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M 
S 
I 

a. 1 port 

M 

b. 4 port 

Figure 6-1 and 4 port memory modules PMS diagram 

s , 

transferring data to multiple primary memories. On a 
larger system with multiple independent memories the 
supply of memory cycles is 17 megabits/second times 
the number of modules. Since there is such a large 
supply of memory cycles/second and since the central 
processor can only absorb approximately 16 megabits/ 
second, the simple one Unibus structure must be 
modified to make the memory cycles available. Two 
changes are necessary: first, each of the memory modules 
have to be changed so that multiple units can access 
each module on an independent basis; and second, there 
must be independent control accessing mechanisms. 
Figure 6 shows how a single memory is modified to have 
more access ports (i.e., connect to 4 Unibusses). 

Figure 7 shows a system with 3 independent memory 
modules which are accessed by 2 independent Uni­
busses. Note that two of the secondary memories and 
one of the transducers are connected to both Unibusses. 
It should be noted that devices which can potentially 
interfere with Pc-Mp accesses are constructed with 
two ports; for simple systems, the two ports are both 
connected to the same bus, but for systems with more 
busses, the second connection is to an independent bus. 

Mp 

initialization 

Pc K('Unibus) and interrupt 
�r�T�-�-�'�-�-�~�-�=�:�;�:�'�:�'�=�'�~�-�~�:�.�.�!�.�.�!�.�.�.�-�i�:�=�=�f�r�~�m�e�~�s�s�a�g�e�s� 

Ms or T to 
Mp messages 

Figure 7-Three Mp, 2 S('Unihus) structure PMS diagram 

Figure 8 shows a multiprocessor system with two 
central processors and three Unibusses. Two of the 
Unibus controls are included within the two processors, 
and the third bus is controlled by an independent con­
trol unit. The structure also has a second switch to 
allow either of two processors (Unibusses) to access 
common shared devices. The interrupt mechanism 
allows either processor to respond to an interrupt and 
similarly either processor may issue initialization 
information on an anonymous basis. A control unit is 
needed so that two processors can communicate with 
one another; shared primary memory is normally used 
to carry the body of the message. A control connected 
t? two Pc's (see Figure 8) can be used for reliability; 
either processor or Unibus could fail, and the shared 
Ms would still be accessible. 

Higher performance processors 

Increasing the bus width has the greatest effect on 
performance. A single bus limits data transmission to 
21.4 megabits/second, and though Model 20 memories 
are 16 megabits/second, faster (or wider) data path 
width modules will be limited by the bus. The Model 
20 is not restricted, but for higher performance pro­
cessors operating on double word (fixed point) or triple 
word (floating point) data two or three accesses are 
required for a single data type. The direct method to 
improve the performance is to double or triple the 
primary memory and central processor data path 
widths. Thus, the bus data' rate is automatically 
doubled or tripled. 

For 32- or 48-bit memories a coupling control unit 
is needed so that devices of either width appear iso­
morphic to one another. The coupler maps a data 

1 1C( 'Unibus) 

2S( 'Unibus Multiple bus ·to single bus coupler; 

from: 2 Unibus; to: 1 Unibus) 

3IC('Processor to processor coupler) 

4.Ms(duplex) 

data transfers 

Figure 8-Duaf Pc multiprocessor system PMS diagram 



request of a given width into a higher- or lower-width 
request for the bus being coupled to, as shown in 
Figure 9. (The bus is limited to a fixed number of 
devices for electrical reasons; thus, to extend the bus 
a bus repeating unit is needed. The bus repeating 
control unit is almost identical to the bus coupler.) A 
computer with a 48-bit primary memory and processor 
and 16-bit secondary memory and terminals (trans­
ducers) is shown in Figure 9. 

In summary, the design goal was to have a modular 
structure providing the final user with freedom and 
flexibility to match his needs. A secondary goal of the 
Unibus is open-endedness by providing multiple busses 
and defining wider path busses. Finally, and most 
important, the Unibus is straightforward. 

THE INSTRUCTION SET PROCESSOR (ISP) 
LEVEL-ARCHITECTURE* 

Introduction, background and design constraints 

The Instruction Set Processor (ISP) is the machine 
defined by hardware and/or software which interprets 
programs. As such, an ISP is independent of technology 
and specific implementations. 

The instruction set is one of the least understood 
aspects of computer design; currently it is an art. There 
is currently no theory of instruction sets, although 
there have been attempts to construct them (Maurer, 
1966), and there has also been an attempt to have a 
computer program design an instruction set (Haney, 
1968). We have used the conventional approach in 
this design: first a basic ISP was ad~pted and then 
incremental design modifications were made (based on 
the results of the benchmarks). ** 

* The word architecture has been operationally defined (Amdahl, 
Blaauw and Brooks 1964) as "the attributes of a system as seen 
by a programmer, i.e., the conceptual structure and functional 
behavior as distinct from the organization of the data flow and 
controls,' the logical design and the physical implementatio~." 
** A predecessor multiregister computer was proposed whICh 
used a similar design process. Benchmark programs were coded 
on each of 10 "competitive" machines, and the object of the 
design was to get a machine which gave the best score on the 
benchmarks. This approach had several fallacies: the machine 
had no basic character of its own; the machine was difficult to 
program since the multiple registers were assigned to specific 
functions and had inherent idiosyncrasies to score well on the 
benchmarks' the machine did not perform well for programs other 
than those ~sed in the benchmark test; and finally, compilers 
which took addvantage of the machine appeared to be difficult 
to write. Since all "competitive machines" had been hand-coded 
from a common flowchart rather than separate flowcharts for each 
machine, the apparent high performance may have been due to 
the flowchart organization. 
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Although the approach to the design was conven­
tional, the resulting machine is not. A common classi­
fication of processors is as zero-, one-, two-, three-, or 
three-plus-one-address machines. This scheme has the 
the form: 

op ll, l2, l3, l4 

where II specifies the location (address) in which to 
store the result of the binary operation (op ) of the 
contents of operand locations l2 and l3, and l4 specifies 
the location of the next instruction. 

The action of the instruction is of the form: 

II ~ l2 op l3; goto l4 

The other addressing schemes assume specific values 
for one or more of these locations. Thus, the one­
address von Neumann (Burks, Goldstine and von 
Neumann, 1946) machines assume II = l2 = the 
"accumulator" and l4 is the location following that of 
the current instruction. The two-address machine 
assumes 11 = l2; l4 is the next address. 

Historically, the trend in machine design has been 
to move from a 1 or 2 word accumulator structure as 
in the von Neumann machine towards a machine with 
accumulator and index register(s).* As the number of 
registers is increased the assignment of the registers to 
specific functions becomes more undesirable and 
inflexible; thus, the general-register concept has 
developed. The use of an array of general registers in 
the processor was apparently first used in the first­
generation, vacuum-tube machine, PEGASUS (Elliott 
et aI., 1956) and appears to be an outgrowth of both 
1- and 2-address structures. (Two alternative struc,;.. 
tures-the early 2- and 3-address per instruction 
computers may be disregarded, since they tend to 
always access primary memory for results as well as 
temporary storage and thus are wasteful of time and 
memory cycles, and require a long instruction.) The 
stack concept (zero-address) provides the most efficient 

Mp(48 b) Pc(48 b) Ms... T ••• 

I I K['BUS to Bus _ 
coupler; 

from: 48 16 bit Unibus 

to: 16 bits 

\ 
48 bit Unibus 

Figure 9-Computer with 48 bit Pc, Mp with 16 bit Ms, T 
PMS diagram 

* Due in part to needs, but mainly technology which dictates how 
large the structure can be. 
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access method for specifying algorithms, since very 
little space, only the access addresses and the operators, 
needs to be given. In this scheme the operands of an 
operator are always assumed to be on the "top of the 
stack". The stack has the additional advantage that 
arithmetic expression evaluation and compiler state­
ment parsing have been developed to use a stack 
effectively. The disadvantage of the stack is due in 
part to the nature of current memory technology. That 
is, stack memories have to be simulated with random 
access memories, multiple stacks are usually required, 
and even though small stack memories exist, as the 
stack overflows, the primary memory (core) has to be 
used. 

Even though the trend has been toward the general 
register concept (which, of course, is similar to a two 
address scheme in which one of the addresses is limited 
to small values), it is important to recognize that any 
design is a compromise. There are situations for which 
any of these schemes can be shown to be "best". The 
IBM System/360 series uses a general register struc­
ture, and their designers (Amdahl, Blaauw and Brooks, 
1964) claim the following advantages for the scheme: 

1. Registers can be assigned to various functions: 
base addressing, address calculation, fixed point 
arithmetic and indexing. 

2. Availability of technology makes the general 
registers structure attractive. 

The System/360 designers also claim that a stack 
organized machine such as the English Electric KD F 9 
(Allmark and Lucking, 1962) or the Burroughs B5000 
(Lonegran and King, 1961) has the following disad­
vantages: 

1. Performance is derived from fast registers, not the 
way they are used. 

2. Stack organization is too limiting and requires 
many copy and swap operations. 

3. The overall storage of general registers and stack 
machines are the same, considering point #2. 

4. The stack has a bottom, and when placed in 
slower memory there is a performance loss. 

5. Subroutine transparency is not easily realized 
with one stack. . 

6. Variable length data is awkward with a stack. 

We generally concur with points 1, 2, and 4. Point 5 is 
an erroneous conclusion, and point 6 is irrelevant (that 
is, general register machines have the same problem). 
The general-register scheme also allows processor 
implementations with a high degree of parallelism since 
instructions of a local block all can operate on several 

registers concurrently. A set of truly general purpose 
registers should also have additional uses. For example, 
in the DEC PDP-IO, general registers are used for 
address integers, indexing, floating point, boolean 
vectors (bits), or program flags and stack pointers. The 
general registers are also addressable as primary 
memory, and thus, short program loops can reside 
within them and be interpreted faster. It was observed 
in operation that PDP-IO stack operations were very 
powerful and often used· ((accounting for as many as 
20% of the executed instructions, in some programs, 
e.g., the compilers.) 

The basic design decision which sets the PDP-II 
apart was based on the observation that by using 
truly general registers and by suitable addressing 
mechanisms it was possible to consider the machine as 
a zero-address (stack), one-address (general register), 
or two-address (memory-to-memory) computer. Thus, 
it is possible to use whichever addressing scheme, or 
mixture of schemes, is most appropriate. 

Another important design decision for the instruction 
set was to have only a few data types in the basic 
machine, and to have a rather complete set of opera­
tions for each data type. (Alternative designs might 
have more data types with few operations, or few data 
types with few operations.) In part, this was dictated 
by the machine size. The conversion· between data 
types must be easily accomplished either automatically 
or with 1 or 2 instructions. The data types should 
also be sufficiently primitive to allow other data types 
to be defined by software (and by hardware in more 
powerful versions of the machine). The basic data 
type of the machine is the 16 bit integer which uses 
the two's complement convention for sign. This data 
type is also identical to an address. 

PDP-11 model 20 instruction set (basic instruction set) 

A formal description of the basic instruction set is 
given in Appendix 1 using the ISPL notation (Bell 
and Newell, 1970). The remainder of this section will 
discuss the machine in a conventional manner. 

Prhnary memory 

The primary memory (core) is addressed as either 
216 bytes qr 215 words using a 16 bit number. The 
linear address space is also used to access the input­
output devices. The device state, data and control 
registers are read or written like normal memory 
locations. 



General register 

The general registers are named: R[0:7](15:0)*; 
that is, there are 8 registers each with 16 bits. The 
naming is done starting (at the left with bit 15 (the 
sign bit) to the least significant bit o. There are syno­
nyms for R[6] and R[7]: 

Stack Pointer/SP(15:0) := R[6](15:0) 
used to access a special stack which is used to 
store the state of interrupts, traps and sub­
routine calls 

Program Counter/PC(15:0) := R[7](15:0) 
points to the current instruction being inter­
preted. It will be seen that the fact that PC is 
one of the general registers is crucial to the 
design. 

Any general register, R[0:7], can be used as a stack 
pointer. The special Stack Pointer (SP) has additional 
properties that force it to be used for changing processor 
state interrupts, traps, and subroutine calls (I t also 
can be used to control dynamic temporary storage 
subroutines. ) 

In addition to the above registers there are 8 bits 
used (from a possible 16) for processor status, called 
PS(15.0) register. Four bits are the Condition Codes 
(CC) associated with arithmetic results; the T-bit 
controls tracing; and three bits control the priority of 
running programs Priority (2:0). Individual bits are 
mapped in PS as shown in Appendix 1. 

Data types and primitive operations 

There are two data lengths in the basic machine: 
bytes and words, which are 8 and 16 bits, respectively. 
The non-trivial data types are word length integers 
(w.i.); byte length integers (by .i); word length boolean 
vectors (w.bv), i.e., 16 independent bits (booleans) in 
a 1 dimensional array; and byte length boolean vectors 
(by.bv}. The operations on byte and word boolean 
vectors are identical. Since a common use of a byte is 
to hold several flag bits (booleans), the operations can 
be combined to form the complete set of 16 operations. 
The logical operations are: "clear," "complement," 
"inclusive or," and "implication" (x ~ y or -'x V y). 

There is a, complete set of arithmetic operations for 
the word integers in the basic instruction set. The 
arithmetic operations are: add, subtract, multiply 
(optional), divide (optional), compare, add one, sub­
tract one, clear, negate, and multiply and divide by 

.!!< A definition of the ISP notation used here may be found in 
Appendix 1. 
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powers of two (shift). Since the address integer size is 
16 bits, these data types are most important. Byte 
length integers are operated on as words by moving 
them to the general registers where they take on the 
value of word integers. Word length integer operations 
are carried out and the results are returned to memory 
(truncated). 

The floating point instructions defined by software 
(not part of the basic instruction set) require the 
definition of two additional data types (of length two 
and three), i.e., double word (d.w.) and triple (t.w.) 
words. Two additional data types, double integer 
(d.i.) and triple floating point (t.f. or f) are provided 
for arithmetic. These data types imply certain addi­
tional operations and the conversion to the more 
primitive data types. 

Address (op~rand) calculation 

The general methods provided for accessing operands 
are the most interesting (perhaps unique) part of the 
machine's structure. By defini,g several access methods 
to a set of general registers, to memory, or to a stack 
(controlled by a general register), the computer is able 
to be a 0, 1 and 2 address machine. The encoding of 
the instruction Source (S) fields and Destination (D) 
fields are given in Fig. 10 together with a list of the 
various access modes that are possible. (Appendix 1 
gives a formal description of the effective address 
calculation process.) 

It should be noted from Figure 10 that all the com­
mon access modes are included (direct, indirect, im­
mediate, relative, indexed, and indexed indirect) plus 
several relatively uncommon ones. Relative (to PC) 
access· is used to simplify program loading, while 
immediate mode speeds up execution. The relatively 
uncommon access modes, auto-increment, -and auto­
decrement, are used for two purposes: access to a 
stack under control of the registers* and access to 
bytes or words organized as strings or vectors. The 
indirect access mode allows a stack to hold addresses 
of data (instead of data). This mode is desirable when 
manipulating longer and variable-length data types 
(e.g., strings, double fixed and triple floating point). 
The register auto increment mode may be used to 
access a byte string; thus, for example, after each 
access, the register can be made to point to the next 
data item. This is used for moving data blocks, search­
ing for particular elements of a vector, and byte­
string operations (e.g., movement, comparisons, edit­
ing). 

*N ote, by convention a stack builds toward register 0, and when 
the stack crosses 4008, a stack overflow occurs. 
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I , I d I 
{ 11 10 9 8 

sm sd sr 

e 4 3 

dm dd dr 

r • register specification R[r] 

d " defer (indirect) address bit 

bit 

bit 

m • mode COO "' R[rl; 01 "' R[r]; next R[r] +.i;l 

10 - R[r], R[r] -ai, next R[2] 

11 = indexed with next word) 

The following access modes can be specified: 

.0 direct-to a register, R[r} 

1 indirect-to a register, R[r] for address of data 

2 auto increment via register (pop) - use register as address, then 

3 autJ-Dflc?NJnlWltllgister (pop) - defer 
4 auto decrement via register (push) - decrement register, then use 

register as address 

5 auto decrement indirect - decrement register, then use register as the 

address of the address of data 

2 immediate data - next full word is the data (rape) 

3 direct data - next full word is the address of data (rape) 

6 direct indexed - use next full word indexed with R[rl as address of data 

7 direct indexed - indirect - use next full word indexed with R[r] as the 

address of the address of data 

6 relative access - next full word plus PC is the address (rape) 

7 relative indirect access - next full word plus PC is the address of the 

address of data (rape) 

1address incr.ent/ai value is 1 or 2 

Figure lO-Address calculation formats 

This addressing structure provides flexibility while 
retaining the same, or better, coding efficiency than 
classical machines. As an example of the flexibility 
possible, consider the variations possible with the most 
trivial word. instruction MOVE (see Figure 11). The 
MOVE instruction is coded as it would appear in 
conventional 2-address, I-address (general register) 
and O-address (stack) computers: The two-address 
format is particularly nice for MOVE, because it 
proviaes an efficient encoding for the common opera­
tion: A ~ B (note, the stack and general registers are 
not involved). The vector move A[I] ~ B(I) is also 
efficiently encoded. For the general register (and 
I-address format), there are about 13 MOVE opera­
tions that are commonly used. Six moves can be 
encoded for the stack (about the same number found 
in stack. machines). 

Instruction forlDats 

There are several instruction decoding formats 
depending on whether 0, 1, or 2 operands have to be 
explicitly referenced. When 2 operands are required, 
they are identified as Source/S and Destination/D and 

the result is placed at Destination/D. For single 
operand instructions (unary operators) the instruction 
action is D ~ u D; and for two operand instructions 
(binary operators) the action is D ~ D b S (where u 
and b are unary and binary operators, e.g., -', - and 
+, -, X, /, respectively. Instructions are specified 
by a 16-bit word. The most common binary operator 
format (that for operations requiring two addresses) 
is shown below. 

15 12 11 6 5 ° 
op D S 

The other instruction formats are given in Figure 12. 

Instruction interpretation process 

The instruction interpretation process is given in 
Figure 13, and follows the common fetch-execute 
cycle. There are three major states: (1) interrupting­
the PC and PS are placed on the stack accessed by 
the Stack Pointer/SP, and the new state is taken from 
an address specified by the source requesting the trap 
or interrupt; (2) trace (controlled by T-bit)-essen­
tially one instruction at a time is executed as a trace 

Assembler Formst 

Two Address Machine formst: 
MOVE B,A 1 

HOVE IN,A 

HOVE B(RZ), A(RZ) 

HOVE (1l
3

) +, (1l
4

) + 

A <- B 

A <-5 

A[I] <- B[I] 

A[I] <- B[I); 
1<-1+1 

General Register Machine format: 

HOVE A,lll III +-A 

HOVE Ill, A A <-Ill 

MOVE -',Rl III <-H(A] 

HOVE Ill, R3 III +- R3 
HOVE Rl, A(RZ) A[I] <- III 

HOVE -,(1l0),1l1 III +- M[A[I]] 
HOVE (R1), R3 III +-M[1l2] 
MOVE (1l1) +, R3 R3 +-H[I] 

Stack Machine forut: 

MOVE fIC, .(RO) S +-5 
HOVE A, .(1l0) S +-A 
MOVE .(IlO)+, .(1l0) S <-H(S] 

MOVE (1l0)+~ A A ..... S 

HOVE (IlO)+, .(1l0)+ M(S2] ..... SI 

1AS::I~~O~~.,;!~?) S ..... S 

o denotes contents of memory addressed by 
• decrement register fir .. t 
... increment register after 
@ indirect 
!! literal 

Description 

replace A with contents of B 

replace A with number, 5 

replace element of a connector 

replace element of a vector, 
move to next element 

load register 

store register 

load or store indirect via 
element A 

register to register transfer 

store indexed (load indexed) 
(or store) 

load (or store) indexed indirect 

load indirect via register 

load (or store) element indirect 
via register, move to next element 

load stack with literal 

load stack' with contents of A 

load stack with memory specified 
by top of stack 

store stack in A 

store stack top in memory 
addressed by stack top -1 

duplicate top of stack 

Figure ll-Coding for the MOVE instruction to compare with 
conventional machines 



Binary arithmetic and logical operations: bop Iso 11 
form: 0 +- S b 0 

example: AOO (bbop=OOIO) --+ (CC.O <- D+S); 

Unary arithmetic and logical operation: G::;:]Y] 
form: 0 +- u 0; 

examples: NEG (:=uop=OOOOIOIIOO) --+ (CC.O <- - D) - negate 

ASL (:=uop=OOOOOllOOll) .... (CC.D <- D X 2); shift left 

Branch (relative) operators: I brop I offset I 
form: !! brop condition !!w! (PC <- PC + offset); 

example: BEQ (: .. brop - 03 16) (Z ... (PC +-PC + offset»: 

Jump: J 0 000 000 001 I 0 I 
form: PC <- 0 + Pc 

Jump to subroutine: I 0 000 100 I 0 I 
save R[sr] on stack. enter subroutine at 0 + PC 

Misc. operations: ~ 
form: ST +- f 

example: HALT (: .. instruction = 0) ... (RUN +- 0); 

I Rote: these instructions are all 1 word. 0 and/or S may each require 1 

additional immediate data or address word. Thus instructions can 

be 1. 2, or 3 words 10Dg. 

