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The C-840l can be microprogrammed to inter­
pret any main core program instruction repertoire 
( macro program). The repertoire used in the 
message switching system discussed herein 
stresses transfer capabilities and logical manipula­
tions which expedite the processing and routing of 
message data. The capability of the C-840l to 
simulate existing processing systems: will not be 
discussed in this report inasmuch as the capability 
is not exercised in the message switching system 
under discussion. 

PROGRAMMED LOGIC SYSTEM 

The C-840l Processor Programmed Logic Sys­
tem consists of macro instruction interpretation 
micro routines, real time input/ output micro 
routines and a macro assembler. The real time 
input/output micro routines consist of the tele­
type input/output sequence and various periph­
eral I/O buffering sequences, The teletype I/O 
sequence is a continuously active I/O sequence 
which performs the conversion between teletype 
signals and the processing format. Peripheral de­
vices such as the disc file, magnetic tape and high 
speed printer employ micro routines that effect 
block transfers of data between the peripheral 
device and the processor magnetic core storage 
concurrent with the execution of other machine 
operations. 

The macro assembler accepts programs written 
in a human-oriented source language and trans­
lates them into the machine language. This as­
sembler is identified by the acronym COGENT 
(Communications Oriented GENeral Translator). 
The instructions produced by this assembler and 
interpreted by the instruction ilnterpretation 
micro routines are called COGENT instructions. 
COGENT instructions have from zero to four 
operands and extended precision capability. All 
COGENT I/O instructions are single operand in­
structions specifying the direct address of an I/O 
service packet. 

There are three basic disc instructions: 

1. Request status and disc-processor intercon-
nection select 

2. Position arm 

3. Read/write. 

(Note that these instructions are macro instruc­
tions and should not be confused with the pre­
Viously defined disc file commands which are 
used only in the disc file I/O register under micro 
program control.) 

When the first instruction is used, the I/O 
service packet parameter defines the disc-proc­
essor interconnection to be selected. When the 
second instruction is used, the I/O service packet 
parameter defines the arm position to which all 
of the movable heads are to be positioned. 

vVhen the third instruction is used, the I/O 
service packet defines the following parameters: 

L Read or write operation 

2" Read/write head number 

3. Sector number 

4. Main memory address where read or write 
data is to be stored or accessed 

5. Initial parity word. 

This instruction results in the execution of an 
initilate microprogram which selects the proper 
head number, the proper sector number, and the 
read or write mode. When the selected sector 
approaches the read/write heads, a second micro­
program will be executed which will exchange 
data (read or write) with the disc file adapter. 
The time lapse between the initiate microprogram 
and the first execution of the data transfer micro­
program, and between each word transfer of the 
data transfer microprogram, is used for execution 
of other processor sequences. This overlapping of 
the disc file read/write instruction microprogram 
with other processor sequences is enabled through 
periodic tests of the disc file adapter communica­
tion bit in all overlapping microprogram se­
quences. When completion is recognized, control 
is returned to the macro program which originally 
generated the disc instruction. 

Maximum reliability of disc read/write opera­
tion is achieved by using an accumulative spiral 
parity scheme in conjunction with an initial parity 
assignment of a l6-bit code that is unique for each 
cell recorded. This procedure forms the modulo-2 
sum of all 32 data words and the initial parity 
word. The spiral parity characteristic is developed 
by shifting the parity accumulator left one bit 
preceding the modulo-2 addition of each new 
data word. This minimizes the probability of can­
celling errors in specific bit positions. The 33rd 
word written on the sector is the parity word. 
When this data is read from the disc, the same 
initial parity word must be supplied by the macro 
programmer; otherwise a parity error will be indi­
cated by the disc file read microprogram. The use 
of a unique initial parity for each sector of data 
stored minimizes the possibility of disc addressing 
errors not being detected. 
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MESSAGE FLOW THROUGH SYSTEM 

A diagram illustration of message traffic flow 
through the system is shown in Figure 3. The 
teletype I/O sequence interrogates incoming tele­
type lines to detect the presence of character bits. 
These bits are assembled into five-bit baudot 
characters and packed three characters per com­
puter word. These words are then stored into 32-
word bins in MCS (magnetic core storage). The 
teletype I/O sequence must also output messages 
to the outgoing teletype lines in a fashion similar 
to inputting. 

When the first word of a message is assembled, 
the teletype I/O sequence must determine an 
MCS storage location for the message. A bin 
availability table consisting initially of the MCS 
addresses of 512 bins is used for assigning buffer 
storage locations for messages or parts of mes­
sages. A message averages about four bins in 
length. Therefore each bin of a message, except 
the last, must be chained to the next bin of the 
same message since the bins are not necessarily 
contiguous in MCS. An MCS chaining address is 
supplied by the teletype I/O sequence in the 32nd 
word of each bin of the message, except the last. 

