






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































memory cycles were traced with the following dis­
tribution: 

PROCESSOR USED 

SS 
TR 
CP 

MEMORY CYCLES 

41 
20 
18 

TOTAL 79 

This could be compared with any contemporary sys­
tem where the entire compiler would have been paged 
in and much of the supervisor would have been executed 
to establish many resources that would not have been 
needed. 

Subscripting 

It would seem that VFL data structures imply slow 
data referencing. However, the SYMBOL project 
demonstrated that efficient handling of dynamically 
varying data can be achieved with sophisticated list 
processing techniques. SYMBOL IIR established the 
foundation and the algorithms have now been de­
veloped to be competitive with conventional fixed field 
indexing while retaining the VFL features. A few refer­
ences and their equivalent memory cycles for SIIR are 
given below. The subscript Fetch cycles are not counted. 

REFERENCE 

A[4,9] 
A[16,32,6] 
A[3] 
A[70] 
A 

TYPICAL MEMORY 
CYCLES REQUIRED 

4-6 
8-10 
2-3 
9-12 
2 

A substantial improvement has been obtained for 
SYMBOL II promising to make it as fast or in some 
cases faster than conventional indexing. 

SYMBOL FROM A COST VIEWPOINT 

A study of a modern computer installation and its 
users as a total "system" reveals where and how the 
computing dollar is divided. Consultants hom Iowa 
State University made available all the necessary data 
for such a study early in the program.7 Figure 6 illus­
trates the LS.U. IBM 360/50 installation in 1966 at 

SALES a 
SERVICE 

SYMBOL 583 

J'---:-----> 

Figure 6-The computing pie illustrated for Iowa State 
University 360/50 installation 

the time the study was made. This" pie" has since been 
compared with many other business and scientific in­
stallations of vary:ng sizes with different computer 
systems. There is general agreement that the minor 
variations in the size of the slices for different installa­
tions do not materially affect the picture. This applies 
to most modern "classic software-dominated systems." 

The objective of data processing is to solve problems 
where the" user with a PROBLEM" is the input and 
the" ANSWER" is the output. It is assumed that the 
user has his problem well defined and has the data 
available but the data is not yet programmed. The con­
version of his problem to a computable language and 
the debugging necessary for correct execution is in­
cluded in the total cost of operating an installation. 

I.S.U. calculated the total system operation on this 
basis as approximately $109,600 per month. The rate 
and . labor costs were adjusted to normal commercial 
standards for the calculations. Both commercial and 
scientific problems were run in the problem mix. The 
following sections discuss the breakdown of the overall 
cost. 

About 37 percent or $40,000 is used by the problem 
originator and/or the professional programmer to con­
vert the problem to a debugged, high-level language 
and to obtain answers. 

Thirty three percent or $36,000 is required for oper­
ating personnel, key-punch operators, file clerks, sys­
tems programmers, administration, space, power, etc. 

Thirty percent of the total pie or $33,000 goes for 
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BASIC SAVINGS 
USER's TIME 
GREATER THROUGHPUT 
LESS PROFESSIONAL HELP 

ADDED SYMBOL SAVINGS 
USER's TIME 

CLEAN LANGUAGE 
COMPLETE VARIABILITY IN 

FIELDS, 
STRINGS, 
STRUCTURES. 

NO DECLARATIONS FOR 
TYPE, 
SIZE. 

SOURCE AND MACHINE 
LANGUAGE NEARLY 
IDENTICAL. 

Figure 7-Savings in problem expense 

machine rental. It is estimated that about one third of 
the rental expense goes for direct development of hard­
ware and system software (perhaps half and half), one 
third for sales, service, and application support, and 
one third for administrative costs, overhead, and profit. 

The choice of a hardware configuration and its ma­
chine language is the tail wagging the dog. Inexpensive 
hardware and a good, easy-to-use programming system 
can reduce the size (i.e., total cost) of the pie but in 
conventional systems will not materially alter the rela­
tive size of the slices. 

In the following text the computing pie is used to 
illustrate SYMBOL concepts from a cost point of view. 
Each major slice will be further subdivided into its own 
percentage parts (i.e., each major slice will be 100 per­
cent of the portion under consideration and will be 
divided into its constituent parts). 

Figure 7 shows the potential problem expense saving 
to be obtained from any good conversation-mode, high­
level language, time-sharing system. It has been esti­
mated that approximately 50 percent of the problem 

BASIC TIMESHARING SAVINGS 
FEWER KEYPUNCHERS 
FEWER FILE CLERKS 

ADDED SYMBOL SAVINGS 
FEWER SYSTEM PROGRAMMERS 
EASIER APPLICATION PROGRAMS 
MORE PERFORMANCE/COST 
EASIER FACILITIES 

NO RAISED FLOOR 
LESS AIR CONDITIONING 
SMALLER FLOOR AREA 

Figure 8-Savings in installation operation expense 

expense slice can be saved in reduced user learning 
time, increased throughput, less professional program­
ming support required, etc. We estimate the SYMBOL 
system will further reduce these costs with its" clean" 
and" concise" directly implemented high-level language 
and simplified operating system.! 

The savings in the operation of an installation comes 
from four sources. This is illustrated in Figure 8. First: 
A good time-sharing system will reduce the administra­
tive help such as file clerks, keypunch operators, etc. 
H is estimated that this saving can be ten to fifteen 
percent of the installation operating expense exclusive 
of system rental. The SYMBOL system with conversa­
tion-mode multiprocessing and multiprogramming will 
also share in this saving. Second: The "system soft­
ware" support required in a conventional installation 
is a very significant portion of the expense. Here SYM­
BoL shows a definite added saving. What system soft­
ware remains can be written in the high-level, general­
purpose language and will be easier to write, debug and 
understand later. This will reduce the number of pro­
fessional personnel required. Third: The SYMBOL 
language is directly implemented in hardware and thus 
uses less main memory for "system software." For ex­
ample, a resident compiler is not required. In addition, 
much less program swapping occurs and thus less virtual 
memory transfer time is needed. Hardware execution of 
algorithms is also faster and results in enhanced in­
struction execution speed. These features will require 
less programming attention and also provide more 
throughput per installation dollar spent. Fourth: The 
SYMBOL hardware is designed with modern integrated 
circuits and large two-layer printed circuit boards. The 
total system hardware package is compact and does not 

: ..... ~ 

2% SYMBOL SAVINGS ~ 
LESS STORAGE REQUIRED~ -r,~ iliiil."1IIJIIi'" 
FOR SYSTEM SOFTWARE .J-:III 

~2'JI. SYMBOL SAVINGS 
SIMPLE ELEGANT PACkAGING 

Figure 9-Manufacturer's direct hardware expense 



need raised floors, special air conditioning, or vast 
amounts of floor space. It is estimated that these SYM­
BoL features will reduce installation operating ex­
pense by an additional 20-35 percent or a total of 30-50 
percent. 

The slice of the computing pie represent~ng the com­
puter manufacturer's hardware contribution is illus­
trated in Figure 9; approximately seventeen percent of 
this slice is attributable to hardware. For large systems 
the peripheral equipment and the bulk files can approxi­
mate about one half of the total cost. The main storage 
is another quarter and the CPU logic is another quarter. 
Naturally some variation in these amounts will occur 
from installation to installation and for different system 
types. 

The SYMBOL approach saves costs in several ways: 
The first area of savings is in the use of large two-layer 
printed circuit boards and two-layer printed circuit 
bases with cam-operated contacts for all system inter­
connections. 

Except for cables to peripherals and wires used for 
correction of design errors and for logical extensions no 
wire exists in the system. Figure 3 illustrates a logic 
board and Figure 5 illustrates the main frame of the 
SYMBOL system. This type of packaging lowers pro­
duction costs for logic. It is estimated as much as a 
fifty percent saving will be achieved over small board, 
wire-wrap back panel, multi-cabinet conventional sys­
tems. This same technique reduces costs in terminal 
equipment but not to such a large degree. We estimate 
that three percent of the manufacturer's slice of the pie 
can be saved by this functionally-factored, bus-oriented, 
large printed circuit board design philosophy. The sec-

,..... •• ANlJFACTURER SUPPLIED 

USER GENERATED OR 
CONTRACT SOFTWARE 

Figure lO-Manufacturer's system software expense 

. . . . . . . 
: ...... ~ 
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Figure ll-Manufacturer's software application expense 

ond way savings are obtained is in the hardware effi­
ciency gained by the SYMBOL system. Since most of 
the normal system software is hard wired, very little 
resident main memory is used, thus providing much 
larger percentages of main memory for application pro­
grams. The execution of system instructions is done at 
"clock speeds" in a "macro" rather than a "micro" 
manner. This provides much faster high-powered in­
struction execution. Finally, more of the system hard­
ware is simultaneously operating due to the system 
organization which allows mUltiple jobs to be in the 
main frame for overlapped execution. We estimate that 
an additional two percen.t of the manufacturer's slice 
of the pie is saved here. 

The largest and most important single saving for 
SYMBOL is in the "System Software." Figure 10 illus­
trates this point. Irrespective of whether the system 
manufacturer or someone else produces the software 
for a conventional computer this large expense is real. 
The SYMBOL features directly implemented in logic 
(i.e., hard wired) make unnecessary at least 80 percent 
of the conventional system software used in large time­
sharing machines. This represents an estimated 16 per­
cent saving in the system manufacturer's slice of the 
computing pie. 

The field support of the system software is a major 
expense. The sheer volume of paper and record keeping 
to keep current with the latest changes is a major 
problem. In the design of the SYMBOL system this 
problem was given great attention. In studying the 
software delivered with large systems using a relatively 
static high-level language, we note that most (if not all) 
of the changes made were on the programmed imple-
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mentation or were due to programming errors. Many 
levels of machine and assembly language programs and 
machine runs were between the hardware language and 
the programmers' source language. This quite naturally 
introduces confusion (and errors) either in original 
programming or in understanding the hidden rules 
when using the system. 

It may also be noted that as more and more applica­
tions are programmed in a language it automatically 
becomes more rigid. We believe that the" clean," high­
level, general-purpose SYMBOL language is excellent 
for most uses. Since direct hardware implementation 
requires little field support in the software sense, we 
estimate approximately a six percent saving in the 
manufacturer's support expense. This is illustrated in 
Figure 11. 

Good service is a must in a large system. The SYM­
BoL hardware has been engineered for good reliability 
and at the same time easy maintenance. We do not 
anticipate any added expense for SYMBOL hardware 
maintenance over conventional systems with equivalent 
storage and logic circuit counts. Our experience on the 
SYMBO L model has verified this belief. 

The previous material has split the computing dollar 
up in parts and has described how major savings can 
be realized with a "total systems" approach. The SYM­
BOL techniques described herein together with good 
time-sharing, conversation mode practice can reduce 
computing costs up to 50 percent. Referr~ng to Figure 
12, one may visualize how the savings in the whole 
computing pie add up. 

CONCLUSION 

The full scale running SYMBOL system has demon­
strated the following: 

1. A very high-level, general-purpose, procedural, 
"state of the art" language and a large portion 
of a time-sharing operating system can be effec­
tively implemented directly in hardware. 

2. Complete dynamic variability in data fields, 
data structures, processing length of strings and 
numbers and depth of structural nesting (sub­
scripting) can be efficiently and directly imple­
mented in hardware. Competitive execution 
speeds can be obtained as compared with more 
conventional fixed field and structure machines 
and in certain areas such as language transla­
tion extremely high performance rates can be 
demonstrated. 

3. Design and construction techniques using only 
large two-layer printed circuit boards for all 

USER WITH 

PROBLEMS 

j SOLUTIONS> 

8% POTENTIAL SAVING 

Figure 12-Potential savings with a good conversation mode 
hardware/software system 

system interconnections and buses together with 
a functionally factored system results in an eco­
nomical, serviceable and reliable system. 

4. The direct hardware implementation of a gen­
eral-purpose, high-level language, the use of the 
SYMBOL construction techniques and a good 
conversation mode system can save up to 50 per­
cent of computing costs. This is contrasted to a 
good conventional system using a general-pur­
pose, high-level batch oriented system. 

5. The use of the SYMBOL system (software plus 
hardware) has shown that significantly fewer 
hidden rules exist to plague the casual or the 
professional user in debugging programs. 
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The physical attributes and testing aspects of the 
symbol system 

by B. E. COWART, R. RICE and S. F. LUNDSTROM 

Fairchild Camera and Instrument Corporation 
Palo Alto, California 

INTRODUCTION 

The major goals of the SYMBOL computer research 
project have been to provide a more effective man-ma­
chine interface and to reduce the total cost of a digital 
system to the user. The development of the multi­
processing/multi-programming computer architecture 
with much of the executive system, memory manage­
ment, and high-level language implemented in hard­
ware is described in other related papers.1 ,2,3 The 
SYMBOL project also has investigated low-cost con­
struction techniques suitable for equipment to be used 
in commercial/industrial environments. 

The packaging system utilized (See Figure 1) is a 
free-standing, self-contained unit with the electronics 
fabricated entirely on two-sided printed circuit (p.c.) 
boards. In addition to low-cost mechanical packaging, 
special low-cost test equipment has been developed. It 
utilizes the same mechanical packaging and allows very 
rapid and efficient testing of individual logic boards 
and of the full SYMBOL system. These techniques re­
sult in a significant savings in the amount of engineering 
manpower required for hardware prototype debugging. 

PHYSICAL CHARACTERISTICS 

One of the first problems attacked by the SYMBOL 
research project was the excessive cost and intercon­
nection complexity of the mechanical packaging tech­
niques commonly used for digital systems. The mechani­
cal packaging system developed allows the use o~ free­
standing, self-contained units requiring no special or 
raised floors and no special cooling, and using commer­
cially-available power supplies. The SYMBOL com­
puter shown in Figure 1 utilizes this packaging ap­
proach. The section above the table top contains all the 
logic and system interconnections for the CPU, I/O 
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channels, memory controls and system executive con­
trols.2 The lower section contains all of the power sup­
plies, power controls and the cooling components. In 
Figure 1B the section above the table top and in the 
foreground is the SYMBOL logic. The smaller enclosed 
section in the rear is a hand wired system maintenance 
unit. 

The logic (upper section) is fabricated on large (12" X 
17") two-sided printed circuit boards with plated­
through holes. (See Figure 2). These logic cards contain 
all of the active logic components in the SYMBOL sys­
tem and are easily removed and repaired. As shown dia­
gramatically in Figure 3, the logic boards are mounted 
on one-half inch centers between a pair of two-sided 
printed circuit "motherboards." 

Interconnections between logic cards are made on the 
motherboards with parallel lines for bus connections. 
The local buses which intraconnect Autonomous Func­
tional Units (AFU's)2 are physically identical to, and 
intermingled with, system buses which interconnect the 
AFU's (global signals). These printed circuit buses pro­
vide all required system interconnections. Every signal 
pin position has two associated buses. One bus con­
nects to the pin while the second bus bypasses the pin. 
A signal on the connect bus and a signal on the bypass 
bus may "cross-over" between board positions (Figure 
3). In addition, either or both buses may have con­
tinuity breaks to isolate groups of boards (Figure 5). 

Due to practical limitations on moth~rboard size, the 
SYMBOL system has been implemented using five 
motherboard modules. Each motherboard module can 
interconnect thirty logic boards. In the SYMBOL sys­
tem four modules are used for the computer logic and 
one module is partially used for the system mainte­
nance unit. As mentioned above, all signals in the system 
are distributed on the printed circuit wires of the two­
sided logic boards and motherboards. The only excep­
tions are cables to external peripheral devices and bulk 
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Figure la-SYMBOL main frame including power, cooling, logic 
and interconnects 

storage (Figure 4) wires which fix errors or implement 
design improvements (Figure 2), and the short jumper 
wires used to connect the motherboard modules 
(Figure 5). 

