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SECTION 1

INTRODUCTION AND DESCRIPTION

INTRODUCTION

The purpose of this instruction manual is to aid personnel in the installation, operation, and

maintenance of the DEC Data Control Type 136.

Anyone who wishes to learn the details of the system logic can save considerable time by first
noting the conventions used on the engineering drawings. These conventions are explained in
Appendix 2. It is recommended that this section of the manual be scanned before reading

Section 2.

Abbreviations

The following abbreviations are used throughout this manual .

CCT _ Character Counter

C(DA) Contents of Data Accumulator
CHAR Character

CLBD Clobbered

CLR Clear

CONI Condition In

CONO Condition Out

CPO, CP1 Command Pulse 0, 1

DA Data Accumulator

DASH Data Accumulator Shift
DATAI Data In

DATAO Data Out

DB Data Buffer

DC Data Control

DEC Digital Equipment Corporation

DEV Device
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GV Give

IC Control Status Register
(IC is mnemonic for Initial Conditions)
/O Input/Output
10OB Input/Output Bus
10S Input/Output Selection
10T Input/Output Transfer
IR Instruction Register
LT Left
MCV Marginal Check Voltage
PA Pulse Amplifier
Pl Priority Interrupt
PIA Priority Assignment
PDP Programmed Data Processor
RQ Request
RT Right
SCT Shift Counter
STRB Strobe
TK Take

Pertinent Documents

The following publications serve as source material and complement the information in this

manual .

Programmed Data Processor-6 Handbook, F-65 = contains programming information for the Data

Control Type 136.

System Modules Catalog, C-100 -describes the functional operation of the elements of the vari-

ous logical modules comprising the data control. It is suggested that this handbook be referenced

when reviewing the data control logic diagrams in Appendix 2 of this manual.

PDP-6 Installation Manual, F-68 - gives environmental, power, and cabling requirements as

well as other information for installation of the 136 Data Control in a PDP=6 system.
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PDP-6 Maintenance Manual, F-67 - covers topics not repeated in this manual which are essential

to efficient maintenance of the data control when used with the PDP-6.

GENERAL DESCRIPTION

The Data Control Type 136 is a programmable buffer unit through which the PDP-6 Processor
can control up to six input-output devices (Figure 1-1). Of the six I/O devices, two are uni-
directional é-bit devices, iwo are bidirectional é6-bif devices, and two are variabie character-
length devices. The variable character-length devices can handle data words composed of
three 12-bit characters, two 18-bit characters, or one n=bit character where n can be any in-

teger from 1 to 36.

Purpose of Data Control System

Besides saving processor time by matching the format and timing requirements of the various
asynchronous I/O devices to the PDP=6 processor, the data control also frees the processor

from the necessity of exercising detailed program control over the micro-operations required

for the various in-out transfers. Because most of the required sub-operations are built into the
data control logic, the programmer need not be concerned with the detailed byte manipulations
required by the various |/O devices. The CONO DATA CONTROL instruction need only spec-
ify the device to be used, the number of bits per character, and whether an output or mpu'r

operation is fo be performed

Programmed Operations

The details of data control programming are described in Section 4; the present paragraph
briefly lists the primary variables of data control opera’rlons whlch are controlled by a CONO
DATA CONTROL instruction in the processor program. 4

Device Selection

A 3-bit field of the CONO-instruction effective address specifies to which of the six possible

I/O devices a given output or input sequence is to apply.



PDP-6 ARITHMETIC
PROCESSOR 166

/\

IN-OUT BUS (36 BITS)

\/

DATA CONTROL
TYPE 136

VARIABLE
BIDIRECTIONAL UNIDIRECTIONAL CHARACTER}'(.'ENGTH DEVICES
6-~BIT DEVICES 6-BIT DEVICES (12,18,0R N BITS
I0 I0 IO
DEVICE B —— DEVICE — DEVICE
NO.1 NO. 3 NO.5
(3]
12,18,0R N
10 10 10
DEVICE —————————— DEVICE o DEVICE
NO. 2 NO.4 NO. 6
¥I1SN<36

Figure 1-1 System Application
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Input/Output

A single bit of the CONO-=-instruction effective address determines whether the data control is

to treat the operations that follow as an output or input sequence.

Character Mode

A 2-bit field of the CONO-=instruction effective address determines whether the data control
is to transfer out (or read in) characters of 6, 12, 18, or n bits. Once the character mode has
been specified, the built=in logic of the data control internally programs the requisite number

of data shifts.

