




















































































































































































































































































































































































































































































































































































































































































































SET

] 0
X000 L X REGISTER
A\/’ FLIP-FLOP
X001
GATE WORD TO Z (60 nanoseconds) "1 STORE
Z000 Z REGISTER
7001 FLIP-FLOP

Figure 8-44, Storing a Word in Memory.

The read portion of the memory cycle ends and the word from the X register is
now contained in the Z register. The Z register enables the appropriate inhibit
generators and allows the new word to be stored in memory (refer back to Figure
8-42) .

You should now understand why the same circuitry may be used for both reading
from and writing into memory. The current instruction in the F register feeds
the Function Translators which, in turn, determine whether the Memory Request is
to read or store a word. For example: an ADA instruction requires an operand
from storage; whereas a Store A instruction causes an operand to be written into
storage.

The type of magnetic core storage explained in the foregoing test is known as a
random access, co-incident current, destructive readout, four-wire magnetic
core storage. The following diagram illustrates the complete circuitry re-
quired to read or store one bit of a 24-bit memory word.

FROM X REGISTER

STROBE TORE

X DRIVE SENSE LINE INHIBITS
LINE Z000 oN

2001

INHIBIT LINE

Figure 8-45. Complete Memory Circuit.

Several other types of random access storage devices exist or are being develop-
ed. Some memories have non-destructive readout capabilities which eliminates
the necessity of restoring the word being read. Some storage devices use com-
ponents other than magnetic cores for storing bits of information. Appendix A
explains the theory of a random access, word organized, non-destructive

readout, two-wire, thin-film memory.
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SUMMARY

Several types of storage devices have been discussed in this chapter. The se-
quential access devices, such as the disk and drum, involved mechanical motion
to position data and/or read heads before the information could be read. The
disc is one of the very popular storage devices with modern super-computers be-
cause of its economical mass storage capability. Millions of bits of informa-
tion may be stored on one disk memory device.

The main storage area of a digital computer is usually of the random access
type because of the speed advantage during information access. The device may
be magnetic core or thin-film, coincident current or word organized, and either
destructive or non-destructive in reading. Although the cost per bit of these
purely electronic storage devices is high, they are very reliable and allude to
a faster computer system.

The four-wire magnetic core system explained in this chapter is quite common in
present day computer systems. The two drive lines were used for both reading
and restoring (or writing) a word by reversing the direction of current flow.
The sense line is used only during the read portion of a memory cycle when the
cores are switching to zero. The inhibit line is used only during the write
portion of a memory cycle and then only if that bit is to contain a zero.

A memory cycle is initiated by a Memory Request from the Control section of the
computer or from an I/o device. Once initiated, memory operations are auto-
matically controlled by sequential pulses tapped off a delay line. The memory
cycle reads and restores a word or may store a new word. The S register de-
termines which memory location will be referenced by selecting one X and one Y
drive line transformer and, consequently, the two drive lines. The storage word
is read out into the Z register and then transferred to the F register as an
instruction or to the X register as an operand.

Although the explanation of a magnetic core storage system and its memory cycle
is necessarily quite lengthy, the time duration of a complete memory cycle is
only slightly more than one millionth of one second. Those little iron dough-
nuts may be in continual use at that rapid pace without even getting stale.

You now deserve a coffee (and little iron doughnuts) break.

The following review questions allow you to self-test your understanding of
various memory devices and, specifically, the magnetic core type of storage.
After completing the questions, check your solutions with those at the end of
the chapter.

1) What two types of information may be stored in any memory device?

a)

b)
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2)

3)

4)

5)

6)

What is one of the most important factors to be considered in the design of
a memory device? Why?

List two advantages and two disadvantages of each of the three memory de-
vices discussed.

Advantages Disadvantages
Drum 1. _ 1.
2. 2.
Disk 1. 1.
2. 2,
Core 1. 1.
2. 2.

Why are magnetic core memories utilized so often if they have the two dis-
advantages you listed?

Why are drum memories utlized so often if they have the two disadvantages
you listed?

Making the assumption that a computer uses a drum storage device, can the one

word access time be improved without increasing the speed of the drum or
making it physically smaller?

If no, why not?

If yes, how?
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7) A computer's memory consists of 4,096 24-bit words. Draw your design of
the memory stack and indicate the number of wafers and matrix size.

8) How would you modify your design for question #7 if the memory size
were increased to 32,768 words?

9) What are the advantages gained by increasing memory size?

10) What address length(number of bits) would be required to acéess each word
of a

4096 word memory?

8192 word memory?

16,384 word memory?

32,768 word memory?

11) The following illustration indicates the magnetic state of a core. Will
the core switch when electron flow through the drive lines is in the
direction indicated by the arrows?
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12) In what direction would the core be magnetized with electron flow through
the drive lines as indicated by the following illustration?

v

v

13) Draw the hysteresis loop for a half-selected core in the one state as
read current is applied.

14) Explain how a word is written into memory and how the inhibit generators
determine what state each core of the word will assume.

15) What determines whether a Memory Request is to read a word from memory
or to store a new word into memory?

16) Each number in the following illustration identifies an event or events
that occur during a memory cycle. List each of these events.

| | 1

} | ] |

[ ! | !

REQUEST | ) 3 L
1

1.
2.
3.
4.
5.
6.
7.
8.
9.
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17) A memory consists of 4096 words (one field) of 24 bits each. A random
pattern of data is stored in 3000 locations, yet bit 17 of all 3000 words
is always read as a "0". What would you do to correct the obvious mal-

function?

Explain why or why not each of the following choices could cause the problem.
a. Failing sense Amplifier
b. An open drive line
c. An open sense line

d. Inhibit generator for bit 217 is burned out

e. Someone stole one of the memory wafers

18) A memory malfunction exists and, after investigation, you decide that a
drive line has opened. The failing addresses are all between 60000g and

67777g. Which stack would contain the faulty drive line and which field
would you replace?
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19) The operand 666666668 is stored in memory. How many inhibit generators
are turned on?

20) Without referring to the text, draw the circuit required to read and re-
store one bit of a memory word (core, sense amp, Z register flip-flop, etc.).

Include the AND gates that allow the same circuit to be used to store a
new bit.

A quick comparison of the solutions should indicate that you wunderstand the
concepts of a destructive read out, magnetic core memory. Compare these
concepts with the thin-film, word-organized, non-destructive readout (NDRO)
memory briefly explained in Appendix A, Volume III.
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1)

2)

3)

4)

ANSWERS TO REVIEW QUESTIONS

a) Instructions

b) Data (operands)

Speed requirements of the computer system.

The applications for a new computer system dictate how fast it must
operate. Generally, the slower, sequential devices are less expensive
than the sophisticated, random-access memories. If memory access time
is not a factor, a slower and more economical device may be used.
Drum:

Advantages 1) High speed transfer for large blocks of data.

2) Relatively simple, both mechanically and electronic-
ally.

Disadvantages 1) Long one-word access time.
2) Religbility is limited by mechanical characteristics.
Disk: \
Advantages 1) High speed transfer rate for large blocks of data.
2) Massive storage capacity.
Disadvantages 1) Long one word access time.
2) Mechanically complex.
Core:
Advantages 1) Completely random access.
2) Very high speed.
Disadvantages 1) Relatively expensive.
2) Electronically complex.
If fast memory access time is a necessity, the speed advantage outweighs
the added cost of the magnetic core memory. Although complex in design

and operation, the electronic memories are very reliable and mechanical
problems are practically eliminated.
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5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

In many applications where mass storage of large blocks of information
is required, the advantages offered by drum storage far outweigh the
disadvantages.

Another set of heads could be added half-way around the drum to decrease
the initial access time by 50%. However, due to the added circuitry and
more complex addressing techniques required, another type of storage
device would probably be used instead of the drum.

Figure 8-12 illustrates the proper configuration. Each of the four
planes on a wafer would contain a 64 x 64 matrix of 4096 cores.

See Figure 8-13,

A program consisting of 10,000 instruction and data words could not be
entered into a 4K memory at one time. The program would have to be
executed in segments of 4,000 instructions each. Increasing the word
length of a computer allows larger operands to be expressed and makes
the system more versatile.

a. 4096 words could be accessed with a 12-bit address (one field).

b. 13 bits
c. 14 bits
d. 15 bits

Yes, the coincident magnetic fields oppose the magnetic state of the
core and it will switch.

Notice how the drive lines pass through the core and the direction of
electron flow. The two magnetic fields are in opposition to each other
and would cancel, effectively having no effect on the core.

A5

J

The word is transferred from the X register to the Z register which, in
turn, determines which inhibit generators are turned on. A cleared flip-
flop, representing abinary =zero, in the Z register causes its inhibit
generator to be turned on. The inhibit current opposes the write current
and the core is not switched to a one during the write portion of the
memory cycle.

Figure 8-23.
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15)

16)

17)

18)

19)

20)

The function translators determine what type of instruction is in the F
register and consequently what type of operation is to be performed.
For example, a store A instruction would write into memory whereas an
ADA instruction would dictate a read operation from memory.

Clear Z register, Address to S

Start Read

Gate word to Z register (from either sense amps or X registér)
End Read

Inhibits on

Start write

End Write, inhibits off

Clear S register

Discharge drive lines

The most probable cause would be sense amplifiers because it is a
differential amplifier trying to detect the state of a core from the
small voltage induced into the sense line. A large portion of

memory malfunctions are caused by failing sense amplifiers.

An open drive line would affect all bits of 64 memory words because
a drive line passes through 64 cores in each plane (Figure 8-17).

An open sense line is a possibility but not as probable as the
sense amplifier (mechanical rather than electronic).

With a bad inhibit generator, no inhibit current would flow and the
bit would always be switched to a one during the write portion of
the memory cycle.

A memory wafer contains 4 bits of each of 4096 words. If the other
three bits on that wafer (16,18,19) are being read correctly, there
is no memory wafer thief in the crowd.

Stack 3, field 0 (Figures 8-13 and 8-14).

The birary equivalent of 66666666g contains 8 zeros. Therefore, eight
inhibit generators would be turned on by the eight cleared flip flops in
the Z register.

Your circuit would be similar to the one in Figure 8-45.
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CHAPTER IX

CONTROL SECTION

INTRODUCTION

The third section of the computer to be discusses is the control section. The
two preceding chapters, Arithmetic and Memory, each explained a section

the computer and each made reference to commands initiated by the control sec-
tion. In Figure 9-1, the man is analogous to the control section of a computer.
The adding machine and the pencil and paper are useless if the man is on a
coffee (and little iron doughnuts) break. Likewise, a cobweb-covered in/out
basket is indicative that the man is "out to lunch."

Figure 9-1. Man-sized computer

If the sections of a digital computer were classified in their order of impor-
tance, the control section would undoubtedly be first.

The control section has the responsibility of reading and executing instructions.
Each of the stored-program instructions is read from memory into the F register
where it is translated. The translation indicates what operation is to be per-
formed and the control section generates the proper signals at the proper time
to supervise the execution.

Possibly the man at the desk is an accountant, auditing financial reports. He
removes a report from the basket and records some of the pertinent information
on paper ( the program is read into computer storage). The man reads the
report and determines that two numbers should be added together (reading and



translating an instruction). The numbers are added on the adding machine and
the sum is formed (execution of ADA instruction). The sum is then recorded on
a piece of paper (STA instruction) which is then placed in the out basket (out-
put from computer storage to an 1/0 device, possibly a line printer). The
entire process was under the CONTROL of the man and was performed in a logical
sequence.

The objective of this chapter is to familiarize you with the overall function
of the control section and the methods used whereby instructions are read and
executed.

COMPUTER BLOCK DIAGRAM

The following block diagram illustrates the control section of the basic com-
puter.

]
\
\ T
|}
\
ARITHMETIC \ A t T 1\ T
\ —+¢ :
| \
\
\
Q2 \
\
\
T v VY 4 \ -
\ fiblm, v,k
o i
o x 2 a2 1"
\
b----—---.---— -T------- ---“‘
] \
[ \‘
Output
___J<—'—-—~ . -
] 7 \ P1
] \ e
\
Input P 4} \ P2
] Restoration \
| Network '
] ) \
! M ti !
agnetic
1/0 | ‘\
i Core <F—1—dy
S
| Storage \
: MEMORY v Control

y\ Sectiom

Figure 9-7., Rasic Computer Rlack Diagram
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It is important to realize that the diagram does not show all of the logic cir-
cuits of the computer, but does show the major components (memory, adder, regi-
sters) and how they are interconnected. Although it appears that the control
section consists of only the B, F, and P registers, it also contains the logic
circuitry required for the reading and execution of instructions.

READING THE INSTRUCTION

Before a program can be executed, it must be placed in computer storage. The
operator then '"master clears" the computer, sets the P register to the address
of the first instruction, and presses the GO button on the console. The control
section of the computer then generates a command that initiates the reading of
the instruction from storage. The subsequent events are illustrated by

Figure 9-3.

™
fibjm, y, k
I F

®

P1
z
L - P2
(:> Restoration
Netﬂork
Magnetic |
Core (:)
Storage <:) S

Figure 9-3, Reading an Instruction
You will recall from the preceding chapter that when an operand or an instruc-
tion is to be read from storage, the control section issues a Memory Request.
The request pulses a delay line that controls the entire memory sequence, in-
cluding steps 1, 2, and 3, indicated on the preceding diagram.

1. Address to S register (P—>S)

2. Start read



3. Gate word to Z register

Upon receipt of a "Memory Request" from the control section, the memory section
generated the commands to transfer the word to the Z register and restore it in
memory. After the word has been gated to the Z register, the memory section
sends a Reply to the control section which indicates that the word is ready to
be transferred to the F register. Upon receipt of the Reply, the control sec-
tion issues a command to transfer (Z) to F. The command transfers the instruc-
tion to the F register and translation begins.