Figure 12-PDP-ll instruction formats (simplified) 

Inl.tructioa lxecute 
Statel 

Figure 13-PDP-ll instruction interpretation process 
state diagram 
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trap occurs after each instruction, and (3) normal 
instruction interpretation. The five (lower) states in 
the diagram are concerned with instruction fetching, 
operand fetching, executing the operation specified by 
the instruction and storing the result. The non-trivial 
details for fetching and storing the operands are not 
shown in the diagram but can be constructed from the 
effective address calculation process (Appendix 1). The 
state diagram, though simplified, is similar to 2- and 
3-address computers, but is distinctly different than a 
1 address (1 accumulator) computer. 

The ISP description (Appendix 1) gives the opera­
tion of each of the instructions, and the more conven­
tional diagram (Fig. 12) shows the decoding of instruc­
tion classes. The ISP description is somewhat incom­
plete; for example, the add instruction is defined as: 
ADD (: = bop == 0010) ~ (CC,D ~ D + S); addition 
does not exactly describe the changes to the Condition 
Codes/CC (which means whenever a binary opcode 
[bop] of 00102 occurs the ADD instruction is executed 
with the above effect). In general, the CC are based 
on the result, that is, Z is set if the result is zero, N if 
negative, C if a carry occurs, and V if an overflow was 
detected as a result of the operation. Conditional 
branch instructions may thus follow the arithmetic 
instruction to test the results of the CC bits. 

Examples of addressing schemes 

Use as a stack (zero address) Dlachine 

Figure 14 lists typical zero-address machine instruc­
tions together with the PDP-II instructions which 
perform the same function. It should be noted that 
translation (compilation) from normal infix expressions 
to reverse Polish is a comparatively trivial task. Thus, 
one of the primary reasons for using stacks is for the 
evaluation of expressions in reverse Polish form. 

Consider an assignment statement of the form 

D ~A + B/C 

which has the reverse Polish form 

DABC/+ ~ 

and would normally be encoded on a stack machine 
as follows 

load stack address of D . 
load stack A 
load stack B 
load stack C 
/ 
+ 
store 
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Csapop stack &pltrust'.: 

place address val ... II oa stack 

load stack froa __ ry sddre .. specified 
by stack 
load stack fro. __ ry locatioa A 

store stack at __ ry address specified 
by stack 

store stack at __ ry locatioa A 

duplicate top of stack 

+ , add 2 top data of stack to stack 

-, x, /; subtract, _ltiply, divide 

-; negate top data of stack 

clear top data of stack 

V; "inclusive or" 2 top data of stack "and" 
2 top data of stack 

-,; complement top of stack 

test top of stack (set branch indicators) 

branch oa indicator 

jump unconditional 

add addressed location A to top of stack -
(not COIlllllOll for stack machine) equivalent 
to: load stack, add swap top 2 stack data 

r.eset stack locatioa to N 

1\, "and" 2 top stack data 

Equivalent PDP-II instruction: 

MOVE fA, .(Rol 
MOVE .(RO)+, - (RO) 

MOVE A, -(RO) 

MOVE (RO)+, .(RO)+ 

MOVE (RO)+, II 

MOVE (RO), .(RO) 

ADD (RO) +, _0 

(see add) 

NIG _0 

CLR_O 

liSE! (RO)+, _0 

COM _0 
TST _0 
BR (., ~, >, Ot, <, ~) 

JUMP 

ADD A, _0 

MOVE (RO)+, Rl 
MOVE (RO)+, R2 
MOVE Rl, -(RO) 
MOVE R2, _(RO) 
MOVE fN, RO 
COM_O 
BCLR (RO)+, _0 

lStack pointer has been arbitrarily used as register RO for this example. 

Figure 14-Stack computer instructions and equivalent 
PDP-ll instructions 

However, with the PDP-ll there is an address method 
for improving the program encoding and run time, 
while not losing the stack concept. An encoding im­
provement is made by doing an operation to the top 
of the stack from a direct memory location (while 
loading). Thus the previous example could be coded 
as: 

load stack B 
divide stack by C 
add A to stack 
store stack D 

Use as a one-address (general register) Illachine 

The PDP-II is a general register computer and 
should be judged on that basis. Benchmarks have 
been coded to compare the PDP-II with the larger 
DEC PDP-IO. A 16 bit processor performs better 
than the DEC PDP-IO in terms of bit efficiency, but 
not with time or memory cycles. A PDP-II with a 32 
bit wide memory would, however, decrease time by 
nearly a factor of two, making the times essentially 
comparable. 

Use as a two-address machine 

Figure 15 lists typical two-address machine instruc­
tions together with the equivalent PDP-II instructions 

for performing the same operations. The most useful 
instruction is probably the MOVE instruction because 
it does not use the stack or general registers. Unary 
instructions which operate on and test primary memory 
are also useful and efficient instructions. 

Extensions oj the instruction set for real (floating point) 
arithmetic 

The most significant factor that affects performance 
is whether a machine has operators for manipulating 
data in a particular format. The inherent generality 
of a stored program computer allows any computer by 
subroutine to simulate another-given enough time 
and memory. The biggest and perhaps only factor 
that separates a small computer from a large computer 
is whether floating point data is understood by the 
computer. For example, a small computer with a 
cycle time of 1.0 microseconds and 16 bit memory 
width might have the following characteristics for a 
floating point add, excluding data accesses: 

programmed: 

programmed (but special normalize 
and differencing of exponent 
instructions) : 

microprogrammed hardware: 

hardwired: 

250 microseconds 

75 microseconds 

25 microseconds 

2 microseconds 

I t should be noted that the ratios between pro­
grammed and hardwired interpretation varies by 
roughly two orders of magnitude. The basic hardwiring 
scheme and the programmed scheme should allow 
binary program compatibility, assuming there is an 
interpretive program for the various operators in the 
Model 20. For example, consider one scheme which 
would add eight 48 bit registers which are addressable 
in the extended instruction set. The eight floating 
registers, F, would be mapped into eight double length 

Two Address Computer 

A +- B; transfer B to A 

A +-AiB; add 

-, x, / 
A +- _A; negate 

A +-A V B; inclusive or 

A +-.., A; not 

jump UIlcOIldit101led 

Test A, and transfer to B 

!2!:::l! 
MOVE B,A 

ADD B,A 

(see add) 

NEG A 

'SETB,A 

COM 

.AAfP 

TST A 

BR (_. ~. >. ~. <. s) B 

Figure H)-Two address computer instructions and equivalent 
PDP-ll instructions 



(32 bit) registers, D. In order to access the various 
parts of F or D registers, registers FO and FI are 
mapped onto registers RO to R2 and R3 to R5. 

Since the instruction set operation code is almost 
completely encoded already for byte and word length 

binary ops op 

bop' S D f-

+ 

X 
/ 

compare 
unary ops 

uop' D 

LOGICAL DESIGN OF S(UNIBUS) AND PC 

The logical design level is concerned with the physi­
cal implementation and the constituent combinatorial 
and sequential logic elements which form the various 
computer components (e.g., processors, memories, 
controls). Physically, these components are separate 
and connected to the Unibus following the lines of the 
PMS structure. 

Unibus organization 

Figure 16 gives a PMS diagram of the Pc and the 
entering signals from the Unibus. The control unit for 
the Unibus, housed in Pc for the Model 20, is not 
shown in the figure. 

The PDP-II Unibus has 56 bi-directional signals 
conventionally used for program-controlled data trans­
fers (processor to control), direct-memory data trans­
fers (processor or control to memory) and control-to­
processor interrupt. The Unibus is interlocked; thus 
transactions operate independent of the bus length 
and response time of the master and slave. Since the 
bus is bi-directional and is used by all devices, any 
device can communicate with any other device. The 
controlling device is the master, and the device to 
which the master is communicating is the slave. For 
example, a data transfer from processor (master) to 
memory (always a slave) uses the Data Out dialogue 
facility for writing and a transfer from memory to 
processor uses the Data In dialogue facility for reading. 
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data, a new encoding scheme is nece~sary to specify 
the proposed additional instructions. This scheme adds 
two instructions: enter floating. point mode and execute 
one floating point instruction. The instructions for 
floating point and double word data would be: 

floating point/f and double word/ d 

FMOVE DMOVE 
FADD DADD 
FSUB DSUB 
FMUL DMUL 
FDIV DDIV 
FCMP DCMP 

FNEG DNEG 

Bus control 

Most of the time the processor is bus master fetching 
instructions and operands from memory and storing 
results in memory. Bus mastership is determined by 
the current processor priority and the priority line 
upon which a bus request is made and the physical 
placement of a requesting device on the linked bus. 

Unibuo 

. 
('Bul Addrell) 

.. s' 

\ '" / ... D(ohift) ' ... M r16 word; lntegrated~ 2 

~/ t( t/ circuit-, 8cratchpad', 
" t adder'loa~Cal OpI) 

(processor 8 tate i 8 

.. M( 'A; latch)" .. M( 'B; latch)" (temporary; 2 wordl); 
/./ 16 blu/word 

M( 'H; 18 bitl,. 

J'--... .. __ -
prace.,or .tate 

Control 
~ __ -_-J-_--. 

'
I f(deCoder)-- ~11(~lnatrucuOD Set J~lcontrOl 

,M('lnotrucUon Reglater/lR; 16 blts)" Interpreter: Ihlft, to above 

i "J add, M(acratchpad), components 

I (statua), A, B, IR, 

I
R9s3:O> Slave Sync, Parlty Avallable Conaole; M(20 blts) 

f 
I 1( 'Pc BUI Control)a':--____ ....J 1( 'Timlng) -> L( 'Bus C';"trol)3_ 

IG:'PCSJoO? 4 t 
cltlalize ""'ter SynC Bus Buoy T(c lock)6 

!n ... data operations to perform ahiftlna and acldina ... usually cm.binatorial 

3~ : ::~~!~8 u:~t:;w:::U!!:i:~t:~i:~h::e~:!c:~::. 
"s ... awitch. used to gate contents of an H to a let of linea 
:T - Tranoducer - to encode tlme lnto a loglc (clock) olgnal 

RotaUon to denote 16 11nel _ed 15,14· ••••• 1.0 

Figure 16-PDP-ll Pc structure 
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The assignment of bus mastership is done concurrent 
with normal communication (dialogues). 

D nibus dialogues 

Three types of dialogues use the Unibus. All the 
dialogues have a common protocol which first consists 
of obtaining the bus mastership (which is done con­
current with a previous transaction) followed by a 
data exchange with the requested device. The dialogues 
are: Interrupt; Data In and Date In Pause; and Data 
Out and Data Out Byte. 

Interrupt 

Interrupt can be initiated by a master immediately 
after receiving bus mastership. An address is trans­
mitted from the master to the slave on Interrupt. 
Normally, subordinate control devices use this method 
to transmit an interrupt signal to the processor. 

Data in and data in pause 

These two bus operations transmit slave's data 
(whose address is specified by the master) to the 
master. For the Data In Pause operation data is read 
into the master and the master responds with data 
which is to be rewritten in the slave. 

Data out and ~data out byte 

These two operations transfer data from the master 
to the slave at the address specified by the master. 
For Data Out a word at the address specified by .the 
address lines is transferred from master to slave. Data 
Out Byte allows a single data byte to be transmitted. 

Processor logical design 

The Pc is designed using TTL logical design com­
ponents and occupies approximately eight 8" X 12" 
printed circuit boards. The organization of the logic is 
shown in Figure 17. The Pc is physically connected to 
two other components, the console and the Unibus. 
The control for the Unibus is housed in the Pc and 
occupies one of the printed circuit boards. The most 
regular part of the Pc, the arithmetic and state section, 
is shown at the top of the figure. The 16-word scratch­
pad memory and combinatorial logic data operators, 
D(shift) and D(adder, logical ops) , form the most 
regular part of the processor's structure. The 16-word 

memory holds most of the 8-word processor state 
found in the ISP, and the 8 bits that form the Status 
word are stored in an 8-bit register. The input to the 
adder-shift network has two latches which are either 
memories or gates. The output of the adder-shift 
network can be read to either the data or address 
parts of the Unibus, or back to the scratch-pad array. 

The instruction decoding and arithmetic control are 
less regular than the above data and state and these 
are shown in the lower part of the figure. There are 
two major sections: the instruction fetching and 
decoding control and the instruction set interpreter 
(which in effect defines the ISP). The later control 
section operates on, hence controls, the arithmetic 
and state parts of the Pc. A final control is concerned 
with the interface to the Unibus (distinct from the 
Unibus control that is housed in the Pc). 

CONCLUSIONS 

In this paper we have endeavored to give a complete 
description of the PDP-II Model 20 computer at four 
descriptive levels. These present an unambiguous 
specification at two levels (the PMS structure and the 
ISP), and, in addition, specify the constraints for the 
design at the top level, and give the reader some idea 
of the implementation at the bottom level logical 
design. We have also presented guidelines for forming 
additional models that would belong to the same 
family. 
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DEC PDP-II instruction set processor Description (in ISPL*) 

The following description is not a detailed description of the instructions. The description omits the trap behavior of 
unimplemented instructions, references to non-existent primary memory and io devices, SP (stack) overflow, and power 
failure. 
Primary Memory State 

M/Mb/Memory[O:216 -1J(7:0) 
l\1w[O:215 -1J(15:0) : = l\tl[O:216-1J(7:0) 

Processor State (9 words) 

(byte memory) 
(word memory mapping) 

R/Registers[O: 7J (15: 0 ) 
SP(15:0) : = R[6J(15:0) 
PC(15:0) : = R[7J(15:0) 

(word general registers) 
(stack pointer) 
(program counter) 

*ISP NOTATION 

Although the ISP language has not been described in publications, its syntax is similar to other languages. The language is inherently 
interpreted in parallel, thus to get sequential evaluation the word "next" must be used. Italics are used for comments. The following 
notes are in order: 
a: = f( . .. ) equivalence or substitution process used for name and process substitution. For every occurrence of 

a+--f(· .. ) 

register declaration, e.g., 
Q[O:I] [0:4095] (15:0) 

(a:b )n 

[c:d] 

a-+b; 

"next" 

instruction declaration, e.g., 
ADD (: = bop = 0010) -+ 

(ee, D +--D + S) 

o 

a,f( . .. ) replaces it. 

Replacement operator; the contents in register a are replaced by the value of the function. 

an array of words of two dimensions 2 and 4096; each word has 16 bits denoted 15, 14, 13, ... , 1, 0 

Denotes a range of characters a, a + 1. ... , b to base n. If n is not given, the base is 2. 

Array designation c, c + 1, ... , d 

equivalent to ALGOL if a then b 

sequential interpretation 

defines the "ADD" instruction, assigns it a value, and gives its operation. ADD is executed when 
bop = 00102, Equivalent to: 

ADD -+ (ee, D +-- D + S) 
where 
ADD: = (bop = 0010) bop has been previously declared 

concatenation, consider the combined registers as one 

operators: = (+/add I-/subtract/negate I X/multiply I //divide I A/and I V lor I v'/not I ES/exclusiveor I =/equal/>/greater 

than I ~ I < I ~ I rE= I modulo I etc.) 
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PS(15:0) 
Priority/P(2:0) : = PS(7:5) 

CC/ConditionLJCodes(3:0) : = PS(3:0) 

Carry/C : = CC(O) 

Negative/N : = CC(3) 

Zero/Z : = CC(2) 

Overflow/V: = CC(I) 

Trace/T : = ST(4) 

Undefined(7:0) : = PS(15:8) 
Run 
Wait 

Instruction Format 
(Bit assignments used in the various instruction formats) 

i/instruction (15: 0) 
bop(3:0) : = i(15:12) 
uop(15: 6) : = i(15:6) 
brop(15:8) : = i(15:8) 
sop(15:6) : = i(15:6) 
s/source(5:0) : = i(II:6) 

sm(O: 1) : = s(5:4) 
sd : = s(3) 
sr : = s(2:0) 

d/destination(5:0) : = i(5:0) 
dm(O: 1) : = d(5:4) 
dd : = d(3) 
dr(2:0) : = d(2:0) 

offset(7:0 : = i(7:0) 
addressLJ increment/ ai 

Data Types 
by /byte(7:0) 
w/word(15:0) 
by.i/byte.integer(7: 0) 
w.i/word.integer(15: 0) 
by. bv /byte. booleanLJ vector (7: 0) 
w.bv /word.booleanLJ vector (15 :0) 

(processor state register) 
( under program control; priority 
level of the process currently being 
interpreted a higher level process 
may interrupt or trap this process) 

(under program control; when set, 
each instruction executed will trap; 
used for interpretive and break­
point debugging) 

(a result condition code indicating 
an arithmetic carry from bit 15 of 
the last operation) 

(a result condition code indicating 
last result was negative) 

(a result condition code indicating 
last result was zero) 

(a result condition code indicating 
an arithmetic overflow of the last 
operation) 

( denotes whether instruction trace 
trap is to occur after each instruc­
tion is executed) 

(unused) 
(denotes normal execution) 
(denotes waiting for an interrupt) 

(binary operation code) 
(unary operation code) 
(branch operation code) 
(shift operation code) 
(source control byte) 
(source mode control) 
(source defer bit) 
(source register) 
(destination control byte) 

(signed 7 bit integer) 
(implicit bit derived from i to denote 
byte or word length operations) 

(signed integers) 

(boolean vectors (bits» 



d/doubleLJ word(31:0) 
t/tripleLJ word (47: 0) 
f/t.f/triple.fioatingLJ Point(47: 0) 

Source/S and Destination/D Calculation 
S/Source(15:0) : = (-, sd ~ ( 

(sm = 00) ~ R[srJ; 
(sm = 01) /\ (sr ~ 7) ~ (M[R[srJJ; next R[srJ f- R[srJ + ai); 
(sm = 01) /\ (sr = 7) ~ (M[PCJ; PC f- PC + 2); 
(sm = 10) ~ (R[srJ f- R[srJ - ai; next M[R[srJJ); 
(sm = 11) /\ (sr ~ 7) ~ (M[M[PCJ + R[srJJ; PC f- PC + 2); 
(sm = 11) /\ (sr = 7) ~ (M[M[PCJ + PCJ; PC f- PC + 2)); 

sd~ ( 
(sm = 00) ~ M[R[srJJ; 
(sm = 01) /\ (sr ~ 7) ~ (M[M[R[srJJJ; next R[srJ f- R[srJ + ai); 
(sm = 01) A (sr = 7) ~ (M[lVI[PCJJ; PC f- PC + 2); 
(sm = 10) ~ (R[srJ f- R[srJ - ai; next M[R[srJJ); 
(sm = 11) /\ (sr ~ 7) ~ (M[M[PCJ + R[srJJ; PC f- PC + 2); 
(sm = 11) /\ (sr = 7) ~ (M[l\1[M[PCJ + PCJJ; PC f- PC + 2)) 
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(*double word) 
(*triple word) 
( *triple floating point) 

(direct access) 
(register) 
(auto increment) 
( immediate) 
(auto decrement) 
(indexed) 
(relative) 
(indirect access) 
(indirect via register) 
(indirect via stack, auto decrement) 
(direct absolute) 
(indirect via stack, auto increments) 
(indirect, indexed) 
(indirect relative) 

(The above process defines how operands are determined (accessed) from either memory or the registers. The various 
length operands, Db (byte) , Dw(word) , Dd(double) and Df(floating) are not completely defined. The Source/S and 
Destination/D processes are identical. In the case of jump instruction an address, D', is used-instead of the word in 
location M[CI].) 