Priority Interrupt Assignment

A 3-bit field of the CONO-=-instruction effective address can assign a priority interrupt request
channel to the data control. If such assignment is made, a Pl channel can be chosen at any
of seven ranked priority levels. This permits the data control to request a priority interrupt

break with the Arithmetic Processor Type 166.

Logical Organization of Data Control

The data control contains a 16-bit control=status register called IC (Initial Conditions) and two
36-bit data registers, the data accumulator DA, and the data buffer DB (Figure 1-2). The in-
ternal logic of the data control governs the transfer of data through these registers and between

them, the processor, and the 1/O devices.

The data control internal logic is controlled by signals from two sources: the processor, and the
IC register of the data control itself. Eight control inputs are sent to the data control from the
processor (See Input Signals from Processor in Section 2). During CONI DATA CONTROL in-

structions, the processor can sample the contents of all 16 IC bits (see Figure 1-2).

Bidirectional Output and Input

The capability for both left and right data shifts is built into the data accumulator, DA. This
enables the data control to operate with bidirectional input-output devices for example, DECtape

(formerly Microtape) Control 551 and DECtape Transport 555. Because the direction of tape
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PDP-6 ARITHMETIC
PROCESSOR 166

7 PRIORITY - INTER-
RUPT REQUEST LINES

7 IN-OUT
SELECTION LINES

IN-OUT BUS (36 BITS)

(36) (13 OUT, I8 IN)
l'_' T - 1
DATA CONTROL 136
DATA BUFFER DCDB CONTROL
(36 BITS) DCIC (i6BITS)
8 {(7) 4] I
8 CONTROL LINES
(36)

(36 BITS)

I ACCUMULATOR DCDA

I (6,12,i8,0R N)

INTERNAL LOGIC
OF DATA CONTROL

L]
|
|

]

TRANSFERS TO OR FROM

10 DEVICES -6

Figure 1=2 Logical Organization of Type 136 Data Control
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motion determines the sequence of data bytes within a data word, the data control's bidirectional
accumulator is a particularly useful feature. Depending on the current direction of tape motion,
bytes can be shifted in or out from either end of the DA. The bidirectional accumulator permits
correctly ordered data words to be read or written immediately while the DECtape moves in
either direction. This frees the processor program from the necessity of reshuffling the bytes

within a data word to remedy an inversion.

System Operating Specifications

APPLICATION PDP=6 input-Output Buffer

TIMING Asynchronous

INPUT-OUTPUT DEVICES

Number of Devices Controlled 1-6

Unidirectional 6~Bit Devices 0-2

Bidirectional é-Bit Devices 0-2

Variable Character Length Devices 0-2

Character Modes Available Three 12-bit characters per word

(Variable Character Length Devices

Only) Two 18=bit characters per word

Character Modes Available (cont'd) One n=bit character per word
1<n<36

BUFFER STORAGE

Media 500 kc flip-flops

Quantity Two 36-bit registers (one a bidirectional
shift register)

STATUS-CONTROL REGISTER 16 bits, 13 programmable

MAXIMUM DATA RATE OF

DATA CONTROL LOGIC Minimum Characters
Character Interval Between per

Mode Characters Second

(Ordinarily not relevant. é-bit 3 psec 333K

System speed normally 12-bit 4 psec 250K

limited by 1/O device data 18-bit 5 psec 200K

rate.) 36-bit 3 psec 333K
(n-bit)

PROGRAMMABLE FUNCTIONS Selection of 1/O device from up to six devices
Selection of character mode from four available
modes

Selection of input or output mode
Selection of priority interrupt request channel
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ERROR BIT

PRIORITY INTERRUPT CHANNELS

CONSTRUCTION
MODULES

POWER EQUIPMENT
LOGIC

DIMENSIONS

Height
Width
Depth

CLEARANCE

Front Doors
Rear Door

WEIGHT

LINE VOLTAGE INPUT

CURRENT CONSUMPTION
POWER CONSUMPTION
HEAT DISSIPATION

One lost-data flag (described in Section 2)

7 ranked channels available. Any one, or
none, may be used

Physical Characteristics

One standard all steel construction DEC cabinet,
containing four logic racks

Standard DEC system plug=in units, series 1000,
4000, and 6000

Power Supply unit 728; Power Contirol unit 811

Solid-state. Transistors and crystal diodes utiliz-
ing static logic levels (0 vdc and -3 vdc)

