arithmetic instructions. If the
full V/F resolution is not needed, set the time interval to
avoid overflowing an 8-bit binary counter. Besides simplify-
ing the interface, the data conversion time is reduced by the
same ratio as the counter gate interval.

The fact that a V/F is a virtually perfect integrator
simplifies measurements such as average quantity or total
quantity, (for example, average temperature over a time
interval or total energy used by a device). In the first case,
a temperature related voltage'® serves as input to the V/F.
A suitably scaled total count then represents the average
temperature for the time interval of the count. In the
second case, the V/F input must represent the power used
by a device under test.

The final components in Figure 1 are the D/A converters
and discrete control lines. The discrete control lines have
been dealt with in a number of reports,’®" but D/A
converters have perhaps been slighted in home computing
literature. Once again, the recent reports®~® give a bewilder-
ing array of devices, but the spread of useful features is not
so great. To be effective, D/A input data must be latched.
Almost universally, low cost D/A modules do not have
input latches, regardless of the device resolution. For this
reason, the programmable interface (Figure 2) should be
programmed as an output port to serve as data bus interface
and data latch. Figure 4 shows low-cost alternatives. Figure
4A uses presettable counters (address decode and load
strobe needed) to drive the D/A input lines, while 4B shows
up/down counters serving the same need. Note the different
output patterns (Figure 4C): the presettable counter (quad
or hex latches are also suitable) gives a step-function output
and the up/down counter version ramps to the final output.
D/A converters have two serious faults—glitches and over-
shoot. A detailed treatment of these problems (cause and
cure) is available,® but in simplified terms, glitches are the
result of unbalanced propagation times in the digital logic
circuits and overshoot results from incomplete compensa-
tion of the analog output of the converter.
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CONCLUSION

In summary, this paper has dealt with a complete, custom
instrumention concept for the home computing system, as
represented in Figure 1. The intent has been to guide the
designer toward cost-cutting decisions in microcomputer
architecture, but with emphasis on low cost hardware.
Obviously, if the desired system is to be less comprehen-
sive, the cost drops immediately. It is also possible to trade
software for hardware to effect cost savings. Reference 14
gives a number of ideas on hardware/software tradeoff’s,
but speaks from the standpoint of the cost-effective indus-
trial designer. The home computer, when approached from
the hobby standpoint, will have a different economic justifi-
cation (usually to combine fun and accomplishment in a
technical area, at an affordable cost). In other words, the
hobbyist may always have to use his personal time instead
of cash to accomplish particular goals. His computer may
have a 5 uSec cycle time instead of 250 nSec (he can afford
to wait), and if he enjoys software, hundreds of hours of
program coding and de-bug to save $50 cash is an excellent
investment. For the hardware hacker, adapting a published
circuit or idea to work with junk-box parts is an exercise in

SERIAL
inpuT | UC
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Figure 5—Hardware/Software trade-off on V/F interface

frugality which also pays off handsomely in exercise of
creative talent.

One example of software replacing hardware: let’s update
Figure 3 to Figure 5. The 10-bit V/F operates at 10 kHz;
simply monitor the V/F output with a single input line and
use a software loop to increment a totalizing register and a
timer. Read the total counts at the end of the time interval,
and Figure 3 becomes Figure 5.4

If the computer has a programmable timer, the input port
of Figure 5 can be an interrupt line. If the timer can also set
an interrupt, the computer has considerable time to mind
other tasks while measuring a digital quantity. The program
uses the V/F interrupt to increment a counter register until
the timer times out. In this case, the faster computers will
give better absolute accuracy because interrupt service is
faster.
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Diskomania—A small-system
floppy disk operating system

by WAYNE SEWELL

Dallas, Texas

ABSTRACT

This paper describes the fundamental structure of DISKO-
MANIA, a floppy-disk operating system designed for the
small system user. The important properties of the system
are: .

(1) ability to interface to a wide variety of non-standard
I/O devices.

(2) a relatively small amount of memory dedicated to the
permanently-resident portions of the system.

(3) a simple yet flexible command structure for data
transfers and operating system functions.

One thing that can be noted readily about the similarities
between computer systems belonging to individuals is that
there aren’t many similarities. While it would be rash to
state unequivocally that there are not two identical personal
computer systems on the face of the earth, it would not be
out of line to say that they are extremely rare. Lacking
corporate funds, hobbyists are scroungers by nature. Two
enthusiasts buying systems from the same manufacturer
will have identical configurations at first, but will quickly
take divergent paths as different priorities and different
opportumtles to acqulre equxpment take effect

As a resuit of this phenomenon, it is extremely difficuit o
design an operating system which will work with any
configuration, especially when such non-standard devices
as Baudot printers, flexowriters, and selectric typewriters
are involved.

One solution (?) to the problem is to incorporate into the
system the capability to interface to any I/O device in
existence, no matter how obscure. This is an ingenious
approach, except that the resultant system will take several
megabytes of memory and an entire wall of disk drives to
implement.