Figure 1b-SYMBOL main frame with covers removed 

Figure 2-Typical 12" X 17" two-sided logic board with additions 
or changes in discrete wires 

Figure 3-Conceptual physical organization of SYMBOL 



Physical Attributes and Testing Aspects of Symbol System 591 

As Figure 3 shows, connectors are required on two 
edges of the logic boards to provide signal paths to the 
motherboards. A cam-operated contact system was de­
veloped to allow zero contact-force insertion and re­
moval of logic boards (from the top) and to provide high 
reliability, high pressure contact when engaged. The 
contacts themselves are soldered into the motherboards 
and, together with some molded plastic card guides, 
become a permanent physical part of the motherboard 
interconnection system (see Figure 6). To cam or un­
cam a board involves rotating two cam pairs using a 
cam key. No special board handles, locks, etc., are 
required. 

In addition to logic board contacts on the inside of 
a motherboard, contacts may be provided on the out­
side of the motherboard at each board position. The 
connector positions on the outside of the motherboard 
allow lamp panel maintenance aids called wing panels 
(Figure 7) or printed circuit board cable connectors 
called paddleboards (Figure 4) to be connected to any 
board position in the system. In practice, only those 
positions specified before fabrication are used for ex­
ternal connection. 

The signals interconnected by the motherboard sys-

Figure 4-Paddleboards with cables to external peripheral 
equipment and bulk storage devices 

Figure 5-Motherboard module interconnect wires and 
main power distribution system 

tern originate on the logic boards. Figure 2 shows a 
typical logic board. The 200 signal pins, a clock pin and 
a number of power pins on the two long sides connect 
to the motherboards. An additional fifty pins used for 
test points are available on the top of the board for 
monitoring during system operation and test. A typical 
logic board holds about 175 dual in-line packages; the 
maximum capacity is 220 packages. High packaging 
density has not been a major system goal. On the con­
trary, emphasis is placed on functional completeness 
and interconnection density on a board. An additional 
effort was made during prototype fabrication to guar­
antee some extra package positions on each board (at 
least ten percent) to allow implementation of logic func­
tions "overlooked" and design improvements. Discrete 
wires are used to repair board fabrication errors and to 
implement additional logic. No degradation in perform­
ance has resulted and no special electrical considerations 
have been required. Surprisingly, not one board has had 
to be remade for the system. Discrete wire and com­
ponent additions to the original boards have sufficed to 
bring the system to an operational state. 
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Figure 6-Zero insertion force, . cam-operated connector system 

ELECTRICAL CHARACTERISTICS 

A mechanical packaging system is useless unless the 
digital system itself can operate successfully in that 
package. The electrical characteristics of the SYMBOL 
system were chosen to provide a relatively high-speed 
system using conventional technology. De~ign decisions 
were made with speed enhancement and noise suppres­
sion high on the list of design criteria. Few concessions 
which compromise economy have been permitted. 

Circuit family 

The Complementary Transistor Micro-Logic (CTpL) 
circuit family chosen facilitated both the ease of design 
and the operating speed of the system. The CTpL 
family4,5 is a positive logic family with wired-or capa-

bility at every point except at the flip-flop outputs. The 
basic AND gate is a emitter-follower device with rela­
tively slow rise and fall times (7-10 nsec for the 3V 
swing) but with a relatively fast propagation delay 
through the gate (typically less than 5 nsec). The slow 
rise and fall times significantly reduce the problems of 
fabricating a high-speed system on two-sided printed 
circuit boards. However, since the basic gate is non­
saturating, there is a slight voltage degradation through 
each gate. Thus, level restoring elements (AND, NOR, 
LATCH, FLIP-FLOP) are required at various places 
in a chain of logic as shown in Figure 8. In SYMBOL (a 
synchronous system) the total chain allowed in one 
clock cycle is four sets of the gate and level restorer 
combinations. The experience gained in SYMBOL 
shows the importance of the wired-or capability very 
clearly. There are a significant number of five, six, or 
seven-way wired-or ties. If discrete OR gates had been 
required, the size of the system would have been signifi­
cantly larger. Most AND functions are four inputs or 
or less with the average about two-inputs. There are 
some 10-way and larger OR-ties. 

Figure 7-Wing panel in motherboard position for monitoring 
signal buses 
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CAD support 

A computer-aided design (CAD) system was devel­
oped to assist appropriate design and fabrication opera­
tions in the development of SYMBOL. The approach 
was not one of developing a general system and then 
using it for the SYMBOL design. Instead, when a need 
developed where CAD programs could help, a new sec­
tion of the system was generated specifically for that 
need. Usually the new section of the CAD system was 
generated by the engineer or designer first requiring 
that section. The resulting system greatly enhanced 
the power of the designers and the reliability of the 
final system. 

One of the sections of the CAD system is a logic de­
sign assistance sect~on. In this section, each device is 
characterized as it can be expected to perform in the 
system environment. This system characterization is 
in terms of quantized, normalized units of time delay, 
signal voltage degradation, threshold variations, and 
fan-in/fan-out effects. Time delay characterization in­
cludes an allowance for typical propagation delays as 
well as device delays. Special noise conditions (such as 
global signals or cables to peripherals) are accounted for 
by modifying the characterization of the devices used 
in these services. Special time or loading conditions can 
be forced, especially in the case of long bus signals. The 
CAD system points out violation of noise margins, load, 
or time delays so that the designer can modify a design 
to comply with the system rules. 

In the section of the CAD system which performs the 
logic placement and wire routing functions, no attempt 
was made to specifically minimize wire lengths or to pro­
vide the maximum number of devices per board. In­
stead, placement and routing were based on intercon­
nect capability of the two-sided printed circuit board. 
The rules for partitioning of logic to various boards by 
the designer were also based on this same criteria, modi­
fied by an added criteria that the printed circuit cards 
should consist of complete functions. 

Signal distribution 

Many signal distribution problems are encountered 
when using high speed circuits.4 •6 •7 The choice of the 
CTpL logic family considerably reduces the problems of 
signal distribution in systems with two-sided printed 
circuit boards. Signals between boards within an AFU 
are treated ·no differently than on-board intraconnects. 
These signals are the AFU intraconnections on the 
motherboards and are less than eight inches in length. 
No attempt is made to provide terminations or im­
pedance controls. 

FF -- J------- FF 

l '" AJ\{)/RESTORER 
I I I I 

NORIRESTORER : : : : : 
L-O L{] L.O L--cJ 

CLOCK 

Figure 8-Representative CTp.L logic chain in SYMBOL 

Global signals, on the other hand, can be as much as 
six feet long. The base interconnects for these signals 
are treated as transmission lines with distributed dis­
crete loads, and an approximate termination is placed 
at each end of the lines. The clock line is a particular 
example of this type of signal (Figure 9). The copper 
trace for this signal is as ",ide as practical to reduce its 
impedance. The wide trace reduces the effect of the 
loads on the propagation velocity and minimizes re­
flections and distortion on the line. Each of the boards 
(107 total) in SYMBOL presents a load on the clock 
line of approximately 500 ohms to ground. To drive 
this low impedance load a special clock driver is re­
quired, one of the few discrete circuits in the system. 
The other main bus signals (except for system clear) 
did not require discrete circuits because each AFU was 
constrained to connect to the system bus only once. 

POWER 

The SYMBOL electro/mechanical system is designed 
to deliver properly regulated power at each circuit in 
the system and to remove the generated heat. Cooling of 
the system is accomplished with miniature axial fans 
blowing air upward through the card cage. No special 
room air conditioning is required. Power distribution is 
somewhat more complicated. Although the power dis­
tribution system was designed to provide excellent DC 
regulation, ease of installation and economy took prec­
edence over requirements for dynamic performance. 
However, power distribution had to be appropriate for 
the high-speed circuits in the system. 8 Power is dis­
ributed throughout the system using a combination 
of large copper bus bars on the motherboards and a 
power distribution grid of printed-circuit wires on the 
logic boards. 

The current in a thirty card module is approximately 
200-250 amperes. To distribute this much current over 
the fifteen inch span of the module, a large copper bus 
is used. This bus in turn is connected to the main distri­
bution bus by laminated copper risers (see Figure 5). 
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Figure 9-Close-up of motherboard showing wide clock line with 
wide and narrow ground lines for shielding 

The system power is distributed longitudinally near the 
lower edge of the motherboards. The voltage regulators 
use remote sensing at the main distribution buses. The 
riser, distribution bus, and printed circuit board distri­
bution system are sufficiently massive to provide regu­
lation of less than fifty millivolts from the sense point 
to the remote sectors of the printed circuit board. 

The power distribution system on the logic boards 
is standardized to provide a pseudo-ground plane made 
up of the composite of the positive, negative, and 
ground distribution grids (Figure 10). The grid geome­
try was chosen so that the circumference of a net cell 
is less than a half wave length for the highest frequency 
of appreciable magnitude. The size of the logic board 
is such that local filtering on the boards is more efficient 
and productive than attempts to provide super-low dis­
tribution impedance. The decoupling capacitors can be 
seen on the logic board in Figure 2. 

The CT,uL circuit family chosen for use in SYMBOL 
requires two supply voltages in addition to ground. The 
three-terminal DC equivalent circuit can be represented 
as in Figure 11. As can be seen, the grou~d terminal can 
be vi~wed as a current source to the power system, re­
quiring that approximately thirty percent of the posi­
tive terminal current be diverted by an appropriate 
sink. In the SYMBOL system, a shunt regulator sta­
bilizes the potential between the negative terminal and 
the ground terminal. This technique is used instead of 
the normal two supply ( + V, - V) system because only 
41 worth of supplies and related inefficiencies are re­
quired (31 for + V and I for ground regulation) instead 
of 51 (31 for + V and 21 for -V). 

The power supply system used is a floating supply 
which uses a combination of unregulated and regulated 
supplies to generate 800 amps at 6.7 V. Since the power 

load of CT,uL does not change appreciably with the 
state of the device, the variation in the current within 
the system is less than thirty percent. Most of the cur­
rent is supplied by unregulated sources (a sort of poor 
man's current source). The remainder is provided by 
tightly regulated, commercially available voltage 
sources which are distributed along the main power bus 
and provide current required to maintain regulation. 
Each component of the power system is small enough 
for easy installation and maintenance, yet large enough 
to provide economical power. In addition to being 
economical, the distribution elements are self-adjusting 
in case of failure. Consider the two possible modes of 
failure, over voltage or loss of voltage. If a single unit 
fails by 'over voltage, all the other regulated sources 
shut off. The resulting load of the system imposed by 
these sources shutting off prevents the voltage from 
rising to destructive levels. If a single unit loses voltage, 
remaining supplies have a sufficient reserve of current 
capacity to provide the necessary current with only a 
minor degradation in regulation in a localized sector of 
the system. 

TESTING TECHNIQUES 

Since logic designers and logic devices never seem to 
be perfect, all the advances in architecture and me­
chanical packaging would not be useful unless some 
techniques were developed to allow the system to be 
tested. Many approaches to solving the testing problem 
have been reported. 9 ,lo,11 SYMBOL has unique prob-
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Figure lO-Composite + V, - V, GND power distribution grid 
on SYMBOL logic boards prior to signal routing 
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lems analogous to trying to test both the CPU and 
most of the executive system simultaneously. During 
design and system partitioning it was found that func­
tional splitting of logic tended to minimize bus lines 
used. Such a split also became useful during testing. A 
combination of manual and automatic test aids has 
been developed to support the SYMBOL project. The 
SYMBOL documentation, board test, system monitor­
ing, and system test techniques (discussed below) are 
low-cost approaches to solving the unique SYMBOL 
testing problems. 

Documentation 

Documentation of the system was one of the first 
problems encountered. The documentation used to sup­
port SYMBOL fabrication and testing is quite simple. 
A computer-generated listing from the CAD system 
describes (in a pseudo-equation form) the logic. imple­
mented on each node, the name and reference number 
of each signal involved, the physical location of the pins 
on the logic element which implements the node, and 
the origins and/or destinations of all signals involved. 
Since all cross-references for a node are given· at one 
point in the document and since the signals are listed 
in both alphabetic (by signal name) and numeric (by 
reference number) order, engineers and technicians 
waste little time trying to find related logic. The CAD 
system includes comprehensive document editing fea­
tures to allow easy modification of the original logic and 
specification of added logic. Both logical and physical 
descriptions in the document can be edited. The editing 
features combined with simple procedures to obtain 
up-to-date documents have provided excellent com­
munication of logic changes to all those involved with 
the testing process. 
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Figure ll-DC equivalent circuit of SYMBOL 

Figure 12-Test point panel used to monitor logic boards during 
system operation 

Test point and bus monitoring 

It was noted earlier that the printed circuit logic 
boards have fifty test points along the top edge. In 
SYMBOL the designer assigned these test points to 
signals he thought were of interest. These signals are 
usually phase-counters and ~heir controls, state flip­
flops and central logic decision points. In a production 
environment, the test points would probably be chosen 
to allow efficient isolation of fabrication errors (rather 
than logic design errors as in the prototype). A special 
indicator panel, called a test point panel, has been de­
signed to connect to the test points and to receive power 
from the board under test. Figure 12 shows this panel 
installed on a printed circuit board. Note that there is 
an indicator light and a probe point for each of the fifty 
test points. The lamp corresponding to a particular 
test point will light if the test point is at a high voltage 
(logic "one"). In some cases, a panel with pulse str~tc~­
ers between each of the test points and the lamps IS 

uE'ed so that transient logic conditions can be detected. 
The design of the motherboards allows the straight 

line buses to be broken at various points in the system. 
By using breaks and bypasses, the separate AFU's can 
have a local signal bus in addition to their connection 
to the global bus lines. To allow monitoring of the sig­
nals on these buses, a monitoring panel called a "wing" 
panel has been designed to insert in a connector on the 
outside of the motherboard much as a cable connector 
paddleboard does. Figure 6 shows the wing panel in 
more detail. Note that the wing panel has one indi­
cator light and one switch for each of the 100 signal 
pins on the motherboard at the point of connection. 
The indicator lamp is lit if the associated signal line is 
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Figure l3-Typical SYMBOL system test configuration with 
board extender, test point and wing panels in place 

at a high voltage and off otherwise. Two types of wing 
panels are available, a right wing panel and a left wing 
panel. The two types allow viewing of wings on each of 
the· two motherboards from the same end of the SYM­
BoL system. One of the reasons that the bused-signal 
concept is successful is that the CT~L family provides 
a true wired-or capability. Eecause of this capability, a 
switch on a wing panel can be used to force (i.e., "or") 
a logic "one" on the associated signal bus on the moth­
erboard. It should be noted that the test point panel 
and the wing panels are also standard two-sided printed 
circuit boards. 

Unfortunately, it is necessary, from time to time, to 
probe signals on the logic board itself during operation 
of the system. To do this, a board extender was de-

veloped, again using two-sided printed circuit boards 
and simple mechanical parts. The wing panels can be 
connected to the board extender also. Figure 13 shows 
a typical system debugging setup with test point panels, 
wing panels and extender in place. Because of the sys­
tem timing rules followed during design, no problems 
have been encountered due to the extra signal propaga­
tion time when a logic board is extended. 

Logic board testing 

In the early stages of the SYMBOL project, an auto­
matic programmable logic board tester was constructed. 
However, it soon became clear that too great an in­
vestment of engineering time was required to perform 
successful tests. The major problem was that the boards 
being tested were not necessarily logically correct. An 
added complication was that the tests were programmed 
by hand. As a result, the tests required an excessive 
amount of time to program and as much time was spent 
debugging the test program as debugging the board 
under test. 

A human-factors analysis of the specific operations 
required for functional board testing (in combination 
with the usually limited Rand D budget) resulted in 
the development of a board tester used for most of the 
SYMBOL project. This tester (Figure 14) was designed 
to minimize the number of physical motions required 
during manual testing of prototype logic boards. In 
addition, every attempt was made to eliminate the need 
for any other instrumentation during testing. The same 
test point panel and wing panels used for system testing 
mount on the board tester and are used to force and/or 
monitor logic conditions at the 200 signal pins and fifty 
test points on the boards. Switch bounce is no problem 
because board testing is not dynamic in this tester. 