Instruction Interpretation Process 
-, InterruptLJrqs /\ Run /\ Wait ~ (i f- M[PCJ; PC f- PC + 2; 

T ~ (SP f- SP + 2; next 
M[SPJ f- PS; 
SP f-SP + 2; next 
M[SPJ f-PC; 
PC f- M[14sJ 
ST f- M[16sJ)) 

next instructionLJ execution; next 

InterruptLJrq[j] /\ (CC[j] > CC) /\ Run ~ (T f- 0; 
SP f- SP + 2; next 
M[SPJ f-PS; 

SPf-SP + 2; 
M[SPJ f-PC 
PC f- M[f(j) J 
PS f- M[f(j) + 2J) 

Instruction Set and the Execution Process 

(fetch) 
(execute) 
(trace bit store state) 

( interrupt) 

(store state and PC enter new proc­
ess). The locations M[ f( j) J are: 
reserved instruction = M[lOJ 
illegal instruction = M[ 4-J 
stack overflow = M[4-J 
bus errors = M[4-J) 

(The following instruction set will be defined briefly and is incomplete. It is intended to give the reader a simple under­
standing of the machine operation.) 

InstructionLJ execution : = ( 
MOV(: = bop = 0001) ~ (CC,D f- S); 
MOVB(: = bop = 1001) ~ (CC,Db f- Sb); 

* not hardwired or optional 

(move word) 
(move byte) 
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Binary Arithmetic: D ~ D b S; 
ADD(: = bop = 0110) ~ (CC,D ~ D+s); 
SUB(: = bop = 1110) ~ (CC,D ~ D - S); 
CMP(: = bop = 0010) ~ (CC ~ D - S); 
CMPB(: = bop = 1010) ~ (CC ~ Db - Sb); 
MUL(: = bop = 0111) ~ (CC,D ~ D X S); 

DIV(: = bop = 1111) ~ (CC,D ~ D/S); 

Unary Arithmetic D ~ u S; 
CLR(: = uop = 0508) ~ (CC,D ~ 0); 
CLRB(: = uop = 10508) ~ (CC,Db ~ 0); 
COM(: = uop = 051 8) ~ (CC,D ~ -,D); 
COMB(: = uop = 10518) ~ (CC,Db ~ -,Db); 
INC(: = uop = 0528) ~ (CC,D ~ D + 1); 
INCB(: = uop = 10528) ~ (CC,Db ~ Db + 1); 
DEC(: = uop = 0538) ~ (CC,D ~ D - 1); 
DECB(: = uop = 10538) ~ (CC,Db ~ Db - 1); 
NEG(: = uop = 0548) ~ (CC,D ~ - D) ; 
NEGB(: = uop = 10548) ~ (CC,Db ~ -Db) 
ADC(: = uop = 0558) ~ (CC,D ~ D + C); 
ADCB(: = uop = 10558) ~ (CC,Db ~ Db + C); 
SBC(: = uop = 0568) ~ (CC,D ~ D - C); 
SBCB(: = uop = 10568) ~ (CC,Db ~ Db - C); 
TST(: = uop = 0578) ~ (CC ~ D); 
T8T(: = uop = 10578) ~ (CC ~ Db); 

Shift operations: D ~ D X 2n; 
ROR(: = sop = 0608) ~ (COD ~ COD/2{rotate}; 
RORB(: = sop = 10608) ~ (CODb ~ CODb/2{rotate}); 
ROL(: = sop = 061 8) ~ (COD ~ COD X 2{rotate}); 
ROLB(: = sop = 10618) ~ (CODb ~ CODb X 2{rotate}); 
ASR(: = sop = 0628) ~ (CC,D ~ D X 2); 
ASRB(: = sop = 10628) ~ (CC,Db ~ Db/2); 
ASL(: = sop = 0638) ~ (CC,D ~ D X 2); 
A8LB(: = sop = 10638) ~ (CC,Db ~ Db X 2); 
ROT(: = sop = 0648) ~ (COD ~ D X 28

); 

ROTB(.: = sop = 10648) ~ (CODb ~ D X 28
); 

LSH(: = sop = 0658) ~ (CC,D ~ D X 28 {logical}) ; 
LSHB(: = sop = 10658) ~ (CC,Db ~ Db X 28 {logical}) ; 
ASH(: = sop = 0668) ~ (CC,D ~ I)/X 28

); 

ASHB(: = sop = 10668) ~ (CC,Db ~ Db X 28
); 

NOR(: = sop = 0678) ~ (CC,D ~ normalize(D»; 
(R[r'] ~ normalizeL..Jexponent(D»; 

NORD(: = sop = 1067 8) ~ (Db ~ normalize (Dd) ; 
R[r'] ~ normalizeL..Jexponent(D»; 

SWAB(: = sop = 3) ~ (CC,D ~ D(7:0, 15:8» 

Logical Operations 
BIC(: = bop = 0100) ~ (CC,D ~ D ~ D 1\ -,8); 
BICB(: = bop = 1100) ~ (CC,Db ~ Db V -,Sb); 
BIS(: = bop = 0101) ~ (CC,D ~ D VS); 
BISB(: = bop = 1101) ~ (CC,Db ~ Db V Sb); 
BIT(: = bop = 0011) ~ (CC ~ D 1\ S); 
BITB(: = bop = 1011) ~ (CC ~ Db 1\ Sb); 

(add) 
(subtract) 
(word compare) 
(byte compare) 
(*multiply if D is a register then a 
double length operator) 

(*divide, if D is a register, then a 
remainder is saved) 

(clear word) 
(clear byte) 
(complement word) 
(complement byte) 
(increment word) 
(increment byte) 
(decrement word) 
(decrement byte) 
(negate) 
(negate byte) 
(add the carry) 
(add to byte the carry) 
(subtract the carry) 
( subtract from byte the carry) 
(test) 
(test byte) 

(rotate right) 
(byte rotate right) 
(rotate left) 
(byte rotate left) 
(arithmetic shift right) 
(byte arithmetic shift right) 
(arithmetic shift left) 
(byte arithmetic shift left) 
(rotate) 
(byte rotate) 
(*logical shift) 
(*byte logical shift) 
(*arithmetic shift) 
(*byte arithmetic shift) 
( *normalize) 

(*normalize double) 

(swap bytes) 

(bit clear) 
(byte bit clear) 
(bit set) 
(byte bit set) 
(bit test under mask) 
(byte bit test under mask) 



Branches and Subroutines Calling: PC f- f; 
JMP(: = sop = 0001s) ~ (PC f- D'); 
BR(: = brop = 01 16) ~ (PC f- PC + offset); 
BEQ(: = brop = 0316) ~ (Z ~ (PC f- PC + offset»; 
BNE(: = brop = 0216) ~ (-,Z ~ (PC f- PC + offset»; 
BLT(: = brop = 0516) ~ (N E9 V ~ (PC f- PC + offset»; 
BGE(: = brop = 0416) ~ (N == V ~ (PC f- PC + offset»; 
BLE(: = brop = 0716) ~ (Z V (N E9 V) ~ (PC f- PC + offset»; 
BGT(: = brop = 0616) ~ (---, (Z V (N E9 V» ~ (PC f- PC + offset»; 
BCS/BHIS(: = brop = 8716) ~ (C ~ (PC f- PC + offset»; 

BCC/BLO(: = brop = 8616) ~ (-,C ~ (PC f- PC + offset»; 
BLOS(: = brop = 8316) ~ (C /\ Z ~ (PC f- PC + offset»; 
BHI(: = brop = 8216) ~ « -,C V Z) ~ (PC f- PC + offset»; 
BVS(: = brop = 8516) ~ (V ~ (PC f- PC + offset»; 
BVC(: = brop = 8416) ~ (-, V ~ (PC f- PC + offset» ; 
BMT(: = brop = 8h6) ~ (N ~ (PC f- PC + offset»; 
BPL(: = brop = 8016) ~ (-,N ~ (PC f- PC + offset» ; 
JSR(: = sop = 0040s) ~ ( 

SP f- SP. - 2; next 
M[SP] f- R[sr]; 
R[sr] f- PC; 

PC f- D); 
RTS(: = i = 000200s) ~ ( 

PC f- R[dr]; 
R[dr] f- M[SP]; 
SPf-SP + 2); 

Miscellaneous processor state modification: 

RTl(: = i = 2s) ~ (PC f- M[SP]; 
SP f- SP + 2; next 
PS f- M[SP]; 
SPf-SP + 2); 

HALT(: = i = 0) ~ (Run f- 0); 
WAIT(: = i = 1) ~ (Waitf-1); 
TRAP(: = i = 3) ~ (SP f- SP + 2; next 

M[SP] f- PS; 
SP f- SP + 2; next 
M[SP]f-PC; 
PC f-l\1:[34s]; 
PS f-l\1:[12]); 

EMT(: = brop - 8216) ~ ( 
SP f- SP + 2; next 
M[SP]f-PS; 
SP f- SP + 2; next 
M[SP]f-PC; 
PC f- M[30s]; 
PS f- M[32s]) ; 

lOT(: = i = 4) ~ (see TRAP) 
RESET ( : = i = 5) ~ (not described) 
OPERATE(: = i(5: 15) = 5) ~ ( 

i(4) ~ (CC f- CC V i(3:0»; 
-,i(4) ~ (CC f- CC /\ -, i(3:0»); 

end lnstructionL...J execution 
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(jump unconditional) 
(branch unconditional) 
(equal to zero) 
(not equal to zero) 
(less than (zero» 
(greater than or equal (zero» 
(less than or equal (zero» 
(less greater than (zero» 
(carry set; higher or same (un-
signed» 

(carry clear; lower (unsigned» 
(lower or same (unsigned» 
(higher than (unsigned» 
(overflow) 
(no overflow) 
(minus) 
(plus) 
(jump to subroutine by putting 
R[ sr], PC on stack and loading 
R[sr] with PC, and going to sub­
routine at D) 

(return from subroutine) 

(return from interrupt) 

(trap to M[34s] store status and 
PC) 

(enter new process) 

(emulator trap) 

(1/0 trap to M[20s]) 
(reset to external devices) 
(condition code operate) 
(set codes) 
(clear codes) 





A systems approach to minicomputer I/0 

by FRED F. COURY 

Hewlett-Packard Company 
Cupertino, California 

INTRODUCTION 

You can tell a lot about a guy by the way he draws a 
block diagram of a computer system. If he draws the 
central processor and memory as small boxes off in a 
corner, then proceeds to fill the page with an elaborate 
portrait of the input/ output system, he is" usually 
referred to as (among Dther things) an "I/O type". 

I have drawn several such diagrams, and I offer this 
information as a caveat to the reader. 

In the pages to follow, I shall outline and attempt 
to justify some of my views on minicomputer I/O, 
particularly on "where we should be going from here". 
If some of the suggestions are already being imple­
mented, I think they are steps in the right direction. 
If, on the other hand, some of the ideas seem too far 
out, consider the source. 

A BIT OF HISTORY 

I guess things started the way they did for several 
reasons. Hardware (relays, vacuum tubes, power sup­
plies, and air conditioners) was very expensive, espe­
cially in the large quantities necessary for computing. 
The resulting machines were so incredibly complex 
(literally thousands of relays and vacuum tubes) that 
just getting one to work was a major accomplishment. 
In spite of the complexity involved, the actual capa­
bility of the early machines was limited to large-scale 
automatic number-crunching. 

It is not hard to understand that hardware optimi­
zation was foremost in the designers mind. U nfortu­
nately, programming these first machines was quite 
difficult due to the limited storage available in the 
machines, and also due to the fact that no programming 
frills (such as assemblers) were provided. 

I/O was no real problem, since most of the early 
machines were clearly compute-bound, especially in 
number-crunching applications, and most I/O was 
simple card input, line printer (or card) output. 
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Engineers took advantage of technological develop­
ments (core memories, transistors) to build faster, more 
powerful machines. Programmers began to apply the 
new machines to a wide variety of problems (such as 
writing assemblers) and began to explore the true po­
tential of computers. 

As the number of machines increased, users (pro­
grammers) began to outnumber designers (engineers). 
They wanted to have something to say about the design 
of the machines they would be using before it was 
too late. 

The engineers made the computers work, but the 
programmers made the computers do something. It was 
recognized that the important parameter to optimize 
was overall system performance. The engineers had to 
worry not only about how fast a machine could multiply 
two numbers together, but how efficiently the machine 
could be programmed to invert a matrix. 

I t is now common practice for computers to be de­
signed by teams of engineers (with programming ex­
perience) and systems programmers (with hardware 
understanding) in order to optimize the overall per­
formance of the resulting hardware/software system. 

Also, the emphasis is shifting from hardware minimi­
zation to people optimization. As the cost of hardware 
goes down, and the cost of people goes up, the way to 
minimize cost is to maximize the efficiency of people 
in the design, production, programming, and eventual 
use of the system. 

A GLIMPSE -INTO THE FUTURE 

In the near future, especially in some of the new 
minicomputer markets, the vast majority of computer 
users will not be programmers. As a matter of fact 
these users will not want to program computers. They 
won't particularly even want to use computers. They 
will have questions to be answered, problems to be 
solved, and things to be done. If a computer offers a 
better way (or, in some case, the only way) to do it, 
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people will consider using a computer. Otherwise, they 
will choose another method, or not do it at all. 

Let's face it ... the novelty is wearing off. The small 
computer industry must come of age. Weare ap­
proaching the same position as the commercial airlines 
are in now. People don't fly just because they want a 
plane ride. They want to get somewhere, and flying 
happens to be the best (fastest, cheapest, most con­
venient) way to get there. If it's not, they will choose 
a better way to go or they will stay at home. 

And most people are no longer interested in "roughing 
it" (wearing goggles and helping to start the engines). 
In most cases, the less they are aware of the fact that 
they are flying, the better they like it. This attitude is 
reflected in boarding ramps at the airports, and music, 
drinks, dinners, and movies while in flight. 

And people are only interested in new developments 
insofar as they are directly affected. A revolutionary 
new jet aircraft design is of interest only if it means a 
faster, quieter, or more comfortable trip. Note what is 
stressed in thp, Boeing 747 advertisements. New navi­
gation, propulsion, and control systems are ignored in 
favor of winding staircases and plush accommodations. 
Pilots fly planes, people pay to ride in them, and there 
are a lot more people than pilots. 

The same rules will apply to minicomputers. New 
architectures, bussing structures, and addressing modes 
are only appreciated in terms of benefits which the 
user can see. Applications programs will be written for 
the user, not by him, and he will only be interested in 
the performance of the entire system as it affects his 
particular problem. 

THE MYTH OF THE ULTIMATE PROCESSOR 

But we are continually improving our machines. We 
are coming up with better performing hardware/soft­
ware systems every day. 

I don't think that faster processors and more powerful 
languages are the whole solution. Let me illustrate by 
carrying the current trends to their ultimate goal. 

Suppose a man wants to generate an amortization 
schedule for a home loan. State of the art in mini­
computers has reached the point where he can get a 
zero-cost infinitely-fast processor with 4K of memory 
and a super-powerful new compiler called "ENGLISH". 
The steps he goes through to generate the amortization 
schedule may be familiar to many readers: 

1. He sits down to tell the computer (in "ENG­
LISH") to generate a loan amortization schedule. He 
discovers that no I/O device was provided. So he buys 
a teletype (with controller) for $2,000. 

2. He tries to load the "ENGLISH" compiler paper 
tape into the machine. Discovers that "ENGLISH" 
requires 8K of core; he only has 4K. So he buys another 
4K of core for $5,000. 

3. He is about to load "ENGLISH" when he dis­
covers that the MTBF on the teletype is shorter than 
the time it takes to load the tape. So he buys a high­
speed photoelectric paper tape reader for $3,000. 

4. He loads the "ENGLISH" compiler. 
5. He types (in "ENGLISH") "GENERATE 

AMORTIZATION SCHEDULE (CR, LF)" 
6. Immediately, the system starts to punch a binary 

tape. However, halfway through, the teletype punch 
breaks down. So he buys a high speed punch for $2,000. 

7. He punches the binary tape. 
8. He loads the binary tape. 
9. He starts the program and types in the amount 

of loan, interest rate, and term. 
10. Immediately, the system starts printing output, 

one line for each monthly payment. It takes a total of 
forty-five minutes to print all 360 lines. Meanwhile, 
the man stands there, with his fingers in his ears, 
hoping that the teletype printer will not break down 
before all the output has been printed. 

The following chart compares the price/performance 
characteristics at the beginning and at the end of the 
example: 

Price 

Speed 

Before 

$0 

Infinite 

After 

$12,000 

10 char/sec. 

Some may say that the example is an exaggeration. 
It may be, but I wonder if they have ever tried to 
generate an amortization schedule using a minicomputer 
in its "basic configuration". 

The point is, that if one were to substitute zero-cost, 
infinitely-fast processors into most existing minicom­
puter systems, the total system cost and overall system 
throughput would not be significantly affected. 

A CALL FOR UNITY 

So far, I have tried to make three points: 

1. Computers should be designed for the user, not 
for the designers. The user wants a system to solve his 
problems, not a computer to program. 

2. The best way to optimize the overall performance 
of a system is to take a unified approach in the design 
of the system's components in order to optimize their 
performance together. 



3. I/O is by far the weakest link in current mini­
computers. The total cost and overall performance of 
most existing minicomputer systems would not be 
greatly affected if we substituted a zero-cost, infinitely­
fast processor and a super-powerful programming lan­
guage. 

The conclusion I draw from these points is that if 
we are to improve the overall performance of mini­
computers, we must concentrate more on I/O. However, 
I don't think that faster, cheaper I/O devices are the 
whole answer. There is no question that we need such 
devices, but we need something more. 

We need to include I/O in the design process from 
preliminary specification through actual construction. 
I/O is an integral part. of system performance and it 
should be an integral part of the design process. 
Processor architecture, instruction set, and I/O scheme 
should be developed together, from scratch, in order to 
truly optimize total system performance. 

I don't think we should discuss minicomputer I/O 
as an isolated topic; rather it should be treated as an 
integral part of the whole system. As soon as we look 
at I/O in this light, several very interesting possibilities 
appear. 

A BIT OF PHILOSOPHY 

Before we approach the problem of new I/O schemes, 
let us approach the problem of approaching problems. 
I think that we often misdirect our efforts due to 
taking too narl"ow a view of a given problem. It's like 
struggling to climb over a wall when, if we had stepped 
back and looked at the whole scene, we would have 
seen the open gate a short distance away. 

The important thing is to define the real problem 
(in this case, to get to the other side of the wall, not 
to climb over the wall) and to take a sufficiently broad 
view of the problem so as to include several alternative 
paths from which to select the best. 

Don't look for a way to improve existing methods. 
Rather, carefully define the real problem, then try to 
find the best way to solve that problem. The best 
solution may be to improve upon existing methods, 
but then it may be a totally different approach. 

Rapid advances in technology necessitate constant 
reevaluation of goals and methods. Decisions which 
were valid two years ago may have lost their validity 
due to technological developments. 

Let us try to reanalyze some of the basic character­
istics of I/O and perhaps suggest some new approaches 
to minicomputer I/O design in the light of current 
(and projected) technolo~v 
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A VERY BASIC DISTINCTION 

I/O operations can be divided into two groups: 

1. Those which are intrinsic to the solution of the 
problem at hand, and 

2. Those which are incidental to the solution. 

Let us analyze the loan amortization problem dis­
cussed earlier, and classify the I/O operations per­
formed according to the above criteria. The problem, 
as you recall, was to generate a loan amortization 
schedule (not to program a computer to generate the 
schedule. The difference here is important as will be 
seen). 

The I/O operations involved are classified as follows: 

Intrinsic 

1. Input loan description 
2. Output amortization schedule 

Incidental 

1. Load compiler 
2. Type program 
3. Punch object tape 
4. Load program 

Note that the division would have been quite different 
if the problem had been defined in terms of program­
ming a computer to generate the schedule. Unfortu­
nately, we "computer types" have grown so a~customed 
to this rigmarole that we accept it as a part of problem 
solving. It is difficult for us to distinguish between the 
two because we are so used to working with machines. 

(If you have a hard t~.me categorizing the I/O steps 
in a particular applicatIon, try describing the sequence 
of operations to your wife. Those operations which she 
accepts and understands without further explanation 
are intrinsic, the others are incidental.) 

The goal of new I/O design approaches should be to 
streamline the intrinsics and to eliminate the inci­
dentals. If an incidental operation cannot be eliminated, 
it should be made transparent or at least as painless 
as possible. 

COMPUTERS TA-LK TO PEOPLE 

Until recently, man/minicomputer communications 
have been rather poor. The teletype has been by far 
the predominate minicomputer I/O device, primarily 
due to an unapproachably low cost for a combined 
keyboard, printer, tape punch, and tape reader facility. 

Rather than ask how we can improve upon the 
teletype, let us ask "What is the best way to talk to 
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computers?" The answer is contained in the question. 
Most interpersonal information is conveyed by speech. 
~ven "HAL", the ultimate computer talked and 
listened to people. ("Yes", you might say, "but look 
what happened to him.") Notice, however, that not a 
single teletype was to be seen (or heard) throughout the 
entire Space Odyssey. 