After a message bin is filled, the traffic storage 
routine replaces the MCS chaining address with 
a disc file chaining address. The traffic storage 
routine looks up the disc file address previously 
assigned to this bin, generates an I/O service 
packet, and transfers control to the peripheral 
I/O service routine. 

Disc file addresses are pre-assigned in a sequen­
tial order such that all cells of each arm position 
are assigned before assigning the cells of the next 
sequential arm position. This tends to minimize 
positioning time and assures that all cells within 
each arm position will be used. This also assures 
a relatively constant disc file "lifetime" of all 
messages. Each bin is written as it is filled and 
each hin area of MCS is then made available for 
other messages by placing the bin address in the 
bin availability table. 

The first bin of a message contains message 
header information regarding the sending station 
and each receiver station's address. 

The message editing routine checks for proper 
format and provides to the message routing rou­
tine a list of all receiving station addresses, the 
message priority, and other header information. 
The outgoing line number for each station address 
is determined by the message routing routine. 
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The output message queueing routine makes the 
a.ppropriate entries, according to priority class, in 
the outgoing message queue table for each tele­
type line to which the message is to be sent. 

A station address consists of a variable number 
of mnemonic characters (2-8). The routing pro­
cedure is complicated by many rules involved 
and many exceptions to these rules. Approxi­
mately 10,000 computer words are required for 
the routing tables. In some cases several accesses 
to these tables are necessary before the outgoing 
line number is determined. These tables are used 
frequently and are stored on the fixed head area 
of disc for fast access purposes. 

The output line service routine must monitor 
all outgoing lines and supply the teletype I/O 
sequence with data to be outputted if a message 
is waiting in queue for the line. Once a message 
has been started on an outgoing line, each suc­
ceeding bin must be in M CS by the time the tele­
type I/O sequence has finished with the current 
bin; however, the new bin will not be brought to 
MCS from disc too soon or MCS space will be un­
necessarily wasted. 

Once a message has been sent over an outgoing 
teletype line, this message becomes a part of the 
historical file. It must remain on the disc file for 
at least 24 hours in case the receiving stations or 
the sending station wish a fast recall of the mes­
sage. Before the message is overwritten on the 
disc, it is transferred to magnetic tape where it is 
available for recall for a period of 30 days. The 
history routine generates the necessary locator 
tables and also transfers messages from disc to 
magnetic tape. One track (16 cells) from disc 
is written as one record on magnetic tape. The 
retrieval routine has the ability to locate and re­
trieve any message in the historical file. 

PERIPHERAL INPUT/OUTPUT CONTROL 

All disc read and write requests must be made 
to the peripheral I/O control routine. The large 
volume of data that must be handled requires 
that efficient use be made of each disc revolution. 
This is accomplished by queueing all requests. 
Entries to this queue are arranged (sorted) by 
arm position and sector. Head and read/write 
selection is not important as far as queueing 
read/write requests are concerned since sufficient 
time exists within the intersector gap for selecting 
the head and the read/write mode. The position 
of the disc can be determined by interrogating 
the adapter. Thus the execution of read or write 
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STATUS WORD 

"\ 

MAIN CORE STORAGE LOCATION ) 
Required by the disc 
file I/O Op-codes 

INITIAL PARITY WORD 
INDo BITS I HEAD I SECTOR 

ARM I~ NUMBER OF BINS I 
CHAIN ADDRESS TO NEXT PACKET 

\. Required by the Peripheral 
Input/Output Control Routine 
in addition to the first 4 words. 

INPUT/OUTPUT SERVICE PACKET 

Figure .c1~ 

requests may start at the next sector to pass 
under the read/write heads. 

Provisions are also included for handling pri­
ority requests. This feature is used whenever 
processing must be delayed until a read or write 
operation is complete. Two examples are when 
reading routing tables from the fixed heads, and 
when reading a routine from disc to overlay an 
existing routine. This last read is necessary since 
the 32K main core memory used in this system is 
not large enough for all the switching routines 
and MCS table storage requirements. 

A routine initiating a read or write request 
must build an I/O service packet and then trans­
fer control to the peripheral I/O control routine. 
The packet contains all parameters relating to the 
I/O request. These include: 1) the arm, head, 
and sector address; 2) the number of successive 
disc cells or MCS bins involved; 3) a read/write 
indicator; 4) a priority operation indicator; 5) a 
bin availability table indicator; 6) a status word; 
7) an initial parity word; and 8) a word used to 
chain packets in the I/O queue which fall within 
the same sector and same arm position. 

