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Abstract: The  IBM  Magnetic  Tape SELECTRIC Composer (MT/SC) is a direct-impression (or “cold-type”)  typesetting  system  that 
combines the recording  capabilities  and  automatic  operation of the Magnetic Tape SELECTRIC Typewriter  with the  proportional  spacing, 
justification  and  multiple-type-size  features of the SELECTRIC Composer.  Intended to permit  high-volume,  high-quality  composition 
at moderate  cost  for  users of  offset  printing  methods,  its  design and development are described  in  this  paper. 

Introduction 
The IBM Magnetic Tape SELECTRIC Composer (MT/SC) 
has been designed to provide for  the printing  industry  a 
direct impression typesetting system whose output  is com- 
parable with hot type in print quality. The requirements to 
be met included, of course, those expected for any  compos- 
ing system-variable type size and style, multiple format 
capability, proportional spacing, and line justification, but 
it was also desirable to accommodate high-volume applica- 
tions (newspaper work, for example) and minimize the time 
spent in keyboarding. To accomplish this, requirements for 
revision and  error correction, for recording and playback, 
and for  automatic justification, were added to the design 
objectives. 

Several of the needed capabilities were already available. 
The ability to vary type style and a mechanism suitable for 
high speed operation were provided by the  IBM SELECTRIC 

Typewriter. The Magnetic Tape SELECTRIC Typewriter 
(MT/ST)  added recording, playback, and  the capability of 
rapid  error-correction and revision. The SELECTRIC Com- 
poser,l also  in development at  the time, added variable 
type size and line justification but lacked a recording capa- 
bility. It remained, therefore, to combine these functions 
in  one  moderate-cost system. 

The following new features were needed: 

A new output unit. The existing MT/ST, with the control 
380 code modifications discussed below, was found  quite suita- 
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ble as  an  input station for  the system. However, because 
input rates are bounded by operator speed  while output 
rates  (on an independent output unit) need be bound only 
by signal rates and mechanical limitations of the  printer, it 
was decided to design a  separate  unit  for use as an  output 
station.  This would consist of a  tape  reader, a control unit 
whose control code set had to be compatible with that of 
the  input station, and a SELECTRIC Composer linked to  the 
control unit through an electromechanical transducer. 

The separation of input  and  output stations  also had 
other advantages. The  input  operator would not need to 
control format, justification, or changes in type size except 
by entering appropriate instruction codes, while the  output 
station would not receive copy until all pre-proof error 
correction and revision had been completed. The  output 
operator would need to intervene only for paper loading, 
type font changes, and hyphenation decisions. 

An expanded control code set. The basic elements for re- 
cording, playback and  error correction were the magnetic 
tape unit and the associated control logic and internal  con- 
trol code set of the MT/ST. For  the  MT/SC, however, 
new interpretations of certain control codes were required 
to accommodate  formatting  operations and justification. 
The MT/ST reference code had  to be retained, and all 
appropriate  control codes had to be accommodated in the 
output station control unit. 
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Automatic justification. In the SELECTRIC Composer  the 
justification function is semiautomatic2; the machine com- 
putes the  amount of line-end space to be filled but the 
operator must set a  dial and retype the line to justify. A 
more  automatic procedure was  needed for the  MT/SC, and 
a scheme was devised wherein ordinary justification and line 
expansion would be automatic. The  output station operator 
would be required only to make the hyphenation decision 
causing, at most,  a  portion of one word to be printed  (the 
word being hyphenated) for each decision. 

A means (discussed below) was found to  adapt this 
scheme to  the SELECTRIC Composer  without mechanically 
modifying that machine. 

As work proceeded, certain other  constraints had to be 
borne in  mind. It was necessary, for example, to retain the 
ease of original keyboarding and related error correction 
capabilities and  the capacity for successive author altera- 
tions that were offered by the MT/ST. Also, there was 
some possibility of “overdesign.” Internal  data flow rates 
and signal delays would not be  efficient nor economical if 
they greatly exceeded the mechanical capacity of the key- 
boards  and printer, and although speed and  output capacity 
were important, these were not to be obtained by sacrificing 
print quality. 

This paper describes the MT/SC system and explains 
its design. A general description is given in the next section, 
followed by a section on internal  organization  in which the 
important design decisions are reviewed, and a section on 
adaptation of the SELECTRIC Composer. Finally there is a 
discussion of system efficiency and generalized cost-per- 
formance,  in which the MT/SC is compared with larger 
and smaller cold-type systems. 

MT/SC system 
A typical configuration for the MT/SC is diagrammed in 
Fig. 1 ;  Fig. 2 is a  photograph of the same version. The 
input  station may  be an  MT/ST Model  V or a modified 
Model I1 or IV. The  output station consists of a two-station 
tape  reader,  a console containing all the circuitry necessary 
for justification and  other composition  functions, and a 
modified SELECTRIC Composer as  the printer. 

Each  unit  can be used alone when appropriate. MT/ST 
Model I1 and IV input stations  can  be used for playback 
error correction and revision, while the Composer  station 
has a  keyboard and can receive manual  input.  (Manual 
input is expected occasionally when a minor change might 
be made  after composition.) Since the elements are sepa- 
rate, however, each can  operate at  its own maximum 
efficiency. On straight justified material with few typefont 
changes, the Composer  unit is capable of more than 120 
words per minute. Keyboard rates at  the  input unit  depend, 
of course, on the operator. A person with average typing 
skills is probably  capable of 50 words per minute.  With 
such an assumption a typical balanced system, matching 
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Figure 1 Block diagram of MT/SC system. 

sustained recorder  rates to  output rate,  contains two entry 
keyboards and one  Composer  unit. 

Copy is prepared for composition by means of control 
and reference codes which can (and normally will)  be re- 
corded on tape at  the entry  keyboard  along with the copy 
itself. (Copy  can remain uncoded, however, and composi- 
tion instructions may be entered manually at the  Composer 
keyboard and  output unit console just prior to final print- 
ing.) There are five printing modes (full justify, flush  left 
only, flush right only, line-by-line centering, and flush right 
with dot leaders); each of these is selected by entering the 
appropriate single-character control code.  Other codes, 
which are combinations of single letters or symbols and 
decimal numbers, are used to specify column width, inden- 
tation, etc. and  to indicate stopping  points for typefont 
changes or revisions. Codes are recorded at  the entry key- 
board by first depressing a special key called the prefix  key, 
which indicates to the system that the  subsequent signal 
will be a code and  not a text character. The  operator then 
enters the code character itself. In  addition to being re- 
corded, the codes  appear  in  red on  the input station print- 
out; this permits the  operator  to confirm that  the recording 
is correct.  Codes do  not appear, however, on  the final Com- 
poser output. 

Errors  can be corrected  in several ways. Simple keying 
errors can be corrected  through backspace and strikeover 
or by means of line return. Some corrections, such as  author 
alterations, may be required after  the original tape has 
been completed. These are  made by merging an appropri- 381 
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Figure 2 Photograph of the  configuration shown in Fig. 1. 

ately coded correction tape with the original tape after 
delivery to the output unit. Corrections can also be made 
by preparing a new original tape  at  the entry  keyboard. 

Final printing is accomplished by mounting  the original 
tape and a  correction  tape, if any, on  the two-station reader 
output unit, setting the pitch, leading, impression control 
and dead key space selector of the  Composer unit to  the 
desired values, and entering set-up instructions on  the con- 
sole control panel (e.g., one-station or two-station tape 
read, depending on whether a correction  tape is present; 
line count instructions for format  control and space to be 
left for pictures, etc.; special format  instructions; and any 
required control codes known to have been omitted from 
the input tape). During printing the operator changes type 
elements when necessary, loads  paper as required, and 
makes and enters  hyphenation decisions if justified copy is 
being printed. 