Instruction translation is also considered as part of the reading sequence
because, until after the computer has translated, it does not "know" what
operations are to be performed. That entire sequence of events, from issuance
of the Memory Request until the instruction has been translated, is known as
the Read Next Instruction (RNI) Sequence (Figure 9-4).

Start RNI Sequence

CONTROL SECTION MEMORY SECTION
REQUEST
Memory Request

WAIT FOR Read instruction
into Z Jregister
REPLY

: S04 send RFply
|

Transfer instruction :
to F register I
Start Translation :
I
I
i

Restore word
in memory

i
|
1
i
I
i
Translation complete v

Figure 9-4, RNI Sequence
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EXECUTING THE INSTRUCTION

The translated instruction in the F register must now be executed by another
sequence. The proper sequence is selected by translators which have classified
the circuit instruction according to its function. The other sequences are
Read Address (RADR), Read Operand (ROP), and Store Operand (STO).

RADR Sequence

Entry is gained into the RADR sequence only if the "a" designator bit of the
instruction specifies indirect addressing (a "1").

Indirect addressing is possible only if the address field (lower 15 bits) of
the instruction is actually an address. However, all jump instructions have a
jump address but only the UJP is indirectly addressable. A quick review of the
25 instructions listed in Chapter IV will show that only the following nine may
be indirectly addressed.

ADA,I 30 |lal b m
DVA,I 51 {ja| b | m
LDA,I 20 jal b m
LDQ,I 21 jai b m
MUA, I 50 |a} b m
SBA,I 31 jajb m
STA,I 40 |a| b m
STQ,I 41 la}b m
UuJP,1 0l |a}|b m

Once entry has been gained into the RADR sequence, the "b" designator is
examined first and, if designated, indexing is performed. Memory is then
referenced at m + (BP), the modified address, and the lower 18 bits of the
instruction are replaced with those from storage. If the new "a" designator
is also a "1", indirect addressing is again required and a second pass through
the RADR sequence is made (Figure 9-5).
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|
I
]
|
Perform :
RNI Form M ,
addressing ] b indirect
Se- required? | (M=(B°)+m) . '
uencel | addressing :
1
) I !
| |
To ROP L RADR Sequence |
or STO " T T TT - TT TS T T T T
Sequence

ROP Sequence

Figure 9-5. RADR Sequence

The ROP sequence is entered if the current instruction requires a word from
memory. Another quick review of the instruction repertoire indicates that the
following instructions require a word from memory and would, therefore, use the

ROP sequence.

LDA
LDQ
ADA
SBA
MUA
DVA

a

20 b m M) —— A
21 al b m M) —>Q
30 al b m (A) + M) —>A
31 al b m (A) - (M) —>-A
50 a b m M) X (A) —QA
51 ab m (AQ) + (M) —>A

Each of the instructions could be indirectly addressed. In that case, the RADR
sequence would precede the ROP sequence (Figure 9-6).

RNI

Sequence

RADR ROP
Sequence Sequence

Indirect

Figure 9-6. RNI, RADR, ROP Sequences
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An instruction could specify address modification but may not specify indirect
addressing. For example, the instruction 30 3 12345 does not specify indirect
addressing and, therefore, the RADR sequence would not be used. However,
address modification is specified (M=(B’)+m) and is accomplished in the ROP
sequence before the operand is read from storage. After the operand has been
obtained, it is added to the contents of the A register and execution of the
instruction is then complete.

STO Sequence

If the instruction in the F register specifies that an operand is to be written
into memory, the STO sequence is used instead of the ROP sequence. Only three
of the twenty-five instructions listed in Chapter IV would use the STO sequence;
they are STA, STQ, and RTJ. The RTJ instruction stores a return address (P+l)
at the location designated by the instruction to allow return to the main pro-
gram (review the RTJ instruction, if necessary). If the instruction is STA or
STQ, addressing @+(BP)=M) may be required to form the address (M) at which the
operand will be stored. Addressing is not possible on the RTJ instruction.

The remaining sixteen instructions do not use either the ROP or STO sequence
because the use of memory is not required. For these instructions, execution
is accomplished in the same RNI sequence that allowed the instruction to be
read from memory. Another RNI sequence would then be initiated to read the
next instruction.

The control section is divided into three sub-sections; main control, arithme-
tic control, and block control.

MAIN CONTROL

The reading and translating of instructions is the primary function of main
control. After translation, main control may initialize arithmetic control or
block control if the current instruction requires the use of either of those

two sections. After arithmetic control has been initiated, main control starts
to read the next instruction from storage while the current instruction is still
being executed.

ARITHMETIC CONTROL
All instructions that utilize a portion of the arithmetic section of the com-
puter require the use of arithmetic control. Once initiated, an Arithmetic

Busy FF is set which prevents another instruction from using the arithmetic
section until the current instruction has been executed.

BLOCK CONTROL

All I/0 instructions are executed as a function of block control.Because it is
primarily I/O-orientated, block control will be discussed in the next chapter.
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The commands generated by the control section are a result of pulses from a
timing chain. The pulses are tapped off the chain at desired intervals.
Main control has its own timing chain that is independent of those used by
its two sub-sections: arithmetic control and block control. Figure 9-7
illustrates the relationship between the sequences and the timing chain for
a 30 1 12345 instruction.

Memory
min """ }
Timing Initiate Completion of
v Memory}i\ Reply ADA instruction
Arithmetic _ _ _ _ _ i, S 7Y ’
Timing Address
Modifica- .
{ I tion 7 N I Main
| — - - - -~ 7 T 7~ 7 T Timing
\ AN A
A4 ~ ~
RNI ROP RNI for next
instruction

Figure 9-7. ADA Instruction Timing

A sequence may consist of commands from several timing chains. 1In the pre-
ceding figure, the ROP sequence was made up of commands from main control,
arithmetic control, and the Reply from the memory delay line. Arithmetic
Timing is used to perform address modification (indexing). Main timing then
generates a Memory Request to obtain the operand. After memory has been
initiated, it sends a Reply back to main timing. Arithmetic Timing is then
used to perform the addition of the two operands while main timing reads the
next instruction from memory. Some instructions, such as a multiply, require
a considerable amount of time for execution. The next instruction following
the multiply could be read and executed before the multiply is finished, but
only if the next instruction is executed by the RNI sequence and does not
require arithmetic timing. The only instructions that satisfy both require-
ments are SLS, SJ1-6, HLT, and UJP, Simultaneous execution is possible be-
cause there is an auxiliary function register (F2) that holds the upper nine
bits of the previous instruction while the 24-bit Fl register holds the next
instruction. Function translators for each register allow two operations to
be occurring at the same time. Table 9-1 contains a list of the instructions
and the sequences required for execution.
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Table 9-1

RNI SEQUENCE ONLY RNI ROP
AZJ ADA *%
ENA DVA *%
ENA,S LDA *%
ENI LDQ k%
ENQ MUA *k
ENQ, S SBA *%
HLT
INI
ISD RNT STO
IST * RTJ
SHA STA *k
SHQ STQ 3
SHAQ
SJI-6
SLS
uJp *%

* instruction does not require arithmetic timing.

*% instruction may be indirectly addressed and would then
require the use of the RADR sequence immediately after

the RNI sequence.

NOTE

If the UJP instruction has a "b'" designator

of 1-3 (indexing required), arithmetic timing
would be required because address modification

is performed in the adder.
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The importance of the computer control section should now be yuite evident.
A detailed analysis of the execution of instructions will be made to further
enhance your understanding.

DETAILED CIRCUIT ANALYSIS

Before a program can be executed, it must be contained in magnetic core storage.
Master Clear, set the P register to the address of the first instruction
(keyboard entry from console), and press the GO button. Program execution then
progresses until some type of Stop instruction is read. All operations between
the initial start and the reading of the Stop instruction are automatic, initi-
ated by the control section. The RNI sequence is activated when the GO button
on the console is pressed. During the reading of any instruction, RNI has five
major functioms.

1) Eunsure proper conditioning of the P register.
Upon initial start, the P register is not advanced because the
first instruction is to be read from (P). After execution of
the first instruction, the P register will be advanced at the
beginning of RNI before memory is initiated to read the next
instruction. If the previous instruction was an ISI or an ISD
and conditions are met, the P register will be advanced twice
(to P+2) before the next instruction is read. If the previous
instruction was a jump and jump conditions are met, P is not
advanced but is forced to the new address in the lower 15 bits
of the F register.

2) Read the instruction from storage and place it in the F register.
The current instruction must be placed in the F register before
execution can be accomplished because the function translators
are fed by the F register (review Chapter VI).

3) Sense for interrupts.
When an abnormal condition arises during program execution, it may
be desirable to interrupt normal operations and alleviate the
abnormal condition. For example, if an ADA instruction produced
overflow, subsequent arithmetic operations would only propogate
the incorrect result. The interrupt routine is a special program
that analyzes the abnormal condition and performs the necessary
corrections before returning to the main program. The computer
would not stop and, except for an interrupt light on the console,
the operator might not be aware that an interrupt had occurred.

4) Translate the instruction.
Translation must be accomplished to inform the control section
as to which functions must be performed to ensure proper execu-
tion. The translation also determines which sequence should
follow RNI (RADR, ROP, STO, or amother RNI).
f 2 stop instruction is read, and stop conditions
******* op switch set or HLT).
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After the instruction has been read and translated by the RNI
seqyuence, it must be executed. 1If the instruction is an ADA, the
ROP sequence is initiated at the end of RNI and the addition is
then performed. An STA instruction would require the STO sequence

at the end of RNI to store the contents of the A register in
memory.

The following diagram (Figure 9-10) illustrates how each of the sequences is
initiated at the end of RNI by setting either the RADR, ROP, or STO flip-flops.
The flip-flop that goes set is determined by the translation of the current
instruction. The entire ROP sequence logic is not included in the diagram but
sufficient logic is included to illustrate how the ADA, SBA, and LDA instruc-

tions are executed and how indexing is performed at the beginning of the ROP
sequence.
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Figure 9-10 illustrates the logic circuitry for the RNI and ROP seyuences.
Assuming that the program:

00100 20 0 00103

00101 30 1 00074

00102 00 O 00100

00103 00 0 00200

00104 00 0 00600

is to be executed, the following operations must be accomplished.

1) Read and translate the LDA instruction (RNI)
2) Execute the LDA instruction (ROP)
3) Read and translate the ADA instruction (RNI)
4) Perform indexing (M=(Bl)-m) (ROP)
5) Execute the ADA instruction (ROP)
6) Read and translate the HLT instruction (RNI)
7) Stop the computer (RNI)

The operations are performed by generating the proper commands in the proper
sequence (refer to Figure 9-10). That proper sequence is as follows:

1. Master clear the computer. This sets the RNI flip-flop
(Zone J2) and the Block P F/F (D1) in addition to clearing all
operational registers.

2. Set the P register to 00100 (address of the first instruction).
3. Set (B1)=00010
4, Press the GO button on the console. When the Go button is

pressed, the initial start circuitry pulses HO87 (Zone Al)
which initiates RNI to read the LDA instruction.

LDA TINSTRUCTION

The P register is not advanced on the first pass through RNI because the AND
gate is broken by the Set Block P flip-flop. The storage request FF is set
to hold the pulse until the Reply comes back from storage. Commands from the
memory section gate the address from P to S and cause the instruction to be
read from storage into the Z register (review Chapter VIII if necessary). As
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soon as the reply comes back from storage, the gate is made into HOOO and the
RNI sequence continues. The Block P FF is cleared in preparation for the
advancement of P on the next pass through RNI. The seven phase-time wait
(V000 to V006) is to allow time for memory to place the instruction in the Z
register. The output of V006 clears the F register and places the instruction
in F1 and the upper nine bits also in F2.

The output from VOO8 cannot set the Start Arithmetic FF because the ROP FF is
not set. The cleared ROP FF also prevents the output of V009 from pulsing the
End ROP control delay, HO84, The output of V009 does make the gate into HO10
(not RADR and not ROP). Two phase times later, the output of VOll pulses the
End RNI control delay which clears the RNI FF and ends the first RNI sequence.
The LDA instruction is now in the F register and has been translated.

The End RNI control delay enables a gate to set RADR, ROP, or STO, depending

on the current instruction. It also enables either the Start Arithmetic or the
No Index FF. The current instruction is 20 0 00103, which causes the ROP and
No Index FFs to set. If indirect addressing had been specified, RADR would have
set instead of ROP,

The setting of the No Index FF indicates that Indexing is not required and that
the arithmetic section will not be used at this time. The No Index FF makes the
AND gate into H110 (Zone D2), which requests storage for the operand if no
interrupts are pending.

The memory section obtains the address from the lower fifteen bits of the F
register, initiates storage to honor the reyuest, and sends back the Reply.
The same timing that read the instruction (HO00 -- HO09) is now used again to
read the operand. However, the F register is not cleared by V006 on this pass
because an ROP sequence is now in progress instead of RNI.

The output of VO0O8 sets the Start Arithmetic FF and the output of V009 now ends
the ROP sequence (although the operand has not yet been placed in the A regi-
ster). The AND gate into HO10 cannot be made at this time because the ROP FF
is still set for one more phase time.

The End ROP delay now clears the ROP FF, sets the RNI FF, and pulses HO87, to
read the ADA instruction. Arithmetic timing is also in progress to place the
first operand in the A register.

The Start Arithmetic FF is duplicated (Zone A2) to show how it initiates the
arithmetic timing. It pulses H100 whose output is fed back to clear K100/K10l.
The Enable Adder ~»F FF cannot set because indexing is not being performed.

When the Start Arithmetic FF sets, N961 outputs a logical "1" for one phase time
(until the flip-flop is cleared), which pulses H510 (clears A2 and X1) and H500.
The output of H500 gates the operand from Z to X.