69-1/2 inches
22-1/4 inches
27-1/8 inches

8-3/4 inches
14-7/8 inches

73 pounds

Power Requirements

105 to 125 volts, 60 cycle, single phase
Power plug - Hubble Twist-Loc 3-prong,
30-ampere, 250-volt

5 amperes surge [ WQO amperes normal
345 Watts
1175 BTU per hour
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SECTION 2

THEORY OF OPERATION

Tables Al-1 through Al-6 are referenced throughout this and subsequent sections. These

tables are contained in Appendix 1 on foldout pages.

Engineering drawings pertinent to the 136 Data Control are also referred to in this chapter.
They are included in Appendix 2 and listed in the table of contents. The entire engineering
drawing number is given with each reference so that either the reduced drawings in Appendix 2
of this manual or those that were supplied with the equipment may be consulted. Each block
schematic number is followed by a comma and letters and/or numbers which refer to zones on

the drawing. See Appendix 2 for an explanation on DEC logic symbols and codes.

PROCESSOR INTERFACE

These paragraphs describe the interchange of data and control information between the PDP-6

and the data control.

Cabling - Processor to Data Control

There are four 18-conductor cables from the PDP-6 processor to the 1/O control units. Each
cable is wired to two 22-terminal Methode plugs connected in parallel. The remaining four
terminals, A, J, S, and Z, are used for grounding the shielding of the 18 conductors. Two of
the four 18-conductor cables from the processor comprise the 36-bit I/O bus. These two cables
are connected fo Methode plugs 1A1-1B1 and 1A2-1B2 respectively. The 18 more significant
data bits IOB0-17 enter the data control through Methode plugs TA1-1B1. Methode plugs
1A2-1B2 receive the remaining 18 data bits IOB18-35 and also (via bus lines 1OB20-35) the
16 IC control register bits 1C20-35.

The remaining two 18-conductor cables between the processor and the data control are used
for control information. One of these two cables is connected to Methode plugs 1A4-1B4.
This cabie carriesthe 14 1OS seiection iines (described below under Device Selection Decoding)

as well as the two ungated input signals, POWER ON and IOB RESET.
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The second 18-conductor control cable enters through Methode plugs 1A3-1B3. This cable car~
ries the six gated command signal inputs from the procéssor to the data control (IOB CONO SET,
IOB CONO CLEAR, IOB DATAO SET, 10OB DATAO CLEAR, IOB STATUS, and I0B DATAI; all

described under Input Signals from Processor). The same cable also includes the seven priority

interrupt request lines from the data control to the processor.

The specific terminal assignments of all four of the 18-conductor cables connected to Methode

plugs 1A1-1A4 are listed in engineering drawing CD-D-166~0-IOMB in Appendix 2.

IC Register as Control Interface

The 16-bit control-status register, IC, is the principal interface for the exchange of control
information between the processor and the data control. Most of the processor control infor-
mation that governs the data control operation is transferred through the 1/O bus and stored in
the IC register. During the CONO instruction the processor determines the state of 13 of the
16 IC bits. The resulting state of IC determines the operations carried out by the data control

logic during subsequent output or input instructions.

The IC register also serves to store conirol information moving in the opposite direction - from
the data control to the processor. Since the processor samples the contents of all 16 IC bits
with a CONI instruction, the state of DB RQ, status bit number 26, can readily be used to
synchronize processor operations to appropriate phases of the data control output or input se~
quence. In a similar manner DA RQ, status bit number 25, synchronizes the operations of the

I/O devices to the data control output or input sequence (see Table Al-1).

Device Selection Decoding

The device selection code portion of the IOT instructions determines which /O device is to be
utilized by a given instruction. The command levels produced by the IOT instruction must ac-
tuate only the selected 1/O device, and must not be allowed to affect other non-selected de-
vices. The gating function is performed by the device selection levels. These levels are applied

to the data control and other I/O devices through the 1/O selection lines.

The 14 1/O selection lines 10S3-9 represent both states of the seven bits of the device code

contained inbits 3=9of the processor instruction register, IR. (Assertion is at ground.) Seven

2-2



of the 14 IOS lines, one from each bit in IR3-9, are applied to an 1OS decoder in the data
control. The specific input connections made determine the selection code for a given data
control unit. The decoder is shown in Appendix 2 in system block diagram SD-D-136-0-DCSD,
D1, and in drawing BS-D-136-0-DC1, C-D1. The first data control incorporated in the PDP-6

installation is assigned the device selection code 200 octal.