The result of this playback is composed copy which is 
proofread. If no  errors exist, the copy is sent to a page lay- 
out operation  along  with  illustrations, headlines, etc.  A 
completed page layout is photographed for offset printing. 

There are, of course, a number of procedures for using 
the system that  are  not covered fully above. These and a 
full description of the instruction and control codes will be 

382 found in  the Appendix. 

System  modularity 
Because the printing industry frequently needs to observe 
urgent deadlines, the system can provide a measure of 
"back-up" for  the user. Should one of the elements of the 
system become inoperative, a reserve unit  can be substi- 
tuted. Since the  keyboards and  output unit are separate, an 
additional  keyboard  can be installed to serve either as 
back-up or as an additional  production  unit duling peak 
loads. Design of the  output console permits easy attach- 
ment and removal of the SELECTRIC Composer.  A reserve 
SELECTRIC Composer can also be used as a manual com- 
posing machine during  peak loads. Full back-up  can be 
achieved by installing an entire additional playback unit. 

Paper tape attachment 
Many newspapers are able to reduce  their  keyboarding 
costs by using pre-justified paper  tape to feed tape-driven 
linecasters. The  tape used is TeleTypeSetter" (TTS)-coded, 
six-channel paper tape. It is produced by perforators at- 
tached to wire service terminals, by computers, or by 
manually operated  perforators. 

A paper tape  attachment is available for the  MT/SC 
which enables it to produce composed copy directly from 
pre-justified TTS-coded paper tape  without  intermediate 
keyboarding. This reproduces the lines exactly as punched 
on  the tape, with all line endings and hyphenation  points 
predetermined. Special type elements are available which 
contain the TTS character set. The paper  tape  attachment 
is available either with or without magnetic tape  input  to 
the playback unit. If both inputs are available, the system 
can be converted from  operation with one medium to 
operation with the other  in approximately three minutes. 
With the ability to utilize press wire paper  tape, the system 
can  also accept the  output of many  standard TTS-coded 
paper tape justifying keyboards and of computer systems 
such as those now used to produce  hyphenated justified 
copy for linecaster operation. 

MT/SC control  unit: internal design 
and organization 
The  control unit within the playback station console pro- 
vides the logical capability required to perform all of the 
composition functions of the system. Because the  input/ 
output devices and keyboard  stations were adaptations of 
existing equipment, the control unit provided the best 
opportunity to favorably influence total system cost. The 
overriding consideration  in designing the  control unit was 
to achieve the required functions at minimum cost. 

A secondary objective was to provide flexibility so that 
the machine could be easily adapted to different applica- 
tions in word processing. The basic configuration had to 
satisfy the widely varying requirements of general composi- 
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tion. It would not be permissible to allow application com- 
plexity to be reflected in equally complex hardware.  Another 
objective was to simplify maintenance procedures. The 
machine organization  also had  to allow quick implementa- 
tion of any changes in required function which might occur 
during the development period. 

One of the required functions was to provide output copy 
at the maximum printing speed of the SELECTRIC Composer 
(14.1 characters per second) with minimum interruptions. 
The  input  unit,  a 20 characters-per-second magnetic tape 
reader, is also an incremental device. In general, it is neces- 
sary to read enough text from  the  tape to make up  an entire 
output line before sufficient information is available to 
compose the line. Thus  the control  unit must have storage 
capacity for at least two lines of text, the line being read  in 
and the line being printed. To process the text, the control 
unit must have available escapement information (between 
zero and 9 units per character3) for each of 106 possible 
input codes from the magnetic tape (88 printing characters 
plus control codes). This  information  could be obtained if 
generated by decode logic, but  this would be quite expensive 
for so many codes. A simpler solution was to locate an 
escapement table permanently in  storage, which could be 
the same as  that used for  the buffer. The requirement for 
permanency effectively required the use of magnetic cores, 
although delay line storage might have been otherwise 
competitive. Finally, a number of working registers (for 
example, to accumulate line length in units) were needed 
and could be implemented in  core  storage  more  cheaply 
than by any other means. These storage requirements could 
be satisfied by a core memory of about 500 8-bit bytes. 

A  means for controlling the sequence of operations was 
needed. Since the incremental cost of expanding the core 
memory was low, a microprogrammed  approach to  control 
was selected as  the most economical solution. At its final 
size of 2048  bytes, the memory fulfills all the above  storage 
requirements. The microprogram  approach has  the follow- 
ing advantages: 

1 .  Hardware cost for implementing the  control logic is  low. 
2. Engineering changes, changes in the functions to be per- 
formed, and new features require little or  no hardware 
change and can be implemented rapidly. 
3. The training of service and manufacturing personnel is 
simplified, since they need only to understand how the 
machine executes a simple instruction set, rather than  to 
understand a complex application. 

A single basic application  program sufficiently versatile 
to meet the needs of the majority of users was to be pro- 
vided. To relieve these users of any involvement in soft- 
ware, it was decided that the  program  should be factory 
loaded, that there would be no  operator controls to modify 
it, and  that adequate safeguards should be provided against 

accidental loss (such as by power failure). Variations of the 
basic program have been developed to meet specific needs, 
such as  the press wire paper tape  application. 

The circuit family chosen for the control unit was low 
speed SLD, a  more densely packaged version of SLT (Solid 
Logic Te~hnology).~  This family has an average circuit 
delay of approximately 450 nanoseconds. The choice was 
made on  the basis of minimum machine cost and ready 
availability. Factors influencing the selection were: 

1. Only a single, wide tolerance power supply (+ 12 volts, 
plus or minus 7%) is required for logic circuits. 
2. No forced air cooling is required in a small machine such 
as  the  MT/SC control unit. 
3. The high circuit density per module reduces packaging 
costs. To take  advantage of this density all logic cards were 
functionally packaged, with an average of 17 modules per 
card, a  number limited only by the 44 signal pins available 
per card. Density averages about three circuits per logic 
module, with about 1000 circuits in the machine. 

For the  core memory a 4-bit-wide, 3-D configuration 
was selected as being the  most economical for the desired 
size. It uses the same 12-volt power supply required for  the 
logic circuits. Many of the memory circuits and array com- 
ponents were selected from those used in existing products 
such as the  IBM 2740  Buffer Terminal. Many of the memory 
circuits operate  from logic-level inputs, so that  no well- 
defined interface is needed between memory and logic. 

Because of the high reliability and small number of 
components, no parity check is built into  the memory or 
any  other data path of the control unit. An overall check 
on system output is provided by proofreading  the final 
copy. In the printing industry,  this  proofreading is invari- 
ably  done on the final copy in  any case, so that type style, 
copy fitting, and hyphenation  can be checked. 

Internal speed was not a  major requirement for  the con- 
trol unit, since output is limited by the printer speed. Al- 
though  the memory is capable of a read-write cycle time of 
approximately 8 microseconds, the actual cycle time is 25 
microseconds, which allowed the logic to be designed for 
minimum cost  rather than minimum delay. As is shown 
below, this results in adequate overall machine speed. 

Instruction Set 
The internal  organization of the  control unit was deter- 
mined largely by the specialized instruction set, which was 
selected for efficiency in word processing. The prime objec- 
tive was to achieve maximum function using minimum 
storage for  the program, since the economically feasible 
storage capacity was fixed at 2048 bytes while the desirable 
machine functions were in effect unlimited. Since there was 
no likelihood of interfacing at  the program level with any 
other  equipment, compatibility at this level with other 383 
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machines was not  a  consideration. Since the basic applica- 
tion called for only one  program and all  programming was 
to be performed in machine language by engineers in  the 
logic design group, no programmer  aids were built into 
the machine. 