The cleared A2 register and the X register now feed the adder and propogation
begins. The Al register is cleared (V514) in preparation for the output of the
adder. The output of V515 then gates the operand (adder output) into the A
register.
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ADA INSTRUCTION

While the first instruction was being executed, the RNI sequence was using main
timing to read the ADA instruction. On this pass through RNI, the P register
will be advanced because the Block P FF is clear and the previous instruction
did not specify a jump condition. If the previous instruction had been an ISI
or an ISD and skip conditions were met, the Skip FF would allow the P register
to be advanced twice before the storage request was issued.

The RNI sequence is identical to that for the LDA instruction except that the
Start Arithmetic FF is set instead of No Index FF at the end of RNI. Arithmetic
Timing is now used to form M. The output of V100 (B2) sets the Enable Adder
—>F FF (C2). The output of V510 gates (Bl) to X and (F) address to A2; the
output of V502 clears the lower 15 bits of F; and V503 makes the AND gate into
H110. The output of V110 gates the output of the adder (M) to F address and
also issues the Storage Request for the operand.

The ROP sequence is the same for the ADA instruction as for the LDA except that
indexing was performed at the start of ROP. Although A2 is cleared by V510
(B3), it is restored by the Al—A2 pulse out of V500. Except for the Al—A2
pulse, the LDA and ADA instructions are identical.

HLT INSTRUCTION

The third instruction in the program is the HLT. While the arithmetic timing
was being used to execute the ADA instruction, main timing was reading the HLT
instruction. The End RNI control delay cannot set any of the five flip-flops
(Zone K) and cannot clear the RNI FF. However, a GO FF (not shown) is cleared
which causes the computer to stop at the end of RNI. The jump flip-flop is

set in preparation for a jump to m if the computer is restarted. When the com-
puter stops, the console displays the contents of the registers.

A = 00001000

Q = 00000000

F = 00 0 00100
B1 = 00010

If indirect addressing had been specified on either the LDA or ADA instruction,
the End RNI control delay would have set the RADR FF instead of ROP. After
completion of the indirect addressing, the ROP FF would be set and the instruc-
tion would be executed in the normal manner.

The following timing chart illustrates the sequence of commands issued by main
and arithmetic timing to accomplish the execution of the previously-mentioned
program.
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LDA

INSTRUCTION

MAIN TIMING
/ Initiate RNI

Storage Request for
instruction

R T g
WAIT FOR REPLY
N N St
CLR BLOCK P
CLR F
(Z)»F
Fl-»F2
END RNI
Set NO INDEX
Set ROP
Clear RNI

Storage Request (V110)
for operand

P

WAIT FOR REPLY
P g N SR

Set START ARITHMETIC

END ROP

\. Set RNI
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MAIN TIMING ARTTHMETIC TIMING

~
f'Initiate RNI CLR A2 and X1

Zz<X
LDA
Advance P to 00101 >

INSTRUCTION
Clear Al

Storage Request for ADA Adder Al
instruction S

/—\/
WAIT FOR REPLY

/—\/

Clear F
(z)=>F1
Fl1->F2

ADA END RNI

4

INSTRUCTION Set START ARITHMETIC
(b=1)

Set ROP

Clear RNI
Clear A2 and X1
Set ENABLE ADDER->»F
(Bl —>X and (X)—> A2  INDEXING

Clear lower 15 bits of F

STORAGE REQUEST for Adder output (M)->=F
operand

S~
WAIT FOR REPLY

/-\_/

Set START ARITHMETIC

END ROP

\ Set RNI
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MAIN TIMING ARITHMETIC TIMING
Initiate RNI CLR A2 and X1 h

Z>»X
ADA
Advance P to 00102 >
INSTRUCTION
Clear Al

Storage Request for HLT Adder-»Al |
instruction J

HLT —_——
INSTRUCTION WAIT FOR REPLY
P —
Clear F
(Z)=>F
F1>F2
END RNI

Clear GO

Computer Stops

The preceding Timing chart is similar to those published for each computer.
They make up a manual called COMMAND TIMING in which the entire timing for each
instruction is listed. The command timing charts are very helpful in the step-
by-step analysis of an instruction and for troubleshooting malfunctions.

Figure 9-11 illustrates the actual LDA timing for the 3200 computer. Notice
the main timing commands on the left and the arithmetic timing commands on the
right. Although some terms are different from those previously discussed,
essentially the same operations are being performed.
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61-6

*11-6 @an31g

*3uTWy] pUEWWON

20 (LDA) LOAD A Function: Load A with a 24-bit quantity from stogzge
address M.
Main Control Timing Arithmetic Timing
TIME | TERM COMMAND REMARKS TIME | TERM COMMAND REMARKS
This timing chart begins at V008 of a Indexing and indirect addressing are
ROP sequence initiated by decoding a applicable to this instruction, but
20 instruction, are not included in this timing chart,
V008 |, 104 |Set Start The 24 - bit operand from location M |
105 |Arith 2 (M = m+BP) is now in the DBR.
V009 {H084 |End ROP |N691 H510 [Clear X1
(V109){H104 and A2
l H500
V084 | 084 |Clr ROP |vs00 [H501 %! and A2 now cleared.
085 H531 | I*—»X! | DBR—>14 enabled by F translations.
080 |Set RNI | :
081
HO087 I
(V104) K104 Clr Start
105 |Arith 2 I
V087 [HO14 |[Initiate Main control now reads the next V501 {H502 DBR—+ 14 —+X1 now occurs. This
RNI instruction while the arithmetic l places (M) in X1, (A%) = Zero. Adder
section simultaneously completes the propagation begins.
LDA.
|V502 H503
V503 [H504
| H514 [Clear Al
lvs04 [H505 Al now cleared.
(N544JH515 |10—sAl Sum —»10 statically enabled,
INSO- Sl.im-—» IO———bAl, This places (M) in
I Al,
Instruction execution is complete;
I arithmetic timing ends.
I

FORM CA 122




Another valuable publication is the File of Equations. Each logic component
in the computer is listed by term number. Also included is the card type,
input terms, and output terms. The pin numbers of inputs and outputs aid
trouble-shooting procedures. Figure 9-12 is an extract from a File of
Equations. It is possible to construct a logic diagram using only that
information. For example, the two terms K110 and K111 make up a flip-flop
and are both on the same card.

The inputs to K110 are Klll(feedback) + (V100-F604-J149). 1Its outputs
feed F171, JO19, J100, J187, and K111 (feedback). The card is located on
Chassis #2, Q row, card 55 (2Q055A) and is a K31 type card.

) K31
V100 —=2
F604 —2] 15 7o H110, H114, H126, H201

4 K110

K111
v106 —2 L 7o F171, JO19, J100, J187

The AND gate is actually made at the input to the card but would be logically
represented externally.

V100 ‘
F604 K110 p—>To H110, H114, H126, H201

J149

v106 —>{ K111 {—>To F171, JO19, J100, J187
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K106=K407«v120 +J110 V102+J105 Voilieypll 1924,
1/ 1t s 2 3 / 4 57 6 10 7 11 12 13
20067A W66 H231 K107 K953

K107=2K106«N209,
157 1 7 14
200678 H66 F507 K214 HW750 J06n J220 K106

K1083K109eV184 J115eVv202 F270 J126+V202 F418 J109 K002,
17 27 3 4/ 5 6 10 7/ 1% 12 13 14 15
20041A K58 H217 Kp00 K109

K$093N2274N217+M1624K108 K118,
1/ 2/ 3/ 4/ 5 6
200424 K24 H217 J301 K108 K114 K118

K1105K1114V100 F604 J149,
Flip- | 3/ 1/ 2 3 4 5 6
200554 K31 F17¢ J019 J100 J187 Kitt

Flor | ve11aK110av106,

157 1,40 11 12 13 14
200558 K31 H1iy Hil4 H126 H201 K140

K1123K113«V084 F403 +V082 F504 +V380 F524 F600,

1/ 177 2 3 4/ 5 6 10 7 11 12 13
200564 K36 K113

K113zK112«N110,

15/ 1 7 44 _
200568 K36 H110 H?50 K112

K114sK115+V103 K109,
17 17 2 3
200434 H46 F507 K115

K1158K114eV102,
6/ 1/ 4 5
200438 W46 K114

K1162K1174« vi17 +V125 K209,
17 1ty 27 3 4/ 5 )
200304 K32 Joi1e J181 J213 K099 K117 K203

K117sK116+N005+N152 *V317,
15 ¢/ 1 710 7 1% 12 /7 13 44
200%08 K32 H11% J216 K116 Té5¢

K1182K1094N151 J455+v000 K207 K204V280 063 U194,

1/ 27 3 4/ 5 () 10 / 11 12 13 14 18
20040A K58 K109

K120=K121ey010 J499 J583 +N010 HOB0 J499 K497 F328,
1/ 2/ 3 4 5 6 /7 10 11 12 13 14 1%

200764 K12 H22¢0 H220 J119 J214 493 K121 VeQ9

Figure 9-12. File of Equations.
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Although the publications illustrated are not actually part of the control
section and not even part of the computer, they do provide valuable information
and enhance a better understanding of the computer.

You should now be able to generate the necessary commands to execute any in-
structions with the possible exception of a MUA or DVA. The following questions
should provide an indication as to how well you understand the Control Section.
The answers are at the end of the chapter.

Answer the following questions:

1. What is the function of the control section?

2. How many sequences does the control section have? List them and
explain when each would be used.

3. What is the reason for having two different timing chains?

4. Why would arithmetic timing be used to execute an INI instruction?

5. Referring to figure 9-10, how would execution of an ADA instruction
differ from the execution of an SBA instruction?

6. How could you modify figure 9-10 to enable the execution of an LDQ
instruction?
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7. Using only the block diagram (figure 9-2), generate the command timing
for the INI instruction (15 3 00020). Assume the instruction is
already in the F register.

8. What is the function of the 9-bit F2 register?

9. Which instruction would use only the RNI and RADR sequences during its
execution?

10. Why is the use of control delays so prevalent in the control section?

11. Why is a flip-flop (Storage Request) set each time a request is sent to
storage?

12, Assuming a two phase-time wait between the Memory Request and the
Reply, how much time would be required to execute a 30 1 12345 instruc-
tion? Use figure 9-10 and give your answer in microseconds. Start
with the output of VOl4 and stop when it outputs a pulse the second
time.

9-23



SUMMARY

The third section of a digital computer discussed was the control section. Its
responsibilities are quite varied, which tends to make it more difficult to
understand than either the Arithmetic or Memory sections.

The control section generates the commands reyuired to read and execute instruc-
tions and all of its operations are meant to achieve that overall objective.
Place yourself in the role of a design enginecr and, with the block diagram,
make a sequential list of the commands necessary to cause an instruction to be
executed. When a list has been made for each instruction in the repertoire,
combine the lists together and you will have the commands to be generated by the
control section.

The execution of similar instructions is normally controlled by a sequence.

The ROP sequence was used for those instructions requiring an operand from
memory and the STO sequence was used to place an operand into memory. The RNI
sequence was used to read instructions from memory. Each instruction could have
its own sequence, but this method would require more hardware and would, there-
fore, increase the cost of the computer.

The design of the control section is a determining factor in the speed of a
computer. Seyuential operations should follow each other as closely as possible
to save time. However, timing problems may occur if a command is generated
before the previous operation is complete.

The final secFion to be discussed is the I/0 section.
After its functions have been presented, the four sections of a computer will

be integrated with the I/0 eyuipments to constitute a computer system. At that
time, the importance of the control section will become even more significant.
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ANSWERS TO REVIEW QUESTIONS

Controls the execution of instructions by issuing the proper commands in
the proper sequence.

RNI  Read instructions.

RADR 1Indirect Addressing.

ROP Execution of an instruction reyuiring an operand from storage.
STO  Execution of an instruction storing an operand in memory.

Arithmetic Timing controls those operations concerned with the arithmetic

section, whereas main timing generates the commands to read instructions.

The two timing chains provide the capability for performing two simultane-
ous operations -- executing one instruction and reading another.

The arithmetic (nH(Bb)'*>Bb) is performed in the adder which requires the
use of arithmetic timing.

V500 would initiate a Z—>X command for the SBA instruction and a Z —> X
command for the ADA instruction; the only difference.

H503 —I—J>—» H514

CLEAR Q1 X —> ql
f =21 —O—>1504 > 1505
V504 V505
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MAIN TIMING ARITHMETIC TIMING

START ARITHMETIC

F address—~A2
(Bb)=X
Clear Bb

Adder -~ BP

8. Arithmetic timing is controlled by function translators fed by F2,
whereas main timing is controlled by Fl translators. This allows
arithmetic timing to process one instruction while main timing is
executing the next (providing the next instruction does not require
arithmetic timing and the first requires a long time -- 5-10 micro-
seconds -- for execution).

9. A UJP with indirect addressing (01 4 12345)

10. Commands must be issued in sequence with time allotted between operations
to one to be accomplished before the next is initiated. The control
delay provides the necessary time interval before the next operation

is initiated. Each control delay is synchronized by the same master
clock and, therefore, provides exactly the same delay as all others in
the computer.
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11. The output of a control delay is a pulse of only 62,5 nsec in duration.
If the Reply was not there to make the AND gate when the delay had a
"1t output, the pulse would die and the computer would stop. By using
the flip-flop, the logical "l" is preserved for as long as necessary

until the Reply is received from memory.

————>REQUEST

REPLY “*
(L/ >1 H000
V017
T L
vo1l7 AND Gate not made b t i t t
%////ﬁ : : a ot ma ecause two inputs no
' i 1 logical '"ones!" at same time
REPLY |
SKIP
REQUEST ~ RELLY
K116 O3 1000 —>>
V017 V000
l._>K117
vo17 ://; b
! i
77
K117 |Z g
AND gate now made
REPLY
V000 Clears flip-flop

12. About 39 phase times, or less than 2.5 microseconds.
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CHAPTER X

INPUT-OUTPUT SECTION

INTRODUCTION

The final section of a digital computer to be discussed is the I/0 section.
Although input and output are two different operations, they are both
controlled by the same section. References are sometimes made to the five
sections of a computer but because input and output are combined, this

text will consider them collectively as the fourth section.