Upon completion of a disc read or write opera­
tion, status information is left in the first word 
of the packet. The routine originating the request 
must test specific status bits to determine if the 
operation is complete or if an error occurred. This 
status information will also identify the next disc 
sector that can be accessed, the current disc-proc­
essor interconnection and the dynamic state of the 
movable heads. 

The disc I/O op-codes are designed to transfer 
only one 32-word bin between disc and MCS per 
read or write instruction. By giving the total num­
ber of bins involved in the operation, the request­
ing routine is relieved of having to call for each 
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group of 32 words individually. Peripheral I/O 
control will provide for this ability. An indicator 
is available which will cause bin addresses to be 
released to the bin availability table following a 
write or which will cause bin addresses to be 
obtained for storage of messages. 

The routine requesting a read or write need not 
worry about the status of the disc files or the 
position of the arm. This is also taken care of by 
the peripheral I/O control routine. The packet 
supplied to the peripheral I/O control routine con­
tains the necessary information that is needed by 
the disc I/O op-code to perform a read or write 
and sufficient additional infonnation for house­
keeping functions within the peripheral I/O con­
trol routine. 

An important reliability feature of the disc file 
system involves the use of an initial parity word 
when reading or writing message traffic. The 
initial parity word is derived from an identifica­
tion code such that each bin of each message is 
uniquely (limited by 16-bit word) identified and 
the identification of each successive bin is easily 
computed from the previous identification. When 
reading back message traffic the same initial 
parity word is used as when writing. 

After initiating an I/O operation, peripheral 
I/O control releases control to the routine initiat­
ing the request so that other processing can be 
performed while the I/O operation is being com­
pleted. When the disc I/O op-codes complete 
their function, an interrupt of the SWitching rou­
tines takes place. Control is then given to peri­
pheral I/O control so that another I/O operation 
can be initiated, or if an error condition occurred, 
an attempt can be made to recover from the error 
condition. 



Other features of the peripheral I/O control 
routine are listed as follows: 

1. All data are written on two disc files, for 
backup reasons, and then read back to in­
sure that data were written properly. If a 
parity error is detected after the read-back 
from either disc, the data are written in an 
alternate location on the affected disc and 
an entry is made in an alternate cell table. 
The completion bit in the I/O service packet 
is set when both writes and read-backs are 
completed successfully from both disc files. 

2. Alternate cell tables are maintained for each 
disc file and each arm position. These tables 
are stored in the fixed head area of the asso­
ciated disc file. During arm positioning 
time, the table corresponding to the old arm 
position is written to disc and the table 
corresponding to the new arm position is 
read into MCS. Each entry in one of these 
32-word tables correspOI:lds to an alternate 
head and sector which is reserved for record­
ing data which cannot be correctly recorded 
at the packet address specified by the user 
routine. Each entry, if occupied, will con­
tain the disc address (head, sector) of a cell 
for which a failure occurred. Thereafter, if 
a read failure occurs, the peripheral I/O 
control routine will search this table to de­
termine if the data were relocated. Thus 
the SWitching routines need not be con­
cerned whether or not the data have been 
relocated. The relocation of data that do not 
give a correct read-after-write check pro­
vides a practical solution to the inherent 
disc file problem of "bad spots'!'. 

3. A read will be attempted X times (X being 
a parameter), if necessary, in order to get 

a good read without a parity error. The 
completion bit in the packet will be set when 
the read is accomplished successfully or after 
X attempts have been made to read from 
each disc file. The error bit will be set if 
an error exists after the last read. 

4. All disc file-processor interconnection 
switching is initiated by this program. One 
disc file is treated as the master and the 
other as the slave. All reading will be at­
tempted from the master disc file first. If 
the read is unsuccessful after X attempts, it 
is tried from the slave disc file. The slave 
disc file is used as backup for the master, 
and will take its place if the master is taken 
off line for maintenance or because of 
failure. 

CONCLUSIONS 

The important factors we discussed concerning 
the application of a disc file to message switching 
systems are summarized below: 

1. Sufficient storage capacity for immediate 
message retrieval requirements. 

2. A comprehensive disc file I/O queueing rou­
tine operating in conjunction with an effi­
cient disc file data organization scheme to 
handle the volume of message data without 
requiring exorbitant MCS storage. 