Input Signals from Processor

Various input levels and pulses are applied to the data control by the processor. These include
two ungated signals (not associated with any |OT instruction and applied to all I/O devices
and control units), and six gated command signals applied only to the specific unit specified

by the device selection code of the current |OT instruction.

Ungated Signals

There are two ungated input signals, the POWER ON level, and the IOB RESET pulse (see
column 1, BS-D-136-0-DC1.

POWER ON - The POWER ON line drops to =15 vdc whenever computer power is turned on.
This line is connected to the remote terminal of the LOCAL/REMOTE switch on the power
control for each device. Normally, the LOCAL/REMOTE switches are left in the REMOTE
position, so that the -15 vdc POWER ON level causes all peripheral equipment to be turned

on when computer power is turned on.
OB RESET - This line supplies negative pulses to clear the control registers and data buffers
of all equipment attached to the |/O bus. The IOB RESET pulse is generated when computer

power goes on or when the operator presses the /O RESET key on the computer console.

Gated Command Signals

The six command lines are applied to the data control through Methode plugs 1A3-1B3 (draw-
ing BS-D-136-0-DC1, column 1). These lines are connected to all control units, but are gated
by the selection level from the 10S decoder so that they can affect only the control unit for
the addressed device. The six command lines carry four output command pulses and two input

command levels.
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Output Command Pulses - There are two pairs of negative command pulses which implement

the basic output instructions. Each of these two pairs includes a clear pulse followed by a

set pulse.

The CONO instruction (see Section 4) produces an IOB CONO CLEAR pulse followed 1 psec
later by an IOB CONO SET pulse. The principal function of the CONO CLEAR is to clear

the data control IC register and shift counter. The CONO SET then loads the 13 low order IC
register bits from the I/O bus. The processor places information on the bus for 2.5 psec. The

clear occurs at the 1 psec point; the set occurs at the 2 psec point.

Similarly, the DATAQ instruction (see Section 4) produces an IOB DATAO CLEAR pulse
followed 1 psec later by an IOB DATAO SET pulse. These pulses clear the data contro! data
buffer, and then load it from the /O bus. The processor again places information on the bus

for 2.5 psec, and again the clear is at the 1 psec point and the set at the 2 usec point.

Input Command Levels - There are two negative command levels which implement the basic

input instructions. These command levels gate the input information that is held by the data

control onto the I/O bus for 2.5 psec. The processor reads the information from the bus onto

its 1/O register at the 2 psec point. The IOB STATUS level gatesthe contents of the entire

IC register onto the /O bus during the execution of each CONI instruction. Similarly, OB
DATAI gates the contents of the data buffer onto the bus during DATAI instructions.

Priority Interrupt Request Lines

There are seven priority interrupt request lines running from data control to processor. The
data control requests a priority interrupt by placing a ground on one of these seven Pl request
lines. To assign a priority to the data conirol, a CONO instruction loads a 3-bii number info
the PIA (priority assignment) field of the IC register, 1C33-35. (Refer to Priority Interrupt
Assignment Bits IC33-35).

DATA BUFFER AND DATA ACCUMULATOR

The data control contains two 36-bit data registers, the data buffer register DB, and the data
accumulator DA, Both the data buffer and the data accumulator are shown in engineering
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drawing BS-D-136-0-DAB1. Each of the 12 4230 flip-flop modules shown in simplified block
form is composed of iogicai eiements identicali to those iiiustrated in the detaiied biock sche-
matic at column 8 of .the figure. Each of the 12 4230 modules contains 3 bits of the data buffer
DB, and 3 bits of the data accumulator DA. The 12 modules are arranged in 6 pairs of 2 mod-
ules each; each pair contains 6 bits of DB and 6 bits of DA. The 6 DA bits are connected to

form a bidirectional 6-bit shift register.

Note that the bits contained in each module pair do not represent adjacent bit positions.
Rather, each bit in a given module pair represents a bit position six bits less significant than
the next bit to the left. Therefore, when the accumulator is operated as a conventional bi-
directional shift register, each shift of one bit position to the left or to the right on the six
module pairs causes the entire contents of the accumulator to be shifted six bits to the left or

the right.