A different perspective of our man-sized computer indicates that there are
two baskets on his desk. One is labelled IN and the other is labelled OUT
~-- indicative of the input and output sections of the computer.

You learned in the preceding chapter that all operations, including input
and output, are under the supervision of the control section. The part
of the control section that supervises input and output is known as block
control because blocks of data are being transmitted between the computer
and 1/0 devices. It is the objective of this chapter to explain the

function of .the common I/0 devices and how each communicates with the
computer.
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I/0 BLOCK DIAGRAM

The block diagram (Figure 10-1) illustrates how an I/0 device is

"connected to the computer. Each I/0 device must communicate with the
computer through a controller (synchronizer) which synchronizes the slow
mechanical operations of the device with the much faster electronic operations
of the computer.

1/0 1/0
COMPUTER €«——>» CONTROLLER j&—
CHANNEL DEVICE

Figure 10-1. 1I/0 Block Diagram.

The computer may have as many as eight I/0 channels, each capable of
bidirectional data transfer. Each channel may have up to eight controllers
connected to it for a maximum of 64 controllers., Some controllers, such
as those for magnetic tape units, can accommodate eight units. If a
fully-expanded system had nothing except tape units as I/0 devices, the
computer could have 512 tape units connected to it (Figure 10-2).

Controllers Tape Units
(equipmentg 0-7) 0-7
one of #0 #0
leight
#1 #1
I/0
E #2 #2
COMPUTER g
5 #3 #3
12
#5 #5
#6 #6 <
#7 #7
rigure 1U-Z. 17U Channel-Controllier-Unit Counectiocns.
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In order to communicate with tape unit #6, an instruction would be
executed to connect to channel #2, Equipment #4, and Unit #6. Once
connected, another instruction would be executed specifying READ (input to
computer) or WRITE (output from computer) and the specific block of memory
to be used.

Each type of I/0 device must have a special type of controller. For

example, a system consisting of a card reader, a card punch, a line printer,
and four tape units would have a card reader controller, a card punch
controller, a printer controller, and one tape unit controller (Figure 10-3).

Tape | Input/Output .
Y —> Control. ¢y 1 3
I/0 I1/0 b 0 Line O0(o0 |00
inter |Qutput ;
> rin __E—> Printer
COMPUTER Ch. Ch. Control.
#0 #1 Card
Punch OQutput )
Control. Punch
Reader *Input L
Control. Card Readen

Figure 10-3. Computer System.
All four controllers could have been connected (physically) to a single
channel, but the efficiency of the system would be diminished.

Many operations use tapes and the printer; if on the same channel, only
one device could be connected (electrically) at any specific time.

TYPES OF PERIPHERAL EQUIPMENTS

There are many different types of peripheral devices. Most of them are
either for input or for output. For example, some of the more common output
devices are:

1) Card Punches 4) Line Printers
2) Magnetic Tapes 5) Magnetic Disks
3) Paper Tape Punches 6) Visual Displays
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7) Plotters 8) Typewriter

Some of the more common input devices are:

1) Card Readers 4) Magnetic Disks
2) Paper Tape Readers 5) Optical Page Readers
3) Magnetic Tapes 6) Typewriter

Magnetic tape units, magnetic disks, and the typewriter are listed as both
input and output devices. Each is capable of two-way communication with
the computer. All I/0 operations must be initiated by the computer.

This is accomplished by reading an instruction from the program in the
same manner as those instructions explained in chapter 1V.

I/0 INSTRUCTIONS

An I/0 operation may be initiated by executing three instructiomns. If an
input from a magnetic tape unit is desired, the program must first connect
to the specific equipment, next specify the desired mode of operation, and
then initiate the input.

The connection to the desired equipment is made by executing a Connect
instruction. The instruction requires two consecutive memory locations and
would be written according to the following format.

23 18 1715141211 00
CON P 77 0 | Ch X
P+1 Reject instruction

Il

Ch = 1I/0 channel designator, 0-7

X = 12-bit connect code. Bits 09-11 select the controller
and bits 00-02 select a unit connected to the
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Referring to Figure 10-2, the instruction to connect to tape unit #6 would
appear as 770 24XX6. The instruction sends the 12-bit connect code to the
controller on the selected channel. 1If the connection is made, the
controller sends back an immediate Reply and the next instruction is read
from P+2. If a Reply is not received within 100 microseconds, or if the
channel is already busy, the reject instruction is read from P+1. The
reject instruction may be a jump back to P, keeping the computer in a
tight loop until the connect is made. The fallacy with this procedure is
that the computer may '"hang up" in an indefinite loop if the controller
cannot be connected.

A Select Function instruction follows the connect and is used to specify the
desired type of operation to be performed. The Select instruction also
requires two consecutive memory locations.

SEL P 77 1 Ch X

P+1 Reject Instruction

Ch = channel designator

X = 12-bit function code. Each device has its own
unique set of function codes. They are listed
in a booklet which contains the codes for each
controller. 1If a tape controller has been connected,
a Select instruction could be used to select a
specific recording density, binary or coded
information, tape motion codes, or one of several
others. Each will be explained with the individual
unit.

The reject instruction at P+l serves the same function as for the Connect.
A reject will occur if:

1. A connect has not previously been made.

2. The 12-bit code is not defined for that controller,

3. Equipment busy or not ready.

4. Channel busy.



After the equipment has been commected and the appropriate operations
selected, the actual input or output is initiated. An input is initiated
by the INPW (word addressed input to storage) instruction and an output by
the OUIW (word addressed output from storage) instruction. Each instruction
requires three memory locations, but this is all that is required to
transfer a block of data into or out of storage. Once the operation is
initiated, the computer continues with its program simultaneously with the
data transfer.

INPW

Ch

23 17 00
: N

23 2120198817 14 00
P+1 Ch ZBINIT m
P+2 Reject Instruction

NOTE: Shaded areas should contain zeros.

backward storage (data is entered starting al last address first)
I1/0 channel designator

Interrupt computer upon completion

"0" for assembly, "l" for no assembly. Input can be into lower
12 bits only or into all 24 bits of storage location.

address of first storage location to which data is to be
transferred.

last word addresst+l of data block. If n = 01000, last word
will be transferred into storage location 00777. The instruction
is read from two storage locations, P and P+1. If the channel

is busy, the reject instruction is read from P+2. 1If not, the
next instruction is read from P+3.
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The only difference between the INPW and OUIW instruction format is the
function code. 74 0 indicates INPW whereas an QUIW instruction would have
a function code of 76 O.

The same three instructions, CON, SEL, and INPW or OUIW, are used to
initiate operations on all types of equipment except the typewriter. The
typewriter is not connected through an I/0 channel and communications
between it and the computer are accomplished with two special instructions,
CTI (Set console typewriter input) and CTO (Set console typewriter output).

A program to read 100 words from the tape unit indicated in Figure 10-2
could appear as follows:

00100 77 0 24006 Select channel #2, Equipment #4,
Unit #6
00101 Reject instruction
00102 77 1 20001 Select binary mode of operation
00103 Reject instruction
00104 77 1 20004 Select density of 200 frames per inch
00105 Reject instruction
00106 : 74 0 01001 Input - Last word will be in 01000
00107 20 0 00700 Channel #2 - First word to be trans-

ferred into 24 bits of location
00700. 1If bit 18 is set (21 0 00700),
the information would be placed in
only the lower 12 bits of each
storage location (00700-01000) and
only half as much data would be
transferred from the tape unit.

00110 Reject instruction

00111 Next instruction of program.

The instructions from locations 00101, 00103, 00105, and 00110 will not be
read unless the preceding operation cannot be initiated.

Block control supervises the entire input operation and leaves the computer
free to execute instructions. All eight channels can be busy at the same
time but would alternately share block control. One word would be
transferred via channel 0 followed by a word on another channel and the
third word via a third channel. Block control has its own memory
consisting of 100g 24-bit storage locations called a register file.
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Sixteen of those locations are permanently allocated specifically for the
eight 1/0 channels. When either an INPW or QUIW instruction is executed,
the first address and last address+l are placed in the appropriate
register file location. For example, as the computer executes the INPW
instruction 740 01001, the equivalent of 01001 (last word address+l) will
be automatically placed in the register file at address 12 (channel #2).
The instruction at P + 1 contains the first word address (00700) and the
equivalent of it will be placed in the register file at address 02.

If the INPW instruction had specified channel #7 instead of #2, the LWA + 1
and FWA would have been placed in register file locations 17 and 07
respectively. Remember, the register file is a separate memory from
computer storage and is reserved specifically for block control. The
remaining register file locations are for other block control operations
not discussed in this text.

TRANSFER OF DATA

Once the input has been initiated, the transfer of data is supervised by
block control as it communicates with the controller through the I1/0
channels. There are several types of I/0 channels but this discussion
will assume that the channel can accomodate a full 24-bit data word. The
N designator (bit 18) of the INPW instruction would then be a "1", since
no assembly is required.

The channel requests data from the controller which, in turn, obtains two
6-bit bytes of information from the tape unit. The controller then sends
the 12 bits of data to the I/0 channel which are placed in the upper

half of a 24-bit register in the I/0 channel (Figure 10-4).

Two 6 bit

one 12 bit byte bytes

Computer I/0 Tape Tape Unit

Channel Controller

Figure 10-4. Data Transfer.

As soon as the I/0 channel has received the first 12-bit byte of data, i
sends another request to the controller. The second 12-bit byte is sent
to the 1/0 channel and placed in the lower half of the register.
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The 24-bit data channel now has a 24-bit word ready to be stored in
memory. It notifies block control by issuing a channel request. Block
control has a channel scanner which alternately monitors each channel.
When the scanner reaches the requesting channel number, it stops and
the request is then recognized by block control.

All memory modules are connected together through a common data bus which
could be in use by the computer and not immediately available (Figure 10-5).

DATA BUS
\ ) 4
Storage [Storage | Block Control Main and Storage |Storage
Module | Module Register File Arithmetic Module | Module
00 Control
1 0 v 3 2
8K 8K 7 8K 8K

Channel Scanner

0
1/0 | 1/0|1/0| 1/0 _ 1/0 {1/0 |1/0|1/0
ch| ch| ch| cu|l|—2 5 ch|ch | cnl chn

3 2 |1 0

- ]

Figure 10-5. Eight Channel System with 32K of Storage

As soon as block control acquires use of the data bus, it notifies the
requesting I/0 channel. The register file (location 02 for channel #2)
contains the address in computer storage into which the data word will be
placed. Block control reads that address from the register file and then
makes a storage request. The effective starting address is then updated by
one and placed back in the register file at address 02. When the operation
is repeated for the next data word, the word will go into the next
consecutive memory location.

As soon as computer storage recognizes the request, block control gates
the word from the I/0 channel into a data bus register and into computer
storage. The last word address+l is read from the register file

(address 12 for channel #2) and compared with the current address after it
has been updated. If they are equal, the transfer of data is complete;

if not, another request for data is sent to the controller and the process
is repeated. This type of operation is known as a buffered data transfer
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because computer operation is completely independent of the I/0 operation.
A non-buffered operation would require the computer to suspend its execution
of instructions until the 1/0 operation is finished.

An output operation would be quite similar except that the transfer of
data is from storage to the I/0 device.

FUNCTIONAL ANALYSIS OF I/0 EQUIPMENTS

Now that you understand how the computer communicates with Block control,
the I/0 channel, and the controller, the function of several types of I/0
devices and their controllers will be explained.

MAGNETIC TAPE

One of the more common types of 1/0 devices is the magnetic tape unit. As
previously stated, up to eight units may be connected to one controller
but only one of the eight may be electrically connected and communicating
with the computer at any given time. If other controllers are connected
to the same I1/0 channel, only one of them may be in communication with the
computer.

Figure 10-6. Magnetic Tape Units and Controller.
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Three magnetic tape units and the controller are illustrated in Figure
10-6. Magnetic tape is used as a storage medium for large volumes of data.
Information may be recorded on tape and repeatedly read back into the
computer as desired. The tapes may be stored for long periods of time with
very little degeneration in the quality of information. If data is lost,

automatic checking circuits notify the computer by causing a program
interrupt.

The primary function of the tape unit is to move tape past the heads to
enable the reading or writing of data. The physical layout of the tape
unit is illustrated in Figure 10-7.

The supply reel feeds tape into the right vacuum chamber, over a drive
capstan and under the head assembly, over the second drive capstan,
through the left vacuum chamber and is taken up by the take-up reel. Tape
motion is controlled by the two drive capstans, each turning in opposite
directions. The capstans are hollow and can have either vacuum or air
pressure applied, depending upon the desired direction of tape travel.

TAKE UP REEL SUPPLY REEL

S
FORWARD
REEL

DRIVE

READ HEADS
WRITE HEADS
@ ERASE HEAD

I

PHOTOSENSE I T l PHOTOSENSE
INDICATORS INDICATORS

iDLER iDLER

VACUUM
€—— STORAGE —>
‘COLUMNS

Figure 10-7. Magnetic Tape Unit
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If it is desirable to move tape forward (from supply to take-up), pressure
is applied to the right capstan and vacuum is applied to the left capstan.
The pressure forms an air cushion between the tape and the clockwise-
turning capstan. The tape is forced into contact with the counter-
clockwise turning capstan by the vacuum and the tape moves under the head
assembly from right to left. Tape speed of the units illustrated in

Figure 10-6 is 150 inches per second, but may vary with different types
of units.

VACUUM PRESSURE

.

Figure 10-8. Forward Tape Motion.

Reverse motion is attained by reversing the pressure and vacuum in the
two capstans. Tape motion is stopped by applying pressure to both
capstans and vacuum to the brake (Figure 10-9).

PRESSURE PRESSURE

Figure 10-9. Stopping Tape Motion.