3. Protection against catastrophic failure of the 
disc by the use of a redundant disc file 
system. 

4. Error control by the use of an effective error 
checking scheme, read back after write, re­
location of data away from temporary and 
permanent ''bad spots", and backup of data 
retrieval with the redundant disc file. 
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by R. W. Carriker* 
UNIVAC-Division of Sperry Rand Corporation 

Aerospace Industries Branch 
Los Angeles, California 

UNIVAC FASTRAND Mass Storage 

A UNIV AC 490 Subsystelll 

THE UNIVAC DIVISION of the Sperry Rand Cor­
poration announced on December 26,1962 a new 
dual-drum mass storage device known as FAST­
RAND, a subsystem for the 490 Real Time Com­
puter .. 

F ASTRAND mass storage units have a capacity 
of 64,880,640 characters each. Average access 
time is 92 milliseconds to a fixed length sector of 
165 six-bit characters, recorded in bit serial 
manner. 

Each F ASTRAND unit consists of two drums 
revolving at 870 rpm; the drums are contained in 
a cabinet measuring 122 inches long, 33 inches 
wide, and 63-3/8 inches high. Sixty-four flying 
heads mounted on flexure springs are used to 
search the rotating drums for desired information. 

Very few moving parts are utilized to position 
all 64 heads in each unit. Positioning is accom­
plished through use of a linear transducer directly 
coupled to the positioning carriage on which the 
heads are mounted. Only 11 bearing surfaces are 
employed in each F ASTRAND unit. Two motors, 
one integrally mounted to each drum, are used 
to drive the system, which is completely self-con­
tained with its own power supply. 

Existing programming packages will operate 
with the F ASTRAND mass storage subsystem. 

This report explains how the F ASTRAND mass 
storage subsystem is organized and how com­
munication between F ASTRAND and the com­
puter is effected. 

SYSTEM ORGANIZATION 

File units 

A FASTRAND mass storage subsystem is com­
posed of from one to eight F ASTRAND storage 
units and a F ASTRAND control cabinet. The 
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control cabinet includes a control unit and a chan­
nel synchronizer. These units provide the com­
puter system with the capability to store in excess 
of 500,000,000 characters of information per in­
put/ output channel. A storage unit, containing 
two drums in one cabinet, is treated as one phys­
ilcal and logical unit. 

Data format and access 

Data is recorded in a bit serial manner in fixed 
]length sectors of 165 six-bit characters; an equiv­
alent of 33 complete UNIVAC 490 words. The 
data are organized to provide continuous binary 
addressing through anyone storage unit. A stor­
age unit is composed of two drums and 64 data 
heads, each of which may be positioned to any 
one of 96 tracks. Each track has 64 thirty-three 
word sectors. All data heads move simulta­
neously. Anyone storage unit has 393,216 sectors 
of 165 characters per sector. This produces a 
capacity per unit of 64,880,640 characters. A 
FASTRAND unit revolves at 870 rpm. The maxi­
mum latency time is one drum revolution or 70 
milliseconds; the mean latency is one half drum 
revolution or 35 milliseconds. The maximum time 
to access or position a data head is 86 milliseconds. 
The mean time to position a head is 57 milli­
seconds and the minimum time to reactivate a 
head already positioned is five milliseconds. 

The lookup time is the sum of the latency plus 
access time. Maximum lookup time, therefore, is 
156 milliseconds; mean lookup time is 92 milli­
seconds. Thirty milliseconds are required to 
move from track to track. When reading or writ­
ing continuously, 20 microseconds are required 
to switch data heads. A "Position" function code 
positions all the read/write heads to the desired 

(I Mr. Carriker has since left the employ of UNIVAC. 



track where they remain until the unit has been 
re-addressed to a different position. Independent 
simultaneous movement of the positioners on all 
the cabinets connected to one control unit is 
possible, because as soon as the positioning has 
been started, the subsystem is released for opera­
tion with the other units. 

Track format 

A variable interlace is provided and must be 
specified before delivery. These options are: 

Interlace 

3 
7 
9 

21 

Data checking 

Skip,.Read 

2-1 
6-1 
8-1 

2~O-1 

Data are checked on a sector basis by the "Data 
Check Generator Method". This method not only 
incorporates effective error detection but also re­
:liable data coverage ability as well. During the 
write operation the F ASTRAND subsystem gen­
erates and writes data check character for each 
sector of data received for storage. The check 
character will be used by the" data recovery rou­
tine should no errors be detected when reading 
this information. 

Addressing 

Addressing is binary continuous through an 
entire unit, each individual number defining a dis­
crete sector of data. Any invalid or non-existent 
addresses in a subsystem are detected and the 
computer is notified by a status word. The ad­
dressing scheme is as follows: 

3 bits 
Unit 

8 bits 
Position 

61~ 
Head I 

~------.~--------~---

Functions 

6 bit~1 
Sect(~ 

A six-bit function code is located in the high 
order portion of the function word. The starting 
address of the function is 23 bits positioned in the 
]lowest order positions of the function word. 