Another problem to be resolved in personal computer
operating systems is how much of the system is perma-
nently resident in main memory. The more sophisticated
the command processor (or parser, or instruction decoder,
or whatever you wish to call it), the greater the amount of
memory usurped by it and permanently withheld from the
user. Even if most of the actual work is done by nonresi-
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dent programs called in from disk and afterward deleted,
the command processor normally has to be able to deter-
mine the proper routines to call, the proper time to call
them, and the proper parameters to pass them, based on
commands entered by the operator.

Please notice that I said ‘‘normally.”” If a different
approach is taken in the relationship between the command
processor and the nonresident portion of the system, a
powerful, flexible, and memory-economical operating sys-
tem can be created.

Such a system is DISKOMANIA.! The resident portion,
the command processor, is comparatively small, yet is quite
powerful when backed up by the nonresident portions. In
addition, it can easily be modified by the user to accommo-
date the most bizarre combination of unorthodox I/O de-
vices.

The basic philosophy behind DISKOMANIA is based on
UNIX, an operating system for the PDP/11, described by
Ritchie and Thompson in 1974.> DISKOMANIA is not the
full UNIX system, or even a significant portion of it (using
UNIX on a micro system is like using a bazooka to swat
flies), but it does embrace the basic concept of UNIX:
flexibility.

The memory-resident portion of DISKOMANIA, the
nucleus, or command processor, is really not very smart. It
is unaware of what is gomg on most of the time. It on]y sets
things up for the moré cognizani routinés on disk.

The key element in the entire system is the directory.
Each diskette contains a sector or more containing the
pertinent data for every file on that particular diskette.
Each entry in the directory contains the name, type-
identifying attribute, and starting address (track/sector) of a
particular file.

The command processor actually does very little real
processing of a command line presented to it. It does a
limited scan, just enough to identify the file names in-
volved, then it searches the directory and retrieves the disk
address and attribute of each file.

It is the file attribute which indicates to the command
processor what operation it is to perform on the file. The
attributes fall into two rough categories: data attributes and
driver attributes. Data files are just that: files which contain
some type of data. The command processor doesn’t care
whether the data is pure binary, ASCII, object code, or
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nothing but zeroes. It performs no special processing on
data files other than reading or writing them from or to
disk.

The command processor’s reaction toward driver files is
totally different. A driver file is a relocatable subroutine
stored on disk, a program written to communicate with a
certain device (such as a paper tape reader) or perform a
certain operating system function. When the command
processor realizes that it is dealing with a driver file, it
stops treating it simply as data. Instead it loads the driver
into memory and executes it, although it has no idea what
the program does. The drivers perform all I/O in the system
(except the disk itself) and all higher-level functions of the
operating system.

A DISKOMANIA command is in the form:

Parameter 1 (Subparm, Subparm,
(Subparm, Subparm, . . .)

...), Parameter 2

where Parameter 1 and Parameter 2 are file names, each of
which is stored in the directory of one of the drives
currently on line. The files are not necessarily on the same
drive. Sub-parameters may or may not be present.

The data flow is always from Parameter 1 to Parameter 2.
This is true whether either file is a data file or a driver file.
The sub-parameters are not acted on by the command
processor; it only notes whether or not any are present and
records the addresses in the command buffer at which they
start.

Parameter 1 is the input parameter. It could be a data file,
in which case the command processor only reads it. On the
other hand, it could be a driver file, which means that the
command processor loads it into memory and permits it to
handle the generation of the input from an external device.

Parameter 2 is the output parameter. Similarly, it can also
be either a regular data file or an output driver file, a
program to output to an external device.

Unsurprisingly, the length of a disk block, which is
equivalent to one sector, is the basis of all data transfers
throughout the system. There is a block of main memory
permanently set aside for this purpose. This buffer acts as a
common interface between Parameter 1 and Parameter 2.
The Ist parameter inputs data into the buffer for the 2nd to
dispose of.

As the command processor identifies the file name for
each parameter, it sets pointers to the starting track and
sector if it is a data file and loads it into memory (making a
note of the starting address) if it is a driver file.

After pointers and/or entry points are established, the
actual data transfer begins. The command processor goes
into a loop in which it causes data to pass from Parameter 1
to Parameter 2 until an end-of-file is reached on Parameter
1.

On the first pass through the data transfer loop, the
command processor once again checks the file attribute,
which was stored in memory during the identification
phase. If the Parameter 1 file is a data file, the command
processor reads the first sector of the file into the data
buffer previously mentioned. After the read is finished the

pointers are updated so that they point to the next sector in
the file. If, however, Parameter 1 is a driver, the command
processor branches to it, not knowing or caring what type
of input device it interfaces to. All the main program knows
is that the driver is a routine that will accept data from a
device, move it into the common data transfer buffer, and
return control to the mother program when the buffer is
full. Note that the final result of Parameter 1, whether the
file is a data file or a driver file, is the same: a memory
buffer, exactly the length of a disk sector, containing input
data.

At this point, Parameter 1 has completed its portion of
this cycle of the data transfer. It does not care what
happens to the data it has acquired. The command proces-
sor now turns to Parameter 2 and follows the same proce-
dure in reverse. If Parameter 2 is a data file, the data in the
transfer buffer previously filled by Parameter 1 is written to
disk. If it is instead a driver, the mother program branches
to it, confident that it will output the data in the common
buffer and return when finished. Once again, the main
program has no idea what the driver actually does. In
addition, Parameter 2 doesn’t care how the data got into the
interface buffer; it simply takes what is there and writes it.