Tape motion is controlled by the two drive capstans and the brake. The
motion of the take-up and supply reels is controlled by two photocells

in each vacuum column (Figure 10-7). The loop of tape in each column acts
as a buffer for tape motion when the tape is suddenly started or stopped.
The photocells in the left vacuum column control the take-up reel and the
photocells in the right column control the supply reel. 1If the drive
capstan moves tape out of the right column faster than the supply reel

is putting it in, the loop becomes shorter. As soon as it moves above

the top photeocell, the detector signals the supply reel motor to turn

forward. L1I tape moves DE&LOW the bottom photocell, it signals itle
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supply reel motor to turn in the reverse direction. In the left column,
the top photocell signals the take up reel to turn in the reverse
direction while the bottom photocell sends the forward signals. A
constant vacuum in each chamber maintains a stable loop of tape and
prevents flutter.

.

.
- : """" [ SR~ < <
R t
: | LIGHT- LIGHT - ;
: il REVERSE FORWARD, /
| P n)
i ]
b .
H ]
LAMP : i PHOTOCELLS LAMPS

: :
) .
s O |
“\ /,’

B=="" PNo LiGHT- NOLGHT-| ~——[

FORWARD REVERSE o
V| e—— VACUUM ———>

Figure 10-10. Vacuum Column Photocells.

Tape Format

The tape consists of a plastic-base film of 1 to li-mil thickness coated
on one side with ferrous oxide suspended in an organic binder. Recording
is accomplished by magnetizing minute areas of the tape surface in a
pattern determined by the data to be recorded. The recording area of

the tape is 2400 feet in length plus an extra ten feet at the beginning
for a leader and 18 feet at the end. A reflective marker at each end of
the recording area notifies the tape unit when either end has been
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reached. The first marker (10 feet from beginning of reel) is the Load
Point marker and the one at the end of the recording area is the End Of
Tape marker. The beginning and end of the recording area is detected by
two photocell sensors. When the reflective marker passes over its
respective sensor, the change in reflected light is detected (Figure 10-11).

DETECTOR
CELLS LAMPS

END OF TAPE SENSOR

TA;>
MOTION

LOAD POINT SENSOR
LOAD POINT MARKER

2400 FEET OF
RECORDING AREA

] —T
END OF TAPE MARKER

Figure 10-11. Load Point and End Of Tape Sensors.

The Load Point marker is placed on the outside edge of the tape away
from the tape unit whereas the End Of Tape marker is placed on the
inside edge toward the unit. Both markers are on the plastic side
(bottom) away from the recording surface.

Tape width may vary but common widths are from % inch to 1 inch. 1If
%-inch tape is used, recording is accomplished by simultaneously
magnetizing small areas that lie in seven parallel tracks. Six tracks
are for the recording of data. The seventh is used to record a
summation check bit of the other six and is known as the vertical parity
track.

Writing on Tape

When a block of data is to be written on tape, it leaves computer memory
as a series of 24-bit words. The first 24-bit word reaches the 24-bit data
channel where it is disassembled into two 12-bit bytes. The upper 12 bits
are then sent to the tape synchronizer for further disassembly into two

[ NS ¢

E-Lit The byte correspondin : the upper six bits of the word

oot oo Tho ot = STTaS o + 11
Myecooe ~ut UyLe LOTLESpPONnLLn Lo Tad Uppsry ¢
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is then recorded on tape along with the parity bit generated by the
synchronizer. The synchronizer then sends the next byte and parity is
sent to the tape unit and that frame is recorded on tape immediately
following the first,

The data channel then gates the lower 12 bits of the word to the synchronizer
which then records two more 7-bit frames on tape. Another word is then

read from storage which is again recorded as four consecutive frames of
seven bits.

The parity bit for each frame serves as a means of detecting lost data.
After a frame is written on tape, the frame passes the read head where the
frame is read and compared with the parity bit. If the recording area

is excessively worn and information failed to be written, it is immediately
detected as a Write Parity Error. Assuming that the tape was good at
recording time but received damage through subsequent use, the lost data
would be detected as a Read Parity Error the next time the tape is read.

The parity bit may be recorded in either of two formats -- odd or even.
Formats cannot be mixed during a given operation. O0dd parity indicates
that the total number of bits in the track are odd. If the total number
of bits in the track (including the parity bit) is even, the recording is
considered to be in even parity. For example, if the word from memory
was 12345670, it would be written on tape in four frames as

000 010

011 100

101 110

111 000

The binary recording of data is always written in odd parity and would.
appear as

Parity Track (ODD)
&———“- y

001 o010 1 |{- | | {41 1st Frame

011 100 O — 2nd Frame

101 110 1 {H| IHHH! 1] 3rd Frame

111 000 O M 4th Frame
OllLi201 311 415116
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If data is to be written in binary coded decimal (BCD) format, even parity
is used and the total number of ones per frame is always even.

The frames would actually be much closer together than indicated. Infor-
mation may be recorded at densities of 200 (low), 556 (high), and 800
(hyperdensity) frames per inch. At hyperdensity, 200 words could be written
on one inch of magnetic tape and the entire contents of a 32K memory could
be recorded on less than 14 feet of tape. Figure 10-12 illustrates how
much tape is required to record 350g words (23210) on tape. The same block
of information was recorded at three different densities and then extracted
from tape by a special process. The top track contains the parity bits

and is known as the parity track.

<« TAPE TRAVEL

800 BPI (Frames per inch)
200 words/inch

l.I6

556 BPI
139 words/inch

200 BPI
50 words/inch

3505 24 BIT WORDS

Figure 10-12. Information Recorded on Tape.

The reading and writing of data on tape is accomplished by moving the tape
under the head assembly. The tape first passes under the erase head. 1If
writing, the erase head removes all old information and leaves the tape
magnetically clean. Tape then moves under the write heads, one for each
track, which records the information and then moves under the read heads
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where it is immediately read back to check parity. The head assembly is
illustrated in Figure 10-13.

< TAPE MOTION

Read Heads Write Heads

6 (I N
5 QLIRS
4 LMY
3 GRAIITTITIITIINIINN Y

D) NNt

N

—

¢
)

L
f .

. .

s L LT

. B PRI
. : v
B T

0 QAN NN

Tracks T T T T

Read Back Records

For Parity New Data Saturates tape Old

Check to an initial Information
direction

Figure 10-13. Head Assembly (Top view) WRITING.

Notice that the write heads record the information in relatively wide

tracks but the read heads are not as wide and read only the center of

the track. The erase head overlaps both edges of the tape and all old
information is removed.

If the computer is reading information into storage, the Erase and

Write heads are disabled to prevent the alteration of previously stored
data (Figure 10-14).
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< TAPE MOTION
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Figure 10-14. Head Assembly Reading (Top view).

Each head is a tiny electromagnet. The minute gap at the poles is

adjacent to the recording surfac

e. Current flow through the coil of the

magnet produces a magnetic field at the gap which magnetizes a tiny spot

on the tape (Figure 10-15).
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—> Magnetic Line
of force
===-% Electron Flow

‘-

/‘/ Oxide Layer

<— Base Film

— 5124——AEL=-—>};t<——

Figure 10-15. Write Head Configuration.

Current is continuously flowing through the Write head during a write
operation and does not cease between frames. Each time a "1" bit is to
be recorded on tape, the direction of current through the coil is
reversed. This method of recording is referred to as the '"non-return to
zero, change on ones, indiscrete! method. 1Indiscrete refers to the fact
that a change in current flow through the coil, regardless of direction,
is indicative of a "1" bit., Figure 10-16 illustrates how one bit of
several frames would be recorded on tape.

DATA TO BE RECORDED 1 0 0 1 1 0 1 1 0 1
+
WRITE CURRENT 0 e e == B S e
—_ : L —
3 1 1 | | 1
RECORDED FLUX = _— —— — —

Plastic Base

XN
~

PICKUP BY READ HEAD

PR I

*oxide Coating

Figure 10-16. Non-Return-To-Zero (NRZ) Recording.
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As the tape passes under the Read head, the magnetized areas induce current
flow in the pickup coil. Each pulse of current through the pickup coil
indicates the presence of a recorded "l1" on tape.

Since there are seven tracks across the tape, seven individual heads are
required for writing and seven more are required for reading.

Each time an output to magnetic tape is initiated, the entire block of
data is written in continuous frames and forms a record. When recording
in odd parity, at least one track in each frame would contain a "1" bit.
If a memory location contained all zeros, the four frames would be
written on tape as follows:

000 000 1
000 000 1
binary representation
000 000 1
000 000 1

When information is read from tape, each frame is identified by a "l1"

in at least one of the tracks and a Sprocket pulse is generated. A BCD
character of 00 is not used when writing on tape; all other characters
would generate a Sprocket pulse. When all of the information has been
read, the absence of Sprocket pulses indicates that the end of the record
has been reached.

- Longitudinal Parity

Another type of parity is also generated as data is recorded on magnetic
tape. Longitudinal parity provides a means of checking all of the "1" bits
in each track for the entire record, including the parity track. When the
entire record has been recorded, a Check Character is written in even
parity after a skip of three blank frames. For example, if the record
consisted of only two words from memory and these words were 71 72 73 74
and 41 32 23 14, they would appear on tape as follows:
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to three blank
frames
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| Longitudinal
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Figure 10-17. Longitudinal Check Character.

Vertical parity is not checked on the Check Character but is checked on
all frames containing data.

If ancther output is initiated on the same tape unit, the controller will
cause tape to move 3/4 of an inch before starting to record the new record.
The record gap separates the blocks of data and allows a specific record
to be located on tape. After the desired number of records have been
recorded, a File Mark may be written by executing a Select instruction.

J7 1, 39015,
SEL CH CODE FOR "WRITE FILE MARK"

When the Write File Mark instruction is executed, the code is sent to the
controller. The controller causes-tape to move six inches and then writes
an octal 17 in even parity as an End of File mark. After a skip of three
blank frames, the Check Character for the file mark is written, Because
the Check Character is written in even parity, it also appears as an

octal 17 (Figure 10-18).
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character Gap character

Figure 10-18. Writing a File Mark.

A comparison can be made between a reel of magnetic tape and an ordinary
book, such as this text, containing chapters.

Each file is comparable to a chapter in the book and each record in the
file may be compared to the pages in a chapter. If the desired information
is contained in file #2, it can be referenced by executing a Select
instruction to search forward to file mark. This causes the first file to
be ignored and the subsequent initiation of an INPW instruction would

read data from file #2.

In addition to the transfer of data, the controller communicates with the
selected tape unit to control tape motion and to select desired operations
(read, write, density, etc.). Table 10-1 is one page from the peripheral
equipment code book and illustrates those codes that would be included in
the lower 12 bits of a Select instruction to initiate a desired operation.
For example, a 77 1 20010 instruction would cause the selected tape unit
on channel #2 to rewind back to the Load Point Marker. With that as a
reference point, any information on that reel of tape may be accessed.

The overall function of the tape controller is to synchronize the speed
of the tape unit and the speed of the computer. It accepts control
signals from the computer and generates a response, checks parity for
each frame of information read from tape, and generates parity for each
frame written on tape. It also generates and checks the Check Character
for each record and generates the octal 17 to be written as a File Mark.

As data is transferred, the controller must accept a 12-bit byte from the
I/0 channel and disassemble it into frame-size bytes for the tape unit.
During input, two frame-size bytes are assembled by the controller and
sent to the 1/0 channel. When the 24-bit I/0 channel has received two
12-bit tytes from the controller, a request is issued to the computer and
the word is placed in storage at the address determined by the contents
of the register file location for that channel (01-U/).
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TABLE 10-1. TAPE CONTROLLER SELECT CODES

Magnetic Tape Controllers
FUNCTION CODES

0000 - Release

0001 Binary

0002 Coded

0003 556 BP1

0004 200 BP1

0005 Clear

0006 800 BPI

0010 Rewind

0011 Rewind Unload
0012 Backspace

0013 Search Forward to
File Mark

0014 Search Backward to
File Mark

0015 Write File Mark
0016 Skip Bad Spot

0020 Select Interrupt on Ready
and Busy

0021 Release Interrupt on
Ready and Busy

0022 Select Interrupt on End of Operation

0023 Release Interrupt on
End of Operation

0024 Select Interrupt on Abnormal
End of Operation

0025 Release Interrupt on
Abnormal End of Operation

Magnetic tape is highly acceptable as a storage medium for the following
reasons:

1. Extremely large storage capacity per reel of tape (mearly six
million words could be stored on one 2400-foot reel).

2. Tape is relatively inexpensive.
3. Tape reels are easily changed on the tape unit.

4. Large volumes of data are easily transported.

There are some disadvantages of magnetic tape storage:

1. Data must be accessed sequentially ( a record near the end of the tape
must be accessed by moving tape starting at the Load Point Marker and
counting File Marks. Then the desired record in the file must be read
into storage.)
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2. Tape speed must be limited to reduce head and tape surface wear, to
maintain close velocity specifications, and to allow start and
stop tape movement within acceptable time limits.

The special design features of Control Data tape units make magnetic tape
storage reliable for the following reasons:

1. Vacuum Tape Drive -- Tape movement is controlled by vacuum and pressure
in the drive capstans instead of the friction-type pinch rollers.

2. Less wear -- The recording surface of the tape comes in contact only
with the nylon idler as it moves from supply to take-up reel (Figure
10-7).

3. Tape cleaning -- A specially-designed vacuum tape cleaner removes all
foreign particles from the recording surface as tape passes under the
head assembly. This prevents minute dust particles from scratching
the recording surface which could result in lost data.

Because of the advantages of magnetic tape as a storage device, magnetic
tape handling equipment is normally included as an integral part of a
computer system.

CARD EQUIPMENT

Another common and highly accepted input-output medium is the punched

card. Programs may be read into the computer via a card reader and after
assembly or compilation, the machine language object program may be punched
on a card punch. This provides a "hard'" copy of the program and eliminates
re-assembly or recompilation time if the program is to be re-used.