Unfortunately, inexpensive spoken communication 
with minicomputers is not (yet) within the state of the 
art. So we must ask what is the next best method. 
Obviously it is visual communications. 

Man can as simulate visual information very rapidly. 
Ten characters per second is much too slow, one hundred 
per second is adequate, and a picture is worth a thou­
sand and twenty-four words. I think that we are on 
the right track with some of the low-cost CRT terminals 
which have been and are being developed. One objection 
which is usually raised about CRT output is the lack 
of hard copy. True, this may be a limitation in some 
instances, but how often do you really need hard copy? 
Suppose you could store scrolls of output in a file 
somewhere and call them back for CRT display and 
manipulation very rapidly? Again, the solution space 
is different for different statements of a problem. 

N ow, how should man talk to a computer? Remem­
ber, most new users will be non-technically oriented. 
We should attempt to tailor the computer to the 
people, not vice versa; Let the machine do the work. 
This is in keeping with the trend toward less expensive 
machines and more expensive people. 

I firmly believe that the human finger is much better 
for pointing than for typing. Given a fast CRT output, 
a very efficient input method is the selection of a reply 
from a computer-generated "menu". Let the computer 
guide the user and help, rather than hinder, in the 
solution of his problems. 

COMPUTERS ALSO TALK TO MACHINES 

Peripheral device interfacing is the area where we 
have had more experience, since we have long been 
attacking such problems as "How can we make our 
machine talk to a teletype?" (instead of "How can we 
make our machine talk to the person sitting at the 
teletype?") . 

I think new developments in technology and new 
applications areas warrant a new look at the area of 
interfacing peripheral devices to minicomputers. I think 
we can find ways to design better device controllers, 
faster and at a much lower cost. 

We spend most of our time trying to develop inte­
grated processor/software systems. We take advantage 

of quantity production techniques to lower hardware 
costs. We do everything we can to minimize engineering 
and programming time for the basic system, then we 
design a unique controller (and write new support 
software) for each new peripheral device. 

Weare very interested in statistics concerning the 
amount of time our CPU's are busy, but do we realize 
how inefficiently our device controllers are used? Most 
integrated circuit devices can easily run at a ten mega­
cycle clock rate. Yet an I.C. teletype interface runs on 
a 110 cps clock. A typical photoelectric reader reads 
300 characters per second. This means that such device 
controllers are only active on the order of 0.001 percent 
of the time. The remaining 99.999 percent of the time, 
the high speed logic gates are idle and only a few 
flip-flops are needed to hold some logical state infor­
mation. 

To me, this clearly suggests multiplexing, or in some 
way time-sharing the control logic among several de­
vices. 

PARTITIONING OF I/O FUNCTIONS 

The inclusion of I/O design as an intrinsic part of 
the overall computer system design provides a much 
larger space over which to distribute the functions 
necessary for I/O operations. 

For example, we could choose to implement a full 
duplex teletype controller using only one flip-flop, a 
clock, and two level converters, and provide timing 
and control functions in software. 

To add a photoreader merely requires device ad­
dressing capability, perhaps another flip-flop, and an 
addition to the software. 

This argument begins to fall apart when we add too 
many devices, or hang on a fast device (such as a 
magnetic tape unit). But does it really fall apart? How 
much I/O could your minicomputer handle if all it 
had to do was I/O? How much more could it handle if 
the I/O routines were in read-only-memory, rather than 
in core? Minicomputers are commonly being used to 
handle I/O for larger machines. 

"But", you say, "separate I/O processors are only 
warranted for very large machines. They are much too 
expensive to .be included in a minicomputer." 

A WAY-OUT IDEA(?) 

Let us consider this approach before we dismiss it as 
unrealistic. Suppose we were designing a minicomputer 
as an integrated CPU/software/I/O system. We could 



choose to include two identical sets of processor logic, 
each with access to main memory and to each other. 
We could micro program one to act as a CPU and the 
other as an I/O processor. We could provide the 
absolute minimum hardware necessary in the device 
controllers and let the I/O processor do the rest of the 
work. 

Would this really be expensive? How much would 
it cost to add a duplicate set of cards? They have 
already been designed. Provisions have been made for 
their production and testing. Programming support 
has long since been developed. The existing core mem­
ory, power supplies, and cabinet can be shared. 

The amount saved in device controller design and 
implementation should greatly exceed that spent for 
the I/O processor. 

And consider the power of such a system. I/O in­
structions, block data transfers, virtual memory 
schemes, multi-level priority interrupts, and special 
user-defined I/O functions all take on a new dimension. 
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Whether or not such an I/O scheme is feasible re­
quires much further consideration. The important point 
is that it is an example of what might be possible in an 
integrated design approach. 

SUMMARY 

1. Minicomputer performance and development is I/O 
bound, especially in the man/machine interface area. 
2. It is time we stood back and looked at minicomputer 
I/O, not in terms of how we can improve on existing 
techniques, but by analyzing what we want to do (the 
total problem) and deciding on the best way to do it 
(a total solution). 
3. I/O should be designed into not onto the system. 
An integrated CPU/software/I/O design will result in 
optimum performance. 
4. New approaches to existing problems might lead us 
in exciting new directions. 





A multiprogramming, virtual memory 
system for a small computer 

by C. CHRISTENSEN and A. D. HAUSE 

Bell Telephone Laboratories, Incorporated 
Murray Hill, New Jersey 

OVERVIEW 

The specific objective of this small computer system is 
to interface six to eight small graphical terminalsl to a 
large batch-processing computer. The small computer 
provides the graphical terminals with real-time process­
ing for generating, editing and manipulating graphical 
or text files. The small computer passes along to the 
large computer requests for large tasks. Access to the 
data base in the large computer is provided. Another 
aspect of this objective is remote concentration. The 
terminals are connected to the small computer directly 
or through several DATA-PHONE® 103 data sets. 
The small computer is connected to the large computer 
through a single DATA-PHONE® 201 data set. This 
configuration reduces communication costs for a group 
of terminals located remotely from the large computa­
tion center. 

The general objective of this system is to investigate 
memory management strategies in small computers. 
In particular, can large computer techniques be ap­
plied? How big are the required programs? To what 
extent can high processor speed be substituted for 
large primary memory size? 

The hardware configuration for the system is as 
follows: The computer is a Honeywell DDP-516 with 
an 8192-word, 16-bit, .96 p,s core memory. Secondary 
memory is a special fixed-head disk by Data-Di,sk, 
Inc., which has 64 tracks, packed 8192 words/track, 
and operates at 30 rps rotational velocity. The disk is 
connected to the computer through a high-speed 
Direct Memory Access Channel. The disk is sectored 
in 8-word blocks (hence, a 16-bit address just suffices 
for the disk sectors). A Soroban 600 cpm card reader 
is connected to the computer I/O bus. A special serial 
transmission system (called the I/O loop) is also inter­
faced to the I/O bus. Currently, four DATA-PHONE® 
103 data sets are connected to the I/O loop, but other 
I/O hardware may be added relatively easily. 
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Low-level software support (primarily, a fancy 
MACRO assembler) is provided on a GE-635 com­
puter, not on the DDP-516 itself. Loaders and debug­
ging aids have been written for the DDP-516 .. 

The system supports a virtual-memory addressing 
scheme and a multiprogramming user environment.2 

The system manages memory (moves programs and 
data between core and disk, on demand) and all disk 
I/O, and provides the low-level interrupt handler for 
the local teletypewriter, the card reader, and the I/O 
loop. The system supports virtual addressing by pro­
viding a mechanism to convert virtual addresses to 
real core addresses, a task that requires memory man­
agement if the addressed data is not currently in core. 
The mUltiprogramming support is provided in the 
form of the tables and memory management required 
to automatically switch control from one user to another 
without interference. 

MEMORY MANAGEMENT 

Segmentation 

In order to free the programmer from the task of 
memory management, that is, the supervision of the 
movement of data and programs between primary 
(core) and secondary (disk) memories, it was decided 
that the programmer should address a large virtual 
memory space rather than the physical storage media. 
The system handles the tasks of converting virtual 
addresses into physical addresses and of making the 
data available for processing (moving data into core). 
Space is allocated within the virtual memory on the 
basis of segments.2 As usual, a segment is a named 
block of storage which contains contiguous words. The 
first word of a segment is at relative address O. In. our 
system, a segment may contain any number of words 
up to 2047. Furthermore, the segment is the physical 
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storage allocation unit; segments are not physically 
subdivided (paged). A physical segment consists of a 
logical segment plus a few extra words required by 
the memory management system. 

Although segments are permitted to contain 2000 
words, in practice most segments are limited to 512 or 
fewer words. One reason for this limitation is that a 
DDP-516 memory-reference instruction has a 9-bit 
address field, so that a reference to a location greater 
than 511 would require indirect addressing. Moreover, 
the approximately 4000 words of core storage available 
for segments would be too easily clogged by larger 
segments. 

For convenience, ID's (segment numbers) rather 
than segment names are used internally for segment 
references. An ID is assigned the first time the segment 
is encountered, e.g., when it is first loaded into the 
system, or when a data segment is created at run 
time. Whenever a segment is deleted, its ID is reclaimed 
for future use. The ID is a 15-bit number, which 
means that the system can handle in excess of 32,000 
segments. Hence, if each segment contained 500 words, 
the virtual memory space would contain 16,000,000 
words, far in excess of our present physical storage 
capacity. As a practical matter, the current imple­
mentation permits just 4096 ID numbers, but this 
can easily be expanded if required. 

Files 

In order to facilitate handling large character strings 
that would not fit into a convenient size segment, we 
have implemented, a higher-level storage classification 
called the file. A' file is a linked group of segments. 
Each segment in a file has a forward and backward 
pointer ID to the succeeding or preceding segment in 
the string. A user has a private file directory which 
lists his ow~ files by name. The directory provides a 
link from file name into the file via the ID of the first 
segment in the file. Note that files may be any size, 
because there is no imposed limit on the number of 
segments that may be linked together, other than the 
total number of ID's available. 

The system provides routines for accessing files by 
name a;nd for fetching and storing characters in a file. 
These routines make the segment boundaries invisible 
to the user, which is a great programming convenience. 

The system also provides a public file directory so 
that data may be shared. One user's private files are 
inaccessible to other users. 

Addressing 

The hard-core system program uses conventional 
DDP-516 addressing,' without any special software 

structure or restrictions. Since the hard-core system is 
"bolted in," the memory management system does not 
have to handle it. The segmented programs (those 
which are handled by the memory manager and use 
the virtual memory space mentioned previously) 
require four specialized addressing modes for various 
purposes. Before these modes are described, it would 
be helpful to consider two major system requirements 
that the addressing scheme was designed to support. 
First, it was required that the memory manager not 
have to relocate addresses within a segment when 
that segment moved from one core location to another. 
This requirement could be removed, but it would 
significantly increase system overhead (both space 
and time). Second, it was required that segmented 
programs not contain internal variable storage, so that 
such segments could be used concurrently by any 
number of users without interference. Thus, it is not 
necessary to provide multiple copies of such "pure 
procedure" segments, which saves core storage space. 

The first specialized address to be considered is the 
intra-segment pointer, i.e., an address that points to a 
location within the same segment that contains the 
pointer. Fortunately, it was possible to satisfy the 
relocation requirement by pre-empting the DDP-516 
index (X) register for use as a base register. This 
scheme works because the index register can be at­
tached to any address, whether it be in a memory­
reference instruction or a full-word indirect address. 
Furthermore, indexing is controlled independently of 
indirect addressing. In particular, whenever a se'gment 
is in execution, the index register contains the starting 
address of that segment. Then, all intra-segment 
references have the index bit "on" and the address 
field set to the desired relative address within the 
segment. 

The second specialized address is the absolute ad­
dress. As its name implies, this address points to a 
fixed core location in sector 0 (otherwise, such an 
address could not be used in a memory-reference 
instruction). Hence, the index bit is O. There are two 
distinct uses for the absolute address. One use is to 
refer to fixed information in the system. In particular, 
a transfer vector is required in order to reach various 
system subroutines, none of which are located in sector 
O. In addition, a pool of generally useful constants is 
provided so that segments may be spared the necessity 
of containing their own copies of these constants. The 
other distinct use of sector 0 is to provide a pool of 
temporary storage locations for use by segmented 
programs. This pool of variables (the "thread-save") 
belongs to the currently executing thread. The thread­
saves of all other existing threads occupy other places 
within core. When another thread is given control, its 



pool must be moved into sector O. It should be noted 
in passing that if our computer had possessed a second 
index or base register, we would have used it to point 
to the thread-save and thus avoided the need to 
physically swap thread-save data when switching 
threads. 

The third specialized address is a software-interpreted 
address called the virtual address. The virtual address 
is the general inter-segment address. It consists of 
two words. The first word contains the ID of the 

o ID(15) 

LL(7) I RA(9) 

desired segment. The second word contains two fields. 
The low-order 9 bits (RA) of the second word is the 
relative address of the word within the segment. Note 
that only the first 512 words of a long segment can be 
referenced, which matches the limitation of memory­
reference ·instructions. The left 7 bits of the second 
word (LL) form the "loose link," which is a pointer 
into the 128-entry table of in-core segments. The 
loose link need not point to the correct entry in the 
table, but if it does, conversion from virtual to physi­
cal core address is relatively rapid ('"'-'25 microseconds). 
Hence, whenever the system is required to convert a 
virtual address into a physical address, the loose link 
is properly set, so that subsequent address conversions 
will go at maximum speed. Note that the loose link 
contradicts the "no variable storage within a seg­
ment" requirement, because the system can change 
the loose link. However, such a change is never harm­
ful, because the segment table entry is checked before 
it is used. Also, since the same segment table is used 
for all threads, a correct loose link for one thread will 
be correct for any thread. 

The fourth specialized address is a direct address. A 
direct address is an absolute core address of a location 
inside a segment. A direct address must be stored within 
a certain subset of the thread save, in order that the 
system be able to find and relocate the address if the 
segment is shifted to a new core location. Moreover, a 
segment that is referenced by a direct address is locked 
into core, else use of the direct address could give a 
spurious result. The direct address does not add any 
significantly new addressing capability beyond that 
provided by the virtual address. However, it is useful 
because it is fast (hardware interpretation) compared 
to the virtual address. Use of the direct address does 
inflict some costs, in particular, the locking into core 
of the referenced segment, and the system overhead 
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required to relocate the direct addresses during a core 
shift. 

CORE MANAGEMENT 

The 8192-word memory of the DDP-516 is divided 
into two approximately equal parts, the hard-core 
system and segment storage. The hard-core system is 
the portion of the system that resides permanently in 
core memory. The rest of memory is allocated in 
variable size blocks to segments, as required. Each 
in-core segment is accessed through its entry in the 
segment table. A segment table entry is composed of 
two words, the segment ID and the segment location 
in core. 

ID 

BASE ADDR. OF SEG. j 

A virtual address (ID, RA) is converted to an absolute 
core address by adding the. relative address (RA) to 
the base address of the segment (second word of seg­
ment table entry). If the ID of the desired segment 
cannot be found in the segment table, then the seg­
ment is not in core and must be fetched from disk. 

When core is filled with segments and a new seg­
ment is required, one or more of the in-core segments 
must be pushed (written onto disk or just discarded) 
to make room for the new segment. The algorithm for 
choosing which segments to push out of core is simple. 
A sequential scan of the segment table produces push 
candidates. The scan begins where the last push scan 
ended and ends when successful pushes have yielded 
the desired amount of space. A candidate is pushed if 
and only if the second of the two segment header 
words contains, zero, i.e., there are no direct or inter-

BASE 
ADDR. 

SEG. TYPE(5) SEG. SIZE(II) 

INTERRUPT DIRECT ADDR. 
ADDR. COUNT COUNT 

(6) (10) 

SEGMENT 
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rupt addresses pointing to the segment. The leading 
bit of the first header word (hence, the leading bit of 
the segment type) tells whether the segment must be 
written on disk when it is pushed. 

Each time the user establishes a direct address to a 
segment, the direct address count for that segment is 
incremented. When the direct address is deleted the 
count is decremented. The. direct addresses stored on 
the users' call push down lists are also included in this 
count. When a call is executed a direct address to the 
called segment is pushed on the list and the count for 
the called segment is incremented. Upon execution of a 
return the direct address is popped off the list and the 
count is decremented. Hence, all segments on user 
push down lists are locked into core, as are all seg­
ments pointed to by direct addresses established by 
the user. I/O interrupt handlers are also allowed to be 
segments; when in use they are locked into core by 
incrementing the interrupt address count (high order 
six bits of the second segment header word). 

When enough segments have been pushed out of 
core to make the desired· amount of space, the holes 
left by the pushed out segments are gathered at the 
top of core. This is accomplished by moving all the 
segments above the holes down over the holes. Moving 
the segments in core requires that all direct addresses 
be changed to reflect the core shift. These include the 
segment addresses in the segment table, the users' call 
push down lists, direct addresses established by the 
users and various other system pointers. Since this is a 
long list and shifting the segments down is a long task 
(about 50 milliseconds), an attempt is made to free a 
large block of space (currently 1000 words) instead of 
just the amount requested. This makes the next few 
space requests easier to fill since a segment push and 
core shift are not required. 

DISK MANAGEMENT 

The half-million-word disk attached to the DDP-516 
is divided into three areas. Eight K (K = 1024 words) 
is reserved for saving and restoring the hard-core 
system, 32K is allotted to disk management tables and 
the remaining 472K is used to store segments that 
have been pushed out of core. These segments on disk 
can be accessed by name or ID using the disk name 
table or disk ID table. Both tables are themselves on 
disk and comprise the disk management table area. 
Each entry of the disk ID table contains four words. 

SEG. DISK ADDR. 

SEG. HEADER 

NAME CROSS REF. 

CHECKSUM 

When a segment on disk is accessed using its ID the 
corresponding disk ID table entry is read and the 
segment's size is extracted from the segment header 
word (2nd word of entry). Then the system makes 
sufficient space in core for the segment. N ext the 
segment's disk address (1st word of entry) together 
with its size and the starting core address of the space 
just acquired are given to a routine that reads the 
segment into core. 

Each entry of the disk name table also contains 
four words. 

SEGMENT 

NAME 

ID 

CHECKSUM 
I 

When a segment is accessed using its name, the cor­
responding disk name table entry is accessed with the 
aid of a hash coding technique.3 The ID (3rd word) is 
then used to access the segment as previously de­
scribed. The cross-referencing words in the two disk 
tables facilitate conversion from name to ID or ID to 
name. 

When a segment is pulled into core from disk a flag 
bit in the segment's header word called the disk restore 
bit is reset. If any changes are made to the segment 
while it is in core, this bit is set to 1, which indicates 
that the segment should be rewritten on disk if it· is 
pushed out of core. Otherwise, the segment is thrown 
away when pushed, since an up-to-date copy already 
exists on disk. A new segment is created with the disk­
restore bit set; when it is pushed out of core, a zero 
disk address in its disk ID table entry indicates that 
space for it must first be allocated on the disk. Seg­
ments can also change size while in core. If a segment 
is too large for its old slot on disk a new disk slot is 



allocated and the old one is marked as a hole to be 
collected later. 

Disk garbage collection is triggered when the disk 
allocation pointer approaches the end of disk storage. 
An autonomous thread is then initiated in the multi­
programming system which relocates the segments on 
disk, bubbling the holes to the top. This is a long 
procedure and executes concurrently with other threads. 

MULTIPROGRAMMING 

The multiprogramming system uses a pure road­
block strategy, i.e., it gives a thread control and lets 
it compute until it roadblocks. The next thread is 
then given control until it roadblocks, etc. There is no 
fixed maximum slice of time for each thread. A thread 
can roadblock for several reasons. If the thread re­
quests input or output a roadblock occurs and the 
I/O proceeds under interrupt control. When the I/O 
is complete the thread is unroadblocked. A thread can 
also address a segment which is not in core and road­
block until the segment is brought in from disk. If a 
thread is still roadblocked (I/O not completed yet) 
when its turn comes around again it will be skipped. 
Thus a thread is given control only when its road­
block is removed and its turn comes around. 

The heart of the multiprogramming system is the 
thread table. It contains a six-word entry for each of 
the possible ten threads. 

I 
ROADBLOCK B IT 

I I RESTART ADDRESS 

4 THREAD TEMP. 
DATA CELLS 

PTR. TO THREAD SAVE BLOCK 

When the system is otherwise idle it scans this table 
for an unroadblocked thread (roadblock bit = 0). 
When a thread, does um;oadblock, its four temporary 
data cells are transferred to core sector zero, and the 
thread is restarted at the address specified by the 
first word of the thread table entry. This restart address 
is always within the hard-core system; before control 
is' pussed to an outside program segment the thread's 
save block is moved into core sector zero. The thread 
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save block is 80 words long and resides in the segment 
storage part of core. However, it is never pushed out 
of core. 