During functional board test, signals on the logic 
board must also be traced and/or monitored. The tester 
control panel has been designed to help support these 
requirements. A single clock pulse with the same dy­
namic characteristics as seen in the SYMBOL system 
is generated by the CLOCK switch. The LOGIC test 
probe is used to monitor signal points on the board 
under test. The condition of the signal probed is indi­
cated by both an audio and a visual signal. Three indi­
cator lamps, one on the control panel and one on top 
of each of the two uprights, light when a logic "one" is 
probed. However, that is not sufficient to show that a 
particular signal line is electrically active or that the 
probe even made contact. Therefore, an audio signal 
is generated to indicate both logic one and logic zero via 
high and low frequencies; for an open circuit, no tone 
is generated. A set of lamps and switches is connected 
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through a cable to a fourteen pin package probe. This 
probe can be used both to monitor and to test a logic 
element. All lamps on the control panel have asso­
ciated pulse stretchers to detect transient logic con­
ditions. 

During the initial testing of a logic board, con­
tinuity of signal traces is often suspect. The board tester 
can also assist in continuity checking. When the power 
to the board under test is turned off, the jack under the 
board power switch on the front panel is energized with 
a logic "one". A probe from this jack and the LOGIC 
pro be can be used in place of an ohmmeter to check 
continuity. A similar operation can be done through 
use of the LOGIC probe and the package probe. The 
LOGIC probe generates an audible confirmation of con­
tinuity precluding the need for separate observation 
of a meter. 

The ease of use of the board tester is best seen in the 
average time for testing. The automatic board tester 
averaged about two man weeks per board. The manual 
functional tester required about one man day per 
board. It is anticipated that when a system such as 
SYMBOL enters volume production it might be eco­
nomical to return to the automatic tester since the logic 
design will have been debugged and the investment 
in tester programming could be amortized over the 
production run. 

System test 

The problems encountered during system test on the 
SYMBOL system have been typical prototype test 
problems. The SYMBOL system is a synchronous de­
sign. Thus signals must propagate through whatever 
logic chains are required before the arrival of the subse­
quent clock. Although no timing rules were violated 
in the initial design, some logic corrections could be 
made less complex if the system timing rules could be 
relaxed. Also, some of the requirements of the initial 
system tester (described below) required a longer clock 
cycle. Thus, a second, slower, system clock speed was 
introduced at the outset. 

Both automatic and manual aids are used for SYM­
BOL system test. Automatic testing aids are used to 
help isolate problems to a specific area in an AFU while 
manual aids are used to isolate the specific problem. 
Many of the manual test aids have already been shown. 
The board extender (Figure 13) allows a particular 
board to be accessible at its position in the system. The 
wing panels (Figure 7) can be mounted on the outside 
of the motherboards at positions which were specified 
by the designers during AFU design. The test point 
panels (Figure 12) monitor boards in the system. The 

Figure 14-Manual, functional, logic board tester 

normal complement of black boxes for monitoring the 
logic conditions of all pins on a package, for stopping 
the system clock on a logic condition, for· determining 
how far operation proceeded through a sequential net­
work before halting or forking, etc., has been con­
structed and is used during detailed logic debugging. 

Extremely few areas of system test require the use of 
an oscilloscope. The electronics controlling the magnetic 
disk and magnetic core memories requires an oscillo­
scope to set up and verify timing. The portions of the 
system involved with various I/O clock frequencies 
such as peripheral controllers and transceivers also often 
require an oscilloscope. Very few other system prob­
lems have been discovered through the use of oscillo­
scopes. These few problems generally have been fabri­
cation errors such as the case where the power supply 
filter capacitors were incorrectly inserted between 
ground and a signal line (resulting in very slow rise and 
fall times of the signal). 

I t is impractical to use manual techniques for system 
debugging. Such techniques would be analogous to 
single stepping an executive system program to find 
errors in loops buried deep within a software system. 
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Figure 15-Programmable SYMBOL system test support 
configuration 

Some kind of program trace must be generated. The 
analogy is particularly apt in the case of SYMBOL since 
the hardware includes most of the executive system. 
The SYMBOL system construction schedule was such 
that I/O. equipment was one of the last things to be­
come operational. Thus, self-diagnostics were imprac­
tical until late in the program. Some way of exercising 
and/or moriitoring various AFU's and portions of the 
system automatically and of recording the results of 
these tests was absolutely necessary. In response to 
that need the SYMBOL system tester was developed 
(See Figure 15). 

The system tester consisted of a small control com­
puter with on-line disk storage, card reader, line printer 
and typewriter, interfaced to the SYMBOL main buses 
and to the SYMBOL mode and clock control lines. 
Since all SYMBOL system operation is coordinated via 
signals on the main signal bus, the control computer 
was programmed to substitute for any missing part of 
the system and to exercise any portion of the system 
accessible via the main bus. In addition, the main bus 
could be "watched" during independent system opera­
tion and desired data could be recorded. The discrep­
ancy between the speed of the control computer with a 
limited bandwidth data channel and the SYMBOL 
clock speed was resolved by allowing the interface to 
turn off the SYMBOL clock temporarily when any 
data needed to be transferred to or from the main bus 
buffer register in the interface. Control of the clock 
in this manner significantly reduces the execution rate 
of the SYMBOL system while monitoring the actions 
of the system although this approach is considerably 
faster than simulation techniques. Except for real-time 
support logic, all logical sequences were executed in the 
same order with respect to each other no matter what 
the actual clock speed. 

The general use of the system tester consisted of first 
initializing the memory with appropriate data, setting 
the system mode to AFU test or system test, starting 
the appropriate portion of the system, and monitoring 
the system operation via the line printer. Sixteen extra 

data lines, in addition to the SYMBOL main bus lines 
were provided to allow arbitrary signals in the system 
to be patched into the system tester. These lines could 
be connected to local buses, local control lines, etc. A 
language called DEBUG was developed to allow direct 
execution of any of the virtual memory operations and 
system supervision cycles under control of the small 
computer. The system supervision cycles allowed start­
ing and stopping of the various AFU's in the system. 
An automatic memory exercising mode was included. 
Any arbitrary pattern could be written into all words, 
read and checked. Any errors detected were auto­
matically listed on the line printer. The "watching" of 
the bus signals was done in a TRACE mode. During 
TRACE, all memory operations performed by a par­
ticular AFU and/or inter-AFU control communication 
were listed on the line printer. Since the control com­
puter was programmable, special problems such as il­
legal use of particular memory words could be tracked 
through the use of special monitoring programs. 

To provide independent maintenance and debugging 
capability, a substitute for the programmable test 
system was devised. An additional AFU called the 
Maintenance Unit (MU) was defined and imple­
mented. Figure 16 shows the final syst.em configuration 
of SYMBOL with the Maintenance Unit. I/O equip­
ment from the remote interactive batch terminal is 
used as the input/output medium. A special punched 
card format (produced by the SUPERBUG language 
processor) was defined and is used as input to the 
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Figure 16-SYMBOL system maintenance unit configuration 
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DEBUG operations which are hard wired into the 
MU. The MU implements a majority of the most 
frequently used features of the programmable system 
tester and does not implement those features which 
were relatively unused. The SYMBOL control console 
also controls the MU. 

The use of the limited bandwidth channel from the 
SYMBOL main buses to the control computer in the 
system tester proved the feasibility of performing re­
mote testing of complex computing equipment. No 
good solution has yet been discovered for isolating 
errors in peripheral equipment using these techniques. 
The small number of system interconnections has been 
instrumental in making this system testing approach 
possible. 

CONCLUSIONS 

The SYMBOL project has developed a generally useful 
and inexpensive technology which includes system 
packaging, computer-aided engineering design and cir­
cuit board and system testing techniques. 

The system packaging techniques use two-sided 
printed circuit boards for both signal and power distri­
bution intraconnections. A cam-operated zero-insertion 
force, high pressure connector gives reliable but inex­
pensive pluggable connections. All system level inter­
connections are made on two-layer printed circuit 
motherboards. No wire wrap or other forms of wired 
connections are used. The cam-operated contacts solder 
directly onto the motherboards for mechanical stability 
and electrical reliability. Simple forced air cooling is 
used. Inexpensive power is provided by a high current 
main supply and a low-voltage, lower-current shunt 
supply. 

A complete engineering design package using com­
puter aids was developed for the project. From logic 
equation input, electrical and timing checks are made 
(human aided), factoring and functional unit selections 
are made, automatic placement is accomplished, wire 
routing is done, and finally, printed circuit board art­
work is automatically generated. 

The testing techniques allow single circuit boards, 
several boards, a functional unit, several functional 
units, or the complete system to be exercised. Single 
boards may be tested in a separate "board tester." 
Any board in the main frame of the system may be 
placed on a board extender for scoping, etc. The parallel 
line motherboards permit "wings" to be placed at any 
desired main frame location for observing or controlling 
logical states. The main frame can be driven by a small 
computer to simulate operating conditions at any level 
from a single board up to the complete system. A pro-

grammed debug package was developed for the small 
computer to activate the system and to help diagnose 
trouble. 

These SYMBOL technologies have already proven 
useful in the implementation of the following projects: 

Minus; a smaller-than-mini computer with a 512 
word, 9 bit semiconductor memory, 

SYMBOL Terminal; an interactive, remote-batch 
terminal; 

LSI Memory; the 2048 word X 64 bit production 
bipolar memories used for the ILLIAC IV com­
puter Process Element Memories, 

Board Testers; the memory and SYMBOL logic 
board testers, 

Automatic AC Functional Memory Tester; a 
special tester for AC functional testing of LSI 
memory components 

We believe that, taken together, these techniques will 
be very useful in low-cost commercial computing sys­
tems for years to come. 
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INTRODUCTION 

The SYMBOL system is the result of a major develop­
mental effort to increase the functional capability of 
hardware. Part of the charter of the broad based proj­
ect was to reexamine the traditional division between 
hardware and software, to reexamine the respective 
roles of program instruction and data storage, and to 
reduce the overall complexity and cost of computing.! 
In order to adequately evaluate the concepts that had 
been developed it was concluded that an experimental, 
usable, real system must be built. The SYMBOL sys­
tem, now operational, is the embodiment of this effort. 

The system was developed in an environment with 
hardware and software design considered in common. 
Virtually no one associated with the project could refer 
to himself as a hardware or software specialist exclu­
sively. As an example, the logic design of the field 
process units was done by an individual with a basic 
programming background.2 The wire routing automa­
tion was developed by an engineer who Was formerly a 
pure logic design specialist. 

Even before the system became operational much 
had been learned about the practical aspects of building 
highly capable hardware. No claim is made that 
SYMBOL represents an optimum general purpose, 
time-sharing, multiprocessing system. In contrast, 
numerous simplifying assumptions were made in the 
system where they did not serve the goals of the proj­
ect. Certain modularity restrictions are examples of 
this. It is claimed that SYMBOL represents a signifi­
cant advance in systems technology and provides the 
foundation for a significant reduction in the cost of 
computing. As the system moves into an intensive 
evaluation phase it should prove to be a real asset for 
advanced systems research. 
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This paper represents an overview of the SYMBOL 
organization. An attempt is made to give simplified 
examples of various key features in contrast to a broad 
brush treatment of many topics. 

GROSS ORGANIZATION 

The system has eight specialized processors that 
operate as autonomous units. Each functional unit is 
linked to the system by the Main Bus. See Figure 1. 
Consider some of the features of the system and their 
relationship to the gross processor organization as out­
lined in the following sections. 

Dynamic memory management 

Direct hardware memory management is perhaps the 
most unique feature of the SYMBOL system. The 
memory management centers around a special purpose 
processor called the Memory Controller (MC). The 
MC effectively isolates the main memory from the 
main bus and the other processors and in turn provides 
a more sophisticated storage function for the various 
processors. In contrast to simple read/write memory 
operations the MC has a set of fifteen operations that 
are available to the other processors of the system. 
The Me is a special purpose processor that allocates 
memory space on demand, performs address arithmetic, 
and manages the associative memory needed for paging. 
The Memory Reclaimer (MR) supports the MC by 
reprocessing used space to make it available for subse­
quent reuse. It is a separate unit to allow the task to 
be performed using a low priority access to the memory. 
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Figure 1-Gross block diagram of the SYMBOL system 

Direct compilation 

The Translator (TR) accepts the high level SYMBOL 
language3 as input and produces a reverse Polish object 
string and name table suitable for processing by the 
Central Processor (CP). The TR performs the direct 
hardware compilation using only a small table of about 
100 words stored in main memory. 

Dynamic variable field length 

Within the Central Processor all field processing is 
done with dynamically variable field lengths. All alpha­
numeric string processing is done by the Format 
Processor (FP) while all numeric processing is done by 
the Arithmetic Processor (AP). The resources of the 
MC are used extensively by the CP in handling the 
storage of data. 

Dynamically variable data structures 

Complete variability of data structures is allowed. 
They can change size, shape, and depth during process­
ing. Within the CP the Reference Processor (RP) 
manages the storage and referencing of all data arrays 
and structure. The M C functions are used extensively 
by the RP. 

Time-sharing supervision 

The System Supervisor (SS) is the task scheduler for 
the system. All transitions from one processing mode to 
another are handled by the SS. Queues are maintained 
for all of the time-shared processors. The SS executes 
two important hardware algorithms, job task schedul­
ing and paging management. A real-time clock is used 
in the process of rationing out critical resources such as 
central processor time. The SS also performs key in­
formation transfers needed to tie hardware algorithms 
into software system management procedures. 

Direct text editing 

The Interface Processor (IP) and Channel Controller 
(CC) perform the input/output tasks of the system. 
The IP has ability to handle general text editing in 
support of interactive communication via a special 
terminal. Input/output and text editing do not use the 
CP resources. 

Virtual memory management 

When the M C detects that a page is not in main 
memory it notifies the requesting processor and the 
system supervisor. The SS then utilizes a paging algo­
rithm to supply the appropriate disk transfer commands 
to the Disk Controller (DC). Each user of memory 
must, upon receiving a page-out response, be able to 
shut down and save its current state and status and 
restart after paging is complete. 

Figure 2-Breakdown of the SYMBOL hardware showing the 
relative sizes of the various processors 



SYSTEM CONFIGURATION 

The system has a small complement of peripheral 
and storage equipment associated with the main frame. 
This complement of equipment has proven sufficient 
for the experimental purposes of the system. The main 
memory is an 8K word X 64 bit/word core memory 
with a cycle time of 2.5 microsec. It is organized into 32 
pages with 256 words/page. The main paging memory 
is a small Burroughs head-per-track disk divided into 
800 pages. The bulk paging memory is a Data Products 
Disk-file organized into 50,000 pages. 

The Channel Controller is designed to handle up to 
31 channels. This low limit was deemed sufficient for 
evaluation of the experimental system. As of this writ­
ing one high ~peed (100,000 bits/sec. effective data 
rate) channel and three phone line (up to 2400 baud) 
channels have been implemented. More can be added 
during the evaluation phase. 

The main frame contains about 18,000 dual in-line 
CT.uL components. Its physical properties are described 
in other papers.4, 5 In order to get a relative measure 
of the size of the various autonomous processors a 
chart is given in Figure 2. 

SYSTEM COMMUNICATION 

The main bus of the system is a time-shared, global 
communication path. It uses the special properties of 

Fi~ure 3-Use of the main bus for control exchange cycles 
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the CT.uL family in its implementation.4,5 The bus 
contains 111 parallel lines. They are distributed as 
follows: 

Data Bus 64 
Address Bus 24 
Operation Code Bus 6 
Terminal Identification Bus 5 
Priority Bus 10 
System Clock 1 
System Clear 1 

Four types of bus usage are available. They are: 

Processor to M C transfers 
M C to Processor transfers 
Processor to Processor transfers 
Control exchange cycles 

The basic information transfers are priority se­
quenced. The priority bus indicates the desired bus 
usage for the following cycle; if a unit desires to use the 
bus it raises its priority line and then checks the pri­
ority bus to see if there are any higher priority requests. 
If not it uses the bus on the following cycle. 

Control exchange cycles are used to communicate 
control information between the SS and the various 
processors over the data and address buses. See Figure 
3. During a control cycle the data and address bus lines 
have preassigned uses. Certain lines are used to start 
the CP. Others indicate the completion mode for the 
TR. During a given cycle any combination of the paths 
can be used. The SS has autonomous interface control 
functions that are used to communicate with the pro­
cessors during control cycles so that more than one 
control signal can be transmitted during a given cycle. 