Each 8-bit byte of the memory is sufficient for a single 
character, which enters the  control unit  in 7-bit form  from 
magnetic tape. Since the largest number  encountered  in the 
composition  application is approximately 1000, a two byte 
length for working registers is more than adequate. All 
numeric quantities are in binary form, with negative num- 
bers in two’s complement form.  Instructions are also  16 
bits  long, primarily in  order to provide a conditional branch 
in a single instruction.  This  instruction length allows data 
manipulation  operations to be in the two-address form if 
the directly addressable registers are limited to 32 in  num- 
ber. The two-address instruction was chosen over single- 
address on the basis of storage efficiency. However, as 
shown below, implementation is essentially single-address 
in that only one Memory Address Register (MAR) is re- 
quired. Figure 3 shows the complete instruction  set, to- 
gether with percentage use of each class of step  in  the basic 
microprogram. 

The composition  application requires a great many logi- 
cal decisions to be made, but only a few calculations. There- 
fore  the  primary aim in designing an instruction set was to 
make decisions using minimum storage. Thus  the set  in- 
cludes two types of branch  instruction.  One is capable of 
branching to any other  instruction, with the decision to 
branch determined by the state of two condition latches set 
in a previous step. The other (incremental branch) is capa- 
ble of branching to  an instruction  located only a few steps 
away from  the branch, with the decision to branch deter- 
mined by the state of a specified bit within a working 
register. A link option is available with the first type of 
branch to facilitate the use of subroutines. 

A second major  function is character testing, modifica- 
tion, and generation. Instructions are available to test, set, 
or reset any bit in  any register. By means of immediate 
operations it is also possible to generate any  character or  to 
compare it with another. 

Character movements are  also  important.  For this pur- 
pose directly addressed register-to-register operations are 
available. To compensate for the limited direct addressing 
capabilities, indirect addressing is also available, together 
with indexing in  the same instruction. The indexing and  the 
fact that all indirectly addressed operands are automatically 
limited to one byte in length facilitate handling of character 
sequences. 

Arithmetic  addition and subtraction are used mainly for 
maintaining  counts and modifying indirect addresses. Both 
register-to-register and immediate instructions are available 
for  this  purpose. More complex operations are performed 
by subroutine if needed. 

The 1/0 instructions allow for the servicing of one output 
device on  an  interrupt basis, while all  other  operations  must 
be handled on a single-character-per-instruction basis. This 
is sufficient for  the desired applications. 

In practice this  instruction  set has met its objectives very 
well. The limitation to only 32 directly addressed registers 
is perhaps the least desirable feature. In some applications 
the limitation of interrupt-mode output  to a single device 
at a time has been inconvenient. However, this is a limita- 
tion of the implementing hardware rather  than of the in- 
struction set. 

Implementution of instruction set 
The internal data paths and latch registers are shown  in 
Fig. 4. There is a single Memory Address Register. How- 
ever, there are three words in memory which can be  ad- 
dressed independently of the  MAR. These are  the Instruc- 
tion Address Word (IAW), A Word (AW), and B Word 
(BW). The use of these special-purpose words reduces the 
hardware  required for  the instruction set, but essentially 
doubles the time required. 

For each type of instruction, execution is governed by 
sequencing a word counter.  Normally  this  counter ad- 
vances in a binary  fashion at  the  end of each word time, 
but  it can be permuted to skip unused states or  to  return 
to the initial  state.  Figure 5 shows the word  time sequence 
for each type of instruction,  together with the operations 
performed in each word time. Note  that  odd word times are 
devoted to loading the  MAR  from memory. I1 and 12 may 
be regarded as instruction access times. All arithmetic 
operations take place during 110, with intervening times 
used for  data  and address preparation. Indexing, for  both 
the IAW and  the indirect addresses, is accomplished by 
writing from the  accumulator  rather than  from  the  data 
register. 

The operations  indicated  under the word times of Fig. 5 
are controlled by a very few signals which are usually gener- 
ated from the operation codes, word times, and clock 
states. The most important signals are two which control 
writing into memory from  the  data register or  from  the 
accumulator and three which control selection of IAW, 
AW, and BW. If none of the three special-purpose words is 
selected, the word (MW) addressed by the MAR is auto- 
matically selected. 

A word time consists of four half-byte times. In each 
half-byte time four bits of the selected word, or words, may 
be read  and/or written. Certain  word times, such as I4 and 
110, require  operations between two words. In this case the 
half-byte time has a read-read-write-write (RRWW) se- 
quence as  shown in Fig. 6. However, most  word times do 
not require two-address operation. In this case, the half- 
byte time has a RWW sequence as shown in Fig. 7. If the 
accumulator is used during a word time, the result  must  be 
written  during the second write time, with the first write 385 
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time providing delay time for carry  propagation. In 14,16, 
and 18, the first write time is used to transfer the  data read 
to a second word, which was left cleared by a read  operation 
in  a previous word time. In single-address situations where 
the time from  the read to the final write is fixed by accumu- 
lator delays, the use of the intervening time for a write 
operation (RWW) costs no time over a RW cycle. How- 
ever, when two-address operation is required, only a read 
time need be added, resulting in faster operation  than would 
be the case had RW been used for single address and  two 
single-address cycles used for  two address; 

I /O  operations 
The 1/0 operations required in the composing application 
are  not complicated. A standard interface was defined SO 

that several I/O devices might be attached, but  the inter- 
face operates on  the basis that  no more than one input de- 
vice and one output device  will  be active at a given time. 
Normally, the active devices are the magnetic tape reader 
input and  the Composer output.  None of the devices associ- 

386 ated with the control  unit is capable of both  input  and  out- 

put. Since all devices are of an incremental  nature, all 1/0 
operations involve the transfer of a single character. If an 
input instruction is encountered while an  input device is 
busy, the system waits until that device completes its opera- 
tion. A similar wait occurs if an  output instruction is en- 
countered while an  output device  is busy. 

One exception to these rules is made to allow output of 
one line concurrently with the processing of input text for 
the next line. It is possible for  an  output device to operate 
in  an interrupt  mode by forcing simulated output instruc- 
tions to occur between instructions of the  routine being 
executed by the program. The  output characters for this 
mode are indirectly addressed by a working register which 
is indexed at each interrupt. To simplify the hardware  there 
is only one such register, so that this  mode is limited to one 
device at  a time. The  interrupt mode is terminated  by the 
detection of a halt code as a character  in  the  stored output 
data. 

The maximum 1/0 rates are far  in excess of the require- 
ments of any of the 1/0 devices or of the ability to process 
the data-833 characters per second for  output  and 1667 
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Figure 5 Word  time  sequences  for  instructions.  Blank  word  times are skipped  during  execution  (see  comments on diagram). Arrows 
indicate  transfers of data  among  IAW,  AW,  BW, MW (memory  word), MAR, 0 Register and  input devices.  Indexing  before  writeback 
is  indicated by + I  or +2. 

characters per second for  input.  There is no provision for 
testing the state of 1/0 devices. Error conditions cause a 
stop until the  error  has been manually cleared. In  an 
operator-oriented system with relatively small volumes of 
1/0 data this is an acceptable procedure. 

Control panel 
Operator control is performed by means of a 12-key panel 
(Fig. 8). Information may be displayed to the  operator by 
means of 11 display lights (and by the printer). When set in 
a unique mode not available to the operator, the same keys 
and lights can be used to gain access to, display, or change 
the  contents of any byte in memory. The  same lights may 
also be used as a service aid to selectively display 50 differ- 
ent internal signals. Also present but not available to the 
operator  are means to step the  control unit  through  opera- 
tions by half-byte time, word time, and program step. These 
aids are normally sufficient to locate  from the  control panel 
a  probable faulty logic card.  This multiple usage of keys 
and lights on  the  control panel results in  a considerable cost 
saving. 