After the data in the common buffer has been disposed of
by Parameter 2, the command processor repeats the proce-
dure. The common buffer is filled by Parameter 1 the same
as before, either by reading from disk the next sector in the
data file or by re-executing the input driver, and Parameter
2 writes it to the next sector of the output data file or
outputs it to an external device via the output driver.

This loop continues until an end-of-file is reached on
Parameter 1. A flag is set when this condition is detected,
either by the input driver, or by the command processor
itself (in the case of data files). This flag tells the command
processor that the operation will be completed at the end of
this pass through Parameter 2, at which time an end-of-file
will be placed on Parameter 2 and the driver(s) will be
deleted.

The most obvious advantage of DISKOMANIA is the
tremendous flexibility, even with a comparatively simple
command processor. Parameters 1 and 2 are completely
independent of each other and are also mutually transparent
as far as data transfer is concerned. One puts data into the
common buffer and the other removes it, neither caring
how the other accomplishes its end of the operation.

If both parameters are data files, the end result is one file
copied to another on disk. If Parameter 1 is an input driver
and Parameter 2 is a regular data file, the input device
writes straight to the disk, the data automatically formatted
into sectors. Conversely, if Parm 2 is the driver and Parm 1
is the data file, the entire file is dumped in its entirety to the
output device, deblocked and transmitted in a continuous
stream. If both parameters are driver files, a sort of in-one-
ear-and-out-the-other function is accomplished. The input
driver places data into the common buffer and the output
driver sends it to the appropriate device without really
involving the disk at all.

Each of these four functions is invoked in exactly the
same way: by entering two alphanumeric labels on the
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command line. The function actually performed is con-
trolled by the file attribute assigned to each of these labels
in the directory.

Of special interest to the small system owner is this
important fact: in order to customize the operating system
for his own configuration, he does not have to change the
entire system: he only has to change individual device
drivers. If a driver supplied with the system will not work,
the user can modify that one driver and store it under the
same filename and the command processor will never know
the difference. Conversely, the original driver could be
retained and the modified driver stored on disk under a
different name, enabling the user to access either version at
any time. New devices, standard or unorthodox, can be
added at any point by writing new drivers and storing them
on disk to be accessed by name like any other driver.

When the command processor passes control to a driver,
it assumes that the driver performs some type of /O
operation via the command data buffer. In truth, however,
the command processor is in total ignorance of what occurs
inside the driver. Taking advantage of the command pro-
cessor’s tunnel vision, we store special non-device drivers
on disk to perform the higher level operating system
functions and they are executed just like any other driver.

For example: we wish to delete a file named, unimagina-
tively, FILE. We have previously stored on disk a non-
device driver containing the file deletion routine under the
name DELETE. Upon receiving the command line

FILE, DELETE

the command processor searches the directory and deter-
mines that FILE is a true data file, so it sets the pointers to
the first sector. Further investigation identifies DELETE as
a driver file, so it is loaded into memory like any other
driver. During the Parameter 2 portion of the data transfer
loop, the command processor branches to DELETE, na-
ively thinking that DELETE will dump FILE to an output
device. Instead FILE is deleted from the system and
removed from the directory. Before returning control to the
command processor, DELETE scts the end=of-file flag 1o
end the operation. The important fact is that the command
processor never knew the difference. Tt has no way of
distinguishing a device driver from a system driver. ALL
DISKOMANIA system functions are performed in the
same way, by deceiving the command processor.

Another valuable feature of DISKOMANIA is that it
never takes any more memory than is absolutely necessary
to perform a given function. The command processor
allocated just enough memory space to contain the tempo-
rary drivers and immediately returns it back to the user
when they are no longer needed. The command processor
itself, the main resident routine, is comparatively small due
to its simplemindedness.

When the operating system is initialized upon power-up
or reset, the resident portion is read from disk and loaded
into the maximum available RAM addresses, placing it at
the very top of read-write memory. It then loads in the
permanent drivers, SYSIN and SYSOUT, which handle

input and output respectively, between the operating sys-
tem and its command terminal. These resident drivers are
loaded immediately ahead of the command processor in
memory, at the next lower series of memory locations. The
command processor and the two permanent drivers make
up the resident portion of the system. Much of the time, the
amount of memory allocated to these routines is the total
used by the operating system. This is the case when both
Parameter 1 and Parameter 2 are both data files and no
temporary drivers are required. Drivers, if required for
either or both parameters, are loaded into memory just
ahead of the resident drivers, still allowing the operating
system to control only as much memory as is actually
necessary and to reside in one contiguous cluster of mod-
ules. After the temporary drivers complete the function for
which they were loaded, they are immediately deleted, and
the operating system again shrinks to the resident portion,
returning the space the drivers occupied to the user. There
is a control field in the operating system which contains the
address of the boundary between the operating system and
user memory. The user can test this field at any time to
learn how much memory is currently being used by the
system.

The I/O drivers are not restricted to being accessed by
the command processor only; any device driver in the
system can be loaded and executed by a user program just
as easily by calling the directory-search and driver-load
subroutines in the command processor. This makes it
possible to write applications programs that are virtually
device independent.