MEMORY ORGANIZATION 

Virtual memory 

The SYMBOL memory is organized as a simple two­
level, fixed page size virtual memory.6 The page has 
256 words with each word having 64 bits. Virtual 
memory is accessed by a 24 bit address with 16 bits 
used to select the page and 8 bits to select a particular 
word within a page. See Figure 4. 

The main memory for the experimental system is 
logically divided into 32 pages. The relative portion of 
the address is used directly while the page number 
accesses an associative memory which in turn supplies 
the current page address in main memory. 

The associative memory has one cell for each page 



604 Spring Joint Computer Conference, 1971 

Virtual 
Address 

Associative 
Memory 

o 
PAGE NUMBER 

Main Memory Address 

Figure 4-The simple two level addressing structure for the 
virtual memory 

in the main memory. By providing an associative mem­
ory tied to the main memory the individual processors 
need not be concerned with the location association 
process. This provides a significant reduction in the 
logical complexity of the processors even though it may 
lead to slightly more overall electronics. 

The paging disk memory has fixed assignment of 
page locations. See Figure 5. A page is brought into an 
available location in main memory upon demand. When 
it is purged back to disk it is transferred back to the 
same location on disk. (The return transfer is omitted 
if the page was not changed in main memory.) 

The main memory organization is shown in Figure 6. 
The first page is used for system tables. This includes a 
reserved word table for the translator, a software call 
table, and the control words for memory allocation and 
queuing. The next set of pages are used for storing the 
control words of the various terminals or users on the 
system. Each active terminal has 24 words of control 
information in low core. Much of the control informa­
tion could have been placed in virtual memory as 
would certainly be required for a system with a larger 
channel capacity. As a simplifying restriction for SYM­
BoL all channel tables were placed in main memory. 

The input/output buffers for the various active 
channels are also held in core. The buffers require 16 
words per active channel. Variable buffer sizes although 
possible were not implemented. 

The remainder of main memory is available for 
virtual memory buffering. Paging is managed by the 
hardware with the page selection for purging under the 
control of the system supervisor. The algorithm is a 
very flexible parameterized process that allows most of 

the conventional paging algorithms to be executed. The 
parameters are maintained for each terminal so that 
the paging dynamics can be tailored on a terminal by 
terminal basis. 

The virtual memory organization is quite simple for 
SYMBOL in contrast to the more common segmenta­
tion schemes.7,8 The primary difference that allows the 
simplified approach to be taken in SYMBOL is that 
contiguous addressing above the page level is not 
needed. All users and channels share the same virtual 
memory space. The 24 bit address space is thoroughly 
used. With space allocated only upon demand and with 
no restriction on a scrambled assignment of pages to 
users it is anticipated that 24 bits will be sufficient for 
many more than the 31 possible terminals. If file space 
is needed beyond the 24 bits of address space it can be 
addressed via special block input/output transfers. 

Page lists 

Pages are associated together with the use of linked 
page lists. Pages available for assignment are main-

Main Memory 

AsSOCiative 
--~ Memory 

Paging Memory 

Figure 5-Virtual memory organization showing the fixed location 
of pages in the paging memory 



tained on an available page list. As each user needs 
space a user page list is started by transferring a page 
from the available page list to the particular user. A 
control word is established at this time as a focal point 
for all future page list management for the user. As 
more space is needed pages are added to form a variable 
length storage area for general purpose usage. See 
Figure 7. 

A given user may have more than one page list. 
Typical page list usage for a terminal would be one 
page list for program source text, another for the com­
piled object program, and a third for data variable 
storage. Other page lists are used for long or short 
term file storage. 

SYSTEM SUPER-
VISOR TABLES 

1 Page 

TERMINAL 
CONTROL 3 Pages 
TABLES 

INPUT/OUTPUT 
BUFFERS 

1-2 Pages 

+ 
t 

VIRTUAL 
MEMORY 

PAGING SPACE 

,,~ "I" 

Figure 6-Layout of main memory 
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Available Page List User Page Lists 

~g 

Figure 7-Simplified page list structure within the 
virtual memory 

Page lists grow monotonically as space is needed. 
When an entire list is no longer needed it is given back 
to the system by returning it to the available page list. 

Page organization 

In order to handle non-contiguous address space a 
certain amount of the storage space must be devoted to 
linking or association data overhead. In SYMBOL 
about 11 percent of the storage space is for overhead 
bookkeeping. 

Pages have three distinct information regions as 
shown in Figure 8. The first region called the page 
header is used to maintain the page lists and manage 
the space within the page. The second region is a set of 
28 words. The third region is a set of 28 groups with 
each group containing eight words. Each group has a 
corresponding group link word associated by a simple 
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Figure 8-Page organization showing group and link word layout 
where addresses are given in HEX notation 
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Figure 9-Structure of a variable length string 

address mapping. Consider in Figure 8 word 5 and the 
corresponding group 5. Data is stored in words 28 
through 2F. This eight word group is the fundamental 
quantum of space allocation. It is the smallest amount 
of memory space that is assignable to a given purpose. 

When data is needed for some purpose groups are 
assigned. For example, if six words were needed to 
store a data vector one group would be assigned. If 
space for a vector of 14 one word items were needed 
two groups would be assigned. Variable length informa­
tion areas are developed by chaining together these 
basic units of storage. 

I nf ormation strings 

Variable length lists of storage locations are used for 
general information storage in SYMBOL. They are 
logically contiguous memory cells but not necessarily 
physically contiguous cells. 

Consider a typical variable length information string 
in Figure 9. Data space for 24 words of information is 
tied together by way of the associated group link words. 
If access to the start of the string is known it is possible 
to follow the entire string by accessing the correspond­
ing group link word each time the end of a group is 
encountered. It is also possible to traverse the string 
backwards by using the back links also stored in the 
group link word. 

Each processor uses the variable length storage serv­
ice of the memory controller CIVIC) without cognizance 
of the address sequence that is involved. For example, 
when a processor needs space to store a vector of data 
fields an Assign Group (AG) command is sent to the 
M C along with a tag specifying a page list With which 
the string is to be associated. The MC then selects an 
available group from the page list and returns the- ad­
dress of the first word of the group to the requesting 

processor. When the processor is ready to store a word 
it transmits the data and the address previously as­
signed to the M C along with the command Store and 
Assign (SA). The MC stores the word and generates 
the address of the next available word. When the end 
of the group or string is encountered the MC assigns 
another group and links it into the string. 

In the string storing process the requesting processor 
receives addresses from the MC and resubmits them 
to the MC at a later time for future extension of the 
string. All address arithmetic is done by the Me. Con­
sider the example in Table 1. The first five commands 
result in the words A, B, C, and D being stored in a 
string beginning with word A. 

To reaccess the string the original start address A is 
submitted to the MC with the Fetch and Follow (FF) 
command. The data in cell A is returned along with the 
next address in the logical sequence. When the string 
is no longer needed a Delete String (DS) command 
along with the string starting address is submitted to 
the MC. The entire string is then placed on a space 
reclamation list. The Memory Reclaimer processor 
scans the space reclamation lists of the various page 
lists during idle memory time and makes the groups of 
the deleted strings reassignable. 

The basic memory usage process deals with variations 
of the AG, SA, FF, and DS operations. Eleven other 
memory commands are available to give a full memory 
service complement. 

Space utilization efficiency was an important aspect 
of the SYMBOL memory design. Studies have been 
made into the optimum size of the space .allocation 
group.9 The trade-offs center on balancing the linking 
overhead cost and the unused group fragments cost. 
The overhead cost is compensated by the allocation on 

TABLE I -Simplified example of a memory usage sequence 

SIMPLIFIED EXAJoFlE OF A MEKIRY USAGE SEQUENCE 

ADDRESS RETURN DATA TO RETURN 
~EIOiIC OPERATIOO TO Me ADDRESS Me DATA 

___ ~§ _____ ~~!9!L§!'Q!!I! __________ =____ _ ____ ! __________ = ________ = ___ _ 
___ ~~ _____ ~!Q~_!_~~!9!L ______ !____ _ ____ ~ __________ ~ ________ = ___ _ 
___ ~~ _____ gQ~_!_~~!9'L _______ ~____ _ ____ !: __________ ~ ________ = ____ _ 
___ ~~ _____ g~!!_!_~~~!9!! ________ £____ _ ____ ~ __________ ~ ________ = ____ _ 
___ ~~ _____ g~!!_!_~~!!1!! ________ ~____ _ ____ !L _________ ~ ________ = ____ _ 
___ fL ____ f~!£~_!_f~!1~ ________ !____ _ ____ ~ __________ = ________ ~ ___ _ 

___ fL ____ f~!~_!_fQ!1~ ________ ~____ _ ____ !: __________ = ________ ~ ___ _ 

___ EE___ _E~~£~_!_E~!!~ ________ £ __________ ~ __________ = ________ L __ _ 
___ EL __ .t-_f~!£~_!_E~!1~ ________ ~ __________ = __________ = ________ ~ ___ _ 

OS Delete Strinq a 



demand approach. In most machines, fixed size data 
arrays are allocated to their maximum needed size. 
When the average array usage is considered a sub­
stantial amount of demand allocation overhead can be 
afforded before approaching the normal excess fixed 
allocation space usage. 

INFORMATION FORMS 

Data fields 

Two basic data types are defined in the system, 
namely string and numeric fields. The string field is 
characterized by a special String Start (SS) character 
followed by a variable length set of ASCII alpha­
numeric characters terminated by a special String End 
(SE) character. This illustrates perhaps the most sig­
nificant aspect of all SYJVIBOL data representations. 
The type and length of the datum is carried with the 
datum. The instruction code is independent of the 
dynamic attributes of the data. 

The second data type is a variable length, packed 
decimal, floating point number. The numeric form also 
carries a designator of the class of precision. Numbers 
may be exact with an infinite number of trailing zeros 
implied or they may be empirical implying that all 
following digits are unknown and cannot be assumed 
present for calculation purposes. Like the string field 
all attributes of the datum are carried by the datum 
itself. 

As a simplifying hardware design decision other forms 
of data fields were not implemented. It is straight­
forward to extend the SYMBOL concepts to packed 
variable-length binary strings, fixed length binary nu­
merics, variable length binary numerics, etc. In any of 
these cases the datum must carry a type designator 
and an explicit or implicit designation of field length. 

(JohnlAI celJ mlEI zabeth) 

I J o h n I 
I A I I c • I 
I J 1m I 
I E I I z a b • 
t h I 
~ 

Figure to-A vector of string fields and the corresponding 
representation of the data in memory 
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Source programs 

Source programs are special forms of string fields. 
They are variable length ASCII character strings with 
delimiters defining length and type. They can be 
treated as data fields during preparation and then later 
used as program source for compilation. Source pro­
cedures may be assembled into libraries of various 
forms as long as they retain the string field attributes 
for compilation purposes. 

Data structures 

Data structures are defined as a variable length 
group of items where an item may be a string field, a 
numeric field, or another group of items. With this re­
cursive definition a structure could be a vector, a ma­
trix, or an irregular array. There is no limit to the depth 
or size of an array providing a field or a group does not 
exceed the size of main memory during execution. 

Consider the example of a simple vector shown in 
Figure 10. The special graphics <, I, and > have been 
introduced for representing field boundaries and group­
ings of fields. They are used to define the extent of 
variable length fields and referred to as left group 
marks, field marks, and right group marks respectively. 
In memory the string fields are delimited by String 
Start (SS) and String End (SE) characters. Another 
special character called the End Vector (EV) code 
terminates a group of fields. The storage representation 
in Figure 10 shows a series of string fields followed by 
a special End Vector (EV) code which again is a length 
indicator with the data. The string fields are aligned to 
start on machine word boundaries. In the case of Eliza­
beth two machine words are needed to store the field. 

In Figure 11 the matrix representation is similar to 
the vector example except that two levels of vectors 
exist. The definition of a structure could be restated as 
a variable length group of items where an item may be 
a string field, a numeric field, or an address link to 
another group. 

Object string and name tables 

When a program is compiled the translator creates a 
reverse Polish string with postfix operator notation and 
a structured name table. The Polish string, called the 
object string, and the name table are the basic informa­
tion forms used during program execution by the cen­
tral processor. The use of a" separate name table during 
execution is perhaps one of the most distinctive de­
partures from traditional processing forms. Where in 
most systems, the program string to be executed con-
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Figure 11-A simple two dimensional array.and the corresponding 
three variable length memory strings that are used 

tains address references to the data space to be utilized, 
with the SYMBOL system the object string contains 
references to entries in the name table which act as a 
centralized point where all information about a given 
identifier is kept. It is this feature that gives the system 
its extreme execution time dynamicism. Whenever the 
nature of an identifier is modified in any way-loca­
tion, size, type, etc., only the name table entry need be 
changed since all references in the object string to an 
identifier must go through this entry. 

The source form of a simple assignment statement 
and the corresponding object string and name table 
are shown in Figure 12. The identifiers are isolated and 
added to the name table when not already there. Note 
that the identifiers can be variable length and have 
more than one word. Associated with each identifier is 
a control word. All references in the object string in­
volving the identifier will point to the corresponding 
control word. The object string is composed of name 
table addresses, literal data (the value 3.2), operators 
in postfix representation, and correspondence links back 
to the source string. The correspondence links are for 
simple error diagnosis and are therefore ignored during 
normal execution. The object string and name table are 
totally independent of the future size and data type of 
the variable. 

Now consider the name table after execution has be­
gun and assume that the data variables have current 
values. In Figure 13 the variables Beta and Gamma are 

Source String: 

Alpha 4-- Beta * 3.2 - (Long Name join Beta) i 

Object String 

A[Alpha] A[Beta] 3.2 * A[Long Name] A [Beta] join- +-; 

Source String Storage 
A I p h a 
B • t a * 
.2-(Lon 
Nam. Jol 

B • t a ) 

Ob' Ject String S~rage: Name Table Storage: 
A .J IAlphal 
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Figure 12-Information structure for a simple assignment 
statement 

Data Values: 
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Figure 13-Examples of a structure and two fields and how they 
are stored into memory along with the name table 



simple fields. Gamma is a multiword string and there­
fore it is stored in a memory string with a link address 
placed in the corresponding control word. Beta is a 
short field such that it can be stored in one word directly 
in the name table. Alpha is an irregular structure. The 
name table for Alpha contains a link to the first group 
which in turn contains two string fields, two link ad­
dresses, and an end vector mark. The link addresses 
point to two groups, one containing two fields and one 
containing three fields. As execution progresses the 
attributes and storage representation of the variables 
may change. In any event, the name table and the data 
itself will contain all the attributes of the variables. 

BASIC INFORMATION FLOW 

In order to observe how the various processors of 
SYMBOL are used to serve the end users problem 
temporarily ignore the multiprocessing aspects of the 
system. A user at a terminal operates in various modes; 
program loading, program compilation, and program 
execution are the fundamental usage modes. Consider 
the state diagram in Figure 14. A user would start in 
the OFF-LINE mode and by some transitional control 
means he would initialize his tasks into the ON-LINE 
IDLE mode. From here he can go into the LOAD 
mode to develop a program. When he is ready to exe­
cute his program and assuming he is a perfect program­
mer he would have his program compiled and executed. 
At the end of execution he can restart and rerun his 
program or he can return to the LOAD mode and 
modify his program. 

Figure 14-Idealized task flow for one terminal 
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Figure 15-A more detailed block diagram of the SYMBOL 
system showing register configuration and major functions within 

each processor 

The following sections deal with examples of the in­
formation flow for the basic operational modes of a 
terminal. A more detailed system block diagram in 
Figure 15 will be used to support the description. Visu­
alize the time sequence of the terminal operational 
states of Figure 14 in conjunction with the static hard­
ware diagram of Figure 15. 

Load mode 

The LOAD mode is an input/output text editing 
mode. Its primary purpose is for program source load­
ing. In the normal case a separate page list is used to 
store the text string. This area is called the Transient 
Working Area (TWA). 