THREAD SAVE BLOCK 
FUNCTION 

PUSH DOWN LISTS 
USER TEMP'DATA 
USED DIRECT ADDR. 
SYS. TEMP DATA 
SYS. DIRECT ADDR. 
MISC. SYS. POINTERS 

AND DATA 

NO. OF WORDS 

24 
16 
8 
8 

15 

9 

The thread save block contains all the data and 
pointers required by system and user in order to im­
plement pure procedure programs. Before a thread's 
save block is moved into core sector zero the save 
block in core sector zero is restored to the previous 

-thread's save block. This data movement constitutes 
most of the overhead involved in changing threads 
and takes about a millisecond. However, most of the 
roadblocks that occur when' a thread is using hard 
core system programs require only the four data cells 
in the thread table entry to be in core sector zero. This 
brings the thread changing time down to about 50 
/Lsec. For example, when an out-of-core segment is 
addressed a thread could be roadblocked three or four 
times for things like reading the disk ID table, making 
space for the segment, and finally transferring the 
segment into core. Only after the segment is in core 
and the address is about to be computed is the com­
plete thread save block required to be in sector zero. 

There are several other interesting roadblocks which 
can occur. For example, a low usage program may be 
more compact and simpler if it is not pure, procedure 
(required by multiprogramming). This is allowed by 
using a GATE statement at the start of the program. 
The gate allows only one thread to be in the program. 
Any other threads that tried to enter would be road­
blocked until the first thread opens the gate on its 
way out. Of course, allowing only one thread at a 
time rules out this technique for high usage programs. 
A program can also-request a thread to give up con­
trol. This is a useful technique' to break up programs 
with long execution times or to wait for some external 
event to occur without locking the other threads out 
of the machine. 

INPUT/OUTPUT 

All input/output in the computer is done under the 
interrupt system with the aid of the I/O table. This 
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table contains a five-word entry for every I/O device 
attached to the computer. 

INTERRUPT HANDLER ADDRESS 

BUFFER ADDRESS 

MAXIMUM CHAR. CURRENT CHAR 
POINTER POINTER 

ESCAPE CHAR. INITIAL CHAR. 
POINTER 

THREAD TABLE POINTER 

The above example is a table entry for a character­
oriented device. When input or output are desired 
the appropriate program is called with the buffer 
segment and the escape character supplied as argu­
ments. The called I/O program then fills in the I/O 
table entry, primes the I/O device and roadblocks the 
thread. When an interrupt occurs, the system gives 
control to the location specified by the interrupt 
handler address in the I/O table entry for the inter­
rupting device. For input, the characters would then 
be inserted in the buffer using the buffer address and 
the current character pointer. 

About 300 microseconds are required to handle each 
character interrupt for the teletypes. When an escape 
character match or ·full buffer is encountered the 
thread :table pointer in the I/O table entry enables 
the program to unroadblock the thread, and the I/O 
functiori is complete. 

Since a large number of different I/O devices are 
expected to be connected to the computer, with only a 
few of them active at one time, interrupt handlers are 
allowed to be program segments. When an I/O device 
becomes active its interrupt handler segment is fetched 
and locked into core for the duration of its activity. 

Disk I/O is controlled by the disk I/O queue, which 
contains twenty entries of five words each. 

DISK TRANSFER PROGRAM 

DISK ADDRESS 

CORE ADDRESS 

THREAD TABLE POINTER 

OTHER DATA 

A disk transfer is initiated by finding an empty queue 
entry and inserting the address of the appropriate 
disk transfer program and its arguments. The request­
ing thread is then roadblocked. 

The disk I/O handler is an autonomous process 
which goes on in the background of thread processing. 
When a disk I/O task is finished, the current disk 
rotational position is read and the disk addresses on 
the disk I/O queue are scanned to pick the task with 
the least latency. Control is then given to the picked 
entry's disk transfer program, which sets up the disk 
I/O. Upon completion of the task, the thread is un­
roadblocked using the thread table entry address in 
the queue entry. 

USAGE 

A brief description of currently available programs 
is provided in order to demonstrate some of the system 
capability. The system does not as yet serve a com­
munity of "outside" users or applications program­
mers. 

Log-in 

The teletypewriter log-in procedure is controlled by 
a segmented program. When a user dials the system, 
the interrupt handler answers the telephone and 
initiates a thread for the user. The new thread executes 
the log-in program, which requests a password. The 
password identifies a user catalog of files. Then the 
log:-in programs sends thread execution to the monitor, 
which permits the user to select an applications pro­
gram. 

Text editor 

One currently available applications program is a 
text editor. This is a very simple, line-oriented editor. 
It has the ability to enter one or more lines of text 
anywhere within an existing text file and to delete one 
or more existing lines. Of course, selected lines may 
also be printed out on the teletypewriter. The text 
input mechanism has a tab feature which permits the 
user to select the tab key as well as to position the 
tab stops. The command format is a single command 
letter followed by arguments, if any. The arguments 
are decimal line numbers for the print and delete 
commands, for example, or a line of text for the enter­
text command. 

The text editor may create or delete files, as well a~ 
attach any· existing file. This capability is also pro-



vided by other programs, but it is convenient to have 
these features available from within the editor. 

Interpreter 

The second available applications program is a 
TRAC-like interpretive program.4 This program can 
be used for text editing, but it is a general character­
string manipulator. Like the editor, it is a "safe" 
program in that user errors do not bring down the 
system. Also, this interpreter provides a high-level 
programming language in which other applications 
programs can be written. 

. Debugging 

We have provided a low-level debugging tool for use 
with segmented programs. This debugger is itself a 
segmented program, and it is designed to operate in 
the multiprogramming system environment. This is 
important, because it allows one user to debug without 
blocking other users. Also, it aids the programmer by 
freeing him from the necessity of knowing absolute 
addresses, which would be a painful requirement when 
the segments move within core or between core and 
disk. 

The debugger allows the user to print out or alter 
the contents of selected locations within a segment. 
The user may also print or alter some of the data in 
his thread-save block. The command format consists 
of a one-letter command, followed by arguments, if 
needed. Numerical arguments are given in octal; 
segments may be referred to by ID or by name, as in 
the following address: 

segname/ra 

where segname is the segment name (in ASCII) or ID 
(in octal), and ra is the relative address (in octal). 

SOFTWARE SUPPORT 

It is becoming common practice to support small­
computer programming on a large computer system. 
We have available a GE-635 computer in our compu­
tation center, and we use it to assemble all of our DDP-
516 programs .. The most important reason for using 
this kind of computation center support is that, by 
using the available assembler (GMAP), we have 
access to MACRO instructions and many powerful 
pseudo-operations that are not available in the manu­
facturer's assembler (DAP). The difference may not 
be important for small programs, but it makes a vast 
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difference in a comparatively complex project, such as 
the current effort. Another significant advantage of 
computation-center assembly is that it uses convenient 
output peripheral equipment, in particular, card 
punches and line printers. 

Our use of the large computer assembler to generate 
small computer code is not novel, but apparently it is 
not widely used. I t works well in our case because 
the two computers (GE-635 and DDP-516) are organ­
ized similarly (e.g., they are both word-organized, 
single-address), and in a rough sense, the smaller 
computer is almost a "subset" of the larger computer. 
Moreover, GMAP has provision for redefining old 
instructions and for defining new ones. Hence, it is 
relatively easy to get GMAP to accept DDP-516 
assembly code (in GMAP format, but with DAP 
mnemonics). The G MAP binary output cannot be 
changed so easily, however, so a separate program, 
called a post processor, has been written to convert the 
GMAP binary output into a more suitable format for 
our requirements. 

For this project it was convenient to have two 
assembler/post processor packages, one for segmented 
programs, and one for system programs. The segment 
assembler helps the user with the special segment 
addressing modes, and simplifies access to system 
programs callable from segments. The segment post 
processor converts the resulting binary into a form 
suitable for use by the segment loader. The system 
assembler is simpler -and less restrictive than the 
segment assembler, and it uses conventional (for 
GMAP) inter-program linkage features. The system 
post processor includes a linking, desectorizing loader 
which loads one or more relocatable programs into a 
core memory image, then punches the result as an 
absolute program which can be loaded into the DDP-
516 by a simple, compact loader. In both cases, the 
post processor prints an octal listing of the final output 
as a debugging aid. 

We have found it convenient to incorporate octal 
patch card facilities in both the segment loader and 
the system loader. Thus, the user is able to patch 
known errors in his binary decks before he has had a 
chance to reassemble. 

STATUS REPORT 

The system described above is currently working 
stand-alone (the 201 data set link to the large com­
puter has not yet been implemented). The system 
supports four 103 data sets for communication with 
teletypewriter consoles. The graphical terminals are 
not yet available for connection to the system. Hence, 
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it is too soon to conclude whether the system can be 
used as a remote concentrator for graphical or other 
terminals connected to a large computer system. 
However, we can comment on the memory-manage­
ment aspects of the objectives. 

The current size of the hard-core system is just 
under four thousand words. This includes character 
handling routines, a 103 data set communication 
package, card reader package, in addition to the mem­
ory manager and multiprogramming support software. 
Hence, approximately four thousand words remain 
for program and data segments. The system has been 
exercised with four concurrent users; the segmented 
programs in use during this exercise included the text 
editor, the interpreter, and the segment debugger, 
which altogether represents five thousand words of 
program. The experiment generated and accessed 
several tens of thousands of data words. Delays due to 
multiprogramming were scarcely noticeable compared 
to delays due to disk latency. For example, it took ten 
seconds to sequentially access every character in a 
20,OOO-character file. Note that this sequential access 
time is a function of the size of data segments that 
make up the file. The data segment for this experi­
ment was 64 words in order to minimize the amount 

of core required by each user. Doubling the data seg­
ment size would halve the access time; it would also 
increase multiprogramming interference. More experi­
ments are needed in order to explore such trade-offs. 
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Applications and implications of mini-computers 

by C. B. NEWPORT 

Honeywell, Inc. 
Framingham, Massachusetts 

Over the past four or five years the largest growth 
segment of the computer industry has been mini­
computers and it appears that this trend will continue 
into the foreseeable future. 

Mini-computers have typically been defined by their 
price rather than by performance. As recently as early 
in 1969, some observers were classifying mini-computers 
as those having a price for a minimum system of less 
than $50,000. Today a more reasonable figure would be 
$20,000 and some people may even press for $15,000 or 
even $10,000, but perhaps at this level one is talking of 
micro-computers. 

These machines have had a fairly remarkable impact 
on the comp~ter industry since in some respects their 
performance is even better than that of their big 
brothers which have built up the computer industry 
over the past 20 years. For instance, many computers 
have core cycle times and peripheral transfer rates which 
are considerably higher than the conventional large 
scale computers. Core cycle times of less than 1 micro­
second are common and some machines are in the region 
of ~ of a microsecond. Maximum I/O transfer rates 
are frequently determined solely by the memory speed 
and with 16 bit machines transfer rates of over 2 million 
characters per second are quite common. 

It is interesting to compare these parameters with an 
IBM System 360/50 which has a core cycle time of 
2 microseconds and a maximum I/O data rate of 800K 
bytes per second on the selector channel. The 360/50 
could in no sense be classed as a mini-computer and of 
course in other areas such as core size, instruction 
repertoire, range of peripherals, standard software, etc., 
it is a far m9re powerful one than any mini-computer. 
Nevertheless this does indicate that for those applica­
tions where high speed minimum complexity processing 
is required, and rapid I/O transfers are needed, mini­
computers may well be more effective than their large 
brothers. 

Most large computers were designed basically for 
batch processing either s~ip.nt.if1,. OY' hll~iness and the 
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concept of high speed real time interaction with these 
machines tends to have been added as an afterthought .. 
Thus, when one attempts to use large machines for 
systems such as air lines reservations, time sharing, 
messaging switching, industrial process control, etc., 
one finds that it is relatively easy to burden the large 
processor with the simple tasks of handling communica­
tion lines, attending to external interrupts, and inter-

. rogating large data files, thus leaving no time for the 
basic computation that may need to be done. The 
realization of this is leading to the off-loading of the 
simple jobs handled by large machines on to small 
peripheral machines (mini-computers) which can be 
dedicated to high speed but relatively simple tasks. 
Tasks include the handling of error control, polling, and 
conventional communication disciplines, over a number 
of communication lines, and then, presenting packaged 
and checked messages to the large processor for 
subsequent handling. 

In time sharing, it is becoming clear that the "number 
crunching" machine used to invert matrices, solve linear 
programming problems and so on, should be isolated 
from the relatively trivial tasks of sending and receiving 
messages to and from users and from the tasks of 
scheduling and monitoring the performance of the 
overall system. Mini-computers designed for high speed 
character manipulation rather than computation can 
undertake many of these housekeeping chores more 
effectively than the big machines. 

In some instances mini-computers have proven to be 
very effective in taking on complete jobs that were 
previously'thought to be the province of large machines. 
A good example is in message switching where mini­
computers are showing that they can handle effectively 
the switching of messages between as many as 100 or 
128 low speed communication lines. In this application 
essentially no calculation is required but there is an 
extensive amount of character manipUlation, checking 
of character strings, and elaborate real time house­
keeping. Figure 1 shows a diagram of a typical message 
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Figure I-Message switching system 

switch indicating the way in which two computers may 
be used to provide a switching function, and redundancy 
in the case of equipment failure. In a typical application, 
the CPUs would be DDP-516 class computers with 16K 
to 32K words of core, and a fixed head disc on each 
machine would be used for in-transit storage. The long 
term storage requirements for journaling and intercept 
would use moving head discs with replaceable disc packs. 

The incoming communications lines, some having 
relay interface to dc lines, and others having EIA type 
interfaces to modems, would be connected into indi­
vidual line termination units. These feed partially 
formed characters into the multi-line controllers (MLCs) 
which completely format the characters, check for 
parity, and perform other control functions before 
passing the characters and line identification into the 
CPU s. Input is- taking place in parallel on both machines 
so that in normal operation they can both build up 
identical information on the in-transit disc stores. 
Communication between the CPU s is via the inter­
computer communication unit (ICCU) and allows both 
machines to insure that they are in step on a message or 
partial message basis. The watchdog timer (WDT) is an 
independent hardware device monitoring the perform­
ance of both CPUs and providing an alarm and switch­
over if one of the CPU s should fail. It will be seen that 
messages are inputted in parallel into both systems but 
outputted from only one of them. 

Figure 2 shows a block diagram of the program which 
would be running in one of the processors. Input char­
acters from the multi-line controller are passed through 
the input processor and assembled into partial message 
blocks in the input buffer area. These messages con­
sisting of heading and text blocks are then passed to the 
disc queue and transferred from core to the fixed head 

disc. As messages are completed on the disc they are 
transferred back into core one at a time for header 
analysis and routing. This is undertaken by the message 
processing program, and completely processed messages 
are returned to the fixed head disc where they are queued 
ready for output to the appropriate line. As the lines 
become free the output processor program takes the 
messages off the fixed head disc, a block at a time, 
buff~r~ them temporarily in cores and then transfers 
theta to the multi-line controller~CJr~ 

It will be seen that the majority of the processing 
involved is examining strings of characters for particular 
sequences, and manipulating blocks of core storage 
being used for queues. Efficient data handling in both 
these areas and also the ability to operate with a high 
speed fixed head disc enables mini-computers to handle 
between one thousand and two thousand characters per 
second in a typical message switching application. 

Mini-computers are normally quite limited in the 
amount of core storage they can have and it is interesting 
to note that in most communications applications there 
is a trade off between the amount of core storage 
required for input/output buffer blocks and queues, and 
the speed of the fixed head disc. With a high speed disc 
small buffer blocks can be used in core since these can 
be unloaded rapidly onto the disc before core saturation 
occurs. With a disc providing about 100 independent 
random accesses per second, buffer blocks holding in the 
region of 64 characters are normally acceptable and do 
not demand excessive core storage. However, if it were 
possible to increase the speed of the fixed. head disc, by 
say 4 times, an approximately equivalent reduction in 
the size of the buffer blocks could be made and a 
corresponding reduction in the amount of core storage 
and hence in the cost of the system. 

FIXED HEAD 
DISC 

RECALL IUl'ERVlIORY FUNCTIONS 

Figure 2-Diagram of basic message switching programs 



It is interesting to note that there are essentially 3 
different parts of the program: input processing, message 
processing and output processing. The communication 
between these 3 basic program segments is almost 
entirely through data held on the fixed head disc, with 
the exception of pointers and status words. This leads 
directly to the consideration of multi-processor systems 
to handle applications beyond the capability of one 
mini-computer. One Cf" "'nuter'would be assigned to I' ~h 
of the major procesb ...... J.f;; areas and they would all ,.:.d.ve 
access to the common fixed head disc. Some simple 
means of passing limited amounts of status information 
between the computers would be necessary but :all the 
major data flow would be thru the disc. The a~ount of 
core on each processor could be optimized to the task it 
had to perform and in principle so could the power of 
the processors, although in practice it would be simpler 
to maintain identical processors in all cases. 

One would not expect the throughput to be as much 
as 3 times greater than that of a single processor 
because of the inability to share spare time between the 
processors. For instance, if the input is particularly 
heavy and the input processor is becoming overloaded 
it would be very difficult to arrange for, say, the output 
processor to take some of this load, whereas in a single 
computer system this can be arranged to happen 
automatically. While 3 computers might be expected to 
give somewhat less than 3 times the thruput of one 
computer, significant economies can be obtained in the 
redundancy since now one standby machine can be used 
to replace anyone of the 3 n«?rmally operating 
computers. Thus 4 machines connected in the appro­
priate way can provide between 2 and 3 times the 
thruput of 2 machi~es connected in a normal redundant 
configuration. This \type of configuration clearly gives 
savings in cost and an increase in reliability over the use 
of one or two large machines. In addition, it can simplify 
the programming and the checkout since separate tasks 
are confined to separate pieces of hardware. 

Time sharing is another application area that has 
until recently been the province of large computers. 
There are, however, now on the market a number of 
small time sharing systems based on a single mini­
computer. These systems typically provide for 16 or 20 
users working with the interactive terminal language 
BASIC, or sometimes FORTRAN. These systems 
clearly do not 'compete with the larger time sharing 
systems in data storage, power and the varity of language 
facilities, library facilities, or ability to undertake 
extensive mathematical calculations. They do, however, 
provide a very useful service where simple fast access 
computation and data retrieval is required. The use of a 
multiple mini-computer configuration to extend the 
capability of the smaller systems upwards towards that 
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Figure 3-Timesharing system 

of the large systems is well illustrated in the H1648 time 
sharing system. Figure 3 shows how the 3 computers are 
connected together to provide up to 48 simultaneous 
terminal users with the capability of programming in 
FORTRAN, BASIC, TEACH or SOLVE. 

The terminals are handled by a DDP-416 with 4K of 
core. This machine passes characters to and from the 
terminals, provides echo-back for transmission verifica­
tion, provides some buffering, and passes characters one 
at a time into the control computer. The control compu­
ter and the job computer both share moving head disc 
files for data interchange, and they pass control informa­
tion thru an ICCD. The control computer is essentially 
the executive of the system and provides the normal 
interaction between the user and his programs and data 
files which are held on the discs. The user may build up 
programs and data files upon the discs and when he 
requests that these programs be run, the control 
computer will queue his request for execution on the job 
computer. When the job computer is ready to execute 
the program, it will read the necessary files ·from the 
disc and will bring in any required system programs 
from the system disc. It will then compute for a prede­
termined period of time, in the region of 7.4: second, and 
if the job has not been completed, swap it out on to 
the system disc and bring in the next job for a similar 
period of time. 

In this system, the tasks have been divided fairly 
cleanly between the 3 computers. There is considerable 
difference in the computing power of the machines, each 
machine being matched reasonably well to the task 
required of it. The communications computer is a 
DDP-416 with 4K of memory, while the control 
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computer and the job computer are both DDP-516s 
with 32K of memory. The use of the multiple computer 
configuration has considerably increased the power of 
this system over that which would be possible with all 
functions undertaken in one machine, and it has 
simplified the task of implementing the software and 
of adding modifications. 

As a simple example of the independent usage of the 
computers, the control computer and the job computer 
can be isolated from the normal time sharing function 
and used for software development by the system 
programmers, while the front end communications 
computer can remain online to the terminal users. 
Clearly the terminal users cannot do their normal 
computation, but when they attempt to sign on the 
communications computer can reply to them with a 
standard message informing them of the state of the 
system and when it will be back on the air. This is much 
more satisfactory than receiving no reply at all to an 
attempted sign-on and having to make a telephone call 
to verify the state and availability of the system. 