Data Buffer (DCDB)

The data buffer DB is a 36-bit storage register with no shift requirement. The various oper-

ations it performs in response to applied input signals are described below.

I/O Bus Transfers

Processor output data can be parallel transferred from the 36-bit /O bus into DB. This trans-
fer is produced by the application of a negative-going pulse, DC DB «— |OB, to the ter-
minal Y ("LOAD BUFFER") inputs of the 12 4230 modules. For input, the 36-bit data word
in the buffer can be read into the processor via the I/O bus. The data is placed on the bus
by applying a negative level, DC DB —> |OB, to the terminal K ("BUFFER BUS") emitter-

follower inputs.

Buffer-Accumulator Transfers

When the DC DB —J> DA pulse is applied to the W terminals, it jam transfers the contents
of DB into the data accumulator. Note that the apparently converse pulse DC DA —> DB
(applied to the X and T terminals) not only jam transfers the contents of the accumulator into

the buffer, but aiso ciears the accumuiator.



Buffer Clear

The buffer is cleared by DC CLR DB at terminal E.

Data Accumulator (DCDA)

The data accumulator DA is a 36-bit bidirectional shift register capable of successive 6-bit
shifts in either direction. The various operations it performs in response to applied input

signals are described below.

Accumulator Output

The accumulator contents are always available at output terminals J, N, and R of each mod-
ule. Ground levels at these terminals correspond to ones in the corresponding bits of the ac-
cumulator. These accumulator output levels are applied to the output inverter buffers shown
in engineering drawing BS-D-136-0-DAB2, A-B. During output operations, the /O devices
sample the inverter outputs at appropriate phases of the device operating cycles (negative

levels at the inverter outputs correspond to accumulator bits containing ones).

Devices 3 and 4 receive only the six high order bits DA0-5. The bidirectional devices, I/O
devices 1 and 2, receive the six high order bits during normal tape motion, but during reverse
tape motion these devices receive instead the six low order bits DA30-35. The variable

character-length devices, 1/O devices 5 and 6, receive data in bytes of 12, 18, or n bits

(1<'n < 36) (refer to Data Control Outputs to I/O Devices).

Accumulator-Buffer Transfers

The application of DC DA —> DB to the X and T terminals of the 12 4230 modules causes
the jam transfer of C(DA)* into DB and clears DA.

Accumulator Dash Data Inputs

Data can be read in from |/O devices 1-4 to the six low order (right-end) bits of the accumu-
lator, DA30-35. In addition to this right-end readin, the bidirectional 1/O devices, devices

1 and 2, can also read data into the six high order (left-end) bits of the accumulator, DAO-5.

*C(DA) means contents of data accumulator.
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Data transfer from I/O devices 1-4 into the low order bits is carried out as follows. Data is
presented to the six terminai S inputs shown in engineering drawing BS-D-136-0-DABI1, B.

The data inputs are designated DASH DATA IN 30 RT through DASH DATA IN 35RT. A ground
DASH DATA IN level corresponds to a 1 input from the corresponding bit position of the se-
lected I/O device. The detailed block schematic in column 8 of BS-D-136-0-DAB] shows

how the data is read into the accumulator applying @ DASH LT pulse to the U terminals of all
12 4230 modules. This pulse strobes the input data from the I/O device into the six low order
bits of the accumulator, and simultaneously shifts the previous contents of the entire accumu-

lator six bit-positions left. (See page 2-5, second paragraph).

During reverse tape motion, the bidirectional devices, 1/O devices 1 and 2, read data into
the six high order bits of the accumulator, DAO-5. This operation is exactly similar to the
low-order-bits transfer described above. The terminal H data inputs (BS—D—]36—O—DAB],. C)
are designated DASH DATA [N O LT through DASH DATA IN 5 LT. The data is strobed in by
presenting a DASH RT pulse to the Z terminals of all 12 4230 modules. This pulse reads the
input data from the I/O device into the six high order bits and shifts the accumulator right

six bit-positions.

Accumulator Dash Strobe Inputs

The two variable-character-length devices, |/O devices 5 and 6, can read data into the
accumulator in bytes of 12, 18, or n bits (15 n <36). These devices always send each input

byte of less than 36 bits into the low order end of the accumulator.