1. Positioning 
The position function positions the 
read/write heads on the desired track. Only 
the unit and track portion of the address is 
significant. 

2. Read 
The read function causes data to be read 
and transferred to the computer contin­
uously, starting at the specified address and 
continuing until terminated by one of the 
following: 

a. Terminate function 
b. Time out 
c. Parity error 
d. Sector length 
e. End of position input 
f. Address error 
g. Control unit sequence error. 

An interrupt and appropriate status word 
is generated for all of the above. 

3. Write 
The write function causes data to be written 
continuously from the computer, starting 
from the specified address and continuing 
until terminated by one of the following: 

a. Terminate function 
b. Normal ending 
c. Sector length error 
d. End of position output 
e. Error address 
f. Control unit sequence error. 

If a full sector of data is not transferred with­
in the time allowed, the data transferred 
are recorded and the remainder of the 
sector is padded out with zero bits and cor­
rect parity. Upon completing the writing, 
an interrupt and appropriate status word is 
generated. Note that the read and write 
functions are both continuous functions and 
a number of sectors can be read or recorded 
with one function. 

4. Search 
a. Identifier 

Initiation of the search function requires 
a transfer to the mass storage control 
unit from the computer of a search 
function word followed by an identifier 
word. 

b. First word 
The search first word function causes the 
first word of each sector starting at the 
specified address to be transferred to the 
synchronizer for comparison with an 
identifier word. When a positive com­
pare is made, the sector is read im-
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mediately (without another drum revolu­
tion) and transferred to the computer 
starting with the first word in the sector 
as in a normal read function following 
the same rules. If a negative compare is 
made, the search is automatically con­
tinued to the first word of the next sec­
tor and so on until the positive compare 
is made or the function is stopped by 
one of the following: 

1) Terminate function 
2) Parity error 
3) End of position input 
4) Address error 
5) Control unit sequence error 
6) Sector length error. 

An interrupt and appropriate status word 
is generated for any of the above. 

c. All words 

The search all words function is similar 
to the search first word function except 
that all words in the sector are compared. 

d. Length of search 

If a positive compare is not made in a 
search operation between the time the 
last addressed sector of a track has been 
searched, the function is terminated and 
the computer so notified. An appropriate 
interrupt and end of position status word 
is sent to the computer. 

5. Write lockout 

Provision is made to optionally inhibit writ­
ing in the first 4,096 consecutively addressed 
sectors starting with address zero. This 
option is effected by a key-lock switch. 

In addition to the position function, the read, 
write, search first word, and search all word 
functions cause the read/write heads to position 
to the specified track address. Position confirma­
tion is made to assure that the track address and 
the track used are identical. 

ERROR AND STATUS CONDITIONS 

Various error and status conditions are gen­
erated for the computer as defined under the 
given functions and specifically a unique status 
wDrd is generated fDr each: 

Parity error 
This errDr is develDped during reading Dr search 

operatiDns only. Reading is nDt interrupted in a 
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sectDr fDr parity conditiDns. Reading cDntinues 
until the end Df the sectDr at which time a parity 
indication is made by means Df an interrupt and 
status wDrd which is sent to' the cDmputer. 

Address error 

IncDrrect Dr impDssible address. 

Sector length error 

SectDr recDrded incDrrectly. 

U noperable condition 

Unit nDt Dperating prDperly. 

Invalid function code 

FunctiDn cDde nDt recDgnized by the cDntrDI 
unit. 

Invalid address 

IncDrrect Dr impDssible CDre address. 

Channel synchronizer 

Sequence Dr Dperational errDr in synchrDnizer. 

Channel synchronizer character error 

Time out 

Time Dut errDr indicates that data have nDt been 
accepted by the cDmputer within the allDtted time. 
If the cDmputer dDes nDt keep up with the speci­
fied data rate Df the file fDr the given interlace, 
the functiDn is terminated. The status wDrd CDn­

tains the address Df the sectDr in which the time 
Dut Dccurred. TherefDre, all read or successful 
search functiDns will nDrmally end with a time out 
which will generate a status wDrd with the address 
Df the last sectDr read. This is due to' the fact that 
these functiDns are cDntinuDus and that the func­
tion is terminated by the computer buffer area 
being exhausted and the subsequent DUtput 

channel terminatiDn causing the cDntrDI unit to' 

time DUt. 

Normal ending 

This will Dnly occur on a write function. When 
an interrupt is requested with the write functiDn 
Dn cDmpletiDn of the functiDn, an interrupt and 
nDrmal ending status wDrd is sent to' the cDmputer. 
If nO' interrupt is requested, the function is ter­
minated and nO' indicatiDn made. 