It is also possible to load and execute the non-device
drivers, those that perform operating system functions,
from a user program, but this is not advised without a
detailed knowledge of how the driver works and how
linkage to it is accomplished. In fact, it is perfectly permis-
sible for any driver, device-type or not, to load any other
driver with the same restrictions. This can continue for
multiple levels as long as memory lasts.

In conclusion, it is very easy to see how DISKOMANIA
can be implemented on a very small system with only a
single “mini-Moppy and & cormparafively "small amount’ of
main memory, and yet run with a surprising amount of
power, flexibility, and capability for customizing. It can
easily be adapted to non-standard devices, even the operat-
ing system control interface (i.e., a totally Baudot system).
Flexibility, economy of memory, power—for what more
can a small system ask?
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Neighborhood computer stores—The answer
to microcomputer marketing

by PAUL TERRELL

Byte Incorporated
Sunnyvale, California

ABSTRACT

Fifteen years ago, only an eccentric individual would con-
sider assembling a computer at home. The technology
simply would not permit it. Today, the streams of technol-
ogy and retailing have met. Where the tributaries come
together we have a unique and growing concept, the
neighborhood computer store. As represented by the Byte
Shops (now numbering 40 world-wide), this new concept
brings technology and qualified persons to interpret that
technology into a convenient and informal format that
anyone can understand and participate in. The result can
only be a greater demand for the ever more affordable
computer technology of today, and a more personal and
powerful interest in computer operation and applications
not only in the home, but in small businesses. The neigh-
borhood computer store may soon mature to become the
only reasonable retail outlet for manufacturers of micro-
computers and peripheral products.

INTRODUCTION

Fifteen years ago, if someone had said he was putting a
computer together at home - we world-consider him-owner
of an overactive imagination. We might have thought he’d
been watching too much Saturday morning TV with his
kids—that the Jetsons and Star Trek were taking over his
mind. Even if a person had wanted such a do-it-yourself
project, he would need to be independently wealthy, be
able to control his air to a clean and perfect 68 degrees,
absorb an astronomical power bill, and sacrifice an area the
size of a large living room to the venture. Even with the
above, there would be no way to make proper use of all the
bulky equipment to justify even an eccentric millionaire’s
time and money. In other words, it would have been
virtually impossible.

As the years rapidly passed, and compounding techno-
logical advances ensued, computer hardware became less
bulky and began to sweep a complete spectrum of applica-
tions. Some systems grew in complexity, becoming ex-
tremely sophisticated with storage and manipulative power
to computerize a nation of tax records. Other developments
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went the opposite direction, becoming smaller and consid-
erably less complicated.

One event, however, seeded the idea of putting computer
power in the hands of someone other than trained techni-
cians. With the advent of computer assisted instruction and
the concept of timesharing, the mystique was finally bro-
ken. Sharing the computer among many users (timeshar-
ing) made a large central computer (mainframe) seem to
slow down and patiently wait for its human user to type in
or respond to information. The beauty was that the incredi-
bly high speed machines could service multiple users with-
out the human element feeling neglected. Timesharing made
better and more economical use of large machines, but
more importantly, it satisfied the psychological need for a
personal rapport between man and machine. We no longer
feared the beast and could welcome it as another tool for
mankind instead of the awesome BIG BROTHER.

The trend toward miniaturization and simplification was
greatly accelerated by the space program, which created a
definable need for smaller computers. So we began to speed
up technology, miniaturize and simplify. Computer technol-
ogy was allocated enough funds to enable speedy develop-
ments to meet the space age needs.

Then, in the early 1970’s, the semiconductor industry
came-to-meet the compater people - more than-hatfway-intet
Corporation designed a single chip—the 8008—an 8-bit
microprocessor which unleashed a whole new era by solv-
ing the money and size problem that had previously stood
in everyone’s way. That leap forward in 1972 paved the
way for putting computing power in the hands of anyone
who wanted to give it a try. Through the development of
comparatively less expensive minicomputers, microproces-
sors and peripheral equipment, the results of that rapid
progress is what we’re involved in today.

During this same period, another phenomenon was taking
place. With apparently no organized effort, a great number
of technical and professional people from within the elec-
tronics industry were becoming increasingly interested in
the new small computers. On the side, at work, they were
inventing games like space war and computer chess, com-
pliments of their employers, justifying such antics as ‘“dem-
onstrator programs to demonstrate versatility and design
capability. . .”” But, at the same time, they were having fun
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on a minicomputer and CRT (cathode ray tube). More than
a few programmers attempted to computerize their personal
tax records at considerable expense to their resident uni-
versities. It wasn’t any wonder that a desire for a toy of
one’s own was starting to gel. About this same time,
electronic kits and so-called ‘‘computerized games’ were
sweeping the consumer market, but they lacked room for
individual creativity and interesting application on the part
of the user.