The two applications so far discussed are indicative 
of how mini-computers can take on tasks normally 
assigned to larger machines and provide benefits of low 
cost, separation of programming tasks, and economical 
provision of redundancy. In examining these and other 
similar applications of small computers, various ques­
tions arise which need answering if these mini-computers 
are to be as widely used as I believe they should. The 
main points of discussion are: 

1. Shared peripherals versus shared core memories. The 
two applications mentioned have used shared discs as a 
means for transferring data between computers, but an 
alternative is to share core storage or at least portions 
of it between two or more processors. This has the 
immediate advantage that data is accessible to both 
machines without any need for an ICCU, and no time is 
lost in making data transfers. There may, however, be 
hardware difficulties in that shared core may cause a 
slowing down of the normal operation and can negate 
the conceptual speed of advantage. It also becomes 
more difficult to provide redundant backup for the 
shared core memory, and the attempt to do so almost 
inevitably causes further slowing down of the effective 
cycle time. Probably the optimum solution is the large 
private memory on each processor, a small somewhat 
slower shared memory with redundant backup, to 
provide data transfer between machines, and a large high 
speed shared disc to provide the basic bulk data 
transfer. 

2. Efficient, simple, modular operating systems are 
required. If multiple mini-computers are really destined 
to effectively challenge the large computer business in 

the real time application area, it is vital that they 
develop some sophistication and maturity in their 
software systems. I t is impractical to develop new 
software for every new application and an attempt to do 
so will simply delay the introduction of these machines. 
Large, all embracing operating systems are not required, 
but simple, high speed, standard executives are badly 
needed. These should provide high speed handling of 
interrupts, simple task dispatching, clearly defined 
interfaces with application programs, and the ability for 
the user to start very simply and elaborately by adding 
modules as required to do his particular job. 

3. Large data storage peripherals. Most mini-computers 
have only been available with relatively small bulk 
storage devices, because their designers anticipated that 
these machines would only be used on small scale 
applications. The realization that large scale applica­
tions are also appropriate for mini-computers means 
that large bulk storage devices, 10 million to 100 million 
or more characters, are required .. Because of the 
inherently limited core storage capabilities of mini­
computers, these bulk store devices must have fast 
access. Moving head discs are the only acceptable de­
vices at present but even these are too. slow in many 
applications. A typical moving head disc provides 
approximately 10 random accesses per second on an 
average, but some applications require that this be 
increased by an order of magnitude. Fixed head discs 
can be used but it may also be possible to design some 
form of hardware queueing into the disc file controller. 
This would enable the computer to output a series of 
requests, perhaps 10 or 20, to the disc file controller, 
which would then compare its current position 
simultaneously with all the stored access requests. It 
would then automatically make those transfers which 
were closest to its current position and so minimize the 
average disc latency. Assuming requests for access are 
made at random· positions on the disk, the effective 
reduction in latency would be dependent on the number 
of requests that could be stored in the controller and 
searched simultaneously. It seems plausible that an 
improvement of 5 or 10 times could be made. 
4. Some problems will always require large machines. 
When a problem requires extensive scientific calcula­
tion, long word length, hardware floating point, and 
extensive demands on core storage, it will always 
require the use of large machines. This will also be true 
of problems that cannot reasonably be broken down. 
into small component parts. In these cases mini­
computers could still be expected to serve as peripheral 
processors around the large machine. 

5. Manufacturer support. The widespread use of mini­
computers will depend on the support available to 



design and implement actual systems since ideas for 
applications will always exceed the supply of those 
capable of seeing the application through to successful 
implementation. It will be essential for manufacturers 
to supply simple and efficient software modules, all 
useable with each other, and supported with high 
quality documentation. Also implementation assistance, 
effective field service, and maintenance support will be 
needed. System analysis and design may also come from 
the manufacturers, in some cases, but will be more 
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likely to be provided by consultants. Manufacturers 
must provide meaningful training courses and effective 
manuals on the equipment, the software, and its 
potential applications. Too few people know what to do 
and those who do must generalize, write it down, and 
distribute it as widely as possible so that others may 
learn. 

l\1ini-computers have a great future limited more by 
our collective ability to understand how they can be 
used than by an deficiences or omissions in the hardware. 
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INTRODUCTION 

One of the functions of management is to control the 
organization in such a way that it responds to changes 
and deviations in the optimum manner. 

The magnitude of the deviation from the established 
goal often depends upon the ,length of the delay in 
response, any deviation from the best performance ob­
jectives must be quickly detected and corrective meas­
ures applied promptly. 

A fast response corporate information system is de­
signed to accommodate this criterion with the following 
capabilities: 

1. Keeping the. Corporate Data Base Freshly updated 

Source data may be transmitted directly into the 
computer to improve the efficiency of the infor­
mation flow, thus providing prompt and accurate 
collection of data from widely dispersed areas. This 
capability can at least provide the following benefits: 

• Reduction in human waiting time. 
• Reduction in idle resources. 

2. Extending the usage of the Corporate Data Base 

New applications could be added to provide bene­
fits not previously available. 
• Direct exchange of information with the corporate 

data base helps users in diverse locations keep 
abreast of rapidly changing events. For example: 

• • Immediate presentation of operating status 
aids decision making. 

• • Rapid transmission of decisions to the point 
of execution can be accomplished. 
Swift distribution of decisions to the associ­
ated parties for supplemental decision-making 
are completed within the time frame. 
Timely feedback of the results of the decisions 
allows adjustments to the operating environ­
ment in an incremental manner. 
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A well planned and developed teleprocessing system 
will provide the backbone of a fast response corporate 
information system. The remainder of this paper de­
scribes the requirements, strategy, facilities, and actual 
implementation of such teleprocessing system. 

SYSTEM REQUIREMENTS 

The following requirements are essential for a tele­
processing support of a growth-oriented corporate infor­
mation system. 

1. Support for a Variety of Terminal Types 

Each terminal installation must be reviewed to 
determine the specific terminal type which can best 
handle the types and volumes of information proc­
essing typical of that location. The system must be 
capable· of supporting, in addition to the standard 
devices, several special devices tailored to satisfy 
special situations. 
• The standard devices will include: 

• • Typewriter terminals 
• • CRT terminals 
• • Low-price, short-message terminals for data 

entry 
• • Card readers, card punches, and line printers 

for remote locations. 
• The special devices could include: 

• • Analog transducers 
• • Process control computers 

2. Centralized Control of Tele-Communications Network 

To assure efficient information flow and optimal 
utilization of the communications network, control 
of the teleprocessing system should be centralized 
so that resources can be allocated dynamically to 
satisfy changing demands. Conventional systems 
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PERMANENT DEVIATION (fAILURE TO ACCOfI'LlSH GOAl) 

DELAY IN RESPONSE 

Figure 1 

have often allowed segmentation of the system 
resources into disassociated subsystems between 
which temporarily unused resources cannot be 
shared. 

For a large scale party-line (multidrop) network, 
provisions should be made to maintain a network 
discipline that will ensure increased system efficiency 
as well as dependable service. For example, con­
tinuing to poll a malfunctioning terminal which fails 
to reply degrades service to other terminals on the 
same line and wastes central processor time. Such a 
terminal, therefore, should be deleted logically from 
the network until it is capable of replying. 

By contrast, when maintenance personnel are 
testing a malfunctioning terminal on-line, the system 
must poll this terminal as usual until testing is 
completed. 

The network control program should provide at 
least the following functions: 

• Polling and addressing network discipline. 
• Threshold error counters to allow automatic de­

letion of malfunctioning lines and terminals. 
• Diagnostic terminal mode which bypasses the 

automatic deletion of malfunctioning lines or 
terminals to allow for on-line hardware main­
tenance. 

• Manual stop and start for lines and terminals to 
allow console operator to control network. 

3. Support for a Variety of Message Types 

Each application project should be able to select 
the message types best suited for its needs. The 
system should support a variety of basic message 
types which may be used independently or as build­
ing blocks for more complex activities. 

These basic types of messages are: 

• INQUIRY: An operator may ask predefined ques­
tions by specific transaction codes. 

• RETRIEVAL: A user may select and examine 
information elements from the data base. 

• DATA ENTRY: An operator enters new infor­
mation into the data base, whether update occurs 
immediately or later. 

• JOURNAL: An application project reports the 
status of transactions previously processed. 

• MULTIPLE DESTINATION: A message proc­
essing program responds to a single request with 
messages directed to two or more locations. 

A complex activity example: 

• DATA CHANGE (INQUIRY + DATA EN­
TRY): An operator inquires into the data base 
and then enters changes based on the inquiry 
response. 

4. Versatile and Balanced Message Control Facility 

In support of these message types, the message 
control program should also provide the following 
services: 

• HEADER BUILDING: Identification, time 
stamping,· routing, and classification of messages 
to permit off-line analysis of message flow in 
addition to on-line control. 

• QUEUE MANAGEMENT: For a large real-time 
system, the interval between message arrivals is 
often less than the service time so that messages 
cannot be processed serially nor can the system 
keep up with the demand for its resources. The 
resulting backlog of messages must be managed 
to smooth out peak loads and provide a tolerable 
response time. 

• PRIORITY MANAGEMENT: Certain activities 
are of such importance that they .demand im­
mediate attention regardless of the backlog of 
other messages. A priority scheduling mechanism 
would permit such activity to avoid long waits 
in queues by providing express routes throughout 
the system. 

5. Efficient and Easy Applications Programming 

Economic considerations require an approach be 
taken which reduces programming, testing, and 
maintenance costs of message processing programs. 
The teleprocessing system should present an inter­
face which permits such cost reduction. 



6. Testing Provision for Message Processing Programs 

To facilitate testing new or modified message 
processing programs in an actual operational en­
vironment without endangering the on-going oper­
ations. The system should protect at least the 
following resources: 

• DATA BASE: Retrieval of data elements from 
the data base should function normally for the 
testing program, but any attempts to update the 
data base, directly or indirectly, must be inter­
cepted. 

• OPERATION AL PROGRAM: A different storage 
protection key should be assigned to the testing 
programs. 

The system should also provide the following 
functions: 

• MESSAGE TRACE: Print or log every work area 
associated with a testing program to show the 
message in different stages during processing as a 
diagnostic aid. This function should be available 
by request for operational programs also. 

• REFRESHING: After trying a specific condition 
to which the testing program fails to respond 
normally, it is desirable to refresh the copy of the 
testing program from the library so that different 
conditions can be tested to speed up the debugging 
cycle. 

• TASK INDEPENDENCE: If one testing pro­
gram fails, the system must take action for ab­
normal termination of this individual program 
(subtask); however, all the other programs in the 
same region should continue processing inde­
pendently of this failure. 

• TIME LIMITING: A program should be termi­
nated if it does not complete within a specified 
time limit. This function is of value for operational 
programs but especially for testing programs to 
break tight programming loops. 

7. Data Base Security 

To protect the integrity of the corporate infor­
mation system data base, security measures must be 
provided against unauthorized update and retrieval 
of privileged information. 

Security should be a function of the operator's 
level of authority, the location of the terminal, the 
transaction code, as compared to the sensitivity of 
the data element. 

8. System Reliability 
A real-time information processing system must 

demonstrate its reliability to its users. 
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There are three aspects to reliability in any system: 

• ENDURANCE: Protection against failure of its 
own programs, and graceful degradation of the 
system under adverse conditions. 

• RECOVERY: Provision for restarting the system 
close to the point of failure after the disturbance 
has been removed or corrected. 

• AUDIT TRAIL: Each day's message log should 
be retained for a period of time to permit recon­
struction of a single event or a sequence of events 
which led to failure of a program module or the 
system. 

After the fact analysis is often the only tech­
nique possible for problem identification/solution 
in a real-time environment. Some provision should 
be included for a computer search of the message 
log when specific selection criteria permit. 

9. Facility to Evaluate System Performance 

Usage statistics should be gathered to detect prob­
lem areas of the system worthy of special attention, 
so that solutions can be implemented to improve: 

• Main frame through-put 
• Network traffic 
• Terminal operation efficiency 
• Application program proficiency 

STRATEGY OF THE SYSTEM 

The principal strategy entails the reduction of re­
dundant coding otherwise inherent in the massive appli­
cation programming effort by shared system modules, 
wherein the following disciplines should be imposed on 
the system directly or indirectly: 

• Application Program Proficiency 
• Network Traffic Efficiency 
• Terminal Operating Efficiency 
• Main-Frame Throughput Efficiency 

Let us define the term "application program" as 
referring to a message processing program tailored to 
handle one or more varieties of messages as identified 
by the transaction codes. 

The three stages of application program structure 
described below will demonstrate the progression of 
teleprocessing software architecture for a large corporate 
information system. 

STAGE 1: Centralized Data Management Functions for 
All Application Programs 

A previous paper (1) has described in detail how to 
centralize the data management functions to obtain 
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MESSAGE PROCESSING FUNCTIONS EXCLUDING 
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5 OUTPlJ T EDITOR MESSAGE FOR~IATED TO TER~lINAL FORM 

6 OUTPUT BUFFER MESSAGE IN TERMINAL FORM 

Figure 2-Stage 1 

the following benefits: 

• Reduction of Core Memory Requirement 
• Reduction of Program Loading Time 
• Centralized Control of Shared Data Base 
• Optimal Allocation of Resources Associated with 

Shared Data Base 
• Flexibility in File Design and Record Layout 

After excluding the data management function from 
an application program (Figure 2), the following SIX 

key functions remained to be performed: 

1. Input Buffer 

Get message from message queue as it arrived at 
input buffer; the message string is in original terminal 
form, containing terminal control characters and 
varies in length and format. 

2. Input Edit 

Normalize the input message string to fixed form 
by interpreting the terminal control characters, re­
placing absent characters and fields with nulls. Be­
cause different types of terminals have unique sets 
of control characters and logic, an application pro­
gram that contains this function will always be 
d~pendent on the type of terminal and its logic. 

3. Data Validation 

Validity check the information content of the in­
coming message string to intercept bad data and 
send out error messages so the user may correct and 
reenter the message. 

4. Process and Access Data Base 

Process message content and exchange information 
with the corporate data base. Construct the logical 

response message to the user in fixed form without 
terminal control characters. 

5. Output Editor 

Convert the logical response message from internal 
format to display format inse~ing terminal control 
characters for transmission. If there is more than 
one message to be sent to different types of terminals, 
construct different message strings to corresponding 
terminals. 

6. Output Buffer 

Dispatch message in terminal form. 

STAGE 2: Independence of Application Program From 
Terminal Hardware Characteristics 

§Oared message editors normalize input messages and 
format output messages in order to isolate the appli­
cation programs from the tedious function of terminal 
control character interpretation. 

Several advantages are derived from this approach: 

1. Programming Proficiency 

• One application program can handle similar infor­
mation from several types of terminals each with 
a format most suited to its special features. 

• Shared message editors permit optimization of 
terminal characteristics at low programming cost 
since they need be programmed only once. 

• New terminal types may be added and input/ out­
put display formats redesigned without application 
reprogramming. 

• High-level languages, such as COBOL and PL/1, 
can be easily applied to process fixed format 
message records. 

IrmEPENVEliCE OF MESSAGE PROCESSING PROGRAtl 

FRO~; TERW;AL HARDWARE CHARACTERISTICS 

OPE.RATING SYSTEM FACILITY 

NETWORK 
IIlPLT CONTROL 

PROGRAM MESSAGE 
EDITOR 

MESSAGE. 
PROCESS I r~G SECOND 

OUTPUT PROGRAM REGION 
MESSAGE MESSAGE 
CONTROL EDITOR 
PROGRAM 

Figure 3-Stage 2 
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REGION 



• Applications programs are easier to design, pro­
gram, and test. 

2. Main-Frame Efficiency 

• Static core requirements for application programs 
and work areas are reduced. 

• Application prugrams process a message more 
quickly, reducing the dynamic core requirements, 
measured in bytes occupied per second. 

3. Network Efficiency 

Optimized use of terminal control characters 
shortens the message length, conserves message 
transmission time, reduces line load, and permits 
an increase in the number of terminals per line; the 
communications network may then comprise fewer 
lines at a sizable reduction in installation and main­
tenance costs for a given number of terminals. 

4. Operator Efficiency 

Optimal use of terminal format control characters 
increases operator efficiency as much as it relates to 
display readability and input cursor control. Since 
the application program is truly independent of the 
display format, it need not be changed when a 
display format is redesigned or modified. This feature 
simplifies making improvements in terminal display 
design formats. 

STAGE 3: A Single Retrieval Module Replaces]{any 
A pplication Programs 

Progressive reduction of redundant coding from Stage 
1 and Stage 2 application programs have already placed 
the following functions in the shared system modules. 

• Network and Message Control 
• File Definition and File Access 
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r.ESSAGE 
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PROGRAM 
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OPERATING SYSTEM FACILITY 
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Figure 4-Stage 3 
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• Data Definition and Data Retrieval 
• Input and Output Buffer Management 
• Input Message Normalization and Editing 
• Output Message Formatting 

Only three functions remain to be performed by the 
application program. 

• Input Data Validation 
• Processing logic and the interface with file manage­

ment programs for data retrieval from the shared 
data base 

• Pattern editing for output message; i.e., insert deci­
mal point, comma, $, etc. 

Expanding the input message editor to perform the 
function of "input data validation" and the output 
message editor,"pattern editing," there remains only 
one function for the message processing program, and 
even this very last function can be performed by shared 
system modules. 

• A shared system module can obtain information from 
the message descriptor to request data element re­
trieval from tl:e data base via the data management 
modules. 

• For most basic message types, such as INQUIRY, 
RETRIEVAL, DATA ENTRY, JOURNAL, etc., 
the processing logic can be easily represented by a 
simple list which defines the processing path through 
and within the shared system modules. 

Therefore, if we create a simple list for each trans­
action code, the shared system, modules can perform 
the required processing logic without recourse to an 
application program except when extraordinary proc­
essing logic' occurs. The Stage 3 teleprocessing system 
will add benefits in addition to those previously derived 
in Stage 2. 

1. Programming Proficiency 

• Shared input data validation and output pattern 
editing permit optimization in program design and 
efficiency, 
• • Input data validation can be designed, coded, 

and tested in optimal fashion at low pro­
gramming cost '. since they need be pro­
grammed only once. 
Standard error messages can be generated 
tiirectly. 

• Application programming, testing, debugging for 
most transactions . are eliminated. 

2. NI qin-Frame Efficiency 

A single resident reentrant module replaces many 
many application programs, eliminating the roll-in, 
roll-out time. 
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3. Network Efficiency 

A well designed input data validation and error 
message notification technique can effectively cut 
down the amount of bad message traffic in the 
network. 

4. Operator Efficiency 

Standard error messages make it easy for the 
operator to take corrective action on bad input data; 
the problem of inferring the same meaning from 
different error messages coded by programmers in 
various application programs is avoided. 

SYSTEM LOGIC FLOW 

The system support package comprises the regional 
resource manager, the two message editors, the retrieval 

Figure 5-System logic flow 

module, and the data control manager. Refer to Figure 
5. The following paragraphs describe the general system 
logic flow. 

1. Initialization 

At the beginning of the day, the regional resource 
manager performs the following functions: 

• Builds program and descriptor directories to 
expedite the paging activities. 

• Opens the message queues and on-line files. 
• Prepares the shared buffer pools. 
• Loads the resident modules. 
• Attaches input and output message editors as 

operationally independent subtasks. 

When initialization is complete, the input editor 
is activated and begins to scan the input queues 
for a message to process. 

2. GET Message 

Scanning of the message is accomplished by 
means of a table of displacements into a list of 
message queue control blocks. A pointer to a con­
trol block may appear up to four times depending 
upon the priority assigned to the message queue. 

If a scan of the entire list fails to find a message, 
scanning is suspended for a predetermined period 
of time and then recommenced. 

3. Application Message Header 

After a message is gotten from the input queues, 
the input message editor constructs a message 
header for the application program (see Appendix 
II). This header serves the following functions: 

• Passes pertinent information relevant to: 

• • Message disposition. 
• • Message status. 
• • System status. 

Passes information to the application program 
in a form readily usable by high level languages. 

• Permits the application program to pass certain 
information back to the system. 

4. Process Routing 

The input editor obtains the process routing 
information from the transaction code table and 
constructs a control list for the regional resource 
manager. 

For the majority of transactions, this control list 
will make no reference· to an application program. 
For those special transaction codes requiring com­
plex processing logic, however, a reference to the 



associated application program will be included in 
the list. 

5. Message Format 

The message may simply be a request for a 
message format. The input message editor posts 
control to the output message editor to generate a 
message format (captions and control characters) 
based on the information in the message descriptor. 