End of position 

During the executiDn Df a function when the 
address is advanced to' a pDint which requires 



repositioning of the read/write heads in order to 
continue, the function is terminated and the condi­
tion indicated to the computer with a status word. 
This status word contains the address of the first 
sector at the new position. The function must be 
resubmitted to the control unit with a new 
address. 

End of position output 

During the execution of the function when the 
address is advanced to a point which requires re-

positioning of the read/write head in order to 
continue, the function is terminated and the con­
dition indicated to the computer with the status 
word (no address). The function must be resub­
mitted to the control unit with a new address. 

The F ASTRAND mass storage units rent for 
$3,300 a month each and sell for $160,000. The 
F ASTRAND control and synchronizer rents for 
$2,750 a month each and sells for $135,000. 
Availability is nine months. 
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by Emory A. Coil 
and 

Simon A. Goodman* 
Librascope Division 

General Precision, Inc. 
Glendale, California 

Librascope Mass Metnory -
A "W orking" Storage Systetn 

THIS PAPER describes a new mass memory sys­
tem that provides the user with fast and highly 
flexible access to a large data base. The most 
significant attribute of this system is its ability to 
do much of the "work" of a processor. 

Retrieval is accomplished on the basis of con­
tent alone. The system provides a full comple­
ment of logical criteria with which to perform 
the search. 

Data may be retrieved and recorded without 
concern as to physical location. 

The computer industry has long needed a bulk 
storage media that does not require extensive soft­
ware systems, conversion of existing document 
identification and predetermination of query. 

The Librascope Mass Memory satisfies the 
aforementioned requirement, through its ability 
to locate data on the basis of content, where it 
may be specified that the content qualify accord­
ing to one or all of a full complement of logical 
criteria. 

PHYSICAL CONFIGURATION 

The mass memory consists of six discs, 48 inches 
in diameter, rotating at a rate of 900 rpm. Fixed 
heads are employed for reading and writing of 
all data, so that access speeds are similar to those 
attained with drum memories. 

Associated with the actual discs within the Mass 
Memory unit itself, are a high speed core buffer, 
switching and control logic, and extensive error 
checking facilities. The overall dimensions of the 
unit are 5' x 5' x 3', 1,500 pounds; power require­
ment: is 22w, 60.....-, 30. 

The data within a mass memory module are 
subdivided into zones (only one zone is actually 
being implemented in those units currently under 
construction) . Each zone consists of two twins 
which can be operated either independently of or 
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in parallel, under program option. This latter 
feature provides the capability of dual recording 
and retrieval of any critical data without loss of 
time. The information is thus safeguarded against 
loss due to electronic failure. 

Each twin includes 60 files; each file consists 
of 1,350 blocks, where each block contains 128 
alphanumeric characters, for a total capacity of 
19,736,000 characters. The system can be ex­
panded to a maximum capacity of 1,161,216,000 
characters. The block is the basic unit of data 
to be transferred between the mass memory and 
the central processor. One file is the amount of 
information which can be examined during a 
single revolution of the unit. This can best be 
understood through a consideration of the ar­
rangement of data within a given file. 

PHILOSOPHY 

The concept employed by Librascope in the 
pastl and retained in the unit under discussion 
has been separation, by hardware means, of each 
data block into two portions. The primary part 
(in this case the first 18 characters of each 128 
character block) is written into a special band, 
common to all blocks of the file. This creates a 
configuration analogous to a group of folders 
(blocks) in a file cabinet drawer (file). Each 
folder has a tab on which identifying information 
is written and all tabs are physically located so 
as to be easily readable. 

The actual procedure by which the Librascope 
central processing unit retrieves information from 
its mass memory unit ( s) follows this analogy ex­
actly. The program loads three registers of 128 
characters each which are phYSically contained 

iQ< Now members of the staff of Informatics, Inc. 
1 Coil, E. A., "A Multi-Addressable Random Access File 
System", 1960 IRE WESCON Convention Record, Part 4, 
pp.42-47. 



within the core buffer portion of the mass mem­
ory. These registers, "Key", "Mask", and "Con­
trol", specify to the mass memory all criteria for 
identifying and transferring the desired data. The 
relevant portions of the contents of each data 
block (as specified by the mask) are compared 
against the key in the manner determined by the 
control for each individual field. The types of 
comparison which may be ordered in any com­
bination on any combination of data fields within 
the block are: 

1. Content of the specified data field equal to 
corresponding masked key 

2. Content of the specified data field not equal 
to corresponding masked key 

3. Content of the specified data field greater 
than corresponding masked key 

4. Content of the specified data field less than 
corresponding masked key 

5. Content of the specified data field between 
specified upper and lower bounds. 

When a file search is ordered, the mass memory 
examines the 18 character "tab" portion of every 
block of an entire file during one revolution time. 
][f all criteri.a are satisfied, then the entire block is 
transferred to the core buffer and the remaining 
(secondary) fields are checked. If all criteria 
are again satisfied, then those fields designated by 
the control register are transfened to the central 
processor. It is significant that only the desired 
data are read in, as opposed to automatically read­
ing the entire block. It is possible, in fact, to 
merely count the blocks which satisfy given con­
ditions without actually transferring anything. 