FIRST MICROCOMPUTER KIT

When the first microcomputer kit, the Altair 8800, was
introduced in December of 1974, the stage was set for the
hobbyist and personal computer marketplace. Even then
we in the computer marketing business were not completely
aware of the incredibly perfect timing that was about to
combine with the ideal product and combust. A ripe and
hungry public answered the microcomputer kit advertise-
ments, with COD’s and money orders—sight unseen. As is
too often the case, many manufacturers had stepped into
this new market, but they weren’t ready for the onslaught
and the filling of mail orders was delayed. That computer-
starved public was left with fingers crossed, looking at their
deflated bank balance, hoping for delivery of their new
‘‘toys.”’

In 1975, I was a sales representative for MITS, then the
leading manufacture of computer kits. My partner and I
were responding to the unusually high number of inquiries
from the slow leads, and we found that our customer profile
had dramatically changed. Payment was often by personal
check or cash—not company P.O. These interested and
frustrated hobbyists were trying to deal directly instead of
by mail, to try to ensure prompt delivery of their kits. We
realized our customers were buying kits for their personal
use. To ease the guilt feeling of taking money without
delivering the product, we ordered ahead and stockpiled a
supply. When word got out that we not only had those
previous kits in stock, but some software packages along
with them . . . well, we were never again to knock twice and
put our foot into the door for a normal sales call.

SALESMANS’ NIGHTMARE

It would seem like a salesman’s dream to have the
customers flocking to you—but not quite. Our office liter-
ally turned into a mob scene as people browsed through the
literature shelves waiting to use the demo machine. A
month’s coffee supply disappeared in four days. And the
last straw was the sight of a Modesto mother and her 14-
year-old son at our door at opening time with a broken
computer. They had been waiting since 7:30 a.m.

It was utter chaos and our little office setting was
becoming absurd. Since we were doing such a great busi-
ness in obscurity, we wondered what would happen if we
opened up a retail shop and hung out a sign. Byte means
the measure of a unit of information, and since we were

knee deep in the world of computer buzz words, we settled
on the name ‘‘Byte Shop.”” We considered it eyecatching
and rather significant. Except for the few people who think
we’re a sandwich stand, the name has done well for us. For
those uneducated others, we ought to serve snacks. Our
first retail store opened on December 8, 1975, in Mountain
View, California, in the heart of ‘‘Silicon Valley’’ near San
Jose. (Silicon Valley is the appropriately nicknamed area
that houses one of the largest concentrations of electronic
companies in the world. It got the name from silicon, the
basic substance for producing semiconductors.)

Aside from creating a stir with the local press, we even
managed a modest profit in our first month of operation.
We also discovered we had the equivalent of a trade show
365 days a year for our principal’s products. This seemed
like a natural way to overcome the increasing cost of selling
to the end-user, and our customers were intrigued with the
thought of visiting a computer store. After three months of
doubling our gross sales, we were ‘‘discovered,”’ and on
March 2, 1976, opened Byte Shop #2.

TIME FOR GOALS

As we appeared to be growing and making a profit, it
became time to set up some kind of basic corporate
structure and map out our goals. We settled on the name
Byte Incorporated as the central distributorship, doing all
the direct wholesale buying from manufacturers and stock-
ing the Byte Shops with preferred product lines as retail
outlets. Our goal was simple and modest—tomorrow, the
world.

The structure and tie-in between Byte Incorporated and
the Byte Shops is simple. Byte Incorporated buys in large
quantity directly from the manufacturers at an OEM (origi-
nal equipment manufacturer) discount. We also manufac-
ture some products ourselves, such as the Byt-8 kit. Other
products are designed to our specifications and carry the
Byte label, such as the Byte-File. We purchase all the
inventory necessary to completely stock all Byte Shops at
wholesale discount prices, buying in volume . . . a discount
for which each individual store could not qualify. Byte
Incorporated then sells to the stores and charges a seven
percent handling fee. We can stock a new store with
$28,000 worth of merchandise, and the cost to the store
owner is only about $20,000. Average inventory turnover
for one shop is nine turns per year. The Byte Shop
dealership agreement limits the loss to the shop owner
through a merchandise buy-back agreement. I might add
that this “‘bail out’’ provision has never been exercised, but
we feel it’s an excellent safeguard. The formula seems to be
working, because we went from 0 to 40 stores in the first
year and should have approximately 100 by July of 1977—
all thriving and many expanding.

WHO’S RUNNING THE STORE
As with anything new, exciting and so potentially profita-

ble, everyone wants to get in on the act. My desk is piled
high with requests from all over the U.S. and a dozen
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foreign countries to open stores. As I have indicated, each
store is owned and operated by the individual business
man. Byte Incorporated acts as his distributor, offering him
economical advantages, support assistance, cooperative ad-
vertising and a proven successful format. Even though he
carries our name, he is an independent dealer, much like
the manner in which some national service station dealer-
ships are set up. Since the format is a proven winner, we
have a definite reputation we wish to maintain, so it is to
our mutual advantage to screen new shops and their pro-
spective owners and management carefully to assure that
each Byte Shop is successful.

The preferred owner fits the following simple profile: He
should show a keen business sense and an appreciation of
the consumer computer marketplace. It is not necessary
that the owner possess technical computer knowledge as
long as he wisely chooses such expertise for his manage-
ment. The best manager is someone who has both technical
skill and an ability to work well with customers. The ideal
person to act as guiding force in a Byte Shop is a customer
engineer (CE) from the computer industry. A customer
engineer services, advises and often sells to his company’s
customers and is the real backbone of a sound sales and
service program. Successful customer engineers usually
understand and enjoy the technical side of computers, but
not to the exclusion of the personal customer contact. It is
this combination that makes him valuable as a potential
store manager.