The standard card contains 12 horizontal rows and 80 vertical columns
(Figure 10-19),
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Figure 10-19. 80-Column Card.

Another commonly-used card is the 5l-column card (Figure 10-20).

| i |
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Figure 10-20. 51-Column Card.
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Data may be punched into a card in any of the following codes:
1. Hollerith
2. Binary coded decimal (BG)
3. Row binary

4. Column binary

Hollerith Coding

When a program is initially written, the programmer gives the coding
forms to a keypunch operator. The source program is then manually
punched into a source deck which may then be read into the computer.

However, a review of Chapter IV will indicate that a source deck may
contain alphanumeric characters that are not compatable to the binary
number system of the computer. In 1889, Dr. Herman Hollerith invented

a code that could be used to express alpha, numeric, and special -
characters by a combination of holes in a card. This code is still used
today and is the basis for the Hollerith card.

In the Hollerith format, each vertical column contains one alphanumeric
character (maximum of 80 character per card). This type of card is especially
advantageous because the character punched into each column may be printed

at the top. The source program can then be visually inspected for

keypunch errors before it is fed to the computer. A Hollerith card

with each special character is illustrated in Figure 10-21.
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ST ERREETE] IE £444484¢ IR tdisdsadias

789 10“ unmsu17utszuznzzmz.zsnazsu:naz'n:n;\s:nnnswnuu«tsunonsasxszsasqssss:sssmslamumsﬁl’l“mmnnnumnnnn

3 4 5 1] 7 8§ 9 I‘JH mamslenmsnm222324252527232930313233:43535373&39‘0unus«tstuuussnstszascssssﬂsassununuwssnussmnnmnsmnusn

MC-27T 12899 PRINTED IN U.S.A

Figure 10-21. Hollerith Punched Card.
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Each column could have holes punched in any of the 12 rows but notice
that a maximum of three holes is sufficient to express any Hollerith
character. Also, for future reference, notice that rows 7, 8, and 9

may be punched but no character requires a punch in both 7 and 8 or both
7 and 9.

All cards punched on a keypunch are in Hollerith format. Although only
one character is contained in a column, the advantage of the print-out

on the card justifies the wasted capacity.

Binary Coded Decimal (BCD)

In BCD format, each column contains two 6-bit BCD characters. The same
characters expressed in Hollerith may also be expressed in BCD. By using
the BCD format instead of Hollerith, the capacity of the card is doubled.
In Hollerith, the character A would be represented by punches in rows 12
and 1; the BCD code for "A" is 61 and would result in punches in rows

12, 11, and 3 or rows 4, 5, and 9. A card punched in BCD is illustrated
in Figure 10-22. The most significant bit of the first BCD character is
in row 12. The card may be read by turning it over and reading in

binary from left to right.

4 56 78 91011121314 1516 17 18 13 2021222324252627282930313233

3 4 5 6 7 8 S 10 U 2 13 14 15 16 11 B 1920 A 22 23 247

21314 151671819

[ B B A

IR
T EBERERAEEHE R

Bop g g
CO I B LR €

3456 78 91011121314151617181920212223 24252627 28,
R E R LR R LR R NN

MC-ZT 12899

Figure 10-22. BCD Card.

Row Bimary

A binary card contains only numbers such as are used internally in the
computer. Once a program has been assembled or compiled into machine
language instructions, that program may be punched out in binary.
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At some later date, the binary object deck may be read back into the
computer exactly as it appears on the card. Row binary indicates that

the card is punched row by row (Figure 10-23) instead of by column
(Figure 10-24).

1920 20 22 23 24 25 26 27 2828 30 31 32 33 34 35 36 37 38 39 40 &1 42 43 44 45 46 47 4848 50 51 5255 54 55 55 57 58 5960 b1 62 63 64 65 65 67 68 69 10 11 72 13 74 75 76 717 18 18 3]

W 5 06 11 18 19 20 2 22 25 ¢4 ¢5 ¢5 21 28 29 30 31 32 33 34 35 3 37 38 39 40 4 &2
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Figure 10-23. Row Binary
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Figure 10-24. Column Binary.
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Column Binary

The only difference between row binary and column binary is that the
information is punched by column instead of by row. How the information
is punched is determined by the type of equipment. Either type of card
may be read into the computer but special manipulation of the data may be
required. The column binary card may be read exactly the same as the BCD
card. The column binary card is illustrated by Figure 10-24.

With four types of cards to be read, it looks as though some confusion
should exist either in the card reader, the controller, or the computer.

However, the problem is not as complex as it may appear.

CARD READER

The function of a card reader is to move cards past a read station and
extract the data by sensing holes punched in the card. Earlier models

read the data with mechanical fingers that made electrical contact if a hole
was punched. This method is satisfactory if the cards are not moved past
the read station too rapidly. Increased demands for faster I1/0 equipments
brought about the design of a different type of card reader. Instead of
mechanical fingers, data is sensed photoelectrically. If a hole is

punched in the card, the light is detected by a photocell. Using this
method, cards may be moved past the read station at a very rapid rate.

One such type is the CONTROL DATA® 405 Card Reader (Figure 10-25).

o

Figure 10-25. Card Reader.
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As with all I/0 equipments, the card reader must have a controller as an
interface between the computer and the reader. The controller is
contained in the bottom of the 405 Card Reader. Notice the Equipment
Number Select Switch on the top row (Figure 10-25).

Cards are read at the rate of 1200 per minute with an input tray capacity
of 4000 cards. Each card is read by two read stations and if the same
information is not read by both stations, that card is routed to a
secondary hopper and a read error is detected. Cards are picked from the
input tray by a vacuum capstan and passed by the read station by pinch
rollers. The light source is a high-intensity lamp focused on the two
read stations through a prism (Figure 10-26).

28V INCANDESCENT
LAMP

e

REFLECTING SURFACE

N

DIODE MASK

24 PHOTODIODES

Wil

\ REFLECTING SURFACE

PRIMARY grconDARY

READ
READ
STATION craTiON

\FIRST PINCH ROLLER

Figure 10-26. Light Source and Read Stations.

The card reader does not differentiate between Hollerith, BCD, and binary
cards. The information is sent to the controller as it is read (by
columns). Some controllers have a memory where all of the information from
one card is stored. Others send the information directly to the I/0 channel
as it is read. 1In either type a conversion from Hollerith to internal BCD
may be accomplished.

Internal BCD is a special binary coded decimal format used to facilitate the

sorting of alphanumeric characters. For example, Table 10-1 illustrates
that internal codes for the alpha characters are in ascending order (from 21
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for an A to 71 for a Z). The commonly used (by the computer industry)
external BCD codes are not as easily sorted because the magnitude of the
code does not allude to alphabetical positioning. Further discussions
relating to BCD characters will, therefore, assume them to be in internal
BCD format.

TABLE 10-2. INTERNAL-EXTERNAL BCD CODES

Char Int. Ext.
Prd. BCD BCD
A 21 61
B 22 62
C 23 63
D 24 64
E 25 65
F 26 66
G 27 67
H 30 70
1 31 71
J 41 41
K 42 42
L 43 43
M 44 44
N 45 45
4] 46 46
P 47 47
Q 50 50
R 51 51
S 62 22
T 63 23
U 64 24
Vv 65 25
W 66 26
X 67 27
Y 70 30 -

Z 71 31

Cards read through the card reader are normally assumed to be punched
in Hollerith. Each column of information from the card will be translated
into a 6-bit BCD character by the controller.

Assume that an assembly language program is being read by the card reader
and that a card contains ANSWER LDA SHEEP.
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Figure 10-27. Hollerith Card from Source Program.

The A in column 1 is translated as an octal 21 by the controller and the

N as an octal 45. 1If the controller does not have its own memory, that
12-bit byte is immediately sent to the I/O channel. As soon as the

channel receives the next 12-bit byte (SW = 62 and 66), it issues a
request to the computer and the 24-bit word is placed in storage as
21456266g8. The entire card is read into storage in 20 sequential storage
locations (blanks are translated as an octal 60). The second storage
location would contain the codes for ER blank blank, or 25 51 60 60. When
the entire program has been read, the internal BCD codes are assembled into
the machine language program.

If a deck of cards is to be read that are not coded in Hollerith, the

Hollerith-to-BCD conversion may be suppressed by executing a Select
instruction (Table 10-3).

771 0 0001

SEL CH#0 NEGATE HOLLERITH TO BCD CONVERSION
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TABLE 10-3. CONTROLLER FUNCTION CODES

3142/3248 Card Reader Controller
FUNCTION CODES
0000 Release and Disconnect

0001 Negate Hollerith to
Internal BCD Conversion

0002 Release Negate Hollerith
to Internal BCD Conversion

0004 Set Gate Card
0005 Clear

0020 Select Interrupt on Ready
and Busy

0021 Release Interrupt on
Ready and Busy

0022 Select Interrupt on End of
Operation

0023 Release Interrupt on
End of Operation

0024 Select Interrupt on Abnormal
End of Operation

0025 Release Interrupt on
Abnormal End of Operation

The data on the card is then read exactly as it appears and the information
from each column is sent to the I/0 channel as a 12-bit byte. Twice as
much information was contained on the card and, consequently, 40 storage
locations will be required to store the data. If the deck was punched

in column binary format, it could represent a program in machine language
and no assembling would be required.

If the deck was in external BCD format, the controller would automatically
translate it to internal BCD. When the program is in memory, the assembler
must still assemble the internal BCD codes into machine language
instructions.

The negation of the Hollerith-to-BCD conversion may also be accomplished
by having rows 7 and 9 punched in column 1. A special signal to the
controller causes the entire card to be read in binary because no
conversion is accomplished. A quick look back to chapter 4 (Figure 4-33)
will show that the SCOPE control cards all have a 7/9 multipunch in
column 1. SCOPE is a monitor and consequently does not assemble alpha-
numeric characters. For this reason, control cards are read as binary
cards even though an alphanumeric printout may appear at the top of the
card (Figure 10-28).
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Figure 10-28. Binary Control Card (7/9 Multipunch).

Another special card is the 7/8 7/8 multipunched card. This is interpreted
as an End Of File command to the computer. The resulting interrupt
terminates the read operation and allows the computer to continue with a
different routine.

The advantages of the punched card are:

1. Program changes are easily made.

2. Cards are relatively inexpensive.

3. The "hard copy" of the program may be permanently retained.

The only significant disadvantages are:

1. Cards wear out or may be damaged.

2. Storage space requirements are considerably greater than with other
storage mediums. For example, the information that can be stored on

a single reel of magnetic tape would require a stock of Hollerith
cards over 180 feet high.
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CARD PUNCH

The card punch is an output device used to produce an object deck or to
reproduce any information that may be stored in memory. One type of
card punch and its controller is illustrated in Figure 10-29.

This particular punch has an output rate of 250 cards per minute. The
punch is considerably slower than the card reader because the cards are
punched with mechanical knives. After the card is punched, it is
immediately read to ensure that the correct information is contained on
the card. The reader is of the mechanical type, allowable because of the
slow rate at which the cards are punched. When a read error is detected,
the card in question is laterally offset in the output hopper. It may
then be removed from the deck and visually examined for errors.

Some controllers have a 40-word memory which holds the information to be
punched on one card. The data is received from computer storage and

repreduced in the special memory. Conversion to the desired format is then
accomplished by the controller.
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Figure 10-29. Card Punch and Controller.
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The card is actually punched by row instead of by column. Using this
method, @ card may be punched in less time because only 12 mechanical
operations are involved instead of 80. It appears as though the card
would then be punched in row binary but rearrangement of the data before
being sent to the punch results in a column arrangement.

The controller illustrated in Figure 10-29 does not have a separate

memory and, therefore, all conversions and rearrangement of data must

be accomplished in the computer by special routines. Data is sent to

the controller in eight, 10-bit bytes where it is assembled in an

80-bit register. That information is then used ot punch row 9 on the card.
The operation is performed 12 times to punch the 12 rows on each card.

LINE PRINTER

Another necessary 1/0 equipment in a computer system is a line printer.
A printer provides the user with a readable copy of program listing and
results. Special forms, such as payroll checks, may also be used. The
advantage of the line printer is that all characters in an entire line
are printed simultaneocusly. Using this method, printing rates of 1000
lines per minute are obtained. One type of line printer and its controller
is illustrated in Figure 10-30. The cabinet on the right contains the
printer; the controller is in the background. The printer paper can be
seen through the glass of the printer cabinet. The projection at the
back of the cabinet is the stacker which receives and fan-folds the
printed output.

R —
0 LNAE N S
B RRAGTERR. B A

Ll

Figure 10-30. Line Printer and Controller.
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The controller in Figure 10-30 allows the printer to be accessed by either
of two channels. Notice the two equipment number switches inside the
controller (top left). The printer has an output rate of up to 1000 lines
per minute, 120 characters per line. Other print head assemblies may be
used with up to 140 characters per line.

The print head has 64 rows of characters around its circumference, each
row containing identical characters. The standard Fortran characters are
contained in 48 rows with special characters in the remaining 16. Table
10-4 lists the BCD codes and the corresponding character for each.