It is pOSSible, under program option, to read 
in the fixed addresses of matching blocks. 

The prograln is able, either by special instruc­
tion or automatically at the time of reading 
(optional) to mark any block position as avail­
able for re-use. This being done, the central 
processor can turn over to mass memory the entire 
task (or any part of it) of locating the positions 
into which new data are to be written. 

The discussion thus far has been limited to data 
retrieval on a content basis. Although this is 
certainly the most significant feature of the mass 
memory unit, it should be noted that a full com­
plement of conventional fixed address instructions 
are also available. Whenever convenient the 
Librascope Mass Memory can also be operated 
in this manner. 

UTILIZATION 

The design of the Librascope Mass Memory is 
based on overcoming the restrictive ordering, key 
translation, predetermination of query and access 
time that have been imposed on the user of con­
ventional disc equipment. 

The following is a short description of the man­
ner in which the aforementioned problems can be 
solved through the use of the mass memory. 

a. Order'ing 

On conventional systems it is necessary to 
serially order information, so that records 
that use a file space that is greater than one 
hardware block may be retrieved. Through 
the use of content search, sub-blocks of 
any given record may be retrieved by includ­
ing in their key, a classification flag; thus 
they may be retrieved individually, in part, 
whole, or along with the rest of the record. 

b. Key translation 

Through the use of content search, it is no 
longer necessary to convert existing docu­
ment identification and numbering systems. 

c. Predetermination of query 

Since any combination of relationships may 
be specified by using the search criteria, 
large. and restrictive indexing systems are 
no longer necessary. 

d. Access time 

Average access time for content search on 
primary key is 33.3 milliseconds. 

e. Selective data transfer 

It is particularly significant that only the 
desired data are read in. Other disc systems 
have a limited version of this capability, 
however they require the use of special 
characters and combinations of characters to 
be recorded in file, using valuable space, 
creating significant debugging problems, 
and magnifying the problem of system 
changes and growth, which is an inherent 
requirement of every data processing sys­
tem. 

In light of its particularly powerful retrieval 
facilities and the fact that only a minimal amount 
of ordering is required, the Librascope Mass 
Memory lends itself to the speedy and efficient 
implementation of information retrieval and 
maintenance applications, particularly real time. 
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NCR's Card Randonl Access Metnory 
(CRAM) 

THE NCR 315 SYSTEM with CRAM was announced 
in 1960 and since that time has been impressive 
both within the electronics data processing indus­
try and in sales. 

The success of the CRAM is based mainly on 
the following factors: 

l. It is a unique device which was the first 
to combine low cost file storage and effi­
ciency for both random and sequential 
processing. This is in addition to providing 
relatively low cost off line file storage cap­
ability. 

2. In addition to being a low cost unit the 
CRA~1 is the main factor in providing lower 
total system costs. The typical 315 CRAM 
systems have fewer handlers than typical 
tape systems. 

3. It is a proven device with a great deal of 
potential for future development. 

The 315 system can be classified as a low to 
medium cost general purpose data processing 
system with its major market being in commercial 
data processing areas. 

REVIEW OF CHARACTERISTICS 
AND OPERATION 

The following summary of characteristics and 
operation is presented in order to provide a better 
understanding of the CRAM with its advantagcs 
and potential in current and future data process­
ing systems. 

Physical description 

Handler: 

Cabinet dimensions 
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35 inches wide; 24 inches deep; 60 inches 
high 

Card: 
Dimensions 

Length: 14 inches 
Width: 3.25 inches 
Thickness: .0056 inches (.005 inch Mylar 
base) 

Coding 
Eight binary-coded notches at top of each 
card provide unique addresses for a full 
magazine of 256 cards. 

Recording density 

250 bits per inch 

Card speed 
400 inches per second 

Data format 
Channels/card: 7 
Tracks/channel: 8 
Six bit alphanumeric character recorded in 
parallel across each channel with clock bit 
and parity bit. 