Three processors work together to perform the text 
editing tasks. The Channel Controller (CC) transfers 
data characters to and from I/O devices from and to 
the I/O Buffers in main memory respectively. When 
the CC detects control characters in the I/O stream it 
communicates the control information directly to the 
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Figure 16-Information flow in the LOAD mode 

SS by way of a control exchange cycle. The CC is a . 
character oriented processor which services up to 32 
processors in a commutating manner. The CC also has 
a high speed (block) operating mode which is priority 
driven to allow servicing of disk and high speed tape 
devices. The block mode is not used in the LOAD or 
normal I/O mode. 

The Interface Processor (IP) operating on a burst 
basis empties or fills I/O buffers and transfers appropri­
ate characters to and from the virtual memorv. The 
IP works with a current text pointer while perf~rming 
its functions. The IP functions include basic text inser­
tion, searching, displaying designated text portions, 
deletion of designated text portions, and moving the 
current pointer. In Figure 16 the basic information flow 
during the LOAD mode is summarized. 

Part of the justification for implementing editing 
functions in hardware came from the desire to eliminate 
the CP from many of the system overhead tasks. In 
addition, response times would be unacceptable if the 
CC were to communicate directly with virtual memory. 
The IP was developed to make the basic transfers be­
tween small buffers and paging memory. Once a special 
processor was developed it was found that many editing 
tasks and double buffering could be handled using es­
sentially the same data transfer hardware. 

This IP /CC/SS process is available for both LOAD 
mode data preparation and program execution· I/O. 
The full text editing facilities are available for any 
program input statement. 

Compile mode 

Program compilation and address linkage editing 
functions are performed by the Translator (TR). The 
TR accepts the language source string from the TWA 

or some other source text area in virtual memory. The 
high level language is converted into a reverse Polish 
string and a structured name (identifier) table. The 
Polish string, called the Object Stri~g, and the Name 
Table may be stored in Virtual Memory on separate 
page lists or on a common page list. The gross flow of 
information in the Translation mode is shown in Figure 
17. 

The TR performs a one pass compilation generating 
the object string as it scans the source string. It also 
builds the name table during this scan on a program 
block-by-block basis. At the end of the source pass the 
TR processes the name table and resolves all global 
references by creating appropriate indirect links. Ex­
ternal procedure references are resolved during the 
name table pass and they are compiled and included 
with the object string as needed. 

The TR includes external procedures by accessing 
procedure source libraries and compiling needed proce­
dures into the object string. The procedure libraries are 
organized into two sets, namely privileged and non­
privileged procedures. Privileged programs differ from 
normal programs in that they can contain privileged 
statements for direct memory manipulation using the 
NrC operations. Storage protection is obtained by con­
trolling the privileged status of user programs and the 
programs that they can reference. Non-privileged pro­
grams have a high degree of storage protection both 
from other programs and from themselves due to the 
hardware storage management and central processor 
algorithms. Programs using privileged statements loose 
some of the protection. By controlling the access to 

Transient 
Working Area 

--------. TRANSLATOR 

Procedure Library 

Ob' ect String 

Name Table 

Figure 17-Information flow in the COMPILE mode 



privileged programs and the manner in which they are 
used the overall storage protection in the system is 
quite satisfactory for multiterminal operation. 

Execution mode 

The Central Processor (CP) is the execution unit for 
the translated language receiving the translated source 
string along with the nested name table blocks as input. 
Because the CP operates on a high order language­
actually a Polish string, postfixed operator object 
string-the CP uses a push-down stack for its operands. 
That is, the data reference is generated with all indirec­
tions traced out until a memory reference point is 
reached, and then this reference is pushed into the 
stack. This process continues until the postfixed opera­
tors are encountered in the object string. Each operator 
causes the top one or two (monadic or dyadic operator) 
stack entries to be pulled up, processing to take place, 
and the result to replace the operand(s) on the stack. 

Substructure referencing, also known as subscripting, 
is a much more formidable task in SY1VIBOL than with 
conventional systems. This is due to the extremely dy­
namic flexibility of these structures. With conventional, 
systems, accessing an element of a vector is a simple 
matter of assigning a base along with an index register 
for the subscript variable and at execution time merely 
doing an address calculation to find the desired element. 
With SYMBOL there can be no possibility of a base 
address or an address calculation both because of the 
dynamic nature of space allocation as well as the fact 
that logically contiguous data need not be physically 
contiguous in memory. The Reference Processor (RP) 
has the charter for finding substructure points, basically 
through a scanning technique along with several speed­
ups. 

Another novel aspect of the CP is that all processing 
operations are done on variable length data. The string 
operations can be of any length, the only limitation 
being that they must fit into the main memory. The 
numeric operations are limited to a 99 digit fractional 
length (numbers are represented internally as normal­
ized floating-point decimal numbers). Furthermore, 
the length of numeric processing is controlled by the 
limit register. Also, a precision mode exists whereby 
numbers tagged with E}VI (empirical) will limit pro­
cessing precision to the number of fractional digits they 
contain, unless the limit register is set to a smaller 
value. 

The information flow for the CP is summarized in 
Figure 18. The CP has four distinct sections, namely 
the Instruction Sequencer (IS), the Reference Pro­
cessor (RP), the Arithmetic Processor (AP) , and the 
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Figure 18-Information flow during program execution 

Format and String Processor (FP). As shown in Figure 
15 the CP has a common control bus that is used to 
control the various processors during program execu­
tion. The following four sections describe the functions 
of each of the processors in the CP. 

Instruction sequencer 

The IS portion of the CP is the master controller 
and switching unit of the CPo It has the task of scan­
ning the object string, and accumulating items in the 
stack for the various units it supplies. For example, 
operands are accumulated for the process units and any 
type conversion required is sensed and requested of the 
FP by the IS, as appropriate. Similarly, a structure 
reference and all of its subscripts are computed and 
placed into the stack which is then turned over to the 
RP for access. 

The IS also prepares data for assignment by the RP 
or output by the I/O unit. It does this in the former 
case by stacking both the assignment reference and the 
data and in the latter case by stacking the data and 
turning control back to the system. 

Another major task performed by the IS is that of 
dynamically creating nested language blocks. Reference 
should be made to the companion paper on the SYM­
BoL language3 if the concept is new to the reader. In 
quick review, blocks are language constructs consisting 
of program segments contained between the reserved 
words BLOCK and END (PROCEDURE and ON also 
establish blocks). Within a block, all uses of an identifier 
are local to that block, unless contained within a 
GLOBAL statement, and thus a different name table 
is constructed for each block. The overall structure of 
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name tables has a static aspect determined by the way 
the program is written and a dynamic aspect deter­
mined by the sequence in which these blocks are exe­
cuted. It is this latter characteristic that we are con­
cerned with in this discussion. Whenever a new block 
is encountered by the IS, processing on the old block is 
suspended by pushing down all information about that 
block that must be retained (sometimes called the 
activation record) into the stack, and starting a new 
stack and activation record for the new block on top 
of the old stack. Of course, the new record must con­
tain a link to the old record so that when the new block 
is completed, the old block with its status information 
can be reestablished. 

A further complexity occurs with procedure blocks 
because of the need to correlate actual and formal 
parameters (again, see the language paper).3 The IS 
transfers the links to the actual parameters from the 
object string to the stack, accesses the name table for 
the new block where the formal parameters occur as 
the first entries of this name table. The actual param­
eter links are then placed one-by-one into the formal 
parameter entries of the name table. Parameter linking 
completed, the remainder of the normal block action 
for the procedure is accomplished. Whenever the IS 
encounters' a name table entry tagged as a formal 
parameter, it indirectly accesses the actual parameter 
in its place, which may not be a statement; but may be 
a variable, constant, label, literal, procedure, or ex­
pression. This indirection mechanism is also handled in 
the IS stack. A push down of a limited set of status 
information takes place, mostly consisting of the ad­
dress where execution of the object string was tem­
porarily discontinued. Then the new object string of 
the actual parameter is executed, using the stack until 
the return operator is encountered indicating the end 
of the actual parameter string. This causes the previous 
status to be recovered from the stack and execution of 
the object string recommences with the results of the 
execution of the actual parameter remaining in the top 
of the stack. 

Reference processor 

The basic task of the RP is to deal with structures. 
As a simple added duty, it accesses the address of an 
item from the name table for the IS. That is, the IS 
receives an address from the object string and turns it 
over to the RP with a request to "get simple address." 
The RP performs several actions depending on the 
nature of the identifier. If it is an existing data item it 
provides the address of the data along with a code indi­
cating its nature. If it is an uninitialized data item, it 

first assigns space before supplying the data address. 
In a similar manner it provides links to labels and pro­
cedures and if any identifiers are global, it first traces 
out the global indirection before returning the link. Any 
anomalies in the name table cause an error return. 

The structure handling task may be broken down 
into two subtasks: creation of structures and substruc­
ture and the referencing of substructure points. Recall 
that structures are dynamically variable in all aspects. 
Thus, there are two further subsets under the creation 
of structures: creation of basic structures and the re­
configuration of substructures. As a subset task to the 
referencing of substructures the language contains a 
character subscripting capability where the final sub­
script may be a "bound-pair" of subscripts which refer 
to the starting point and extent of a character subfield 
with the previous subscripts pointing to the field. 

The RP receives a linear representation of the struc­
ture to be created in the IS stack. The RP must store 
this structure in memory, replacing its linear form with 
a hierarchical form with links to lower or deeper elements 
occurring at the next higher level. Refer to Figures 10, 
11, and 13. It achieves this by assigning a new memory 
group each time it encounters a new left group mark, 
creating a line to the new group in the higher group and 
filling that group with elements maintaining a link back 
to the higher group in its own group link stack. When­
ever a right group mark is encountered in the IS stack, 
the current memory group is closed with an "end 
vector" tag and the next higher memory group continu­
ation point is accessed from the group link stack. This 
process continues until the structure in the IS stack is 
exhausted and results in a linked, hierarchical structure. 

A similar process takes place when a new structure is 
assigned to an existing substructure point. The old 
structure is deleted (for later recovery by the memory 
reclaimer) and the new linear structure in the stack is 
structured and linked into the proper substructure 
point. All combinations of replacement are allowed: 
structure by a structure, field by a filed, structure by a 
filed, field by a structure. The second situation of a field 
replacing a field can be a problem in the case where the 
new field is larger than the old field because vector 
expansion must take place (in the opposite situation, 
nulls are inserted). The simple solution of providing a 
non-hierarchical link out of a new space is inadequate 
for the situation where successive words of a large 
vector are sequentially expanded. The solution is to 
link in a new memory group only after checking if there 
is no space remaining in the present group or the next 
one, and then rewriting the remainder of the present 
group adjacent to the new field. In this way, expansion 
of many fileds of a vector makes use of the newly 
created space. 



The general algorithm for structure referencing is for 
the RP to scan back through the IS stack to find the 
structured link, and then to proceed upward a sub­
script at a time, accessing each vector using special 
speed up techniques as appropriate, until the final sub­
script is reached. At this point the RP replaces the 
subscripted reference in the IS stack with a link to a 
substructure or a link to a field if the data level was 
reached. At any point in structure referencing, the 
structure previously stored may not extend to the 
referenced point (oversubscripting). The language rule 
in this situation is that new space should be created as 
required to expand the structure to the subscripted 
reference point (fields filled with nulls) and the RP is 
responsible for accomplishing this task. 

If after structure referencing to the field level, a 
bound pair of subscripts appear in the IS stack, the 
RP scans and counts across the field, selecting the 
requisite characters and placing the result in the IS 
stack. An error is called if the bound pair is encountered 
before the field level is reached. 

A rithmetic processor 

The AP is a serial process unit operating on variable 
length data consisting of floating-point, normalized, 
decimal numbers. These operations are done from high­
to-low order to simplify data handling by allowing the 
register operations for both string and numeric pro­
cessing to be similar. Also, comparisons are faster be­
cause a mis-match is immediately known. Two other 
important features are included in the processing hard­
ware: a limit register, loaded by the IS under command 
of the language, which causes processing to terminate 
at the precision specified, and a precision controlling 
mode whereby each operand can be specified to be ac­
curate to its existing precision and thus control the 
precision of the result. 

The operations add, subtract, multiply and divide 
are performed. For add and subtract, one or the other 
operand is streamed through the unit (high-to-Iow) 
until the exponents are aligned, at which time both 
operands start to stream through. Since the number 
representation is magnitude plus sign, a positive result 
is desired so that the signs of the operands and the sign 
of the operator are combined to control which, if either, 
of the operands is streamed through in complemented 
form. High-to-Iow order arithmetic requires a nine's 
counterlO to delay output over an intervening string of 
nines until a carry/no carry decision is reached. Even­
tually, either an empirical end of an operand is reached, 
or the limit counter value is reached, or both exact 
numbers are ended. At this point, arithmetic is finished 
and control is turned back to the IS. 
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l\1ultiply is accomplished by successive additions or 
subtractions followed by a shift until all of the multi-:­
plier digits are exhausted. Only after the full trapazoid 
of the partial product is produced is a rounding pass 
applied to achieve the precision requirements. The 
speed-up of adding one to the previous multiplier digit 
and subtracting from the partial product if the multi­
plier digit is larger than four is used. Of course, with 
multiply (and divide) exponents are added (subtracted) 
so that no shift of the fractional portions of the operands 
are required. Division is accomplished by a gradual 
non-restoring reduction of the partial dividend until 
the precision of the result is equal to the least precise of 
the two operands or the limit counter. 

Since processing in this system is accomplished seri­
ally in a decimal mode with few speed-ups, the speed of 
processing is sharply dependent on the size of the 
operands. When the limit counter is set to a small value, 
say 5, processing can be quite fast but 99 digit divides 
can be extremely slow. It is therefore important that 
the user selects only as much precision as he really 
needs. 

The numeric comparisons are performed by the AP as 
a subtract operation but terminate immediately upon 
a mismatch and return a zero result rather than a one. 
The IS has the task of combining the result returned 
by the AP with the desired comparison operation to 
generate the overall result in the IS stack. 

Format processor 

The FP unit performs the string JOIN operation, 
the binary string operations AND, OR, NOT, the 
string comparison operations BEFORE, SAME, 
AFTER, the FORMAT and MASK operations, and 
the automatic type conversion on operands requested 
by the IS: numeric to string, string to numeric, and 
numeric to integer (used primarily for sUbscripts). 
These operations are also performed serially. 

The JOIN operation is performed in the obvious 
manner of streaming the second operand onto the tail 
of the first operand, forming a single result operand. 

The binary operations are performed character-by­
character, performing the required operation by pro­
ducing ·0/1 result characters, filling in the shorter 
operand with zeros. 

The string comparisons are also performed character­
by-character, comparing successive .characters until a 
mismatch is found according to the built-in ASCII 
collate sequence and returning a 0/1 result. 

The FORl\1AT and MASK operators provide a 
powerful string manipulation capability for a wide 
variety of applications from payroll and banking forms 
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Figure 19-Typical task queue structure 

preparation to system software character manipulation. 
FORMAT is a packed-numeric-to-string operator that 
allows the user to describe the format of the result with 
a pictorial like character string. The operation is per­
formed in a serial manner as dictated by the operands. 
The standard default conversion from packed numeric 
form to string is a subset of the FORMAT operation. 
MASK is a string-to-string operator similar to FOR­
MAT. MASK can be used for character insertion, dele­
tion, and spacing control. It is often used to control or 
measure the length of the fields. MASK is also processed 
in a serial-by-character manner. 

SYSTEM SUPERVISION 

The Load, Compile, Execution, and I/O comprise 
the basic processing modes for the system. Three addi­
tional modes are defined for a terminal, off-line, on-line 
idle, and normal completion. They are all passive modes 
and differ only in the allowed transitions that can take 
place upon an interrupt stimulus. For example, the 
normal completion state is the only state from which 
the RESTART execution command can be honored. 
RESTART is only allowed if the object string were 
left in a reusable state. 

The diagram in Figure 14 shows a few of the terminal 
state transitions. These transitions are significant in 
that they are all supported by hardware algorithms. 