No hardware is provided specifically for  loading the  pro- 
gram.  A short (3-step) routine  capable of loading a pro- 
gram  can be manually entered at the  control panel by 
service personnel. Although there are several variations of 
the  application  program, they all contain an identical 

Figure 6 Read-read-write-write  (RRWW)  half-byte  timing  dia- 
gram, showing  selected  clock  signals and memory  drive  signals. 
The  sequence  requires 50 psec. 

240 kHz oscillator 3 
SingleshotA(2.7psec) n n 
SingleshotB(2.7psec) n 
First half select current 1 I I n n  

Second half select current n n 
Inhibit currents I" i" I 
(on  to write zeros) 

k~,t+r~~~-d-l--l-.I write write 

time time 

Figure 7 Read-write-write  (RWW)  half-byte  timing  diagram. 
This  sequence  requires 33.3 psec. 
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Single shot A (2.7 p sec) 

SingleshotB (2.7psec) nnnn 
First half select current 

Second half select current 

Inhibit currents 
(on to  writezeros) 

" I" I 

Read time 

write write 
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portion  capable of loading  factory-recorded  program  tapes. 
This  routine can be accessed by normal  operator actions at 
the  keyboard.  This  avoids  the need for  operator knowledge 
of the  internal  operations or instructions of the machine 
and any need for special program-loading  hardware. Special 
circuits monitor the logic power supply voltage and  shut  the 
machine down in case of power failure to prevent loss of 
the  program. The power-on sequence always starts  the 
machine at  the same instruction to avoid any  operator 
intervention  in addressing. 

Table 1. Allocation of core  memory. 

Assignment Bytes 

Working  registers 64 
Microprogram 1584 
Input block 150 
Output block  120 
Escapement table 64 
Other  tables  and  stored  quantities 60 
Special-purpose  words  (IAW,  AW,  and  BW) 6 

Total 2048 

Figure 8 Composer  output  unit  control  panel. 

Program 
For  the basic composing application  program, the memory 
is allocated as shown  in  Table 1.  In typical operation,  char- 
acters are read in at 20 characters per second from the 
magnetic tape reader to the  input block of storage. The 
characters  are analyzed to determine whether they are con- 
trol codes or require some other special handling. The 
escapement values are looked up  and added to the line 
length counter. 

When  a word is detected which causes the line length to 
exceed the desired line length, a justification calculation is 
made neglecting this last word. If the calculation does not 
result in  interword spaces of acceptable size, the last word 
is presented to the  operator for manual hyphenation. After 
the operator's decision, the calculation is repeated. 

After  a successful calculation, the line is transferred from 
the  input block to  an  output block, with appropriate modi- 
fications which convert internal codes to the coding re- 
quired by the  output printer. As  the transfer begins, a 
printer output operation in  the  interrupt mode is initiated, 
beginning at the start of the  output block. Since the transfer 
is faster than printing, loading of the output block always 
stays ahead of the  output from the block. 

Once the transfer is complete, the remaining portion (if 
any) of the last word is moved to the beginning of the input 
block and  input of the next line begins. The  input operation 
normally is completely overlapped by the  print  operation. 

Figure 9 shows timing for a typical 25-character news- 
paper line. Because of case changes and  the carrier  return, 
the input line will have about 26 codes and  the  output line 
will have about 30 codes. Note  that, despite the large 
amount of time  taken in  the transfer operation, speeds are 
sufficiently  well matched that  the overall throughput is 
strictly a function of Composer speed. 

Figure 9 Timing  &agram  for  two  typical  25-character  lines.  Since  printing is overlapped  with other  operations,  throughput is  limited 
only by output  speed.  For  25-character  lines, the rate is about 25  lines  per  minute. 

Input at 20 characters per second 

Print  at 14 characterspersecond  First line 

~ Transfer I J 

Second line 

r Input 
__H SCa'culation Carrier 

return , Print I 

I I I I I I I I I I I I 1 
0 I 2 3 4 5 6 

388 Time in seconds 
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Selectric composer T 

52 Mechanical output links 7 b Translator 7-Bit signal electrical input 

Figure 10 Schematic illustration of electromechanical  translator 
arrangement. 

Figure 11 Mechanical  coding  system for  translator. 

Figure 12 Translator  actuating mechanism. 

Camfollower- 

Operating bail 
Outputlink 

Outputlink/ 

Printer output 
In adapting  the IBM SELECTRIC Composer to automatic 
operation it was deemed unwise to develop this machine 
into  an 1/0 unit  through the addition of magnets, contacts, 
etc.  Instead, the Composer is driven by pulling its keylevers, 
including function keylevers, from  an external  translating 
device. This  arrangement is represented schematically in 
Fig. 10. 

The function of the translator is to accept an eight-bit 
electrical input in the code configuration of the processor 
and  to convert  this input  to one or more of 52 outputs to 
pull the appropriate composer keylever(s). The translator 
accomplishes this  through a series of edge notched code 
bars,  each actuated by a bit  magnet. Along each  code bar 
edge, there are 52 positions arranged in such a way that 
once the  appropriate code bars are selected, only one of 50 
links  can  pass through  the bars shown in Fig. 11. Two  other 
links  correspond to special escapement and  the no-print 
function and each of these two  links will pass through 
whenever its corresponding  magnet is energized. Six bit 
magnets control  the 50 output links. When  the output 
link(s) pass through, they are selected and pull the  ap- 
propriate  Composer keylever(s).5 

The translator is basically a clutch-operated rotary 
device, Fig. 12. Its cycle starts when the clutch and code 
magnets are selected. All other  motions are  then cam- 
controlled  during  the cycle, including the  motion of the 
selected code  bars,  the selection of the  output links and  the 
motion of the  output links to pull the keylevers of the 
Composer. 

The translator  can  operate at  an  output speed of up  to 
16 characters per second, more than enough to drive the 
Composer at  its nominal rate of 14.1 characters per second. 
For the  most part,  the translator was developed from pre- 
existing hardware. 

IBM SELECTRIC Composer rnodificutions: 
A prime object in developing the system was to utilize the 
Composer with the minimum possible modifications. (A 
full discussion of the Composer is given e l ~ e w h e r e . " ~ ~ ~ ~ ~  
The following additions were necessary: 

Vuriuble spacing. The basic Composer has  an adjustable 
spacebar controlled by setting a dial2 which permits  inter- 
word spacing varying between three and nine units. To 
adapt this  method  for  automatic  operation would have 
required an indexing mechanism for stepping the value dial 
plus a linkage for actuating the spacebar. This would be a 
major  addition of parts to the  manual machine. 

An alternate  solution to the variable interword space 
problem was found by utilizing the no-print capability5 of 
the Composer. The no-print key allows character escape- 
ment  without printing. When used in conjunction with a 
character, the carrier will escape the given value of escape- 389 
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Figure 13 Photoelectric  synchronization  feedback: (a) inhibit 
feedback  device for long  functions  (carrier  return  and  tabula- 
tion); (b) synchronization  feedback  from print cycle shaft. 

ment  for  the character but will not print the character. 
Therefore, if a  character with the desired escapement value 
and the  no-print key are selected simultaneously, any de- 
sired space can be achieved. A special no-print keylever and 
interposer are required  in the Composer.  This  interposer is 
designed so that  it is not locked out by the ball  interlock5 
and is coded to actuate the no-print bail when selected. A 
simultaneous pull of two keylevers is accomplished by add- 
ing  a no-print code bar  to  the mechanical translator. This 
code bar, when selected by the electronic logic, pulls the  no- 
print lever, in addition to the keylever for any other desired 
character. The character is selected from  the logic for  its 
escapement value which, when employed in  no-print  mode, 
results  in the proper  interword space. The Composer is SO 

designed that if the no-print keylever alone is pulled, a nine 
unit space will result. 