The ideal potential manager works as a customer engi-
neer for a big conglomerate. He is frustrated having to be
under the control of the large company and harbors a strong
desire to be a proprietor. He enjoys working on computers
and possesses considerable technical skill and creative
ability. Most important of all, he enjoys working with
people and likes helping them learn and develop their
creative interests.

By separating the profiles of owners and managers, I am
not saying that the two cannot be combined. If someone
has the unusual combination of abilities—technical skill,
personality and business sense, and can establish a firm
financial base, then it SOUNE probably woik well, More than
likely the customer engineer profile could be met, and with
bank financing and a good business advisor, could establish
a workable and successful business setting. Byte Incorpo-
rated needs to be assured that all the bases are covered
before it OK’s use of its name on a new door. Qur success
rate is still 100 percent and we intend to keep it that way.

If all the personnel criteria are met, then we get down to
the financial details and choice of location. A Byte Shop
can be opened for approximately $30,000, depending on
location. This includes the $20,000 worth of initial inven-
tory purchased from Byte Incorporated. The remaining
$10,000 is for prepaid store rent, furniture, leasehold im-
provements, sign, salaries, phone, operating capital, and
the one million little extras necessary to open. Nobody can
guarantee short or easy hours, but we can tell you that
every shop owner and manager so far has enjoyed it
immensely and profited considerably, both in dollar return
and personal growth.

MARKET STRATEGY

Each Byte Shop has a common goal—to provide a
service to the public and to make money for its owners.
With the opening of each store, we see more and more
retail professionalism. The physical format that we advo-
cate, and the one that is proving especially successful, is
not like our original start-up stores, which were rather
bleak. Future Byte Shops will be warm, comfortable, and
carpeted with attractive comprehensive displays. Each
store will have three sections: one, a sales display of small
peripheral products such as boards, cards or interfaces; the
second, a section for hardware display; and the third
section for books and periodicals. Each store has, and
always should have, both a demonstration area with work-
ing sample machines, and a work room. These two features
serve very important functions. They permit the customer
and store personnel to interact while having the product in
hand. If the customer needs to learn the basics, the
demonstration room can answer many questions.

The work room is where technical problems are tackled.
A customer and store technician can lock brain power and
soldering iron to repair a faulty CPU (central processing
unit) board or test a new I/O (input/output) device. The
physical set-up described above enhances the philosophy
that we feel is at the heart of the Byte Shop movement—
service.

THE IMPACT OF EDUCATION

Education is probably the most significant service we can
offer, since the man on the street is basically unaware of
the microcomputer revolution taking place all around him.
His curiosity is stimulated when he sees a sign describing
the Byte Shop as an ‘‘affordable computer store.”” Until
now computers were for business and institutions and were
anything but affordable. When he walks into the store, he
finds a color television, much like his own, with a computer
attached, playing color graphic programs loaded from an
gudic cassetre tape recorder. The scene tooks very much
like his home entertainment set-up in the family room. An
audio amplifier and speaker come into view as the sound of
digital music fills the air. Slowly the idea begins to form
that computers may be meant for him, too. The education
process is about to begin. First, he purchases books and
magazines and possibly enrolls in a Byte Shop-sponsored
weekly course on the introduction to microcomputers. The
computer bug has bitten and ‘‘computeritis’’ quickly sets
in. The victim’s old life style is now of short duration.

The most significant service is the ‘‘handholding’ that
begins even before the unit is purchased. ‘“Which computer
should I buy for my application?’’ is the most asked
question, and the answer has to be right for the store
owner’s future peace of mind. A computer that can’t be
expandable to meet the needs of someone with visions of
grandeur will only create problems at a later date and the
conflict will be face to face, over the counter, Byte Shop
manager to customer, and not through the mails.
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When the purchase is consummated, the hand-holding
becomes more technical. Purchasing of kits may require
numerous helpful hints on assembly, whereas buyers of
assembled units need less attention—providing the unit
works well. Whichever the case, it is always the responsi-
bility of the shopkeeper to make sure the machine works. A
few statistics at this point may be of interest. Of the
thousands of kits sold to date by the Byte Shop, no one has
ever had a bad CPU chip, and not more than 10 percent of
the purchasers have come back to the store for assistance
in assembly or troubleshooting. This indicates either quality
products or that our customers to date have been a tough
breed of cat. Needless to say, we stock only products
which our stores can back up with confidence. A solid
manufacturer’s guarantee helps. ,

Service after the sale is an extension of that initial
handholding during the selection and assembly process and
is every bit as important to both customer and shop. It is
during this time that the customer concerns himself with his
personal application, and is more likely to require advice
and additional equipment. Our credibility is tremendously
important. If our advice leads to expanded sales, then
terrific, but we aren’t there just to push equipment—we’re
supporting a whole idea and stake our reputation on every
bit of advice. With this philosophy, we can’t afford to lead
a customer down a rosy buying spree of non-necessities.
Fortunately, we are becoming noted for our credibility.