When the control code corresponding to RUN is re­
ceived by the SS the transition from the Load mode 
to the compile mode can be processed without soft­
ware intervention. Many other transitions can occur 
but they generally require some system software as­
sistance. The transition from the Load mode to the 
Compile mode involves the following steps. If the IP 
is active it must be allowed to complete in such a way 
that the source string is intact. The task is then re­
moved from the queue for the IP and added to the 
queue for the TR. In addition the control tables in 
main memory are initialized for the TR making avail­
able the address of the start of the source string and 
the address of the procedure libraries to be used. 

A typical task queue is illustrated in Figure 19. It is 
comprised of a linked list of entries (control words). 
The queue has a pointer to the top entry and another 
pointer to the bottom entry. By maintaining both the 
top and bottom pointers it is easy to add an entry to 
either the top or the bottom of the queue. 

Each time a control transition occurs the SS updates 
the queues by performing appropriate add or delete ac­
tions to each of the processor queues involved. This is 
part of first phase of any SS task processing. The second 
phase of SS processing involves assigning work to free 
processors that have assignable tasks on their queues. 

The multiprocessing algorithm is centered around 
manipulation and use of queues for the CP, TR, IP, 
MR, and DC. The SS has a general purpose queue 
processor that allows an item to be added to the top, 
added to the bottom, or deleted from any queue. The 
algorithm has a default mode which is completely 
hardware controlled. Various parameters can be set by 
software that bias the operating dynamics. For ex­
ample, two time values are maintained for each entry 
in the CP queue. One measures the accumulated pro­
cessing time and the other measures the actual time 
that the task is on the top of a queue. The values are 
preset to parameter values when a task enters the 
queue. When the values have been counted down to 
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Figure 20-Mode transitions affecting the central processor 



zero an SS task is generated to modify the queues. In 
most cases this is used to move the task from a high 
priority position near the top of a queue to a low pri­
ority position near the bottom of a queue. 

The processing flow in Figure 14 is greatly over­
simplified for general purpose system supervision. In 
Figure 20, the control commands to and from the cen­
tral processor are illustrated. The SS can command the 
CP to start on a task or to quit working on a task. The 
CP can terminate processing on a given task for one of 
six basic reasons. Consider the I/O completion. In most 
cases for most terminals the hardware algorithm for 
controlling I/O would be sufficient. If on the other 
hand, a batch processing terminal with spooled I/O 
were desired it would be necessary to alter the control 
process for I/O with a system software procedure. To 
cause software to be called for a specific terminal upon 
an I/O service request, a specific control bit must be 
set in the terminal control word for that channel. This 
causes an automatic software call to be generated by 
the SS. 

The software call is handled in SYMBOL by starting 
a pseudo terminal operating with the requesting chan­
nel number as a parameter. In this manner the control 
header tables for the requesting channel can be operated 
upon as data. This is illustrated in Figure 21 where an 
interrupt of a specific class causes the corresponding 
program specified in a software call table to be selected 
and control transferred to the pseudo terminal with the 
parameter TN. Each different class of interrupt maps 
into a different control word in the software control 
table. In this manner only the software procedure de­
sired will be accessed in virtual memory. In SYMBOL 
over 80 different software interrupts are controlled via 
the software control table located in the lower part of 
main memory. This represents the principle interface 
between hardware and system software. 

CONCLUSION 

The traditional boundary between hardware and soft­
ware has been weakened during the past ten years and 
is due for a significant shift beyond the token improve­
ments. It is believed that in SYMBOL a major step 
towards significantly more capable hardware has been 
attained. 

The SYJVIBOL system is now entering an extensive 
evaluation phase where the system's strengths and 
weaknesses will become more apparent through actual 
day to day usage. The developers of the system have 
gained much insight into the merits of each of. the ap­
proaches taken. The overall approach to memory man­
agement is considered a breakthrough. The moving of 
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Figure 21-Mechanism for handling a software call caused by a 
transition interrupt 

data attributes from instructions to the data is con­
sidered fundamental. 

No clain is made that the SYMBOL system has been 
balanced for optimum performance and use of hard­
ware. Certain critical areas of memory management 
and system supervision are felt to be 10 to 100 times 
more efficient than conventional means. Certain aspects 
of structure referencing are a major advance over soft­
ware list processors but fall short of being competitive 
for some types of large array referencing. Many of the 
weaknesses in this first SYMBOL model were solved 
by the designers too late to be factored into the actual 
hardware. Many other aspects of the system such as 
the paging and system supervisor algorithms can be 
evaluated after significant usage experience. 

The computing professionals have debated for many 
years the questions: Can a compiler be developed in 
hardware? Can the heart of system supervision be com­
mitted to hardware? Can data space management be 
taken over by hardware? Can hardware be designed to 
take over major software functions? Can complex 
hardware be debugged? These and many other ques­
tions have been positively answered with the running 
SYMBOL system. The most significant part of the en­
tire project is that the concepts were reduced to full 
scale, operating hardware. 
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A semi-automatic relevancy generation technique for data 
processing, education and career development 

by J. DAVID BENENATI 

Xerox Corporation 
Rochester, New York 

TECHNICAL OBSOLESCENCE: CURE AND 
PREVENTION 

"In a rapidly changing technology such as ADP, 
personnel resources, in the absence of intensive training, 
tend to become obsolescent at the same rate as hard­
ware resources, and a major effort is required to keep 
a staff current and competent." This conclusion was 
recorded by a 14 member panel appointed by President 
Nixon to recommend improvements in the Data Pro­
cessing activities of the Department of Defense. It is 
particularly interesting to note that this statement was 
one of the panel's main recommendations as cited by 
Information Week (8/3/70), and COMPUTER­
WORLD (8/19/70). The significance, of course, is that 
training, costs are finally being classified along with 
hardware costs and we may at last be somewhere near 
the threshold of putting some order to the existing 
chaos of Data Processing education. 

Everyone has always agreed in principle to the idea 
of continuing education for data processing profes­
sionals. The problems connected with providing quality 
DP education are not in selling the idea that it is re­
quired; but, in getting people to come to an operational 
agreement as to what it is. Or more specifically, there 
has not been a system available to DP professionals and 
management that enabled them to identify what train­
ing had the greatest relevance for any particular indi­
vidual. If a method was established whereby an indi­
vidual educational plan could be developed for each 
person in a given organization, it would then be a 
fairly simple matter to summarize these plans and ulti­
mately set organizational priorities. 

However, even though everyone concurs that con­
tinuing education is a must, it is important that a more 
specific statement of need is made to provide clues as 
to who should develop what skills. For example: 

a. DP Managers and Project Leaders must be trained 
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lest they lose touch with the rapidly changing 
technology. A manager who developed his pro­
gramming skill with the autocoder language will 
not necessarily appreciate the significance of 
modular programming in COBOL if he has not 
previously been involved in COBOL coding. 

b. A programmer who could improve his diagnostic 
techniques through a greater understanding of 
machine instructions cannot always pull an as­
signment that will expose him to BAL. 

c. New techniques and concepts that have a reason­
ably high probability of usefulness to all DP pro­
fessionals on subjects such as teleprocessing and 
data base organization are constantly arising but 
one cannot take the time to study them if he is 
chained to the oars of the maintenance problems 
associated with a second generation system. 

Data Processing organizations need to develop edu­
cational guidelines that can be translated into a reason­
able plan for individual skills enhancement. For only 
in this way can the resources be mustered that are 
necessary to identify and implement the monumental 
training task that is required everywhere in the DP 
industry. Most data processing professionals would 
agree that at least 20 perceIJ.t of their time should be 
spent in some form of self development. If you consider 
a 300 man DP shop with an average per capita earnings 
of $10,000 per year, just the time allocated for this 
development would cost $600,000 per year. If you con­
sider that most companies have in the past spent some­
thing like $2,000 per man on travel, per diem and course 
costs, this would add another $600,000 to the pile. The 
implication becomes obvious that a reasonable amount 
of planning and control must be exerted over a $1.2 
million expenditure. 

In general, the situation is even worse. Industry pays 
for education and training that is poorly planned, ill 
timed and seldom uniformly agreed as even being 
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relevant to the business goals of the particular company 
in question; and, even more ironic, they pay for the 
same training twice. For if Ajax Electronics hires a 
programmer trainee for $8,000/year and spends another 
$3,000 on his training, you can typically expect that 
this particular programmer will be hired by Bachalah 
Industries for $12,500/year in two years. Thus, both 
Ajax Electronics and Bachalah Industries pay for the 
same training. Superficially, this might look great to 
the programmer for it appears that he really makes 
out-but let's face it, you cannot really get something 
for nothing. Sooner or later, the piper must be paid and 
if you really believe that your profession has substance, 
you should not have to resort to artificial means to 
inflate your salary. 

How do you correct the current situation? How do 
you prevent it from recurring? How can management 
be assured that the maximum resources are directed to 
the most appropriate technical development of the DP 
staff? One approach is to systematize a great deal of 
the decision-making process associated with educational 
planning. This has been done for one Xerox Systems & 
Programming Group through the Data Processing Man­
power Planning System. This system enables a detailed 
description of each staff member's personal skills history 
to be compared to an idealized educational model for 
each particular job code in order to produce a general­
ized training plan for the total environment. Sufficient 
data is now available to analyze the gross requirements 
of the environment and establish priorities. Once the 
resource~ have been identified and appropriated to re-

solve the gross requirements, a second pass can be 
made at individual training plans. This time, each in­
dividual's personal plan can be redeveloped in conjunc­
tion with his immediate supervisor and an education 
staff member. In this way, we will be in a position to 
realistically allocate educational resources to the out­
standing requirements of the environment. 

OUTLINE OF SYSTEM 

It is difficult to understand the underlying rationale 
of man that stimulates him to account for every nickel 
spent in the pursuit of business goals, wherein little 
control whatsoever is exerted in the attainment of the 
human skills required to achieve those goals. At Xerox 
we have developed a semi-automatic mechanism for 
the identification, control, and attainment of the skills 
associated with the data processing activity. 

It is fairly obvious to most data processing profes­
sionals that some sort of planning and control proce­
dure is required to administer the resources associated 
with the development and maintenance of technical 
skills. Some of the economic relationships of data pro­
cessing skills development have already been described. 
However,·· few people fully appreciate the more subtle 
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aspects of the education dilemma such as: How does a 
professional determine what skills will be most useful 
to him or his company? How does one determine how 
his particular skill pattern relates to the corporate 
goals? How does he prioritize his own educational re­
quirements as there just is not time to learn everything? 

Obviously, most data processing professionals do not 
have access to the kind of information that would en­
able them to formulate reasonable conclusions with re­
spect to such questions. As a matter of fact, this sort of 
data is generally not available to anyone. The data 
processing manpower planning system is designed to 
provide the data base and the feedback mechanism to 
produce the information required to more intelligently 
address these questions. The output of the system will 
be available to all effected individuals such that each 
can contribute to the decision-making processes regard­
ing his own professional career development. 

The major elements of the system can be summarized 
as follows: 

1. Analysis of individual work experience and edu­
cational background through the use of a Skills 
Inventory questionnaire. 

2. Development of individualized educational plans 
for each member of the group. 

3. Establishments of educational priorities. 
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4. Determination of best implementation approach. 
5. Implement required training. 
6. Measure training effectiveness. 
7. Reiterate entire procedure. 

SKILLS INVENTORY QUESTIONNAIRE 

A thirty-five page questionnaire was designed to col­
lect the work history and relevant technical education 
background of the members of the data processing 
staff. Analysis of the data contained in all of the com­
pleted questionnaires is expected to improve existing 
methods of: 

• Educational Planning and Career Development 
• Promoting and Transferring of Personnel 
• Optimal allocation of Manpower to on-going and 

planned projects 

The scope of this article will permit treatment of only 
the educational planning and career developmental 
aspects of the system. 

Analysis of existing skills is an obvious point of de­
parture in the development of any individualized man-
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power planning system. The questionnaire itself is di­
vided into the following seven sections: (1) Manage­
ment Experience; (2) Supplementary Personnel Data 
(Professional Affiliations, Memberships, Patents, Li­
censes, Publications, etc., and Previous Employers); 
(3) History of Work Experience (Applications, Data 
Processing Skills History, Additional Skill Fields); (4) 
Specialties and Preferences; (5) Hardware Experience; 
(6) Technical Training; and (7) Survey of Project 
Assignments. 

For most of the items on the questionnaire, the re­
spondent is asked to indicate the number of years asso­
ciated with a particular skill and the year in which this 
skill was last used. 

MAJOR HEADING 
RESPONDENT COMPLETE S 

INDIVIDUAL ITEM THESE TWO COLUMNS 

I I 
• NO. LAST 

CODE ITEM YRS. YEAR 

EFOOf) OPERATIONS RESEARCH 2.5 69 

EFOOl DeClslon TheorY '" 1.5 69 
EFOO2 Dynamic ProQramminCl 0.0 68 
EFOO3 Estimation Theory 1.0 69 

There are over twelve hundred and fifty individual 
items and over one hundred individual categories. How­
ever, the form requires, on the average, only about two 
hours to complete because it is organized in such a 
manner that the respondent will skip the areas in which 
he personally does not possess previous training or work 
experience. In addition, the instrument is administered 
in groups of up to twenty people under highly con­
trolled conditions with several proctors to assure that 
the respondents have properly interpreted the instruc­
tions. A manpower planning staff specialist describes 
the questionnaire and explains how to complete the 
form. In addition, each section is preceded by written 
instructions. To further reduce the communication 
problem, the proctors assist by providing immediate 
access to common definitions such as the distinction 
between the various levels of management and how to 
respond to certain areas of the questionnaire if you 
have never been employed. as a computer operator­
yet, as a programmer you acquired considerable hands­
on operations experience. 

When the form is completed, it is reduced to an in­
dividual profile containing only those items marked by 
that particular respondent. Selected key data is then 

summarized to formulate individual profiles to be used 
for analysis. 

In order to assure that each individual best depicts 
his skill pattern in the most representative way, the 
profile is returned to both the individual and his im­
mediate supervisor for comments and· modification. In 
addition, we wish to assure that every individual knows 
exactly what information is retained on him in the data 
bank. 

The inventory· we have developed concentrates on 
strictly those skills that can be interpreted to have a 
direct relationship to currently envisioned projects and 
data processing applications. This excludes such items 
as chemistry, physics, etc. The decision to exclude 
general skills was one of expediency and it is tentatively 
planned that our experience might generally lead the 
way to the development of similar inventories for all 
areas of the company, not just the Rochester-based 
data processing organizations. 

EDUCATIONAL PREREQUISITES AND 
EXPERIENCE EQUIVALENCIES 

In order to determine what skills would most prob­
ably be needed in the Xerox-Rochester environment in 
the next six to eighteen months, we established a Blue 
Ribbon Committee consisting of our most experienced 
Data Processing Management and Technical Special­
ists. The committee made formal recommendations as 
to exactly what courses would be required to assure 
the desired minimal skills for each of our data processing 
related job codes. These recommendations ranged from 
operations personnel to functional area training and 
general management. The idea was to describe in ex­
plicit detail the subject matter and skills required by 
an individual to be considered properly qualified for 
any given job. Most of the jobs have various levels and 
corresponding pay ranges such as associate program­
mer, programmer and programmer/analyst. As the 
business programmer/analyst makes more money than 
the associate programmer, it can logically be argued 
that he should possess all of the skills and/or formal 
training of the next two lower positions. Thus, it fre­
quently turns out that the senior specialist requires 
more training than the junior specialist because he 
has not had the opportunity to update his skills through 
the years. The committee's recommendations as they 
pertain to these three positions are indicated in Figures 
5, 6, 7, and 8. Each of the· indicated courses has an 
explicit detailed course description that identifies the 
precise skills and the proficiencies that can be expected 
of its graduates. Thus, the minimal skills required for 
each of the indicated job codes are translated into 
course descriptions. 



The committee also meets on a periodic basis to as­
sure that the skills and/or training activities that have 
been identified as significant are also the ones most 
likely to be required by the environment during the 
next planning cycle. 

We are now ready to compare the mandatory educa­
tion recommendations of the committee against the 
individual skills profiles to develop a specific educa­
tional plan for each of our people. 