Photoelectric feedback. To provide synchronization be- 

functions,  Carrier Return  and  Tabulation, Fig. 13(a). The 
second device is a cycle shaft  angular  indicator and is 
utilized during normal character input to the printer,  Fig. 
13(b), as described in  the next section. 

Synchronization. Maximum output of printed copy can 
be achieved only by operating the  output device at maxi- 
mum speed. In  the Composer,  this is accomplished by 
entering  characters through the  keyboard at such a rate 
that  the cycle clutch does not latch or stop  the printer be- 
tween characters. The Composer input is from a mechanical 
translator driven with a  separate motor,  and because of the 
inherent speed differences of motors  due  to line voltage 
fluctuations and varying loads, exact speed synchronization 
is impossible. Fortunately, the Composer has incorporated 
into its  keyboard  a  feature  known as stroke  storage which 
eliminates the problem of crowded or missing characters 
when typing manually. As early as 23 degrees in  the 180 
degree printer cycle, the selected interposer has been driven 
forward out of the ball  tube interlock by the filter shaft and 
a new keylever can be pulled, Fig. 14. This new interposer 
will be latched down and will hold  the cycle clutch open 
until the filter shaft revolves around  and drives this  inter- 
poser. If a keylever begins its pull before 100 degrees in  a 
previous cycle, the interposer will be latched in time to 
prevent the cycle clutch from latching up. Therefore  there 
is a zone from 23 degrees to 100 degrees in the cycle in 
which another keylever can be pulled to enable the  printer 
to free-run. This zone is called the “permissible pull zone.” 
Since the  translator  and printer cannot  run at exactly the 
same speed, the  translator is geared to  run slightly faster 
than  the composer. The resynchronization which is re- 
quired simply because of the speed difference between the 
Composer and the  translator is referred to  as Ordinary 
Synchronization. If one observes the action of the  translator 
with the Composer as a reference, the translator motion 
appears to regress, or back  through the Composer’s per- 
missible pull zone. Specifically, if one observes the transla- 
tor contact signal with respect to the Composer cycle shaft 
photoelectric feedback, the leading edge of the translator’s 
normally closed contact signal appears to “back into”  the 
trailing edge of the wide part of the Composer feedback 
signal. When these two  points actually overlap, the next 
keylever pull would be in  the nonpermissible pull zone of 
the Composer (refer to Fig. 15). Therefore, it is necessary 
to temporarily halt  the translator. The points  mentioned, 
when overlapped, cause a  “SYNC” latch to be set. 

The “SYNC” signal serves as an inhibit  function to the 
output logic, and  no further  action  takes place in  the  output 
device as long as the  “SYNC” signal is on,  but  the com- 

tween the printer and  translator, photoelectric devices are poser does  not stop,  nor does its clutch latch. Note the 
added  to  the printer to indicate its cyclic state. One device, narrow part of the Composer feedback, which occurs just 
on the spring motor shaft, indicates motion of the carrier before the end of the composer cycle. This causes the 

390 and is used to inhibit input to the printer  during the long  “SYNC”  latch to be reset, thus freeing the  output logic. 
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Figure 14 Composer  keyboard  section:  (a)  keylever  and  inter- 
poser  section,  showing  interlock,  latch,  and link to translator; 
(b) cycle  clutch  mechanism. 

Figure 15 Timing  diagram  for  synchronization.  Depicted are six 
cycles,  including  one at which ordinary  synchronization  becomes 
due.  Note that in the  first  three  cycles  the  leading  edge  of  the 
translator  contact signal FB-1 approaches (by regression)  the 
trailing edge  of  the  longer portion of the  Composer  cycle  shaft 
feedback  signal. When these  two  finally  overlap,  as  in  the fourth 
cycle, the  SYNC  latch  is  set  and  then  reset at the end of the 
feedback  signal.  This  delays the fall of FB-1 and  keeps  the trans- 
lator  clutch  in a latched  condition  until  the  SYNC  is  reset.  The 
total delay  is such as  to  maximize the time  which will elapse  be- 
fore  the next  synchronization  becomes  necessary. 

Composer feedback 

FB 1 (translator) n n n n n m  

SYNC n 
AI, 

Pause in translator 

Machine cost in dollars 

Figure 16 Output per  day vs. machine  cost for the  three  major 
classes of cold-type  composing  systems. 

The translator begins running  again, and the next keylever 
pull will occur just before the  end of the Composer’s per- 
missible pull zone;  thus the  translator will run the maxi- 
mum  number of cycles before another such synchronization 
will become necessary. Note  that  at  no time is  it necessary 
for  the Composer to halt, even momentarily. 

This is the basic synchronization scheme used on the 
automatic  Composer,  although it  is complicated by various 
functions such as shift, tabulation, carrier return  and back- 
space that will not be treated here. 

System evaluation 
The principal factor  in  comparative system evaluation is 
cost, which is here understood to mean final cost to the user 
per unit of throughput with all factors considered. This 
presumes that all necessary quality features of the machine, 
such as type style and size variability, proportionality, 
image quality, etc., are present. Once these factors are 
established the most meaningful comparison between  sys- 
tems must be based on cost. 

The machine cost  comparison is shown in Fig. 16. The 
“manual” category consists of manually-operated direct- 
impression machines such as  the SELECTRIC Composer. 
These machines generally require that  the copy be typed 
twice for justification. The second category consists of tape- 
operated  (both  paper and magnetic) systems in which the 
tape is generally recorded on  one keyboard and played out 
and composed on another output unit. The  MT/SC falls in 
this category as do several paper  tape machines. The  third 
category consists of computer systems used in conjunction 
with tape-operated linecasters or photocomposers.  Many 
general-purpose machines fall in this category. Figure 16 
illustrates that equipment output versus equipment cost is 391 
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Table 2. Comparison of keyboard  efficiency. 

Usejul Net useful 
keystrokes, Hot zone Handling keystrokes, 

Keyboard z loss, % loss, z z 
MT/SC 94.8 - - 

PT(HZ)* 
94.8 

78.8 3.0 1 .o 74.8 

Composer 42.4 3 .O - 39.4 
SELECTRIC 

* Paper  tape  system  employing  a  “hot  zone”  at line endings for hyphenation. 

Figure 18 Character  cost vs. output; MT/SC and SELECTRIC 
Composer. 
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a generally linear relationship. The most desirable system 
is, of course, one which falls to  the left of the line represent- 
ing the highest output  for a given capital investment. 

When one considers operator cost in  addition to the 
equipment cost shown in Fig. 16, however, a different rela- 
tionship, shown in Fig. 17, is obtained. For  the manual key- 
board system “character cost” is almost totally dependent 
on operator cost. The tape system introduces the efficiency 
of automatic composition calculation, which produces a 
much more efficient utilization of operator time and result- 
ing lower total cost. Computer systems also increase opera- 
tor efficiency, but these introduce considerable equipment 
costs. Thus, in some cases, the computer system cost per 
character exceeds that of the  tape systems. The computer 
systems do, in  some cases, have the advantages of higher 
speed and greater flexibility. However, the  MT/SC can 
meet many needs in a much lower cost system when de- 
mand for speed and volume is moderate. 