For that new prospect we lured in off the street, what
started out to be a modest investment in home entertain-
ment is taking shape to compete with the computer center
at work, at a fraction of the cost. The price of a microcom-
puter, which I will define as CPU card, power supply and
chassis, ranges from $350, and is expanded with memory
cards and I/O’s from $100. When asked to comment on the
computers we sell in the Byte Shop Computer Stores, my
answer is ‘‘higher level languages playing on hardware for
less than $1000.”” This implies eight thousand words of
memory and an input/output interface along with the com-
puter. The average home computer is a $1,500 investment—
easily cost comparable to investments in home stereo
systems and numerous other hobby fields.

THREE ASPECTS DEFINED

There are three definite aspects to any computer exer-
cise—hardware, software and applications—all of which
should be addressed. Many enthusiasts concentrate on just
one—unfortunately neglecting the others. If total three-
phase investment is impossible, then one can cover the
bases by substituting some packaged products. But by
becoming involved in all three, one learns the secret of how
to indulge in a full and enjoyable dose of computer mania.
First comes the hardware aspect, which we have already
discussed. If a customer’s talent doesn’t bend in that
direction and he can afford ready-made products, the
customer can get right down to phase two—software. The
electrical genius that makes his machinery almost from

scratch from IC’s, wires and boards can pleasantly forestall
this step for as long as his tinkering continues. But when
everything is up and running it comes down to actually
doing something with the creation.

Software work turns many beginners into creative fanat-
ics. Given this type a book on BASIC, coding sheets, a
keyboard, and a printer or video display and he’s off and
running. Just throw him a sandwich and some new pencils
periodically, let him out for airing on Sundays, and you
have a happy new convert. For those less creatively bent,
packaged software is now available, on cassette or in
books. The software aspect has been long underplayed. No
matter how great the hardware, it is useless without good
software.

Fundamentally, the whole discipline of software is the
problem. There exists a lack of real feel for how to
write good software correctly. The tremendously fast-paced
progress in hardware made accompanying software a sorry
step-child. Good inexpensive software packages will take
time. Unfortunately our market is hungry for it now. One of
the solutions is for our customers to self-educate them-
selves in BASIC to enable ‘‘do-it-yourself programming.’’
Byte is involved in providing comprehensive classes in
microprocessor programming and feels such a step will not
only help solve the problem, but further provide more
independent creativity for our customers.

The fact that packaged software can be easily duplicated
for distribution dictates that it begins to be offered cheaply
for mass distribution. If a package is inexpensive, the user
will pay the price in order to get documentation and to be
on mailing lists for updates. At the same time his consci-
ence will remain clear.

The final aspect is application. Everyone wants to build a
better mousetrap and now the chance has come. The
applications are as practical or as futuristic as the mind can
conceive. Man’s creativity is the only limitation, and that is
what is most stimulating about the whole field of personal
computing. Typical applications run the gamut: for home
use, menu planning and shopping, household budget and
income taxes, homework and computer assisted instruc-
tion. Anything that can be controlled electrically can be
run by a computer. So most appliances can become
programmable and automated if you so desire. For recrea-
tional enthusiasts there are a myriad of games in existence
with an equal number for one to self-invent—music synthe-
sizers, computer-run ham radio stations, model airplane
and electric train control are a few examples. The Star-Trek
Game is tremendously popular, and that can be just a
beginning. All those games you play for 25¢ a go can be put
on a private microprocessor for the whole family to enjoy.

Most of those unique applications make their way back to
our Byte Shop counters. Ten percent of the people who
come into the store are there to sell their creations back to
us, not to buy. They represent themselves, and what they
have to offer is a better widget, designed in their back
bedroom or garage. And, be it hardware or software, until
the day of the retail computer store, there existed no outlet
for that creativity. Two hours worth of programming effort
on our store demonstration computer netted a Northern
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California programmer over 100 sales of his program to
date, at $15 a copy.

The other 90 percent of our customers come from all
walks of life: a housewife buying a Christmas present for
her husband in real estate; a college student; a programmer
who always wanted to own his own machine; the guy who
has everything; and the girl who is giving up boys for toys.
Our present customers are often associated with the elec-
tronics industry in some fashion. With CB radio making
everyone more familiar with electronics, the trend is toward
much more wide-spread popularity.

Computers in the home will unleash talent and creativity
of the magnitude required to support the intelligence revo-
lution, and the neighborhood computer store, acting as
liaison between the electronic manufacturer and the con-
sumer, will be the focal point of activity. Computer clubs
are forming, with store owners in the center of club
activity—a vested interest since the growth of such clubs is
significant to their profit or loss. Introductory courses spon-
sored by the stores will supplement community education,
primarily because there will be more computers in the home
than in the schools. The day of the home computer is now.

BYTE INTO THE FUTURE

The most exciting future for Byte Shop owners is in the
field of business. Anyone in a small business could use a
low cost microprocessor-based computer system. Stock
market simulators, inventory control, updating of mailing
lists, personalized form letters, bill collecting, information
retrieval and computer assisted design. Every doctor and
dentist could use one for patient records, billing, and
insurance forms. Lawyers, judges and researchers could
save hundreds of hours by computerizing access to infor-
mation. The hobby or personal computing marketplace is
fun, but from a potential sales viewpoint, the small business
applications are really exciting.