DEVELOPMENT OF INDIVIDUALIZED 
EDUCATIONAL PLANS 

Now that we have a detailed an accurate record of 
each individual's background and a series of formal 
recommendations for each job code, it should be a 
fairly simple matter to bring the two together in a de­
tailed educational guide for each programmer (see 
Figure 9). It now becomes a mechanical task to deter­
mine whether or not an associate programmer has had 

ASSOCIATE PROGRAI+1ER 

MOTE' Associate Progranmers can satisfy manditory requirements through either 
Path'A or Path B. The principal difference being that if the Initial Data 
Processing Skins Course is taken, many of the other course requirements are 

:!~:cs~:~~i::iy one course or its equivalent is required of the associated 
group. 

MANDITORY OPTIONAl , OF DAYS 
PATH A PAl" IS 

Introduction to Progranming 
* 6 Techniques 

InitiaT Data ProceSSing Ski 11s 
* 65 Traininq Proaram 

Intro to Xerox Data Processing 
* 1 1]2 Environment 

New Ea.llovee Oriente tion * * 1/2 

Xerox llP Orientation * 2 

CaI1Duter Systems Fundamentals OR ** 2 1/2 

Basic ComDuter ConceDts - 1 1/2 

Basic Data COIII1Iunications * * 1 1/2 

Intro to SYstem 360 * 1 

Fundamentals of Proqranmin1l (PO * 2 112 
TuilCliirientals of Progranming 

* 1 WorkshoD 

Introduction to COI!jL * 6 

Introduction to JCl * 1 1/2 

IBM S/360 Uti 1i ties cat Xerox * 2 

Introducti on to AUTO FLOW * 1/2 
IItIVAC 1108 In~ro and 

* 1 COntrol Cards 

SiCIlIa 7 Intro and CJntrol Cards * 2 112 

RPG OR - - 1 112 

MARK IV Advanced ~R .* - 3 

Utilization of the Manaq~ Processor ** ** 5 

SYStems Desiqn and Analvsis I * . 8 

Figure 5 
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experience with one of the report writer type languages 
such as RPG, MARK IV, or MANAGE. The specific 
mandatory requirements of the associate programmer 
dictate (see Figures 5 and 6) that he either has experi­
ence in one of these three languages or that he be auto­
matically scheduled for training in MANAGE. It is 
also possible to evaluate a business programmer's Sys­
tems and Procedures background by comparing the 
total years and number of relevant items indicated in 
his response to predetermined parameters in order to 
evaluate whether he should be recommended for the 
Systems Analysis II course or has already obtained 
equivalent experience. The general problem of course 
scheduling is thus reduced to determining what experi­
ence background is equivalent to what recommended 
training activity. It can be readily seen that if we es­
tablish rough nlimeric parameters for the equivalencies 
it becomes a simple task to automate the entire process. 
For example, we can establish that a total of ten years 
cumulative experience or four years experience in any 
one of the following categories can be regarded as 
equivalent to the Systems Analysis II course. The cate­
gories are as follows: 

NO. LAST 
CODE ITEM YRS. YEAR 

TOTAL SYSTEMS AND 
EIOOO PROCEDURES EXPERIENCE 

EIOO] card DesiQn 
EI002 Data Flle DesiQn 
~£1003 FlowchartinQ 
ElO04 Fonns DeslQn 
ElD05 Func Anal Svs Model 

-.EI006 Hardware Evaluation 
EI007 MQmtExDer Svs & Proc 
ElOO8 t·1Qmt Info Svs DesfQn 
EI009 Mission Concept-Scope'Determinatlon 
EIO 0 Opera tl ona l1\.,a l.vs 1 S 

-EIO 1 Or-Q-anlzatlonal AnalYS1S 
El02 PERT-CPM 
EIO 3 Procedure lfri ti ng 
EIO 4 ProJect -ControT 

1015 RecorasKQint. R-eDorts 
1016 S-pecl flcation WritlnQ 

:10 7 Svs tems Ana lvs 1 s 
:10 8 SYstems and Proc. General 
:10 9 Systems PlannlnQ 
EI020 SYstems Presentation 
E [021 Test Procedures 
E lOZZ Work Measurement 

_E 023 WorK Sampl i ng 
E 024 Work Simplification 
JI025 Other (Pl ease SpecTfYI 

-

Obviously, any combination of these rules can also 
work such th::J,t four years indicated experience in the 
EI017 Systems Analysis category would be considered 
equivalent to the recommended training but we will 
not accept four years experience in EIOOI Card Design 
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ASSOCIATE PROGRAMMER (cont) 

I <l;J1AA RAI nD 

111lA a.. ........ ,.... OR 

I SiMla 5/7 Svnt>o1lMeta-Svmbo1 

Standards 
::~rt ~!~~~/ontro1 and 

I s/~n milO! Snrt Sl!!minar 

I <:/'U:n rllRAI ""hun <I; .. mi .. " .. 

I <l;/1AA rRRnI D .. nnrt W .. it .... r .. "tu .... 

IrMnl 11<;4<:' 

I VhC: <:i ...... ?I-a 

+ft tho VhC: rr_lf> 

IT"."" tn rnDTDAN TV 

I n_ntarv R4<;IC 

Tl!!chniaue!; fn BASIC 

Prerequisites COIIIIIfttee 
Member Signature 

Date 

MANDATORY 
PATH A PATH B OPTIONAl , OF DAYS 

** - , 
- - 7 

3 

* 1 

* 1 

* 1 

* 1/2 

* 1 

* 1 112 

* 3 

* 10 

* 5 

* 1 

* 1 

Figure 6 

as equivalent. It is just a matter of establishing the 
ground rules and the basic logic associated with each 
recommendation. 

We are now ready to review the individualized edu­
cational planning guides with the effected staff person­
nel. At this point, an attempt is made to smooth out 
anomalies caused by the ever present exceptions to the 
rule. A staff member of the Education & Personnel 
Development Group reviews the educational plans with 
each respondant for consistency. Common sense seems 
to be all that is required to extricate ourselves from 
embarrassing situations such as scheduling an associate 
programmer for a one and one-half day survey seminar 
on data communications because he has no previous 
experience in the area and has not taken formal training 
in the subject, when in reality, data communications 
is his hobby and he has a teletypewriter in his basement 
that is connected to the civil defense network through 
a modem he designed and built himself. A second con­
fidence check of the system is made when we review 
each of the educational plans with the appropriate 
manager who finalizes the plan with an official sign-off. 
The manager's sign-off can be also used in extremely 
austere times to establish worst case priorities. The 
subject of general educational priorities will be treated 
later in this paper. As a spin-off benefit of this phase 

of the planning cycle, we have an opportunity to review 
with each area manager the overall strengths and weak­
nesses of his group in terms of human skills as they com­
pare to his project assignments and also to the rest of 
the data processing staff. In this way, we hope to stimu­
late the use of the skills profiles and summary data for 
manpower allocation and planning purposes. 

DEVELOPMENT OF GROSS BUDGET 
ESTIMATES 

We have employed this system to collect data and 
develop educational plans for about three hundred 
people. One surprising feature of the system has been 
that remarkably little modifications are required after 
our first cut at the educational plans. That is, in re­
viewing our plan with the individual and his manager, 
less than ten percent alterations have been required 
from our original estimates. 

All data is then summarized and we are thus in a 
position to identify the outstanding educational re­
quirements of the environment. I t becomes a fairly 
simple matter to determine what courses should be 
taught in house and what courses should be farmed out 
to an outside vendor based on an analysis of the total 

BUSINESS PROGRAI+1ER 

**Indicates only one course or its equivalent is required of the associated 
group. 

Inu.nnediate COBOL Techniques for 

Sys tems Des i gn and 
Analvsis II 

los Data ~ndina OR 

I DOS Data Manaa-nt r.ndina 

~~=:e~~ ~~!~~~~a~:ogranmer 
of File De!;ian 

Decision Tabl .. " S-inar 

los lanouaae Tnt ... rla,. .. 

I £ffll!t"tivlI! Writina 

Effective I htenino 

Effective 

I Microfilm Infnnnatinn C:vet ....... C: .. minar 

Decision Makino 

Prerequisf tes Comni ttee 
Member Signature 

Date 

Figure 7 

MANDITORY OPTIONAL , OF DAYS 

* 7 

* 5 

** , 
** 5 

* 5 

* 4 

* 1 

* 1 

* , 
* 112 

* 1 

* 1 

* 1/2 



impact on our environment. 1 In addition, now that 
gross data are available, the costs versus use considera­
tions for such educational support systems as the Edu­
tronics International films, Advanced Systems Video­
tapes, Centracom student carrels, etc., can be weighed 
against projected activity. Such factors as potential 
number of attendees, internal staff strengths and weak­
nesses, costs of comparable outside offerings, avail­
ability, etc., can now be easily orchestrated to our 
maximum advantage. Once the big picture is captured, 
the detailed considerations become almost trivial. We 
presently have about 100 different course offerings (or 
equivalent experience descriptors) that are required of 
various members of our data processing staff. 

PRIORITIZATION OF TRAINING ACTIVITIES 

The priority system developed provides management 
with the ability to directly control the principle educa-

BUSINESS PROGIWtIER/ANALYST 

**Indicates only one course or its equivalent is required of the associated 
group. 

CCJnmunications Systems Design and 
Analvsis 

OS Advanced Codi ncr OR 

DOS Advanced Codino 

OS WorkshoD OR 

DOS WorkshoD 
Opti ca 1 Character Recogni tion 
Seminar 

XOS Orientation 

XOS Systems Compatability 

Advanced Effective Listening 

Problem Solving and Discussion Skills 
Perfonnance ~pra1sall 
Compensation Seminar 

Introduction to Simulation 

DOS BTAH OR 

OS BTAM OR 

DOS QTAM OR 

OS OTAH 

Emplo~nt Seminar 

Leadership Seminar 

OS Systems Control for Progranmers 

Prerequi sites COIlIIIi ttee 
Member Signature 

Date 

twiDATORY 

* 

** 
** 
** 

** 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Figure 8 

OPTIONAL I OF DAYS 

10 

5 

5 

7 1/2 

5 

* 1 

1 

2 

1/2 

3 

1 

1 

** 5 

** 5 

** 5 

** 5 

1/2 

5 

5 
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NItME 11 'cb1b EDUCATIONAL PlANNING GUIDE JOB TITLE 1 .. 1MII Pmar_r 

COURSE REOIJIREIt:NTS 

III II 11100/0 • 0 0 

o - I I 0 

I I 

COURSE NO. OATES LOCATION LENGTH Tilt: COURSE NO. OATES LOCATION LENGTH Tilt: S_V TOTALS 
9 

40 

6 .6 
68 
8 

Figure 9 

..... datory .1!..!LL 
Optional __ 

ICEV 

o Optional 
Needs COurse 

+ HIS Tlken COUrse 
I HIS Equivilent 

Experience 
? Undetel'lllned 
• Needs Prerequisites 

tional variables in the following ways: 

1. Determine which of the many possible training 
activities are most significant for each position 
description in terms immediacy of need, rela­
tionship to job category, importance to the indi=­
vidual and relationship to project assignment. 

2. Prioritize each of the training activities by posi­
tion description into three levels or groupings of 

. recommended courses. 
3. Rank courses for each individual according to 

their specific needs as a function of their skills 
history, course priority and individual assign­
ments. 

4. Establish thresholds or cut-off levels at any 
point within the system to guarantee consistency 
with existing budgets or simply to determine 
the effects of future budget supplements or cuts. 

The procedure employed is fully compatible with the 
existing data bank (Individual Skills Profile and Gross 
Educational Recommendations). 

a. Underlying Rationale 

The underlying rationale assumes that there is a 
basic set of technical para-technical and non­
technical skills needed by each member of the 
Xerox Systems & Data Processing Services Organi­
zation to properly discharge his responsibilities to 
the company. Furthermore, the particular set of 
skills required by any individual should be a func­
tion of his position description and his project 
assignments. 
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We also make the assumption that human skills 
can be acquired through either appropriate job 
experience, formal training or more ideally, a mix­
ture of both. The procedure suggests that the 
surest, quickest and cheapest way to the attain­
ment of many skills, particularly at the lower 
levels, is through planned formal training activi­
ties synchronized with relevant job assignments. 
As we have least control over job assignments we 
have reserved consideration of its effects until the 
last step in the system. In this way, we should 
not only have the most up-to-date information on 
job assignments but lack of definition or stability 
in this area will also have minimum debilitating 
effects on the system. 

b. Basic Procedures 

A series of minimal training activities have al­
ready been recommended by the Education Pre­
requisites committee for each professional job 
code. As expected, the indicated requirements far 
outstretched any reasonable estimates of the ex­
pected 1971-72 educational budgets. Therefore, 
our procedure is simply a systematic approach to 
narrowing down the existing recommendations of 
the Educational Prerequisites Committee to con­
form to any budget level authorized by manage­
ment. Furthermore, we have designed the system 
to speak to the most urgent needs first regardless 
of the authorized budget level. 

Each position description is assigned three levels 
of course priorities as follows: 

Priority 1: The key to a training activity being 
classified under the number one or highest priority 
level is "Iffimediacy of Need." Does a professional 
with this particular job classification actually 
need this skill right now to properly discharge his 
responsibilities to Xerox? Next; is this course tech­
nical such as the COBOL Debugging Seminar, or 
para-technical such as Documentation Standards 
or Systems Analysis I. Thus, to qualify for pri­
ority 1, the training activity must be classified as 
(1) a technical course with an immediate need 
(TI), or (2) a para-technical course with an im­
mediate need (PI). No other classifications are 
allowed. 

Priority 2: To qualify for a priority 2 classifica­
tion, the course must be either (1) _a_ non-technical 
course with an immediate need (NTI) , or (2) a 
technical course with a non-immediate need 

(TNI). An example of a non-technical course with 
an immediate need would be the New Employee 
Orientation Seminar offered by personnel (for 
employees with less than three months with 
Xer.ox). An example of a technical course that is 
needed by an associate programmer but not im­
mediately would be Basic Data COInmunications 
as we currently do not have any associate pro­
grammers assigned to teleprocessing oriented 
projects. 

Priority 3: In priority 3, we again find a commOn 
factor and that is non-immediacy of need. Spe­
cifically, (1) the para-technical training activities 
for which there is no immediate need (PNI), and, 
(2) non-technical training activities for which 
there is no immediate need (NTI). An example of 
a non-technical training activity, is the Leader­
ship Seminar. Although it is not required by an 
associate programmer, the Leadership Seminar or 
its equivalency should be required of management 
above a certain level. 

Each position description is assigned three levels 
of course priorities. Within each priority levc§31 are 
ranked individual courses or training, <activities 
according to order of significance to Xerox. The 
priority levels and individual course ra~ks can be 
evaluated for each member of the organization 
twice. First, as a part of the group requirements 
for all members of any given job category and 
second, upon request, on an individualized basis 
as a function of job assignment. In both cases, 
personal skills history is taken into account. To 
illustrate how the system would work, consider 
the following examples taken from the existing 
levels of Xerox Programmers: 

Category Rank 
Associate Programmer 

Priority 1 

Intro to Programming Techniques TI 1 
Initial DP Skills Training Program TI 2 
Computer Systems Fundamentals TI 3 
Basic Computer Concepts TI 4 
Fundamentals of Programming TI 5 
Fundamentals of Programming Workshop TI 6 
Xerox Data Processing Orientation TI 7 
S/360 Intro TI 8 
Intro to Sigma 5/7 TI 9 
Intro to Sigma 3 TI 10 
Intro to CF-16 TI 11 
Intro to 110~ TI 12 
Intro to COBOL TI 13 
Intro to 360 JCL TI 14 
Intro to Sigma 5/7 Control Cards TI 15 
Intro to Sigma 3 Control Cards TI 16 



Priority 1 (cont.) 