9 Operator keybourding rates 
Since it is apparent that  operator cost is important it is 
useful to relate actual  operator keyboard  rates for various 
systems to the  MT/SC.  The  factors that can affect the  rate 
at which an  operator records useful text include: 

1. the ease of keystroking-lightness, shape of key, etc.; 
2. “hot-zoning” (for justification) versus free-zone line 
endings; 
3. error correction (Must  the entire  line be deleted when 
an  error occurs or may the  operator simply backspace and 
correct?); 
4. ease of tape  loading, paper handling, etc. ; 
5. the frequency of codes (How many composition codes 
are required to produce the desired output?); 
6. the  hard copy that must be provided to  aid  in proof- 
reading and  error correction (Alternately, is it necessary 
that  the  operator read codes on  the recording medium?); 
and 
7. media handling  (Must the recording medium be re- 
wound or otherwise set and reset, or is it immediately 
usable?). 

These factors, however, are necessarily subjective and 
meaningful comparisons  depend on individual operator 
differences, skill levels, etc.; a  more exact comparison of 
keyboards may be made by measuring the number of input 
keystrokes necessary to produce a given amount of output 
text. Fortunately  a  quantity of data is available in the news- 
paper  industry for columnar justified text with subhead- 
lines.* 

Mr. D. D. Dissly, Louisville Courier Journal and L.ouisvi!le Times, Louisville, 
*For example, a study  based  on such  factors was conducted in 1962 by 

ICY. 
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Figure 19 Character  cost  vs. output; MT/SC and paper  tape 
system. 

The keyboard factors shown in  Table 2 result from apply- 
ing this data to the systems of interest.  Column 1 indicates 
that 100 keystrokes on  the  MT/SC result in 94.8 output 
characters or operations, the balance being either coding 
or error keystrokes. In  the case of the paper  tape-hot  zone 
machine 100 input keystrokes produce approximately 78.8 
output operations. The primary difference between the  two 
machines is in the difficulty  of error correction. A keystroke 
error  on  the paper  tape machine generally results in a line 
deletion. 

The SELECTRIC Composer requires 100 input keystrokes 
to produce 42.4 output keystrokes; the determining factors 
are  that justification requires the copy to be typed twice 
and  errors  on  the “good” copy generally result in rekeying. 

By assigning a value of 1 loss to the ease of tape load- 
ing and 3 % to the distraction of watching for a hot zone, 
the last  column  in  Table 2 results. 

Detailed systems comparison 
With the keyboard  factors shown in  Table 2 the  data  are 
available to  compare any  two systems at any output  rate. 
For example, Fig. 18 shows a comparison between the 
MT/SC  and  the SELECTRIC Composer.  This figure illus- 
trates that  at lower usage rates the lower equipment  costs 
of the manually-operated SELECTRIC Composer give a lower 
cost per 1,000 characters-in fact an advantage of about 
50% at 10,000 characters per day. As the usage increases, 
the increased operator efficiency on  the  MT/SC produces a 
lower operating cost. The break point occurs at  about 
44,000 characters per day. At 70,000 characters per day the 
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Figure 20 Replot of Fig. 19 with operator  cost  doubled. 

MT/SC enjoys a cost  advantage of about 18 % and  at 
100,000 characters per day an advantage of about 42%. 
The first “tick” or discontinuity occurs on  the  MT/SC 
curve at 100,000 characters  per day. This indicates that  the 
capacity of one  keyboard has been reached and  another 
must be added. 

This  same  comparison of the  MT/SC vs. a paper  tape- 
hot zone machine in Fig. 19 illustrates a similar type of 
crossover. Even though the equipment  cost is higher the 
MT/SC shows a cost  superiority at rates  above 160,000 
characters per day  due to its increased keyboarding ef- 
ficiency. 

Another  important variable is operator cost. As the 
operator cost increases, the keyboard efficiency becomes 
more significant. If, for example, the  operator cost is 
doubled the comparison in Fig. 20 illustrates that the cross- 
over between the  MT/SC  and the  paper  tape-hot  zone 
machine occurs at  about 80,000 characters per day com- 
pared with about 160,000 characters per day at the lower 
operator cost. The systems comparison thus indicates that 
the efficiency of keystroke utilization is the most important 
cost  consideration, and  the system evaluation thus points 
the way to a composing machine which emphasizes ease of 
coding, efficiency of keystroking and a low burden of 
operator calculation. 393 
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Conclusions 
Office equipment  introduced  during the past few  years has 
placed  increasing  emphasis on the processing of words. 
Equipment  has been  designed to address the flow of words 
from human  expression to printed page  which, in the 
process,  requires a considerable amount of correction and 
revision.  Ultimately, many of the processed  words  must  end 
on a quality-printed  page. The MT/SC was  developed to 
carry  the  processing of words to this  final  step. 

The MT/SC provides a high  level  of quality and flexi- 
bility to direct  impression  typography and addresses  this 
cost-sensitive area with an efficiently organized  system 
and internal logic. In designing the MT/SC, current de- 
velopments and existing  hardware  were  used  extensively 
to meet  cost and schedule  objectives.  Comparison of the 
MT/SC with alternative  systems  demonstrates the eco- 
nomic  advantages of the system. 
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Appendix: MT/SC operating  procedures 
While this paper  has  been  concerned  primarily  with design 
of the MT/SC system, a reasonably thorough discussion of 
how it is  used  may  be of interest.  Accordingly, a description 
of the operating  procedures and a definition of the control 
codes are given  below. This  discussion,  however,  illustrates 
application only for purposes of this paper; it is not a com- 
plete  specification for the user. 

Keyboarding 
Copy to be entered into the system  will  normally  be  accom- 
panied  by  general  instructions as to how it should  be 
printed. The copy  must  be  marked to indicate the specific 
codes  required to translate these  general  instructions into 
the details of font selection,  modes  required,  page format, 
etc. A cover sheet,  showing initial setup for the playback 
unit  must  also  be  prepared.  The  marked  copy is then trans- 
mitted to a keyboard station. In some  cases,  however,  copy 
may  remain  uncoded and go to the playback unit where 
controls may  be  manually  entered. 

The operator will type and record the control codes as 
394 marked  (producing  both a magnetic, tape and hard copy 
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&he faster pace of business todaj, demands more of all 

beginning Office workers-more highly developel skills 

and increased technical “know-how.” Company  training 

programs  take  for  granted  that  basic  skills have 

already been mastered. Employcrs  expect  that new 
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handle independently a growing volnme Of carrespondencc 

and detai led  assignments. Why? Because the  people 
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lMore productivityspr-m, 

jThe faster pace of business today demands more  of  all 

beginning office workers-more highly developed skills 

and increased technical “know-how.” Company training 

programs take for granted that basic skills have 

already been mastered. hployers expect that new 

people will be quickly productive, and w i l l  meet the 

requirements for a faster;more efficient flow of 

paper workspr-b, 

lMore responsibilityspr-m, 
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handle independently a growing volume of correspondence 
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to whom they report often lack  time to do it themselves, 

And this work must be delegated to persons who can use 

both sound judgment and productive skills to complete 

jobs correctly, on time., ., .and on their own initiative. 
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record) on the MT/ST keyboard  (Model 11, IV, or V). The 
MT/ST incorporates features  designed to facilitate prepa- 
ration of tapes for composition. The keyboard  character 
set and arrangement are identical to those of the SELECTRIC 

Composer and a special  series of type  elements  matches 
this  set. For recording control codes, a Prefix  key  is  placed 
in a location on the keyboard which  allows the operator to 
use it without a break  in the typing rhythm. It is important 
that the copy  produced at the  keyboard  indicate  all  codes 
which have been recorded on the tape. For this  reason, 
depressing  the  Prefix  code  key  causes the succeeding  charac- 
ter to print in red for ready  identification. Control codes  re- 
corded on tape will not appear in the output copy on play- 
back  (see Fig. A-1). 

These  first  five  prefixed  codes control the  printing  mode 
of the playback unit: 

j-The text which  follows  is to be  justified. That is,  the 
output copy  will  be produced with straight right and left 
margins and the  desired  column  width. 