6. Normalize I nput Message 

The input message editor processes the elements 
in an order controlled by the input message de­
scriptor (Appendix I). The input message descriptor 
sequentially defines the attributes of each message 
field: 

• The starting position in vertical and horizontal 
coordinates. 

• The maximum length. 
• A field designated as caption will be eliminated 

from processing. 
• A field designated as mandatory infor~ation must 

be present or the entire message will be rej ected. 
• The retrieval descriptor index points into the 

retrieval descriptor so that additional editing 
may be performed. 

The retrieval descriptor defines additional attri­
butes for the message field: 

• The length and location of the area reserved for 
the message field. 

• The data class expected; i.e., numeric or alpha­
meric. 

Based on the above information, the input mes­
sage editor performs the following functions: 

• Checks for invalid characters, such as a letter 
in a numeric field, posts error condition if invalid 
character found. 
Deletes punctuation, such as commas in a nu­
meric field. 

• Aligns to the left or right. 
• Truncates if the input message descriptor length 

exceeds the retrieval descriptor length, such as if 
the operator included too many decimal positions. 

7. Data Validation 

The retrieval descriptor serves for both editing 
and data validation. As many as 256 data validation 
routines may be programmed to permit the choic~ 
of an appropriate validation technique. Some ex­
amples of checking. 
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• RANGE: Test the numerical value of a data 
field against a predetermined range of values. 

• CODE: If the input data field is a code argument 
in a table, the system will perform a table look-up 
to determine if it is a valid argument. 

• RECORD KEY: If the input data field references 
a record key in an on-line file, the system can 
issue a read (key) against that file to determine 
if it is valid. 

• FIELD ASSOCIATION: When one or more 
input fields depend upon the value of another 
input field, the system can match them against 
a predefined associative decision table. 

• DATE: The following tests can be applied to a 
date field: 

• • Any valid date. 
A holiday. 
A work day. 
Today's date. 

• • Test a range of predefined work days from 
today's date. 
Test a range of predefined elapsed days from 
today's date. 

S. Standard Error Message 

If any errors have been identified, a standard 
error message is prepared. 

The following considerations are taken to design 
the standard error messages: 

• FIXED LOCATION: Error messages always ap­
pear in the same location to attract the terminal 
operator's attention. For example, all the error 
messages will appear on the last two lines of the 
CRT screens. 

• MULTIPLE ERRORS: To conserve network 
efficiency and eliminate unnecessary traffic aris­
ing from bad messages, the system will handle 
up to four errors per message at a time. 

• STANDARD PHRASE: The error message will 
reference the specific input field and indicate the 
kind of error the system detected for that field. 

9. General Retrieval Module 

The message may have been a general retrieval 
request. The retrieval descriptor would then have 
been a core-resident skeleton sufficient to satisfy 
the normalization and validation routines. The data 
identification information (element control num­
bers) supplied by the operator will be inserted in a 
copy of the skeleton so that data retrieval may 
proceed. 

The retrieval routine builds a list containing the 
file name, the record key, and one or more data 
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element control number and receiving area pairs, 
and requests the services of the data control 
manager. Nulls are returned for a data element 
when the operator's or terminal's security clearance 
is less than that assigned to the element. A status 
code informs the retrieval routine of any abnor­
mality. The retrieval descriptor defines whether an 
abnormal status code is to be ignored or considered 
an error. 

10. Output Message Editor 

The output message editor pattern edits the 
data field if it is required, prefaces whatever control 
characters are necessary to position the message 
character string in the terminal format. It has the 
following three modes of operation: 

• Device With Non-Formatted Memory 
• • Blanks between graphics in the same line 

and blanks at the front of the· line are re­
placed everywhere possible with control 
characters. 
Lines are truncated on the right after the 
last graphic. 

• Device With Formatted Memory: When the 
transaction requires a new format at the device. 

The memory of the device is cleared. 
• • Fields marked as variable in the output 

message descriptor (device dependent op­
tion) are inserted in the message string full 
size without the blanks. suppressed, even if 
they are completely blank. 
Blanks in caption and format fields are re­
placed with control characters wherever pos;.. 
sible. 

• Device With Pre-Formatted Memory: When the 
transaction requires the same format as is at the 
device. 

Caption and format fields are omitted. 
• • Blanks in variable fields are replaced with 

control characters wherever possible. 
• • The effect of each controLcharacter is con­

sidered with respect to the existiIlg format. 

11. PUT Message 

This routine places the prepared· response mes­
sage in the proper destination queue for dispatch 
to the receiving terminal. 

12. Termination 

A privileged transaction code allows the console 
operator to terminate the· teleprocessing. system.. 

The system termination module directs the mes­
sage control region to discontinue polling on all 

lines as soon as incoming messages have been re­
ceived. 

When polling has been discontinued, the input 
editors are directed to return control to the regional 
resource manager whenever they find the process 
queues empty. Normally, they wait a predetermined 
period of time and then scan the queues again. 

When all message processing is complete, the 
regional resource manager terminates the tele­
processing system. 

SYSTEM FACILITIES 

This section will briefly describe some system support 
functions not mentioned in the previous section: 

1. Terminal Start-Up Procedure 

An operator must log-on before attempting. any 
other activity on a terminal. For his own protection, 
he should log-off when his work is completed or 
during an interruption in which he leaves the 
terminal. 

When log-on occurs, an employee number is en­
tered in the terminal table. This employee number 
is used to set up individual restrictions on the 
terminal and to facilitate error and security violation 
tracing. Each time a log-off is processed, a corre­
sponding log-on is required before business can be 
resumed. 

A second operator may log-on at a terminal with­
out the· previous . operator logging off; the second 
operator's employee number and restriction code 
replace the first's. 

2. Data Base Security 

SIx modes of operation are supported for terminals: 

• Business: Normal mode for business work. Most 
applications functions are valid in this mode. 
INQUIRY, RETRIEVAL, DATA ENTRY, 
nATA CHANGE, MULTIPLE DESTINATION 
and JOURNAL are available and work as defined. 

• Training: Operator training mode for practicing 
business work. 
• • INQUIRY and RETRIEVAL work as de­

fined. 
• • DATA ENTRY and DATA CHANGE ap­

pear to the operator as defined but fail to 
update the data base. 

• Supervisor: Extended mode for business work. All 
applications functions are valid in this mode. At 
the. application's discretion certain transactions 
may be reserved for supervisor mode or more 
information· may be passed in this mode. 



A terminal in supervisor mode may: 

Put another terminal in the same office in 
supervisor mode if that terminal is authorized 
for supervisor mode. 

• • Display the employee presently logged on a 
particular terminal. 

• • Copy a message to another terminal in the 
same office. 

• Diagnostic: Systems aid for on-line engineering 
maintenance; message directed to special. diag­
nostic programs which display generated status 
information on the console terminal. 
• • A terminal in diagnostic mode may return 

itself to any mode authorized for it. 
• • I t may copy any terminal in training mode 

and any terminal may copy it. 
• Console: Network control terminal located at the 

computer console; terminal, line, and transaction 
code status tables may be altered from this 
terminal. 

• Master: Network monitor terminal; permits dy­
namic observation of system for debugging and 
audit control. Master mode terminals may change 
the mode status of other terminals to any mode 
of operation, including master. 

3. Network Monitoring 

Hardware errors will be analyzed and may cause 
the following actions to be taken: 

• Send an Et"i-or Message 
• • Describes the error to the console operator. 
• • Describes action being taken by the system. 
• • Suggests action which should be followed by 

~the operator. 
• Manually start or stop a terminal, line segment, 

line, or group of lines from operation on request. 
• Automatically stop a terminal, line segment, or 

group of lines, depending on error which occurred. 
• Redirect messages to an alternate terminal (which 

may be a different type) when the original desti­
nation terminal has any type of hardware error 
which renders it unable to transact business. 

4. Formats 

For data entry, a formatting facility preformats a 
terminal's memory with caption material and con­
trol characters at the- operator's request. The oper­
ator indicates· the particular transaction format re­
quired by suffixing a letter Ii' to the associated trans­
action code. The facility responds with the format, 
and the operator simply fills in the data. 

If the information content· of the message is ac­
ceptable for processing, the system restores the vari-
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able fields to blanks, and the operator can proceed 
to the next transaction if it is the same. If it is not, 
a new format may be requested. 

5. Data Collection 

A data collection facility stores audit trail records 
created by application modules which update the 
data base and transaction records destined for off-line 
batch processing programs. These records are sorted 
and cataloged by off-line programs for easy retrieval 
at the end of the on-line day. 

6. Testing Program Library 

A special program module library contains all test 
status programs. Any module loaded from this li­
brary is automatically placed in test status to protect 
the integrity of the data base from unproved routines. 

IMPLEMENTATION OF THE SYSTEM 

The teleprocessing system package has been written 
in IBM-360 Operating System Assembly Language 
(ALC). 

1. It is fully interfaced with the IBM -360 operating 
system MVT (multiprogramming with variable num­
ber of tasks) environment. 
• The application programs and the system pro­

grams operate as independent subtasks of the 
regional resource manager; abnormal termination 
of a subtask will not stop the remaining subtasks 
in the region. 

• The package is not tied to any particular release 
of O/S; hence, if a new version is released, there 
should be little effect on this package. 

2. The teleprocessing system package takes full ad­
vantage of the existing operating system facilities. 

3. It is intended to interface with all the operating 
system supported languages (COBOL and ALC 
interface have been implemented). 

4. The entire package has been designed to be dynamic 
in nature; that is, all programs are load modules. 
They are not linkage edited into the application 
program; thus, the" package may be redesigned and 
improved without any appreciable effect on the 
application programs. 

5. The entire package has been programmed in re­
entrant code. 

6. The system has been coded in a modular fashion. 
Each routine was individually coded, tested in detail, 
subgrouped, and finally all routines were combined 
together. 

7. The message control and message processing regions 
are independent of each other to permit relocation 
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of the control program to a front-end communi­
cations computer when the network size warrants 
the change. 

8. The hardware anticipated over the next several 
years includes two large central processors with a 
million bytes of main memory, supported by smaller 
satellite computers and a score of multi-drive disk 
storage units. The system is being designed to sup­
port several hundred terminals, most of which are 
expected to be high speed CRT display units. 
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APPENDIX I 

Input message descriptor (fixed form) 

1. Retrieval Descriptor Index 
2. Message Field Length 

3. Mandatory Field Indicator 
4. Line N umber (Vertical Spacing) 
5. Spare 
6. Spare 
7. Position (Horizontal Spacing) 

8. Caption Delete 

Input message descriptor (free form) 

1. Retrieval Descriptor Index 

2. Message Field Length 
3. Spare 

Output message descriptor 

1. Retrieval Descriptor Index 
2. Device Dependent Options 
3. Line Number (Vertical Spacing) 

4. Data Scan Override 
5. Format 
6. Position (Horizontal Spacing) 
7. Caption Field 

BITS 
3 1. Data Class 

BITS 

8 

7 
1 

6 
1 

1 

7 
1 

4 BYTES 

8 

7 
1 

2 BYTES 

8 

8 

6 
1 
1 

7 
1 

4 BYTES 

a. Arithmetic (Right Numeric, Left Zero 
Fill, Decimal Alignment (0-7» 

0 0 0 Binary, Display As Decimal 
0 0 1 Binary, Display As Hex 
0 1 0 Packed 
0 1 1 Zoned 

b. Alphameric (Left Alignment, ~ight Blank 
Fill) 

1 0 0 Graphics (Terminal's Entire 
Character Set) 

1 0 1 Alphabetic 
1 1 0 Alphanumeric 
1 1 1 Numeric 

3 2. Decimal Alignment (For Arithmetic Class 
Only) 

o to 7 Places or Date Verification Decision 
Table (Replaces Decimal Alignment Table) 



0 0 0 Any Valid Date 
0 0 1 Today's Date 
0 1 0 Any Holiday 
0 1 1 Any Working Day 
1 0 0 Prior Date 
1 0 1 Prior Date or Today 
1 1 0 Future Date 
1 1 1 Future Date or Today 

10 3. File ID Table Index/Code Table Number 

3 4. Verification/Retrieval 

0 0 0 Bypass Verification/Retrieval 
0 0 1 Date Verification 
0 1 0 Data Verification 
0 1 1 Duplicate (Descriptor Points to 

Argument 
Cross Index Points to Receiv-

ing Area Descriptor) 
1 0 0 Verify Code Argument (De-

scriptor Points to Argument) 
1 0 1 Verify File Key 
1 1 0 Retrieve Code Function (De-

scriptor Points to Argument) 
1 1 1 Retrieve File Element (Cross 

Index Points to Receiving 
Area Descriptor) 

1 5. Pattern Edit Output Field 
12 6. Displacement 
7 7. Field Length 
1 8. Spare 
8 9. Retrieval Descriptor Cross Index (See Item 

4) or Data Verification Range Table Index 
16 10. DCM File Element Control Number (Binary 

Half Word) (See Item 4) or Associative 
Decision Table Index and Data Verification 
Routine Index 

Retrieval descript01' (normalize input) (format output) 

BITS 
3 1. Data Class 
3 2. Decimal Alignment (Ignore If Date Indi­

cated) 
10 3.-
3 4. Date Indicator (Output: Format 

YYMMDD as MM-DD-YY) 
1 5. Pattern Edit Output Field (Input: N orma­

lize MM-DD-YY as YYMMDD) 
12 6. Displacement 
7 7. Field Length 
1 8.-
8 9.-

16 10.-
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Retrieval descriptor (validation) 

BITS 
3 1. Data Class 
3 2. Date Verification Decision Table 

10 3.-
3 4. Verification Indicators 
1 5.-

12 6. Displacement 
7 7. Field Length 
1 8.-
8 9. Data Verification Range Table Index 

16 10. Associative Decision Table Index and Data 
Verification Routine Index 

APPENDIX II 

A pplication message header 

TPCMSHDR 

TPCINTM 

TPCUSER 

The 40 byte application message header 
allows communication between the 
message editors, MSGIN and MSOUT, 
and the application module. Use of the 
information is left to the discretion of 
the application analyst. 

Arrival Time of Day 

A . binary clock maintains the time of 
day in units of 1/150 second (6% milli­
seconds). The high order byte contains 
binary zeros 

The application may insert this field 
in the generated transaction records' 
sort keys to post by arrival sequence. 

Because the conversion of this field to 
decimal hours, minutes, and seconds is 
time consuming, it is not appropriate 
to do so in the on-line environment. 

User Status Flags 

MSGIN initializes this field to binary 
zeros. 

MSOUT logs it in the QTAM message 
header. 

QDUMP retrieves it at the end of the 
day for application analysis 

Each application may define its own 
coding structure. However, the codes 
should, in the least, describe the 
TPCSCODE selected and explain why, 
so that the application analysis can 
reconstruct the process condition. 
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TPCMODE Terminal Mode 

A terminal may be placed in one of 
several operations modes which define 
how the system will react to messages 
from it. 
1. Training-The application appears 

normal to the operator, but no trans­
action records should be generated 
or posted to the masterfile. 

An application may desire" to main­
tain special files of pseudo accounts 
for training and testing and post 
these in training mode. 

2. BUSINESS-The application reacts 
normally to all stimuli. 

3. Supervisor-This mode is normally 
for terminal operator supervision 
but on occasion some business work 
will arrive from a terminal in 
'supervisor' mode. The application 
may handle such work as business 
or may grant special privileges. 

Supervisor mode is allowed only for 
specific terminals and specific em­
ployees in supervisory positions. 

4. Operator-This mode is normally 
for systems operation, but on occa­
sion some business work will arrive 
from a terminal in 'operator' mode. 

5. Master-This mode is normally for 
systems programming, but on occa­
sion some business work will arrive 
from a terminal in 'master' mode. 

TPCSOTRM Terminal of Origin 

Each terminal has a unique five char­
acter identifier comprising: 

DIVISION 
OFFICE 
LOCATION 
UNIT 

1 byte alphabetic 
1 byte alphabetic 
1 byte numeric 
2 bytes numeric 

The application may insert this field 
in the generated transaction records 
for journal distribution or as a de­
bugging trace. 

TPCDSTRM Terminal of Destination 

The name redefines TPCSOTRM. 

The application module may alter this 

TPCINNR 

TPCDATE 

field to redirect the response to a 
different terminal. 

Such a receiving terminal must be a 
hard copy device. 

Creation of an invalid terminal identi­
fier will direct the response to a dead 
letter queue. 

Message Sequence Number In 

QTAM maintains an input message 
sequence number for each terminal 

The application may insert this field 
in the generated transaction records for 
journal sequencing or as a debugging 
trace. 

Today's Julian Date, YYDDD+. 

This field is supplied for the appli­
cation's convenience. 

Because the conversion of this field to 
calendar format, e.g., YYMMDD, is 
time consuming, it is not appropriate 
to do so in the on-line environment. 

TPCSCODE Transaction Code Modifier 

TPCTCODE Transaction Code 

A transaction code identifies an entry 
from the operator and the related re­
sponse to the operator. 

The transaction code modifier X'FO' 
is assigned to the entry on input and 
to the standard response for a valid 
entry on output. 

The modifiers X'Fl', X'F2', X'F3', 
X'F4' designate alternate responses se­
lected by the application module proc­
essing the entry. They must, however, 
be designed to fit the display format of 
the standard response 

X'FO' is the standard response. 

X'Fl' is the error description response 
For Data Entry and Data Change 
X'Fl' is the standard acceptance re­
sponse which re-initializes the terminal 
buffer and screen for the next entry 



from the operator since the TP System 
assumes the next entry will be similar 
to the one just processed. 

X'F2', X'F3', and for INQUIRY, 
X'Fl' are available to the Application 
for alternate responses as they require. 

COBOL linkage section for application message header 

01 TPCMSHDR. 
03 TPCINTM 

03 TPCUSER 

03 FILLER 

PICTURE S9(004) 
COMPUTATIONAL. 

PICTURE S9(002) 
COMPUTATIONAL. 

PICTURE X(010) 
VALUE SPACE. 
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03 TPCMODE 
03 TPCSOTRM. 

05 TPCTDST. 
06 TPCTDVS 
06 FILLER 

05 TPCTOFC 
05 TPCTNUM 

03 TPCDSTRM 
REDEFINES 
TPCSOTRM 

03 TPCINNR 

03 TPCDATE 

03 TPCSCODE 
03 TPCTCODE 

PICTURE X(OOI) 

PICTURE X(OOI). 
PICTURE X(OOI). 
PICTURE X(OOI). 
PICTURE 9(002). 

PICTURE X(005). 
PICTURE 89(002) 

COMPUTATIONAL. 
PICTURE S9(005) 

COMPUTATIONAL-3. 
PICTURE 9(001). 
PICTURE X(004). 





The selection and training of computer personnel 
at the Social Security Administration 

by EDWARD R. COADY 

Social Security Administration 
Baltimore, Maryland 

INTRODUCTION 

How many computer systems managers have claimed 
their individual systems and operating environments 
contain a unique group of applications? 

I suggest the majority answer yes. The "slow-down" 
in implementing third generation computer systems is 
implied in this answer. The dilemma that many systems 
managers are confronted with in the conversion from 
second to third generation systems is rooted in the 
educational process or lack of it. 

This paper will present the social security data 
processing system, in general terms; the recruitment, 
selection and training systems for computer personnel 
and the future tasks of computers and their program­
mers at the Social Security Administration. 

THE SOCIAL SECURITY DATA PROCESSING 
SYSTEM 

The mission of the Social Security Administration is 
to operate a social insurance program for the American 
people. The Bureau of Data Processing and Accounts 
which is headquartered in Baltimore, Maryland main­
tains the earnings history for each person with covered 
earnings who is assigned a social security account 
number. These earnings records are kept so that when it 
is time to decide on a person's eligibility for benefits and 
on his benefit amount, his earnings history is available. 
To handle these tasks we have 50 computer systems and 
supporting peripheral gear and over 1200 personnel to 
program and man these systems. I would like to briefly 
discuss the major EDP functions to provide an overview 
for recruitment, selection, and training of programmers 
at Social Security. 

The EDP activities of the Bureau of Data Processing 
and Accounts of the Social Security Administration can 
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be classified into the following categories: (Figure 1) 

(1) The New Account Establishment and Correction 
Process-This process involves the establishment 
of various records used to identify social security 
account number holders. Identifying information 
is maintained on printed listings by account 
number and on microfilm by name and date of 
birth. Approximately 250,000,000 names are 
found in this file. The establishment process also 
prepares the magnetic tape record to which 
worker's earnings information will be posted. 

(2) The Earnings Record Maintenance Process-The 
earnings information of individuals participating 
in the social security program is maintained in 
two forms, magnetic tape for computer processing 
and microfilm for visual examination. Each of 
these earnings data files is updated four times a 
year. 