The data transferred in from devices 5 and 6 does not enter the accumulator in the same way

as the data from I/O devices 1 through 4. If the IC30-32 bits select I/O device 5 for a read-

in sequence, that device sends the data control @ TK CHAR 5 pulse (take a character from

device 5) when it is ready to send data into the data control. This pulse (BS-D-136-0-DASH,C1)
generates DASH STRB LT and DASH STRB RT pulses. Similarly, if 1C30-32 select I/O device

6 for a readin sequence, the TK CHAR 6 pulse generates DASH STRB LT and DASH STRB RT

pulses.

drawing BS-D-136-0-DAB2, 7C; negative levels correspond to 1 bits. The number of input

2-7



terminals used, 12, 18 or n, depends on the size of the input bytes that device 5 sends to the
data control. For bytes of less than 36 bits the active input terminals are always those at the

low order end of the accumulator.

The input data levels are strobed into the accumulator by device 5 DASH STRB pulses. If a
negative input level is applied to a given capacitor-diode gate, the pulse inverter output
of that gate generates a positive pulse at DASH STRB time, thereby setting the flip-flop to

the 1 state. Input levels from device 6 are strobed into the accumulator by the same process.

Accumulator Shifts

The entire contents of the accumulator are shifted left six bit-positions by applying a DASH
LT pulse to the U terminals of all 12 4230 modules. Application of a DASH RT pulse to the
Z terminals produces a 6-bit right shift.

For 1/O devices 1-4 the contents of the accumulator are always shifted left six bit-positions
whenever a character is read info the six low order bits of the accumulator. This is necessary
to prevent the destruction of the data previously read in. When reading in data from the bi-
directional devices in reverse tape motion, C(DA) (the contents of DA) are shifted right six

bit-positions as each new character is read in.

Devices 5 and 6, the variable character-length devices, are read in at the DASH STRB pulse
but do not start to shift C(DA) until 1 usec after DASH STRB. The accumulator is then shifted
left six bit-positions every microsecond until there is room for the next byte of input data to be
read in. For 12-bit byfe:,,“)‘:;;’shms are required; 18-bit bytes take Three shifts; n-bit bytes
are not shifted at all. For operations involving devices 5 or 6, no shifts ever follow the final

character of the data word.

For output operations of all six /O devices, the direction and number of accumulator shifts
is the same as for input. Data is normally transferred out to the |/O devices from the high
order (left-end) accumulator bits, and C(DA) are shifted left for each character that is trans-
ferred out. In reverse tape motion, the bidirectional devices 1 and 2 transfer out data from

the low order (right-end) accumulator bits, and shift right as each new character is transferred

nnt
Wl
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CONTROL STATUS REGISTER (DCIC)

The internal logical operations of the data control are controlled largely by the 16-bit control-
status register IC (mnemonic for Initial Conditions) and the 2-bit shift counter SCT. The IC
register is composed of 16 identical 500-kc flip-flops. However, the conditions controlling
these flip-flops and the uses to which they are applied are so diverse that each of the nine
data fields (which together comprise the 16 IC bits) may be regarded as an essentially sep-
arcte register. Thirteen of the 16 IC bits, 1C23-35, are shown on engineering drawing
BS-D-136-0-DC2, A-B. The remaining three IC bits, 1C20-22, make up the 3-bit character
counter shown in drawing BS-D-136-0-DC1, B6-7. The nine data fields making up the IC
register are listed in Table Al-1, a foldout sheet in Appendix 1.

The 2-bit shift counter SCTO-1 is a separate auxiliary register, entirely internal to the data
control. Because it can neither be controlled nor sampled by the processor, it is not consid-
ered to be part of the IC register. However, because the logical conditions governing the
shift counter operations are closely interrelated withthe conditions governing the operation

of the character counter, the two counters are described together below. The shift counter

is shown in BS-D-136-0-DC1, B5.

Character Counter 1C20-22 and Shift Counter

The character counter (CCT 0-2) and the shift counter (SCT 0-1) are shown in drawing
BS-D-136-0-DC1, B. Decoder nets which determine when the counters have reached the
assigned count (DC CCT DONE and DC SCT DONE) are shown immediately above the counters.
The control nets which govern the counting and clearing of the counters are also shown in the

same drawing at zone C7-8.

Function

The character counter keeps track of the number of characters of a given data word which have
been read in or transferred out. It completes its count at a number one less than the number
of characters in the data word. The resulting DC CCT DONE (Character Counter Done) level

serves two functions. First, during operations by I/O devices 5 or 6, it prevents the final
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