1-The text which  follows  is to be  set flush left. That is,  left 
margins are to be straight but right  margins  may  be  ragged. 

c-Each line of the text  which  follows  is to be  centered 
within the column. 

r-The text  which  follows  is to be  set  flush right. That is, 
the output copy  will  have straight right  margins and ragged 
left  margins. 

Figure A-1 (a) (opposite, top) Example of material as submitted 
for composition. Instructions are  marked by hand; (b) (opposite, 
bottom) print-out of input tape, including recorded instructions; 
(c) (below) composed copy as  received from output unit. 

More is demanded of 
beginning office workers 

More productivity 

The  faster pace of business today demands  more of all beginning office 
workers-more highly developed skills and increased technical “know-how.” 
Company training  programs  take for granted that basic skills have  already been 
mastered. Employers expect that new people will be quickly productive, and will 
meet the requirements for a faster, more efficient flow  of paper work. 

More responsibility 

New employees must  have the ability and confidence to handle independently a 
growing volume of correspondence and detailed assignments. Why? Because the 
people to whom they report often lack time to do  it themselves. And this  work 
must  be delegated to persons who can  use both sound judgment and productive 
skills to complete jobs correctly, on time.. .and on their own initiative. 

(C )  
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d-The text which  follows is to be  set with dot leaders. 
This  is  similar to the flush right  mode,  except that the  space 
between the left  edge  of the column and the text  is filled 
with dot leaders, which are vertically  aligned. 

When r (or d) occurs  in the midst of a line of text, the 
portion of the line to the left  of the code  is  set  flush  left, the 
portion to the right  is  set flush right, and the intervening 
space  is  left  blank (or filled  with  vertically  aligned dot 
leaders). It is not possible to perform  this function at the 
playback unit control panel.  Examples  of the five  modes 
(j, 1,  c, r, and d) described  above are shown in Fig. A-2. 

The  following are control, reference, and format codes; 
these are also entered using the prefix  key. 

mxxx,-This  code  sets the measure,  or  column  with,  equal 
to xxx SELECTRIC Composer units3 where  xxx is a decimal 
number. A unit  is 1/72,1/84, or 1/96 of an inch,  depend- 
ing  upon the Composer  pitch  selected. 

ixxx-This code  causes all lines  of the following  text to be 
indented by  xxx units, where  xxx  is a decimal  number. 

Figure A-2 Examples of the five  printing modes. 

This is a sample  of justified copy. 
Both margins are straight and 
define the column edges. 

Flush left material 
has straight left 
margins. 

Centered material 
is centered 

within the column. 

Flush right material 
has straight 

right  margins. 

........... Dot leader material 

. . . . . . . . . . . . .  is similar to flush 

. . . . . . . . . . . . . . . . . .  right copy. 

Lines can be  split 
left and right, 
with or . . . . . . . . . . . . .  without 
vertically . . . . . . . . . . . . .  aligned 
. . . . . . . . . . . . . . . . .  leader dots. 
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,-A fixed space of three units, equal to the width of a 
comma, will  be inserted at the  point in the output copy 
where this code occurs. This is useful in tabular work and 
elsewhere. 

sxxx-The playback unit will stop  at  the point in the output 
copy where this code occurs. xxx represents a message  of 
arbitrary length which may appear  on  the hard copy to in- 
struct  the playback unit  operator to take some desired 
action such as a change to some particular font. This 
message does not appear on the output copy. A typical 
message is illustrated in Fig. A-1  where the  operator is 
notified of required font changes by such notations as 
“pr-b 11/12”, meaning change to Press Roman Bold, 
11 point on 12 point leading. 

x-This code is ignored by the playback unit. The x merely 
serves to mark  the location of reference codes on the hard 
copy at  the keyboard. These reference codes should  appear 
at  the beginning of line one on each page. 

Playback 
After all original and correction tapes have been prepared 
they are delivered to the playback station along with the 
draft copy and instruction sheet. Original tapes are loaded 
on the right station of the playback unit tape reader and 
correction tapes on the left station. If playback of  only a 
portion of the tape is desired, they may both be searched 
automatically to the desired reference codes. Before starting 
the playback, the composer must be set up by loading 
paper, attaching  the  proper type element, and setting pitch, 
leading, impression control, and dead key selector to the 
desired values. There  are a number of setup decisions 
which must also be made on the console control panel. 
These decisions are made by entering decimal quantities 
via the control panel keys. For some decisions, these 
quantities may be interpreted by the machine as “yes” or 
“no” entries or in other ways  which are marked on the 
control panel below the keys  (refer to Fig. 8). A brief dis- 
cussion of these decisions and how they affect the output 
copy follows. 

axx-This code appears only on correction tapes and speci- 
fies the line number, given  by decimal number xx, which is 
to be replaced by the text following the code on the cor- 
rection tape. 

Error correction and revision 
The system provides several means for error correction and 
revision. A simple typing error noticed shortly  after it is 
made  can be corrected by the backspace-and-strikeover 
method. Where this is not feasible, line  return may be used. 

To allow corrections and  author alterations to be made 
after a tape  has been completed, a procedure  is provided 
for merging a correction tape with the original tape. The 
correction tape is keyed on the  MT/ST in  the usual manner, 
with control codes specifying the number of the line in the 
original copy which is to be replaced. This  control code is 
then followed by the replacement text. The line may be 
replaced by nothing (line deleted), by another line, or by 
several lines or paragraphs. Since the line count begins 
again at each reference code (normally placed at  the be- 
ginning of each page) on the original copy, reference codes 
must be placed on the correction tape for each page, so that 
the playback unit can determine in which page the line 
specified occurs. To facilitate determining the line numbers, 
pre-numbered paper can be used for typing the hard copy. 

For repetitive corrections or extensive changes merging 
is not suitable. A modified MT/ST-IV can be  used in 
such cases to generate correct tapes by a transfer operation. 

In many instances corrections may  be made by pasting in 
correction strips on the camera-ready copy. The strips  can 
be generated at the playback unit from  tape  or may be 
manually keyed on the SELECTRIC Composer which is part 

396 of the playback unit. 

CLEAR-Entry  of  YES clears the memory of all  old text 
and resets line counters. 

MERGE-Entry of  YES instructs the machine to read 
from both stations of the tape reader. Entry of NO will 
cause only the right  station to be read. 

MODE-This provides a means of manually entering the 
composition mode. Five modes are possible: justify (j), 
flush left (I), center (c), flush right (r), and  dot leader (d). 

LINE COUNT-Entry of a number for line count in- 
structs  the machine to stop  after that number of output 
lines has been produced. This is useful in controlling the 
length of indented portions of text, text adjacent to pictures 
etc., and  in setting the length of pages or columns. 

MEASURE-Entry of a number instructs the machine to 
make  the column width equal to  that number of SELECTRIC 

Composer units. 

LINE INDENT-Entry of a number will cause the ma- 
chine to indent the succeeding material by that number of 
units. In effect, this allows the left margin to be  moved  with- 
out physically moving the margin stop on the Composer or 
changing the measure. If the playback unit stops because 
the set line count  has been reached, the line indent  is 
automatically reset to zero. This is useful in performing 
complex copy fitting. 

PARAGRAPH INDENT-In justify mode a new para- 
graph begins with an indentation. The number of units for 
this indentation may be entered on the  control panel. 
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LEADER SPACE-The space  between the dots of auto- 
matically inserted dot leaders can be  specified  by the entry 
of a number. 

DEAD KEY-Character  sets for some languages include 
many  accented characters. On the Composer these are 
obtained by printing the accent without escapement and 
then printing the character, which falls beneath the accent. 
This entry is  used to tell the machine  when the Composer 
is  using a font requiring the use  of the dead key (no escape- 
ment) characters. 