TABLE 10-4. CHARACTERS AND CODES

External| Internal Character External | Internal Character
BCD BCD Printed BCD BCD Printed
00 12 : Colon 40 - minus
01 1 41 J
02 2 42 K
03 3 43 L
04 4 44 M
05 5 45 N
06 6 46 O
07 7 47 P
10 8 50 Q
11 9 51 R
12 00 0 52 v logical OR
13 = equals 53 $ dollar sign
14 # not equals 54 * asterisk
15 < less than or equal 55 t arrow up
16 %, percent 56 V arrow down
17 [ open bracket 57 > greater than
20 60 Blank (not loaded 60 20 + plus
into memory) 61 21 A
21 81 / slash 62 29 B
22 62 S 63 23 C
23 63 T 64 24 D
24 64 U 65 25 E
25 65 v 66 26 F
26 66 W 687 27 G
27 67 X 70 30 H
30 70 Y 71 31 1
31 71 z 72 32 < less than
32 72 ] closed bracket 73 33 . period
33 73 » comma 74 34 ) closed
34 74 ( open parenthesis
parenthesis 75 35 > greater thau
35 75 ~ arrow right or equal
36 76 = Identify 78 36 1 logical NOT
tB? 7 A logical AND 77 37 ;  semicolon
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The drum is continuously rotating at 1000 RPM and all characters on a line
would be printed during one revolution. A character is printed by
actuating a hammer which pushes the paper against a ribbon and the head
(Figure 10-31).

PAPER / PRINTED SIDE

RIBBON

PRINT DRUM

HAMMER

PRINT
COlL

Figure 10-31. Print Head Assembly.

If the letter A is to be printed across the entire line, all hammers
would be actuated at the same instant. Although the drum does not stop,
smudging is eliminated by the rapid speed of the hammers. After a line
has been printed, the paper is advanced and stopped before printing of
the next line begins.

Line spacing on the printed page is achieved by selecting one of eight
levels on a format tape in the printer. The format tape is a continuous
mylar loop containing the same number of frames as lines on the printed
page. A standard page could have 66 lines of print which would require
a 66-frame format tape.

In addition to the eight levels, the format tape contains a row of feed-
holes. As paper advances, a cogged wheel engages the feedholes and
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advances the format tape. Level eight may contain only one hole, as it

determines where the first line of print will appear on the page. Level
7 also contains one hole, which identifies the last line to be printed.

The format tape may be punched to suit any desired application.

After the printer is connected to the I/0 channel with a Connect instruction,
the Select instruction, 77120015, would select level 5 of the format tape
for post-print spacing (Table 10-5).

Figure 10-32 illustrates how the printed page would appear with level
5 of the format tape selected. The last line of form will not be printed
because level 5 is not punched in frame 62. When the level 7 hole is

sensed, paper will be advanced to the next level 8 hole (top of next
form).

TABLE 10-5. PRINTER CONTROLLER FUNCTION CODES

FUNCTION CODES

0040 Release and Disconnect
0001 Single Space

0002 Double Space

0003 Advance to Last Line
0004 Page Eject

0005 Auto Page Eject

0006 ~Suppress Space

0010 Clear Format Selection

Select Format Tape Level for
Postprint Spacing:

0011 Levell
0012 Level 2
0013 Level 3
0014 Level 4
—»= 0015 Level 5
0016 Level 6
0020 Select Preprint Spacing

Select Format Tape Lievel for
Preprint Spacing:

0021 Levell
0022 Level 2
0023 Level 3
0024 Level 4
0025 Level 5
0026 Level 6

0030 Select Interrupt on Ready
and Busy

0031 Release Interrupt on
Ready and Busy

0032 Select Interrupt on End of Operation

0033 Release Interrupt on
End of Operation

0034  Select Interrupt on Abnormal
End of Operation

0035 Release Interrupt on
Abnormal End of Operation
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The format tape only determines which lines of the page will be printed;
it does not determine what will be printed on these lines.

Data contained in 30 storage locations would print one line of 120
characters. If a line is to contain blanks, the internal BCD code for

a blank (60) must be in memory at those character positions. For example,
suppose you wish to print out a poem entitled THE MORTIFIED MORTICIAN.

The title is to start 5 spaces from the left margin of the page. The
spaces and the title would require 28 character positions, or 7 storage
words. If the data starts at address 01000, the OUTW instruction would
contain 01000 as the first word address and 01007 as the last word address
+1. The contents of those storage locations would be:

01000 60 60 60 60 blank blank blank blank
01001 60 63 30 25 blank T H E
01002 60 44 46 51 blank M 0 R
01003 63 31 26 31 T I F I
01004 25 24 60 44 E D blank M
01005 46 51 63 31 0 R T I
01006 23 31 21 45 C I A N

Another output could be initiated to print the first line of the poem.

The printer remains connected until some other equipment on that channel

is connected or a Select instruction to "release and disconnect!" (771 X 0040)
is executed (Table 10-5). When the second output is initiated, the printer
automatically advances paper to the selected line.

The entire poem may be printed with one output buffer operation. However,
the remaining 23 storage locations for the title must be filled with
blanks (60), as must the unused character positions for all other lines

in the poem.

When an output to the printer is initiated, the 30 words to print a
complete line are sent to the controller in 12-bit bytes. Each 6-bit
portion is translated and loaded into a special memory containing a
single core for each character on the drum (Figure 10-33).
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Figure 10-33. Controller Memory Configuration.

Assume that the alphabet is to be printed on one line. The upper 12
bits of the first word would be sent to the controller as 2122. The
first 6-bit portion would be translated and would set the column 1 "AM
core. The other byte would set the column 2 "B'" core. The channel then
sends another 12 bits which, when translated, would set the column 3 "C"
and the column 4 "D" cores.

As each character is written into memory, a column counter is advanced
which selects the proper vertical string of cores (Figure 10-34).

I 2 3 4 5 5 e iz u8 19 120 *
Tl bbb ZONE
8 f[ Pa O o\ D t[ S L\ P N, N (A, N, COUNTER

A~ I T A4 W \ 74 A4 A" Y g >
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V \l N A ) k\l ~ \‘I he 74 \1/ J
B ( Y. . N Y A Ve N . N, N . .

N V ~ Y 74 A4 AN N N N A N
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N 4 \I—\.r—\l_‘ /\l 4 37 Ay 7 \

COLUMN
COUNTER

Figure 10-34. Column Selection.
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The translation of the code selects the proper horizontal line and the
core at the intersection of the two lines is switched to a one.

Another column of cores called a zone column has only the horizontal
lines passing through them but the line is looped through the core three
times. Each different character to be printed switches one core in the
zone column. A zone counter is advanced as each core switches, which
will indicate how many different characters are to be printed.

When the column counter reaches a count of 120, or the output buffer is
terminated, that line is ready to be printed. Assume that the entire

line was to contain nothing but the letter A. The "A" core in each
column would be switched to a one and the zone counter would be at a

count of one (only one character). When the print drum came around to the
A line, the A string of cores would be read. As each core switches back
to zero, the sense amplifier outputs energize the hammers and the entire
line of A's is printed. The zone counter is decremented to a zero, which
signifies that the line has been printed. Paper is advanced as selected,
and the memory is again loaded with the next 120 characters to be printed.

If the next line is to contain the alphabet (Figure 10-33), the zone
counter would be advanced to 26. As the alphabet is printed, the zone
counter is decremented for each type of character. After all 26 letters
have been printed, the zone counter reaches zero which, again, advances
paper and reloads memory.

The advantage of this method is that the drum need not make a complete
revolution before reloading memory. As soon as memory is loaded and paper
has been advanced, the next row of characters to reach the hammers is
printed. For example, if the line to be printed contains the letter T
and the T row on the drum is the next to reach the hammers, all T's will
be printed at the same time.

The morTified morTician
When the drum rotates around to the A row, all A's will be printed.

The morTified morTiciAn
Then the C row

The morTified morTiCiAn
Then the D row, etc.
If only the 48 standard FORTRAN characters are used, memory can be
reloaded and paper advanced while the drum is rotating past the 16
special characters. One complete line would then be printed for each

drum revolution and the output rate would be 1000 lines per minute.

The high-speed line printer is a necessary equipment in any versatile
computer system.
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PAPER TAPE DEVICES

Another medium for input/output communications is via paper tape.
Information is recorded by the presence or absence of holes. A section
of tape is illustrated in Figure 10-35 that has been punched in assembly
mode. The hole at level 6 is not information but only indicates the
starting frame of a 24-bit word. Reading in binary from left to right,
the first word would be 73600514,

FEED HOLES

] First Word 73600514

}‘ Second Word 77730515

TAPE
MOTION

Figure 10-35. Paper Tape Format.

Assembly mode indicates that four frames are to be assembled into one
word and read into computer memory. Data may also be recorded in
Character mode. Character mode tape may be identified by the absence of
holes in the 7th level (26).

To prepare punched tape, blank tape is moved past a punch station
containing the necessary punch and die assembly required to punch a one-

word frame.

The tapc iz momentarily halted. The word fo he punched is sent from the
computer which conditions the necessary punch mechanism to make the holes.
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The tape is then advanced one frame width and the process is repeated.
This method of recording data is relatively slow but permanent records of
short programs and routines are easily obtained.

Once the tape has been prepared, it may be read back into the computer
through the paper tape reader. The tape is read optically be detecting
light where holes exist in the frame. The feedholes indicate when a

frame is positioned over the photodiodes. After a frame is read, the tape
is advanced to position the next frame over the read station. Input rate
is about 250 frames a second as compared to a maximum of 30,000 frames a
second with magnetic tape. As with other I/0 devices, the reader and
punch must have a controller to interface with the computer.

1f paper tape equipment is desired as part of the computer system, the

reader, punch, and controller may be obtained in a single cabinet. One
type of paper tape station is illustrated in Figure 10-36. The reader

is on the left and the punch is on the right.

Figure 10-36. Paper Tape Reader/Punch.
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PLOTTERS

The plotter is a high-speed, two-axis, digital recorder used for plotting
one variable against another. Recording is done by the movement of a pen
over the surface of the recording paper. The Y axis is produced by the
lateral movement of the pen carriage and the X axis is produced by the
rotation of the drum chart. The X and Y axes may be reversed, depending
upon the information to be plotted. Z axis modulation incorporates the
use of a pen solenoid which raises or lowers the pen from the recording
surface in response to electrical input signals.

The motors used in plotters are of a bidirectional type on both the X and
Y axes. Each input signal causes the pen carriage or the drum to move a
predetermined distance in either a negative or positive direction. The
rate of speed is determined by the type of motors used.

The recording paper used for plotting may be as small as the average sized
notebook paper or may be in rolls of 100 feet or more. Movement of the
paper is accomplished by sprocket teeth engaging sprocket holes at the
paper's edge. The feed and takeup mechanism is bidirectional.

There are six operating modes in a typical plotter: Drum Up, Drum Down,
Carriage Left, Carriage Right, Pen Up and Pen Down. The modes are controlled
by electrical input pulses.

st -
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By the use of special adapters, plotters may be connected to a number of
different types of general-purpose computers. One type of plotter is
illustrated in Figure 10-37.

DISK RECORDING

The effective memory size of a computer may be increased by the addition
of disk storage drives to the system. The disk equipment may be a large-
capacity disk file or a smaller capacity disk pack.

The disks are constructed of closely-machined aluminum with a magnetic
oxide coating. Data is recorded by positioning an arm containing the
head assembly over a selected track and magnetizing minute areas of the
surface in circular tracks around the disk. Multiple recording surfaces
increase the storage capacity but data is read from only one track of one
surface at a time. One type of disk pack is illustrated in Figure 10-38.

Figure 10-38. Disk Storage Drive.
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The smaller disk pack has one advantage not available with the disk

files. The six disks may be interchanged as a unit similar to reels

of magnetic tape. With this feature, data may be recorded and then
placed in storage. The unit in Figure 10-38 has a capacity of nearly
three million BCD characters. Recording density averages slightly more
than 800 bits per inch. Each of the 10 recording surfaces contains 100
tracks for data and revolves at 1500 revolutions per minute. The data
transfer rate is over 77,000 characters per second (20,000 computer words)
which compares favorably with magnetic tape. One advantage over magnetic
tape is that data may be accessed in less than 0.2 seconds.

A computer system can have a greatly increased storage capacity with the
addition of magnetic disk equipment.

OPTICAL PAGE READER

One of the recent developments in the I/0 equipment line is the optical
page reader (Figure 10-39).




This unique device scans a printed page and outputs the BCD codes for
the printed characters to a computer. It can be programmed to ignore
lines that contain mistakes, yet read the remaining data on the page.
Characters are read at a rate of 370 per second. If a line contains
a character that is misaligned, illegible, or marginal, the line is
re-scanned. A stack of documents may be placed in the input hopper
where they are automatically fed to the read station. A standard

8% by ll-inch document with six full lines per inch can be read in
fourteen seconds. Smaller size or partially-blank documents are read
proportionately faster.

The documents are prepared on a special typewriter to provide greater
variation of character font than available on a standard typewriter
(Figure 10-40).

LETTERS NUMBERS STANDARD SYMBOLS
A-B C D E F 1 [ 3 4 S - PERIOD
r  COMMA
G H I J K L b K 8 9 0 ? QUESTION MARK
/  SLANT OR SLASH
M N O P @ R ‘  APOSTROPHE
Y QUOTATION MARK
S T U v W X = HYPHEN
1 LEFT PARENTHESES
Y Zz } RIGHT PARENTHESES
¢ COLON
ABSTRACT SPECIAL SYMBOLS i SEMI-COLON
» ASTERISK
1{PROGRAMMED USEZ} = EQUAL SIGN
+ PLUS SIGN
¥ CANCEL { ARROW DOUN % PERCENT SIGN
t FORK $ DOLLAR SIGN
A DELTA T ARROW UP & AMPERSAND
# NUMBER SIGN

Figure 10-40. Special Character Font for Page Reader.
The special font provides more accuracy in character recognition and
consequently eliminates re-scanning.
With the addition of an optical page reader to a computer system,
documents that could be read only by man can now be read by a computer.
TYPEWRITER
A typewriter is usually included on the console of a computer system to

provide a communication link between the operator and the machine.
Operations may be initiated by the operator and information messages may
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be typed by the computer. Software programs, such as COMPASS and FORTRAN,

are easily monitored and controlled by simple statements sent to the
computer.

The slow, serial operation of the typewriter (15 characters per second)
makes it impractical by input/output standards. However, it affords that
necessary link between operator and machine and is, therefore, a common
equipment on a computer system (Figure 10-41).