After the earnings data is converted to mag­
netic tape, the individual employer reports are 
balanced in a computer process. N ext, the 
balanced items are processed through a series of 
sorting operations which provide for the arrange­
ment of items in social security account number 
sequence. Finally, the current earnings, balanced 
and sorted, are compared with the summary 
earnings tape and those records matching on 
account number and surname are updated. A new 
summary record is prepared. A microfilm record 
of those items which match is prepared as a 
by-product of this operation. 

(3) The File Search-Benefit Computation-Earn­
ings Statement Process-The magnetic tape file 
containing 185,000,000 summary earnings records 
is searched daily to obtain the necessary earnings 
information for benefit computation and earnings 
and coverage statement requests. The finder 
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Figure 1-EDP applications at SSA 

1. NEW ACCOUNT ESTABLISHMENT 
2. EARNINGS RECORD MAINTENANCE 
3. BENEFIT COMPUTATION 
4. REINSTATING 
5. BENEFIT MAINTENANCE 
6. HEALTH INSURANCE 

items to be located number about 55,000 and are 
received from several sources. All of the requests 
concerning earnings information are arrayed on 
the finder tape which is processed through editing 
and sorting operations. The search of the sum­
mary earnings records is made, and the records 
located for claims and statement requests are 
written out for processing through separate 
operations. The desired data is prepared on 
appropriate forms, certified, and forwarded to 
the requesting individual, organization, or district 
office. 

(4) The Reinstating Process-Each year approxi­
mately 312 million earnings items are received in 
the Bureau of Data Processing and Accounts for 
posting to individual earnings records. Of this 
amount nearly 3 million items are reported 
without an account number and are immediately 
deleted for correspondence. Of the 309 million 
items which we attempt to post slightly over 14 
million reject because of an improperly reported 
name or account number. These rejected items 
are subjected to a series of computer and manual 
reinstating operations designed to locate and 
correct these reporting errors. The series of 
computer operations involved in these processes 
is based upon a thorough analyses of repetitive 
error" statistics and the nature of the errors 
encountered in the reporting of account numbers. 

(5) A master record of all social security beneficiaries 
is maintained on magnetic tape. This record, 
arranged in account number sequence, contains 
complete identification of the beneficiaries-in­
cluding mailing address, entitlement data, benefit 
amount, and benefit payment history. The 
primary use of the record include adding new 
beneficiaries to the system, correcting and 
changing information already in the system, 
identifying beneficiaries becoming eligible for 
health insurance protection, updating the actual 
master tape record, preparing transcripts of the 
updated record for check printing purposes, and 
preparing a microfilm of the master record for 
visual reference purposes. 

(6) The Health Insurance Identification and Enroll­
ment Process-Monthly, the Bureau of Data 
Processing and Accounts searches magnetic tape 
records to identify those social security bene­
ficiaries about to obtain age 65. An "Application 
for Enrollment in Supplementary Medical 
Insurance" is mailed to each beneficiary identi­
fied. A· search of the summary earnings record is 
also made". to identify non-beneficiaries about to 
attain age 65, and every effort is made to develop 
a claim for social security benefits, including 
Medicare. The combined identifying and response 
information is processed through a distribution 
operation to produce Health Insurance cards 
showing entitlement to Hospital Insurance and 
Supplemental Medical Insurance. 

In support of these functions, the Bureau employs 
approximately 9,000 people. Of this number, over 1,200 
persons are directly engaged in our EDP activities. In 
calendar year 1968, these people were responsible for the 
processing of over 7,000 different computer applications. 

We maintain a magnetic tape library of over 160,000 
reels and process on the average 5,000 reels per day. It is 
not uncommon to process a file of 500 or more reels in 
one operation, for example, in the Health Insurance 
operations, over 900 reels are needed each month to 
record information that is subsequently converted to a 
microfilm file. 

About 82 million earnings items are posted to the 185 
million master earnings accounts each quarter. The 
actual update operation is handled in a batch processing 
mode and over 250 hours of computer time are used. 

An analysis of our system usage reflects the following 
data in terms of major application areas: (Figure 2) 

(1) 33 percent to the claims operations-from the 
initial file of a claim through the continuing 
maintenance of the account for as long as a 
benefit is paid. 

(2) 21 percent to the statistical operations-covering 
all phases of statistical activities. 

(3) 19 percent to the health insurance operations­
from the initial placement on the Master Health 
Insurance file through the continuing mainte­
nance of the account. 

Figure 2-Computer usage at SSA 

1. CLAIMS 33% 
2. STATISTICAL 21% 
3. HEALTH INSURANCE 19% 
4. EARNINGS 16% 
5. MISCELLANEOUS 11 % 



(4) 16 percent to the earnings account operations­
from the point of establishing the social security 
account through all of the postings to the master 
account and the policing of the account when it is 
in beneficiary status. 

(5) 10 percent to miscellaneous functions-these 
include our own systems software activities, 
management information, and utility operations. 

At the present time and during the next two to three 
years, we will be dedicating all the resources that we can 
spare from current operating demands in order to 
exploit the full potential of the third generation. 

THE RECRUITMENT AND SELECTION OF 
COMPUTER PROGRAMMERS 

Where do computer programmers come from? Any­
where you can find them. At SSA, we have' discovered 
them within and without our organization; in our 
headquarters in Baltimore, our payment center in 
Birmingham and our district office in Klamath Falls , 
Oregon. From within the organization, they have come 
from a variety of occupations: correspondence clerks, 
secretaries, computer operators, claims examiners, etc. 
From withoutSSA, we have hired and lured a small 
number of experienced programmers from private 
industry and other government agencies. Our most 
lucrative area of new programmer blood has come from 
the selectees we have hired through the Federal Service 
Entrance Examination process. These . trainees are 
generally fresh from the college campus and have 
developed into a cadre of valuable employees. We have 
been using this recruitment source since 1966. The 
selection system, except for the . experienced hires, is 
based on an aptitude test score. Actually, two tests are 
used, one for the SSA employees and the other for the 
FSEE trainees. 

The FSEE examination isa general· abilities test 
which covers vocabulary, reading comprehension and 
quantitative reasoning. It is used by most government 
agencies forentry positions in a variety of career fields. 
The in-house test, which we call the. Organization and 
Methods examination, was developedbySSA test 
psychologists and is given for three job categories: 
management analyst, budget analyst and . computer 
programmer. There are three parts to the test: verbal, 
quantitative and abstract reasoning .. Individual test 
items are statistically related to job success in each part. 
The emphasis is placed on the job relatedness of the test. 
Although the test may lack academic flavor it does allow 
SSA employees to use their backgrounds to demonstrate 
their abilities in the test areas. The test was developed 
after the jobs were studied, a validation of the test items 
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Figure 3~Programmer selection criteria 

APPRAISALS 38% 
APTITUDE TEST 35% 
EDUCATION 7% 
INCENTIVE AWARDS 3% 
RELATED WORK EXPERIENCE 12% 
RELATED OUTSIDE ACTIVITIES 5% 

were made and weights assigned based on the correlation 
of test score to job success. We have found both the 
FSEE and the 0&11 tests to be good predictors of 
success in the .training program and on-the-job. 
Additionally, we have given the IBM Programmer 
Aptitude Test to several hundred trainees. The PAT 
scores, also are indicative of success in programming and 
correlate with the other tests. We feel the aptitUde test 
is an integral part of the recruitment and selection 
system for programmers. 

The mix of inputs for programming positions is also 
desirable because: 

(1) In-house employees generally require less on-the­
job training tohecome productive. 

(2) Organizational morale is boosted when the rank 
and file employee makes the grade as a 
programmer. 

(3) Selecting, only in-house perso;nnel; however, 
would ultimately weaken the organization, so the 
infusion of new blood results in strengthening the 
competitive spirit. 

The selection for training in computer programming 
is based. on criteria in addition to the aptitude test 
score. (FigUre 3) For internal employees we apply 
numerical weights to' the selection elements as follows: 
the employee appraisal-38%, the aptitude test score-
35%, related work experience-12%, education-7%, 
incentive awards-3%, and related outside activities-
5%. 

To illustrate this point, the following is a breakdown 
of th.e employee' appraisal and the respective element 
weights: 

Element Outstanding Above Standard Meets 
Standard 

Productivity 7 4 2 

Work 7 4 2 
Quality 

Initiative 7 4 2 

Resolution of 10 6 3 
Problems 
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Working 5 2 1 
With Others 

Adjustments 7 4 2 
to Work 
Pressures 

Total Points = 43 

To give you an idea of the great interest in getting 
into programming work, let me mention some data from 
our most recent selection process. 

Nine hundred and sixty-three employees filed appli­
cations in response to a bulletin board advertisement for 
twenty trainee programmer positions. The selection 
criteria was applied to each applicant. The applicants 
were ranked by total points. The twenty trainees were 
selected to attend the training program. These twenty 
employees had 'A' in aptitude test, most were college 
graduates, all had above standard or outstanding on all 
appraisal elements and some had several incentive 
awards. 

N ext, we subject the group to an eight week train­
ing program. It will be described in detail later. Our 
historical data reflects; that only thirteen of the twenty 
will be successful in the training program. This provides 
support for those employers who are extremely cautious 
in their programmer selection and hiring practices. We 
are no exception. Let me summarize the objectives of 
our selection system: 

(a) to identify employees for a career program leading 
to a seniol' supervisory systems analyst, 

(b) to provide the opportunity for in-house employees 
to enter this job stream, and 

(c) to provide the infusion of highly qualified people 
from outside the organization via the Federal 
Service Entrance Examination. 

THE COMPUTER PROGRAMMER TRAINING 
PROGRAM 

Armed with highly qualified internal employees and 
FSEE candidates, as input, we give the candidates a 
rigorous eight week computer programming training 
course. The course has three phases; the first three week 
period consists of presentations on computer funda­
mentals (we use a hypothetical computer as an 
example), introduction to System/360 and assembly 
language coding for S/360. Frequent review quizzes and 
an examination at end of the third week are given. 
A comprehensive evaluation by the course instructors 
of each candidate is then made and unsuccessful 
candidates are cut from the training program. In-house 
employees return to their former jobs, and FSEE 

Figure 4-8ource of programmers at SSA 

WITHIN INPUT NOW 

Headquarters 572 285 
Field Offices 349 141 

WITHOUT 
FSEE 162 81 
OTHER 10 10 

candidates are assigned to other responsible positions in 
the Administration. Approximately, one third of the 
class is phased out at this point. 

The second phase of the training course consists of 
one week of advanced assembly language techniques and 
three weeks of COBOL coding. Several lectures on 
operating system techniques and job control language 
are also covered in this phase. The third phase of the 
course is a series of briefings by members of the 
programming staffs on special systems, techniques, 
administrative writing, operational procedures, stan-· 
dards, etc. (Figure 4) 

Our history of using the training class as a screening 
device has been successful. Since 1955, we have selected 
1083 employees for training, 507 are programming for us 
today, 359 or 33% were phased out or voluntarily 
withdrew during the training course. The remaining 217 
have migrated into other organizations, advanced into 
management positions in other parts of our organization, 
retired or died. In analyzing, where our strength is, in 
terms of the most valuable long term employee, we have 
experienced less turnover in headquarters people than 
field people. Field office personnel seem to have a strain 
of nomad in them which shows up as soon as enough 
experience is gained in programming to make them 
marketable. The cost in attracting the field employee is 
high, since the costs of travel, per diem while in training, 
household moves, etc. are paid to lure him to the 
headquarters installation. For example, from 1959-1964, 
we brought 125 field employees into the headquarters 
for the training program, 46 were cut (37%); of the 
remaining 79 graduates only 26 (20%) are with us today 
in programming work. 

In summing up the training program, our objectives 
are: 

(a) to identify those who can program a digital 
computer, that is, to assimilate, analyze, solve 
problems, code solutions and evaluate results; 

(b) to prepare the trainee for the on-the-job environ­
ment through training in assembly language and 
COBOL and the techniques for using these 
languages. 

The training program is conducted by our own staff 



of administrative specialists. The class is limited to 30 
trainees. The methodology consists of a lecture-problem 
solving sequence which provides sufficient time for 
instructor-student counselling and assistance. The 
manufacturer's manuals are used for reference by the 
trainees. Several problems in each language are compiled 
and analyzed during the course. 

Following the training course, a one year on-the-job 
training phase takes place. During this period the 
trainee is evaluated on his programming assignments. 
The elements used are: 

(a) ability to absorb and retain information, 
(b) originality and creative imagination, 
(c) analytical ability, 
(d) thoroughness, 
(e) initiative, 
(f) industry, 
(g) working with others, 
(h) oral expression, and 
(i) written expression. 

Even after our refined system of selecting program­
mers, we have a few trainees that cannot cope with the 
rigors and frustrations associated with programming 
work. These employees are phased into other staff or 
administrative positions. 

The total system for selecting, training and ultimately 
promoting employees functions under the legal aegis of a 
training agreement approved by the U.S. Civil Service 
Commission. The salary range in this program starts at 
$7,639 at the entry to a maximum of $11,233. Advances 
at one year intervals are provided to $9,320 and then 
to $10,203. These raises are automatic providing satis­
factory performance and meeting the time-in-grade 
requirements. Trainees may enter the stream at any of 
these levels dependent on their present salary level and 
experience. Beyond the $11,233 level, competitive 
promotional procedures are used. 

THE ADP TRAINING STAFF 

For those who can afford their own ADP training 
staff, I like to briefly mention the fruitful experience we 
have had with ours. In the early 1950's, the EAM days, 
we had the need for a variety of training courses in 
machine operation and wiring. One training officer was 
dedicated to the development and tailoring of these 
courses for SSA personnel. 

We soon reaped benefits from this arrangement. 
We. incorporated our own procedures in the training, 
conducted the courses at our convenience at our 
installation. This experience laid the foundation 
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for using our own people for computer programmer and 
operator training in 1956. The amount of training 
needed initially and continuously justified the enlarge­
ment of the staff to the six instructors we have today. 
Last year, over 1,200 employees were trained in 78 
courses of instruction. Our instructors spent over 5,000 
hours in the classroom in the conduct of these courses. 
In addition to the initial training course, we conduct 
courses in FORTRAN, COBOL, OS Concepts, Job 
Control Language and operations courses tailored for 
medium and large scale systems as well as Operating 
Systems training for senior operators and job schedulers. 

The selection of our instructor staff has been based 
primarily on the following criteria: 

1. desire to instruct 
2. high performance In the programmer training 

program 
3. programming ability 
4. strong administrativB skills 

THE FUTURE TASKS 

The problems that we face today with the implemen­
tation of third generation systems, and will face in the 
future with the fourth generation, have their roots in 
the past. The problems of the second generation and 
how they were solved dictate to a large degree how we 
must now proceed. A look at the evolution of automatic 
data processing at Social Security will serve to give an 
appreciation of our current problems. Keeping abreast 
of the processing workloads is not enough, we are 
required to make major changes in our processes each 
time Congress enacts a change to the Social Security Act 
and often the time frame that must be adhered to is not 
of our choosing. Although we have many large jobs, 
large data files, and large volume detailed transactions, 
our conversion effort is not limited to the conversion of a 
few large jobs. Rather, our activities require the running 
of many jobs, both large and small. As mentioned 
earlier, last year we processed over 7,000 jobs: some 
daily, weekly, monthly, quarterly, annually, and some 
were one-time operations. 

With second generation hardware we adhered to the 
concept of integrating the large computers and the 
peripheral systems. That is, keep the big machines going 
with the fastest input/output devices available and 
burden the smaller equipment with the necessary 
editing, formatting, printing, and punching. This 
permeated our every operation-it was a way of life. 
Most of the almost 500 programmers and systems 
analysts grew up with this concept. Each of our 
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programmers was imbued with a consciousness of the 
cost of the operation. He set about· to . maximize the 
utilization of the resources at his command, use all of the 
tape drives and all of the memory in the system to the 
extent that their use made his operation the most 
efficient possible. If he didn't use them, those resources 
would remain idle during the running of that program. 
At the same time, he was aware of the relatively high 
cost of processing a reel of tape, and therefore strove to 
reduce file sizes. Also, he saved tape space with special 
non-standard labels; by combining, where feasible, more 
than one data file on a tape reel; by manipulating the 
memory character to save space when indicators and 
codes were needed; and by using many sizesof.variable 
length records. For example, in our Master Earnings 
file, we indicated the quarter of coverage pattern by the 
use of bit codes over the earnings field. I mentioned 
variable records, our record blocks . vary from 15 
characters to nearly 18,000 characters. To illustrate the 
effect of adding additional characters to each record in 
our large files, if only one character was added to . each 
of our 185 million master earnings accounts that we 
search daily, would result in that file being expanded by 
25 reels of tape. Since the file is processed daily, it 
represents substantial time and cost factors. 

The preceding are some of the facts and considerations 
that have led us to where we are today-in the midst 
of converting to third generation systems. We believe 
that we had a most efficient second generation installa­
tion. We utilized the resources effectively and created a 
smoothly running program. Now, as We move forward, 
we have no choice but. to live with, and to remain 
compatible with, what we created in the past, pending 
redesign of master records and processing systems. The 
biggest problem that faces us in the conversion to the 
third generation is the need to keep the social security 
program running smoothly while making a gradual 
transition. Each month, 25 million beneficiary checks 
must be mailed; new claims for OASDI benefits must be 
processed and added to the beneficiary reels; and the 
utilization of health insurance benefits must be recorded. 

Returning to the training aspect, we find that a 
properly paced education program is the key to . an 
orderly conversion period from second to· third genera.,.. 
tion systems. To date, virtually our entire programming 
staff has received training on third generation systems. 
This training program had some problems· of its own. 
The vetern programmers have·a· wealth of .. knowledge 
and experience with second generation equipment. They 
are skilled in their own fields. They had to start from 
scratch. They had to return to class; learn new 
concepts, . and jargon hardware/software, etc. -in short, 
they (the pros) were trainees. They not only had to learn 
new programming skills, but had to keep current 

operations going full tilt. And all this at a time when we 
are working in a rapidly expanding work environment. 

One of the problems we encountered in training for 
the third generation was the scheduling of people for 
these classes. The people who needed training were also 
needed to keep our day-to-day activities current with 
planned modifications, necessary changes, and scheduled 
commitments. We solved this by conducting half-day 
training sessions. Without in-house training capability, 
training and· conversion would have been seriously 
hindered. 

We envision that in several years a real-time claims 
process . will be available that will permit "instant 
updating"of our master files. To do this we will have 
to eliminate our tape files and the 5,000 mountings 
required each day in our present system. The real-time 
files would take the· form of large scale. random access 
devices· and mass storage devices which are capable of 
supporting a continuous updating process. Response to 
inquiry and.· request for action would be based on the 
most recent data possible which would be instantly 
accessible. For example, we anticipate that a district 
office will be able to request information over a tele­
processing· system and receive a reply in the same day. 
The telecommunications linkage is already available­
all that is needed is a means of instantly tapping the file 
to· retrieve and forward the requested data. From 
75-100 billion bytes of information will have to be 
accessible. Our earnings file alone will probably require 
40 . billion bytes. To support this vast information 
storage. and retrieval system there will need to be high 
speed printers.·or graphic display and photocopy units 
in each district office. The same devices will be used 
in other locations where correspondence is handled or 
where action decisions are made outside of the 
automated system and inputted to the system. The 
same basic capabilities will enable us to process a large 
number of claims in the briefest imaginable time. Data 
will be wired by the district office, the· earnings record 
will be summarized instantly and complete claims 
information will be channelled through to a point 
where, on receipt of a signal that no problem exists, or on 
receipt of correcting information, the payment of 
benefits will be started. 

To support this system of real-time access and in­
stantly updated input, devices will be needed which 
place claims application forms and reports requiring 
action in as direct contact as possible with the EDP 
system. With proper design of input documents and low 
equipment cost,the idea of optical scanning devices in 
district offices will be entertained. . These optical 
scanners, will have to handle not only claims application 
data, but reports prepared by beneficiaries as well. 

As mentioned earlier, the lines of communication 



exist today. With the development of random access 
files and rapid response input/output devices, our ideal 
system can be attained perhaps within the next several 
years. 

In summary, at present, Automatic Data Processing 
in the Social Security Administration is in a highly 
dynamic state of flux from second generation to third 
generation systems. At the same time our sights must 
be on the issues and problems we will face with the 
fourth generation. At the same time and almost in 
spite of this, our basic mission must remain ever 
dominant, the administration of the terms of the Social 
Security Act with all its amendments and related 
legislation in a timely fashion and with due regard for 
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the rights and needs of that segment of the public whom 
we serve. 
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