MINIMUM  INTERWORD SPACE (MIN IW), MAXI- 
MUM  INTERWORD SPACE (MAX IW), MAXIMUM 
QUAD SPACE (MAX QUAD), and LINE EXPAND  are 
related functions and give the operator a degree  of control 
over the tightness of  lines and the frequency of hyphenation 
for a justified  line.  Values for each of these can be  specified 
by entering numbers on the control panel. 

Although many composition functions may  be  accom- 
plished by manual entries at the playback unit control 
panel, it is more efficient to place control codes on the tape. 
The control panel is  mainly used for entering factors which 
are not usually  decided at the time of  keyboarding. (An 
example  is the exact fitting of copy  in  complex formats. 

Figure A-3 Examples of  format  control  through manual setup at 
the output unit. 

Manual Control Example 
This example illustrates the 

effect on the format of manual 
setup changes at  the playback 
unit. Both samples were run  from 

the same tape, but 
with  different control 
panel entries  and 
different  fonts.  Note 
that  the mode of the 

heading, the measure, the use of 
runarounds, the  type size and 
style,  and the leading are all 
different. 

Manual Control  Example 
This  example  illustrates  the  effect on  the  format 

of manual  setup changes at  the playback unit. Both 
samples  were  run  from  the  same  tape,  but  with 
different  control  panel 
entries  and  different  fonts. 
Note  that  the  mode of the 
heading, the measure, the 
use of runarounds,  the  type 
size and  style,  and  the 
leading are all different. 

This is possible  because  justified output copy  is not re- 
stricted to the line  endings of the input copy.  See  Fig.  A-3.) 
The control panel is also used for correcting control code 
errors. In cases for which a variable  may  be controlled 
either by control panel entry or by  being read from tape, 
the most  recent entry is the controlling one. 

During the playback operation the operator is  responsi- 
ble for monitoring the copy, changing type  elements, paper, 

Figure A-4 Examples of interword  space  variation  and hyphena- 
tion. 

This  example demonstrates the 
effects of varying the minimum 
interword space, the maximum 
interword space, the maximum 
quad space, and line expand. For 
all  samples the minimum 
interword space  is three units. 
The first two samples  are run 
with YES entered for line 
expand and the last one with 
NO. For the first sample, 
maximum interword space and 
maximum quad space  are, 
respectively,  twelve  and twenty 
units. For the last two samples 
they are  nine  and  twelve units. 

This  example demonstrates the 
effects of  varying the minimum 
interword space, the maximum 
interword space, the maximum 
quad space, and line expand. For 
all  samples  the minimum 
interword space  is three units. 
The first two samples are run 
with YES entered for line 
expand and the last one with 
NO. For the  fnst sample, 
maximum interword space  and 
maximum quad space  are, 
respectively,  twelve and twenty 
units. For the last two samples 
they are  nine and twelve units. 

This  example demonstrates the 
effects of  varying the minimum 
interword space, the maximum 
interword space, the maximum 
quad space, and line expand. For 
all  samples the minimum inter- 
word  space  is three units. The 
first two samples  are run with 
YES entered for line expand and 
the last one with NO. For the 
first sample, maximum inter- 
word  space and maximum quad 
space  are, respectively, twelve 
and twenty units. For the last 
two  samples they are  nine  and 
twelve units. 

INTERWORD INTER- 

1NTERWOR)D  INTER- 
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tapes, and ribbons as required, entering control  information 
on the control  keyboard, and hyphenating words when 
necessary. 

As stated above, the MT/SC employs an operator-con- 
trolled hyphenation method. Since even the best automatic 
hyphenation schemes produce less than 100 per cent accu- 
racy and since the output station is monitored in any case, 
the system is designed to call on the  operator to make 
hyphenation decisions when required. The machine prints 
the end-of-line word that  is to be hyphenated after tabulat- 
ing to the right of the column from the end of the line above 
the line in question. By means of a TYPE key on the con- 
trol panel (Fig. s), the  operator causes the word to be 
printed a second time, one character at a time. When the 
desired break point is reached, the  operator inserts the 
hyphen appropriately by means of a HYPHEN key. When 
the machine is restarted, the next line will print with the 
word hyphenated at the selected point (for an example, see 
Fig. A-4). If the  operator chooses not  to hyphenate the 
word or if it  cannot be p~operly divided, the machine will 
justify the line by inserting additional quad spacing in the 
line. 

' Justification procedure 
As  previously mentioned, considerable flexibility can be 
exercised over the tightness of lines and frequency of 
hyphenation. This flexibility  is centered in the  control 
keyboard in the MIN  IW, MAX IW, MAX QUAD, and 
LINE  EXPAND factors. If hyphenated text is desired, NO 
is indicated for LINE  EXPAND  and text is read into the 
machine until the total  amount of text is sufficient to fill 
the column width, with spaces set equal to  MIN  IW,  in 
units. Often there will be a word which  begins before the 
column limit is reached and which, if completed, would 
overflow the column width. An  attempt is made to dis- 
tribute among  the interword spaces of the line a space 
equal in length to the portion of the word which did not 
overflow. If this results in interword spaces which do  not 
exceed MAX IW, the line has been justified and is then 
printed. Otherwise the word will be hyphenated by the 
operator  as described above. After the hyphenation decision 
has been made, another  attempt is made to justify the line, 
this time by distributing the space in the word between the 
hyphenation point and the overflow point  among  the  inter- 
word spaces. If this results in interword spaces not exceed- 
ing MAX QUAD, the line is printed. Otherwise the inter- 
word spaces are set equal to MAX  QUAD  and the remain- 
ing space is distributed equally (within one unit) as inter- 
letter spaces between all letters of the line. Thus  the  ma- 
chine justifies a line by  successively trying the following 
methods until one is found which  will work: 

1. Expand interword spaces, without exceeding MAX IW. 
2. Hyphenate the overflow word, and then expand inter- 

3. Expand interletter spaces. 
word spaces, without exceeding MAX  QUAD. 

The  operator  can set upper and lower limits on interword 
spacing by entering appropriate values for MAX  IW  and 
MIN IW. Normally, all interword spaces should lie be- 
tween these limits. However, if a word printed for hyphena- 
tion is not hyphenated, or if the operator incorrectly places 
the hyphen beyond the line-end limit, MAX IW may be 
exceeded. By entering an appropriate value for  MAX 
QUAD, the operator can control  the size  of interword 
spacing that will  be tolerated before letterspacing begins. 

If YES is entered for LINE EXPAND, the procedure is 
simpler : . 
1. Expand interword spaces, without exceeding MAX 

2. Expand interletter spaces. 
QUAD. 

This allows an operator who is willing to accept some- 
what open lines to avoid hyphenation decisions entirely. 
(In a test, the entire text of the front page of a newspaper 
was set in this manner without a single hyphen and  in fewer 
lines than the original, which had been partially set on 
manually operated linecasters and partially from wire 
service paper tape.) Some examples of text set with different 
combinations of these four variables are shown in Fig. A-4. 

In modes other than justify, all interword spaces are set 
equal to  MIN IW. In tabular work, it is frequently useful 
to set MIN IW equal to the width of a numeral. 

Summary 
The entire procedure is thus carried out in two parts.  The 
operator  at the input  station is responsible for original entry 
of the  copy; for entry of the proper keyboard (prefix key) 
codes at the  proper  points; and for text correction and 
preparing any correction tapes. The operator at the output 
station is responsible for set-up, including type font selec- 
tion, pitch and leading settings; for entry of the console 
control codes (format, spacing, etc. by means of the control 
panel of Fig. 8); and  for monitoring the  output copy and 
making the hyphenation decisions. 
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