Many other types of I1/0 equipments exist that have not been mentioned.
The more common types have been briefly discussed to provide you with a
better understanding of their functions. When connected to a computer,
these equipments transform the computer into a computer system.

Figure 10-41. Console Typewriter.
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CABLING

Now that you understand the function of the computer and some of the more
common peripheral equipments, we should discuss the manner in which units
can be cabled together into an operating system.

Before installation of the computer, the area is air-conditioned and
false flooring is installed. The false floor serves two functions:

1) It provides a means of running the interconnecting cables under the
floor.

2) Conditioned air may be forced under the floor to the individual
equipments. Fans in each cabinet draw air through holes in the
floor (under the equipments) to provide cooling for the electronic
circuits.

The first component of the system to be installed is the computer main
frame and I/0 channels. Then the console is installed and connected to
the computer by nine cables running under the false floor (Figure 10-42).
Each of the cables contains 61 conductors, providing enough circuits to
display the contents of all of the registers and to accomodate the many
signals from the typewriter, keyboard, and various switches.

Computer

Figure 10-42. Main Frame and Comsole Cabling.

The next step is to decide which equipments are to be connected to each
channel. The system is to have a card reader, a card punch, a line printer,
and four magnetic tape units. By using dual-channel controllers, the line
printer and the tapes may be connected to two channels. Because the

number of peripheral units is relatively small, two I/0 channels should be
suffiecient.

Most of the I/0 equipments contain 1604-type logic circuitry, even though
the computer itself contains 3600-type circuitry. Special cards are used
to convert from one type of logic signal to the other type. The same I/0
equipments may be used on any type of computer, regardless of the type

of logic used. For this reason, 1604-type logic is used and logic levels
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are converted where necessary.

Data transmission within a cable is accomplished by using a twisted-pair,
impedence-matching transmission line. The line-to-line potential is
The respective polarity of the two lines determines

always 0.5 volts.

whether a "1" or a "Q" is being transmitted.
at each end by a transmitter and a receiver card.

The cable is terminated
Logic level voltages

(-5.8 or -1.1 volts) feed the transmitter card at one end of the cable.
At the other end of the transmission line, a receiver card translates

the signal and converts it back to a logic level voltage.

ment receiving the signal contains 1604 logic circuits, a modified
receiver card converts the data into 1604 logic level voltage (-3.0 or 0.5
volts). A single transmitter card is capable of feeding up to 20 receivers
along a 200-foot cable,

Compute' —
-5.8 [ 4 T SR - | -5.8
or or
<
-1 R T < < T -1.1
volts P volts
3600
Logic
—_—
5.8 (4 1 p<:>OC>CP<ﬂZ[— -3
or or
-1.1 1 4 R ><><:>C><ﬂ_'r_:t- -3
volts /ﬁ volts
modified T and R cards
Figure 10-43. Transmission of Data (3600-Type).

If the equip-

3600 Logic

1604 Logic

1f data is to be transmitted between two equipments that both use 1604-
type logic, transmission is accomplished using L and M cards. All
equipments are connected to a common ground and data is transmitted on

a single conductor.

"0", to 0 volts, for a logical "1" (Figure 10-44).

The potential varies from -16 volts, for a logical

Some peripheral controllers have 1604-type logic while others have 3600
logic. The system under discussion has four controllers. The tape
controllers use 3600-type logic but the other three use 1604 logic.

The card reader, the line printer, and the magnetic tape units are to be
connected to channel §. The card punch, the line printer, and the
magnetic tape units are to be connected to channei I.
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”1” ”1”
-3v Ov M > -3v
1604 logic "on non 1604 logic
.5v < € -16v L .5v
= =

Figure 10-44.

The controllers are connected in series
Two cables connect the I/0 channel to a
other for control signals. Another set
with the next controller. This process
on that channel have been connected (Figure 10-45).

1/0
Channel

sl®

Controller

SN

Transmission of Data (1604-Type).

to their respective channels.
controller, one for data and the
of cables connects that controller
continues until all controllers

Controller

O =,

Figure 10-45. Series Cabling.

Controller

If 25-foot cables are used to interconnect the maximum of eight controllers,
the total cable length of 200 feet is within the specifications for the
Figure 10-46 illustrates how the controllers would
be connected to the previously-assigned channels.

transmitter cards.
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Storage
Module Computer
Ch | Ch P
1 0
HJ
- -+
: -1} 1ot
Card Punch o i BE Card Reader
Controller iLu:F~———— —{-- and Controller
S [ — ; |
——4:"-}AEB;~~-3——— Dual Channel Line Printer
____—E"1= I Controller
—'E*"; \ P 'L--j__
| 1) L
[:1:-:A5Br" Dual Channel Magnetic Tape
‘"“‘E”j; : |f":F‘_"‘Controller
I S R R I
— 1t-- i LT -

Special Line Terminators

Figure 10-46. Controller Cabling

Now that the controllers are cabled into the system, the I/0 equipments
themselves can be connected. Figure 10-47 illustrates how the card punch
is connected.
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PUNCH CONTROLLER

1604 LOGIC
modified

T and R cards

1604 LINE LOGIC
B > 7L
| .
[ 80 bits to punch{
-, R ™
CARD
:}<‘ ] PUNCH
,80 bit Read Check r
Y

From 1I/0
Channel #1

Transmission Lines (3600)

Figure 10-47.

Lt_,

Card Punch Cabling

To other controllers
on channel #1

The card reader and controller are in the same cabinet, which obviates

the necessity of external cabling.
by Figure 10-48.

The line printer cabling is illustrated

1604 LINE LOGIC

PRINTER CONTROLLER PRINTER
1604 logic _. Data >0
- Data N
L >
— Data {
7:/ Control -
CONTROL A,CONTROL B
|
i
iebvas B i Sebey
Transmission ,TT TT ** I‘
Lines (3600) From
From To Ch. To other
I/0 other #1 controllers
Ch. con- on Channel
#0 trollers #1
on Ch.
#0

Figure 10-48.

Line Printer Cabling

The last equipments to be connected to the system are the magnetic tape

units.
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TAPE CONTROLLER #+0

Two cables to each tape unit
3600 LOGIC [::}*3

[
CH
MODIFIED [ }F——
L AND CH

TAPE UNITS

#1

L 717 #2

JWJLJLJL

A

CONTIROL A | CONTROL B jJ

HJ

|

(I
M  CARDS
— CH

[ i N i
iy

N UU 1604 LINE LOGIC

: TERMINATORS
FROM FROM
CHANNEL CHANNEL
#0 #1

Figure 10-49, Tape Unit Cabling.

The entire system is now connected and ready to begin many hours of
accurate computation. Notice that each transmission line is terminated
at the last controller connected to each channel. The terminators are to
match the impedence of the transmission line thereby eliminating line
noise and standing waves.

The entire system, with interconnecting cabling, is illustrated in

Figure 10-50. The function of each equipment should now be evident
and its value to a computer system more meaningful.
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What is the function of a peripheral controller?

Why is it necessary to have a different controller for each type
of 1/0 equipment?

A tape unit controller can have eight tape units connected to it.
Why is a line printer controller restricted to a single line printer?

Why are four cables required between the line printer and its
controller?

What is meant by a buffered operation?

How does the computer know when enough information has been transferred?

What is the function of an 1/0 channel?

What happens if two channels have data to be placed into storage at
the same instant?

List four output devices. List four input devices. List three
devices that may be used for both input and output operations.

1. 1. 1.
2. 2. 2.
3. 3. 3.
4. 4.
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10.

12.

13.

14.

15.

1l6.

17.

18.

19.

What are the advantages of magnetic tape over paper tape?

What are the advantages of magnetic disk equipment over magnetic tape?

Why is it necessary to have a line printer in a computer system in
addition to the console typewriter?

List three formats for recording data on punched cards. Explain each.

Why are punched cards used instead of magnetic tape?

What is meant by "non-return-to-zero" in reference to magnetic
recording?

What is parity? Why is it used?

How does a computer using 3600 logic communicate with an I/0
equipment using 1604 logic? Why do the I/0 equipments have 1604
logic instead of the faster 3600 type?

Why is it necessary to have a memory in the card reader controller?

What is the function of the zone counter in the line printer controller?

What count would it contain if the words CONTROL DATA CORPORATION were
to be printed on one line?
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20. Why are cards punched by row instead of by column?

SUMMARY

The discussion of the fourth and final section of a digital computer
should enhance your understanding of a computer system. Input/output
operations are initiated by the program but then continue under control
of the block control section. Requests for data transfers are recognized
by a scanner which monitors each I/0 channel. When a request is
recognized, the current address is obtained from the register file and
updated in preparation for the next word. Transfer rates depend on

the speed of the I/0 device.

The function of some of the more common I/0 equipments has been explained.
Input/output media may be magnetic tape, paper tape, punched cards,
visual displays, or printed documents. Even though these equipments are
not part of the actual computer, a basic understanding of each is
necessary to full appreciate the operation of the 1/0 section.

Finally, the I/0 equipments were connected to the computer. Cables were
laid under the false flooring and interconnected to provide the desired
system configuration. The four sections of a computer and the I/0
equipments now constitute a functional computer system.

10-60



10.

11.

ANSWERS TO REVIEW QUESTIONS

A controller acts as an interface to synchronize the slower I/0
equipments and the computer.

Each type of I/0 device performs a different function in a
different way and must, therefore, communicate accordingly.

It is quite common to have four to eight tapes on a system but one
line printer is quite often sufficient. The added circuitry would
not be justified for most systems, as it would not be used.

The printer controller contains the information to be printed in
a special memory. The line to be printed could be all of the same
character and up to 140 characters would then be printed simultaneously.

The computer initiates the operation but then resumes normal program
execution -- sharing memory with the I/0 operation. Data is buffered
in and/or out while memory is also being alternately shared for
program execution.

The register file contains the starting and last word address+l.
After one word has been buffered, the starting address (current
address) is updated by one to the address of the next word. When

the starting (current) and LWA + 1 addresses are equal, the operation
is complete.

The I/0 channel communicates between the controller and the computer.
It assembles and disassembles storage words from 12 to 24 bits and
generates the required control signals between computer and controller.

The scanner monitors the channels in sequence. Even though both
have data to be transferred, the first one checked by the scanner
will be answered first. After that one word has been transferred,
the scanner is released and the other request. is honored.

1. Card Punch 1. Card Reader 1. Magnetic Tape
2. Magnetic Tape 2. Page Reader 2. Magnetic Disk
3. Typewriter 3. Magnetic Tape 3. Typewriter

4, Printer 4, Magnetic Disk

Much faster, more compact. However, paper tape is fine for short
programs and routines.

Although disk equipments read data serially, transfer rates are

relatively high and nearly comparable to a high speed tape unit.
The prime advantage is that data on any disk surface may be accessed
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12.

13.

14,

15.

123

123 NRZ METHOD —d

RETURN TO ZERO METHOD

within 0.2 seconds as compared to over 3 minutes for a record
near the end of a reel of tape.

The console typewriter is a serial device suitable only for the
output of short phrases whereas a line printer may print an entire
line of up to 140 characters simultaneously. Line printer output
would approximate 120,000 characters a minute as compared to less
than 1000 characters per minute for a fast typewriter.

Binary. Data is punched in the card to represent numbers. No alpha
characters may be represented. Information is placed in memory as
it appears on the card with each 3-bit tyte representing an octal
number.

Binary Coded Decimal (BCD) format may be used if alpha and numerical
characters are to be represented. Each 6-bit byte represents a
BCD character.

Hollerith format is used for requirements similar to BCD. However,
each column on the card (12 bits) represents one character. Data
contained on the card may be printed at the top to facilitate
interpretation. Each 12-bit byte is reduced to a 6-bit BCD character
before being placed in storage.

Although magnetic tape is faster, the source program must first be
placed on cards. If the program is to be run on a fast computer,
data is sometimes transferred from cards to tape to take advantage
of the faster input medium.

Using discrete recording techniques, the direction of magnetization
of the surface determines the presence of a "1" or a "O". After
each bit is recorded, flux density must be returned to zero before
recording the next bit. Using the NRZ method, flux direction changes
each time a "1" is to be recorded but need not return to the zero
state. The NRZ method allows increased packing densities to be used.

TYA MY Ty TATY NMQ AN Q A NND
EACH CHANGE PRESENTS A ONE
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16.

18.

19.

Parity provides a means of checking for lost data. By recording
information with a parity bit to make the total number of bits
odd or even, a lost bit is easily detected.

Special logic cards convert from one logic level to another.

For example, suppose a computer and a peripheral controller use
3600 logic but the I/0 equipment uses 1604 logic. Communications
between the equipment and the computer could be by either of the
two examples.

Twisted pair Twisted pair 1/0
Computer |transmission Controller transmission |p.. .
line line Rl
- ment
1 P <R << (R -3V
-5.8v or or
-l.lv modified ///2( =9V
receiver card
3600 line to 1604 logic
Computer Controller ;égi
ov 16V gent
or -
Kl S (P S [ }~3v
-5.8v or or
-]..1\7 --5V
modified
L card

3600 logic to 1604 line

The 1I/0 equipments may be used on any type of computer system. When
the computer has logic other than the 1604 type, special circuit
cards are used for transposition from one logic to another. Most
I1/0 equipments are relatively slow which make the 1604-type of logic
quite suitable.

The line printer may print the contents of 30 storage locations at
the same instant. Therefore, it is necessary to transfer the
contents of those thirty locations into a memory which can then
be "dumped" on the line printer as required.

The zone counter determines how many different types of characters
are to be printed on a line. By decrementing the zone counter as
each character(s) is printed, the memory can be reloaded when the
count reaches zero instead of watiing for a complete drum revolution.
12 octal.
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20. By punching by row, twelve mechanical operations are required
instead of 80. Although special manipulation of data is required,

the time saving more than justifies the special handling.
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