Maximum capacity 

Channels: 
Card: 
Magazine: 
NCR 315 System 

-16 units: 

Off Line: 

Timing 

Average Access: 

No. of Alphanumeric Decimal 
Cards Characters Digits 

3,100 4,650 
21,700 32,550 

256 5,555,200 8,332,800 

4,096 88,883,200 133,324,800 

Unlimited 

Card access time: Approximately one-fifth of a 
second 

Re-access (average rotational delay): 23 milli­
seconds (one half of card rotational time) 



Transfer Rate: 

Instantaneous: 100,000 characters/second 
Block transfer: Approximately 65,000 charac­
ters/ second 

Operation 

When loaded into a CRAM unit the cards hang 
from eight rods which may be turned in such a 
way as to cause only one of the cards to be re­
leased. Each card has a set of binary coded 
notches which permits automatic selection, at ran­
dom, of anyone of 256 cards from the CRAM 
magazine. 

After the card is released it is allowed to fall 
freely until it reaches a rotating drum, and the 
card is then accelerated to the surface speed of 
the drum, 400 inches/second. Shortly after at­
taining this speed the leading edge of the card 
reaches the read-write heads. The read head, 
besides its normal function of reading, is also 
used to perform an immediate check after writ­
ing. 

After reading or writing, the card may remain 
on the drum, or it may be released and returned 
to the magazine. If a card that is on the drum 
has not been released by instructions or has not 
been accessed for 750 milliseconds, the card will 
automatically be returned to the magazine. When 
the card is released, momentum sends the card 
through the raceway and into the magazine. The 
loader plate then pushes the card back onto the 
selection rods. 

ADVANTAGES OF CRAM SYSTEMS 

1Performance 

The CRAM is a flexible device which is effi­
cient in applications involving the following types 
of jobs. 

1. File maintenance, both in line and batch 
processing 

2. Sorting 
3. Inquiry 
4. Compiling 
5. Many other data retrieval and manipulation 

jobs. 

The CRAM may be used effidently in the three 
basic file updating techniques of random, serial 
selective and serial copy. Since most data process­
jlng problems do not require clear cut versions of 
any of these, the CRAM can be used to blend 
1rhese methods into an optimally efficient system. 

For random file processing, commonly used ad­
dressing methods are employed to select a CRAM 
unit, drop a card, and then read a channel. These 
methods include the use of directories, direct ad­
dressing or calculated addresses. 

The CRAM has built into it the capability of 
having various levels of simultaneity of data ac­
cess without the expense of controllers or syn­
chronizers. For example, in a single CRAM there 
may be three active cards at one time in the fol­
lowing stages of activity: 

a. A card may have been just released from the 
magazine area. 

b. A card may be in the process of being read 
or written onto. 

c. A card may be returning to the magazine 
area. 

Furthermore, in multiple CRAM installations 
these same operations may be taking place simul­
taneously in more than one handler. Theoretical­
ly up to 16 CRAM's may be in various stages of 
operation simultaneously. 

This simultaneity is facilitated by combining 
the use of photocells in a CRAM unit with the 
interrupt and branching features of the 315. That 
is, as the leading edge of a card approaches the 
read/write heads an automatic program interrupt 
occurs. This flexibility is extremely useful in on 
line inquiry applications. 

Storage capacity and costs 

A 315 CRAM system may include just one 
CRAM unit initially having 5.6 million characters 
of on line storage. This same system is capable 
of expanding to 16 units or 88.9 million characters 
of on line storage, thus providing on line storage 
costs of only $.172/1,000 characters per month. 

Off line storage costs are also quite low. The 
cost per character for off line storage ranges from 
$.027/1,000 characters to $.035/1,000 characters 
depending on whether one card or 256 cards com­
plete with canister and dust cover are stored. 

The same features which facilitate low cost off 
line data storage also provide for low mailing 
costs and less space for physical media storage. 

Other advantages 

1. On a one-CRAM data processing system it 
is quite a simple task to duplicate a CRAM 
card and physically remove that card and 
place it in another magazine. This is ex-
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tremely useful when various files use the 
same transactions for file updating purposes. 
Rather than just copy the transactions they 
would most likely be re-sorted into a se­
quence which would be most useful to the 
destination file; in either case the advant­
ages are obvious. 

2. Reliability and Backup 
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The CRAM does not have the problems 
associated with mechanical movement of a 
head assembly, the only mechanics involved 
in card selection being the positioning of 
selection rods. 

The removable file concept provides back­
up capability in case one of the CRAM units 
becomes inoperative. The magazine on that 

unit can easily be removed and mounted on 
a spare unit, thus making the data available 
to the system with a minimum of down 
time. 

3. In most instance it is necessary to check 
that data have been written on a file correct­
ly. The CRAM does both the writing and 
checking operations in one card revolution. 
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