Intro to 1108 Control Cards 
S/360 Utilities 
Systems Analysis I 

Priority 2 

New Employee Orientation 
Basic Data Communications 
MARK IV 
MANAGE 
RPG 
360 COBOL Sort 
360BAL 
Sigma 5/7 Symbol Meta/Symbol 
1108 Assembler 
Intro to BASIC 

Priority 3 

Intro to Autoflow 
Intro to Xerox DP Environment 
Documentation Standards 
Forms Design Control and Report Layout 

Business Programmer 
Priority 1 

Intermediate Course for Application 
Programmers 

OS Language Interface 
Techniques of File Design 
Decision Tables 
Systems Analysis II 

Priority 2 

OS Data Management Coding 

Priority 3 

Microfilm Info Systems 
Effective Presentation, 
Effective Listening 
Effective Writing 
Decision Making 

Programmer Analyst 
Priority 1 

OS Systems Control for Programmers 
OS Advanced Coding 
DOS Advanced Coding 

Priority 2 

OS Workshop 
Intro to Simulation 
OSBTAM 
OSQTAM 
DOS Workshop 
DOSBTAM 
OSQTAM 

Priority 3 

Category 

TI 
TI 
PI 

NTI 
TNI 
TNI 
TNI 
TNI 
TNI 
TNI 
TNI 
TNI 
TNI 

PNI 
PNI 
PNI 
PNI 

TI 
TI 
TI 
TI 
PI 

TNI 

PNI 
NTNI 
NTNI 
NTNI 
NTNI 

TI 
TI 
TI 

Rank 

17 
18 
19 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 

1 
2 
3 
4 
5 

1 

1 
2 
3 
4 
5 

1 
2 
3 

Category Rank 

TNI 
TNI 
TNI 
TNI 
TNI 
TNI 
TNI 

1 
2 
3 
4 
5 
6 
7 

Communications Systems Design & Analysis PNI 1 
Leadership Seminar NTNI 2 

At first inspection, all of these recommended 
training activities look no more abbreviated than 
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our initial gross plans. However, this is not the 
case for definite priorities have now been sys­
tematically established and most of these courses 
will fall through the cracks when played against 
the existing individual course recommendations. 
Asan example, take the case uf Roger Smedley. 
The initial gross recommendations for Roger 
are as follows: 

Basic Data Communications 
Documentation Standards 
Forms Design, Control and Layout 

If orders are issued (probably based on overall 
budget considerations) to satisfy only the immedi­
ate priority 1 requirements of the environment, 
Roger would now be scheduled for absolutely no 
training because none of these activities are in­
cluded in this classification. However, if the pri­
ority 2 option were exercised, he would receive 
training in Basic Data Communications. Obvi­
ously, the other two courses fall into the priority 3 
classification. Should Roger be assigned a project 
that required an immediate knowledge of tele­
processing, it would be a simple matter to per­
sonalize his requirements by getting appropriate 
management to indicate that he absolutely needs 
such training as a function of his assignment. The 
system would then recategorize the Basic Data 
Communications course, in this case, to be a tech­
nical course with an immediate need and attach 
a personalized annotation to its course descriptor 
(TI(P)). Thus, the course automatically moves to 
priority 1 for Roger, but not for all other Associ­
ate Programmers. Therefore when this system is 
played against initial gross recommendations, 
most of the identified training activities fall into 
the lower two priority classifications. 

c. Major Benefits 

The real power of the system does not begin to 
unfold until you consider how it can be used to 
directly superimpose management control on a 
highly detailed educational planning system. First 
of all, management at any time can recategorize 
a particular course into a priority 1 classification 
simply by defining that there is an immediate 
need for this particular training. The system can 
then report back to management just exactly how 
much this immediacy costs. This need can be ex­
pressed on a group or individual basis depending 
upon the situation. A second significant benefit to 
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management would be the use of the system to 
establish overall levels of education support. 
Management would have the option of establish­
ing thresholds of training at each level for all job 
categories. For example, in austere times we 
might classify only three courses as priority 1 
courses for the associate programmer level; in 
better times, we might include all fifteen. At all 
times, management will have available current 
detailed and approved training plans for all mem­
bers of its staff. All general or individual training 
plan changes can be quickly reflected in terms of 
expenditures against plan. 

Probably the most exciting aspect of the entire sys­
tem is its ability to help establish an equitable educa­
tional priority system. As anyone who has been in­
volved in any form of education knows, the acquisition 
and dissemination of knowledge is an endless process. 
One does not have to be too familiar with data process­
ing training to speculate that in a recession year there 
is a reasonable probability that a good training analyst 
could identify more educational needs than are cur­
rently feasible for any particular organization. If you 
can only command the resources to accomplish 50 per­
cent of the job, how do you determine which half to 
implement? Again, the procedure is simple. If, for ex­
ample, the committee has recommended a total of 
twenty courses or their equivalents as mandatory at 
the associate programmer level, an analysis of our staff 
requirements will indicate that we have people who 
exist at any point along the scale from one to twenty. 
As we have already summarized the gross educational 
requirements of all of the associate programmers and 
calculated their total educational costs in terms of 
dollars and man days of effort, we simply have to deter­
mine how much of that training we can presently af­
ford. If we can only acquire enough resources to do 25 
percent of the total job, our recommendations as to 
who should take what courses are fairly straightfor­
ward from this point onward. If associate programmer 
A has taken five mandatory courses or has their equiva­
lent, we schedule him for the next five courses (25 
percent) or the rough equivalent of his fair share of 
the total budget derated according to the exigencies of 
the times and his personalized requirements. If associ­
ate programmer B already has taken 15 courses or has 
equivalent experience, he will also be scheduled for 
five courses or his 25 percent of the action. Man A 
will now have completed 50 percent of the mandatory 
requirements of an associate programmer while man B 
will have completed 100 percent of the requirements. 
This approach has the added advantage that it does 
not penalize an individual because he was unable to 

receive proper training or acquire appropriate experi­
ence because he might have been chained to the oars of 
maintaining a second generation system. It also does 
not overlook the possibility that the individual with 
more relevant skills might have been in large part re­
sponsible for their acquisition. 

FOLLOW UP AND CONTROL SYSTEM 

From here on, all that remains to be done is the 
following: (1) Maintenance of records such as course 
enrollments, attendance, grades, etc. ; (2) Analyze 
course critiques and trip reports and plan the categori­
zation and implementation of exception training (vyz. 
educational activities that are not specifically handled 
by the system). 

SUMMARY AND CONCLUSIONS 

Although the system has not been in operation long 
enough to provide conclusive evidence of its success 
and w~ have not yet completed the automation of 
many of its elements that have been planned with 
mechanization in mind, we feel very confident that the 
system has to date provided us with the following 
benefits: 

• A more precise method for the identification of 
gross educational requirements. 

• A technique for stimulating the use of Skills In­
ventory type information for manpower allocation 
purposes. 

• A tool for the development of training/educational 
plans in sufficient detail that measurement is 

meaningful and accurate budgeting is possible. 
• A mechanism that enables the equitable prioriti­

zation of educational requirements. 
• A system that provides summary data that allow 

the analysis of the economic trade offs of make or 
buy decisions based on projected usage. 

But the most important aspect of the system is its 
potential to provide information to each and every 
data processing professional that can be used in guiding 
his personal career development decisions. 

The basic concepts associated with the entire system 
are amazingly simple. That is, to prepare educational 
plans based on the difference between the existing skills 
of our staff members and the technical and business 
requirements of the environment. The only new twist 
is that the power of the computer is invoked to enable 
us to analyze the problems in massive detail in a very 
timely manner. It is interesting to consider the fact 
that the area Financial Accounting was one of the first 
activities to become almost universally automated 



wherein human skills accounting seems to be only 
slightly closer to automation today than it was ten 
years ago. The next step for ~s will be the automatic 
generation of daily instructor guides recommending 
curriculum emphasis for each of our in-house programs 
based on the actual skills history of the students as­
signed to that particular class. 
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An architectural framework for system analysis and 
evaluation* 

by PETER FREEMAN 

Ca'Fnegie-M ellon University 
Pittsburgh, Pennsylvania 

THE PROBLEM 

In any situation where a large amount of information 
must be handled, the need for structure soon becomes 
evident. When one must process a quantity of informa­
tion and reduce it to a small amount (for example, from 
a large set of evaluations decide whether to buy system 
A or system B) the need for hierarchical structure is 
especially evident because of the inability of the human 
mind to consider more than a very small number of 
pieces of information simultaneously. If one is presented 
with 100 facts and asked to make a single overall judg­
ment in terms of three or four possibilities, he must 
have some means of aggregation. 

A second aspect of the problem is the diversity of the 
information involved in the evaluation of a complex 
system. For example, evaluating a political information 
retrieval system might involve consideration of tech­
nical facts, projected usage patterns, the attitudes of 
politicians toward mechanization of previously intui­
tive processes, etc. What is needed is not only an aggre­
gation scheme, but (hopefully) a small set of common 
factors that underlie the larger number of measure­
ments. Apples and oranges can be compared if you 
know that each provides nutritional value. 

The evaluation of an operating system is a good ex­
ample (and, in fact, is the one that prompted the de­
velopment of the approach presented here). Suppose 
you wish to make an evaluation that judges the sys­
tem's performance, suitability to a market, use of 
hardware, and suitability for further development. 

What you are given (or, rather, what can usually be 
obtained) are external performance measurements, 
sketchy overall descriptions of the system, some (usu-

* This work was supported by the Advanced Research Projects 
Agency of the Office of the Secretary of Defense (F44620-70-C-
0107) and is monitored by the Air Force Office of Scientific 
Research. 
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ally incorrect) internal documentation, listings; and 
perhaps some internal performance measurements. You 
also know the hardware it uses, the general state of 
operating system technology in terms of the mecha­
nisms used in other systems, the kinds of people using 
the system, and some rough (almost never quantitative) 
idea of the computational needs of those users. From 
such a polyglot of data you must develop succinct 
judgments and explanations that accurately character­
ize the system. 

Examples of other complex evaluation and analysis 
tasks are: 

-determine where a set of design goals is in rela-
tion to the state of the art; 

-determine if a system meets its design goals; 
-propose the . logical successor to a given system; 
-collect and evaluate all known data on a system. 

These and similar tasks require one to build up a co­
herent view of the object being studied. This in turn 
requires the hierarchical structuring of information 
into a small number of categories. The framework pre­
sented here is a way of achieving this. 

THE FRAMEWORK 

Some day we may understand complex systems well 
enough to permit the definition and use of factors com­
mon to all systems (just as we now evaluate diverse 
electronic components in common terms of power drain, 
number of circuits used, operating temperature, etc.). 
Currently, however, the best we are able to do is to 
find a set of interesting dimensions along which to 
evaluate some small set of systems. The trouble is that 
these dimensions are usually chosen on the basis of 
readily available data and not on the basis of their 
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ability to cover a diverse range of information or pro­
vide a basis for total evaluation. 

The framework presented here was developed in 
analogy to the problem of developing a thorough and, 
at the same time, an overall analysis of a building. It 
consists of six dimensions that encompass most of what 
one would want to know in such an evaluation. The 
dimensions are not necessarily independent and may be 
thought of as representing six ways of looking at an 
object. 

Imagine that you are an architect asked to evaluate 
a large building. The data points that you can collect 
may be as diverse as those in our illustration above. 
There are, however, six categories which will serve to 
group information of interest about the building: its 
location, the foundation it is built upon, its structure, 
the functions it is meant to provide and/or that it 
actually provides, its finish, and its adaptability to new 
purposes. If you make a judgment about the building 
along each of these dimensions and combine them in a 
manner that agrees with the importance assigned to 
each (which may change from building to building), 
you can obtain a coherent evaluation. 

Further, preparing the judgment on each dimension 
will require a number of subsidiary decisions that may 
be of final interest themselves (for example, how strong 
is the foundation, does it take account of special local 
soil conditions, etc.). More importantly, the categories 
will force you not only to sort out data into convenient 
equivalence classes but will permit the use of a single 
piece of data in several ways (for example, the observa­
tion that concrete block is used throughout is pertinent 
to an evaluation of the foundation, the finish and the 
adaptability as well as the structure). 

Our framework is based on the following definitions 
of the six dimensions: 

Location: The system's position with respect to 
another object, set of concepts, set of mechanisms 
or techniques. 

,Foundations: Objects, concepts, techniques, prac­
tices, etc., whose effect is felt throughout the sys­
tem. 

Structure: The way the system is physically or 
logically built and put together; the basic mecha­
nisms that provide the functions of the system. 

Functions: Services or actions provided by the 
system. 

Finish: Polish, absence of "rough edges", smooth­
ness, external appearance. 

Adaptability: The ability to be changed to provide 
new functions or reside on new foundations. 

These definitions are not very precise, nor do we want 

them to be. They are meant to indicate six major views 
that should be considered; their exact definitions may 
vary somewhat from situation to situation. 

As illustration, the following definitions-by-example 
show the categories of information, or to put it another 
way, some of the questions to be asked along each of 
the six factor dimensions for the evaluation of an oper­
ating system. 

Location: 
1. with respect to competing systems; 
2. with respect to hardware technology; 
3. with respect to software technology; 
4. with respect to design goals; 
5. with respect to conceivable systems. 

Foundations: 
1. functional concepts used; 
2. implementation concepts used; 
3. basic resource sharing algorithms; 
4. coding quality; 
5. internal documentation quality. 

Structure: 
1. physical layout of code and tables; 
2. subpart interconnections; 
3. data flow; 
4. control linkage mechanisms; 
5. measurement sub-system; 
6. test sub-system. 

Functions: 
1. functions provided; 
2. evaluation of performance; 
3. additional needed functions; 
4. completeness of functions provided (internal 

consistency) . 
Finish: 

1. user interface; 
2. user documentation; 
3. ease of doing simple tasks; 
4. error handling; 
5. crash rate; 
6. crash recovery. 

Adaptability: 
1. growth possibilities; 
2. ability to be tailored; 
3. extensions possible. 

USE OF THE FRAMEWORK 

The purpose of presenting this framework is primarily 
to provide a starting place for the development of more 
coherent system evaluation methods. Nevertheless, at 
least three different uses can be made of it in its present 
form: 
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Generation of analysis questions 

When evaluating a complex system, one is often 
hard-pressed to know what questions to ask. Simply 
measuring the performance 'of various components or 
analyzing their logic may be insufficient. By taking 
this framework of six dimensions, defining appropriate 
sub-dimensions, and then asking what must be known 
in order to evaluate the system along each such direc­
tion, one can arrive at a more complete set of measure­
ments to be taken and analyses to be made. 

Data organization 

Given a large amount of data about a system, one 
must structure it as we pointed out above. Normally 
one wishes to organize it in an hierarchical fashion that 
groups like data or like subcomponents of diverse data 
together. This framework provides such an organi­
zation. 

Guide to evaluation 

If one is evaluating several systems for purposes of 
comparison or wishes to arrive at an overall judgment 
of a single system, this framework can provide the 
nucleus of an approach. After the framework is fully 
defined for the situation at hand an attempt can be 
made to assign relative weights to the different dimen­
sions and sub-dimensions. Although one may not wish 
to rely totally on such a procedure (although it should 
be seriously considered), attempting to determine 
quantitatively the relative importance of different fac-

tors that enter into the final decision will prove to be of 
great help in arriving at a rationalized evaluation. 

SUMMARY 

We have presented a framework for the analysis and 
evaluation of complex systems that can serve both as 
an organizer of existing data and a generator of meas­
urements to be made. Its primary feature is the group­
ing of diverse pieces of data into a small number of 
factors that have common and intuitive meanings. Its 
hierarchical nature allows one to gain an overview of a 
large amount of dissimilar data and to aggregate indi­
vidual judgments from a wide variety of evaluations. 

The ability of the approach to reduce the amount of 
information that must be considered at each level, its 
adaptability to differing evaluation problems, and its 
guidance to what questions to ask recommend its use. 
Further, its (albeit slight) quantitative character puts 
it a step ahead of the completely informal and unstruc­
tured methods commonly used. Use of the approach 
by the author in the total evaluation of a medium 
scale time-sharing system indicates that it does indeed 
provide a good evaluation framework. 

Clearly, there is much work left to be done here. We 
must further refine and formalize system analysis and 
evaluation techniques. We must try to get a more 
quantitative understanding of the relationships between 
various dimensions and factors. We must evaluate in as 
rigorous a fashion as possible many systems. 

Our intent has been to define a new framework for 
the analysis of complex systems. If its grouping of con­
cepts proves to be useful in practice, fine. If not, per­
haps its insufficiencies will spur others to develop better 
frameworks. 
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