This brings us to taking a realistic look at the future of
the neighborhood computer store. Right now it would
appear. on, the surface, as though computer stores might
remain the place for hobbyists to gather and kibitz, buy a
goodie or two, shoot the breeze, or get a problem unrav-
eled. That will, of course, continue to be one of their
important functions. We all love to sit around the old IC
cracker barrel and swap CPU stories or boast the latest
application tale. But the Byte Shops will mature to be much
more than that.

We can all recall when calculators were bought directly
from manufacturers, then slowly became available in retail
outlets at such exorbitant prices that only wizard engi-
neers and mathematicians could afford them. Technology
befriended the consumer and reduced the price such that
you can now pick one up at the drugstore and give it as a
stocking stuffer to a little kid.

No one today would consider buying a basic calculator
directly from the manufacturer, mainly because there
comes a time in marketing when it simply isn’t worth a
company’s time to deal directly with a consumer. And

therein lies the future marketplace for the neighborhood
computer store. It will be the only reasonable retail
outlet for manufacturers of microcomputers and peripheral
products. The only major competition tomorrow may be
similar to that which stereo equipment stores experience—
department stores carrying computers. But just as there is
more consumer safety in dealing with specialty stores for
stereo sound equipment, the consumers will probably prefer
the expertise they will get only from neighborhood com-
puter stores.

The challenge is that the computer stores like the Byte
Shops will have to be very good at what they do. A
hobbyist may be forgiving if his toy doesn’t work quite right
for a few weeks, but the computer that becomes the
backbone of a small business must stay functioning or the
small businessman starts to see dollars fly out his window.
Good service is the key.

Service has been nearly as big a problem in the computer
field as good economical software. The problem can be
solved by competence. That’s why we’re so particular
about who runs a Byte Shop. We know that companies are
full of good competent technicians who can keep a small
business system whirling and churning out data with one
hand tied behind their back. Such people have moved
mainframe mountains—a little microprocessor or terminal
is a ‘‘piece of cake.”” The 10 years he’s been training and
tinkering will all pay off as he acts as diagnostician, friend
and A-1 repair mechanic to his clientele. And if he runs into
problems he can’t solve, he can hire his old buddy from
down at the plant. There’s always a new batch of brilliant
engineers around—and, quite honestly, the equipment
we’re handling isn’t that complicated.

If the computer industry gets its proverbial act together
and standardizes hardware the way will be clear for retail-
ers to enter the service world with little trepidation. Good
applicable guarantees from manufacturers and a healthy
supply of interchangeable parts will have to be readily
available to equip the service person with the tools he
needs to properly service customers. Hopefully we’re now
on our way to such a reality.

PRESENT SALES AND LONG RANGE PROJECTIONS

At the Byte Shops our best sellers in microcomputers are
the 8080 based kits with the standard S100 bus. There are a
variety of good selling lines including our own BYT-8
machine. The important thing to note about existing micro-
computers, however, is the standardization problem that
we have just discussed. Our customers want to use periph-
eral and support equipment interchangeably, thereby assur-
ing a better dollar buy. We're getting there, hopefully.
Other big sellers are the TV typewriters that either fit into
your computer or can be interfaced later as a stand alone
unit. Books and magazines are moving at a staggering rate,
for example: Vol. I, Introduction to Microcomputers by
Osborne . . . has sold 10,000 copies through our stores.

Our volume of sales generally exceeds even optimistic
projections. Nothing ever sits long enough to collect dust
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on either warehouse or store shelves. As a result, I hesitate
to make future sales projections. We can definitely see
trends though. In memory we’ve gone from 4K to 8K and
16K to 64K is around the corner. There appears to be a
movement toward the fully assembled and tested machines.
As good software becomes more available, our customer’s
interest will probably lean more toward applications activi-
ties. That software will be available primarily in cassettes
for easy input on home tape recorders. But with hardware
costs quickly coming down, there should be good afforda-
ble floppy disk systems for the hobbyist as well as the small
business user. In general, the trend is for both hardware
and software to evolve from the developmental ‘‘hobbyist™
state to the simplified, easy to operate ‘‘consumer’’ stage.

Right now the profit is available. The Pasadena store
gross sales in its first three weeks was $26K. Portland:
$14,500 in the first month. Mountain View, our first store
and going without publicity or advertising whatsoever, was
$6,400 in virgin territory. This thing has caught hold so fast

that Jeff McKiever, our dealer in the Phoenix area now has
three stores in Arizona and is planning others. Dick Moule
in Lawndale, California, expanded to Westchester, and the
new Byte Shop in downtown Tokyo is going great. We have
little doubt that the personal computer market will insure
our future.

A CONCEPT THAT BECAME A COMPANY

The time frame has been short between the technological
availability of hobbyist computer components and pro-
grams, and their commercial availability. The Byte Shop,
like the food super market, simply was a natural merchan-
dizing evolution whose time had come. When technology
and marketing meet, you will always find great sociological
interaction at the intersection of the two lines that have
made mankind thrive—the lines of innovation and com-
merce. That’s the point where Byte took hold.
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