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SECTION I 
GENERAL DESCRIPTION 

1. 1 GENERAL 

1.2 This publ ication provides information relating 
to the Time-Multiplexed Communication Channel option 
manufactured by Scientific Data Systems, 1649 
Seventeenth Street, Santa Mon ica, Cal iforn ia. 

1. 3 In this pub I ication, the Time-Multiplexed Com
munication Channel option is referred to as IITMCCII. 
The models covered,with their description and the 
figure references,are I isted in table 1-1. 

Table 1-1. TMCC Models 

Channel 
Model Description Used Figure 

92200 6-bit characters with W(A), C 1-1 
interlace 

92210 6-bit characters with Y(B), D 1-1 
interlace 

92201 12-bit characters with C 1-1 
interlace 

92211 12-bit characters with D 1-1 
interlace 

92202 24-bit characters with C 1-1 
interlace 

92212 24-bit characters with D 1-1 
interl ace 

93200 6-bit characters without W(A), C 1-2 
interlace, single channel 

91210 Interlace option for Model 
93200 

93201 12-bit character extension 
option for Model 93200 

93202 24-bit character extension 
option for Model 93200 

93221 6-bit characters without W + Y 1-2 
interlace, two channels (A + B) 

91210 Interlace option for either 
channel of Model 93221 

93201 12-bit character extension 
option for Model 93221 

93202 24-bit character extension 
option for Model 93221 

1.4 The information in this publ ication relates to the 
TMCC as util ized with the 925/930/9300 computers. 
Other publications containing information relating to 
the TMCC and input/output operation are I isted in 
table 1-2. 

Table 1-2. Appl icable Publ ications 

Title of Publ ication Publ ication No. 

SDS 925/930/9300 TMCC 
Input/Output Unit Logic 
Layouts, Current and History 900557 

S DS 925 Computer Reference 
Manual 900099 

Model 925 Computer, 
Technical Manual 900633 

SDS 930 Computer Reference 
Manual 900064 

Model 930 Computer, 
Technical Manual 900066 

SDS 9300 Computer Reference 
Manual 900050 

Model 9300 Computer, 
Technical Manual 900570 

1.5 PURPOSE OF OPTION 

1.6 The TMCC is a time-multiplexed input/output 
channel uti I ized for communi cation between peripheral 
devices and the 925/930/9300 computers. Its operation 
is designated IItime-multiplexed ll because it gains access 
to the computer memory through the same path uti I ized 
by the computer and must, therefore, momentarily inter
rupt computation to store or obtain a word of informa
tion. Up to four TMCCs may be connected to one com
puter and all may be active simultaneously but since 
their operation is time-multiplexed, only one channel 
at a time communicates with the computer memory. 

1. 7 DESCRIPTION AND LEADING PARTICULARS 

1.8 A computer may have from one to four TMCCs 
connected to it. These are designated by letter symbols 
in the order of their installation. When only one 
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Three Channel Configuration 
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Two Channel Configuration 
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92201 
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Figure 1-1. TMCC Configuration, Models 922XX 
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Channel 
W (or A) 

93200 
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C 
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Wand Y 

(or A and B) 

93221* 

Two Channel Configuration 

Channels 
Wand Y 

(or A and B) 

93221* 

Channels 
C and D 

93221* 

Four Channel Configuration 

*Note: The Interlace feature, Model 91210, is requ ired on channels B, C and D, and is optional on W, 
A and Y. All channels may have 93201 or 93202 options. 

Figure 1-2. TMCC Configuration, Models 932XX 

1-3 



Paragraphs 1.9 to 1. 15 SDS 900685C September 1965 

channel is used it is specified as the W channel on the 
925 and 930 computers or as the A channel on the 9300 
computer. As additional channels are added they are 
designated, in order, Y (or B on the 9300 computer), 
C, and D. Because single-word input/output instruc
tions (Memory Into W, Memory Into Y, Memory Into A, 
W Into Memory, Y Into Memory, and A Into Memory) 
are not avai labl e for all channels, the interlace feature 
is mandatory on channels B, C, and D. 

1.9 Primary differences between the models occur in 
the hardware layouts, connections between channels, 
and the options available. 

1-10 PHYSICAL DESCRIPTION 

1.11 The TMCC consists of plug-in modules contained 
in chassis consisting of four or six rows of modules. 

Each row contains 32 connectors thereby allowing the 
insertion of up to 32 modules in each row. Physical 
location of each module is given in Section 4 of this 
manual. 

1. 12 TMCC Models 922XX 

1. 13 In TMCC Models 922XX, the character length is 
fixed for a parti cular model and the interlace feature is 
included. One channel must be six bits to allow enter
ing a program into the computer. 

1. 14 On~ Channel Configuration 

1. 15 A one channel configuration TMCC(Model 
92200} consists of a single chassis containing four rows 
of modules (C through F). The quantity and type of 
modules are listed in table 1-3. 

Table 1-3. Models 922XX Module Complement 

Quantity 

92200 92201 92202 92210 92211 92212 
6-Bit 12-Bit 24-Bit 6-Bit 12-B it 24-B it 

Item Description Model IIWII IIAII or 11(11 lIylI IIBII or IIDII lIylI IIBllorllDII lIyll IIBII or ll DII 

1 Triple Flip-Flop FB52 19 21 25 18 20 24 

2 NAN D F I ip-F lop FB54 14 14 14 13 13 13 

3 Cable Driver No. 2 AB55 2 2 2 1 

4 NAND No.2 IB56 5 5 5 5 5 5 

5 Band NAND IB57 4 4 4 4 4 4 

6 NAND Module IB52 2 2 2 

7 Shift Register DB50 3 3 3 3 3 3 

8 Receiver Inverter Buffer AB53 2 2 2 

9 Termination Module ZB52 2 2 2 

10 Interface +8 to +4 NB50 1 2 2 1 1 1 

11 . Cabl e Driver AK53 9 10 11 3 1 2 

12 Cable Driver NB52 3 3 3 

13 Termination Modul e +4 ZB50 7 7 7 7 7 7 

14 Termination Module ZB55 1 1 

15 Receiver, Inverter AB52 2 2 2 

16 NAND No.4 IB59 5 5 5 4 4 4 

17 Schmitt Trigger AK54 1 1 1 

18 Termination Module ZB56 1 2 
I 

19 Termination Module ZB57 1 2 

1-4 
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1. 16 Two Channel Configuration 

1. 17 A two channel configuration TMCC consists of 
two chassis, one containing four rows of modules (C 
through F) and the other containing two rows of modules 
(A and B). These two chassis are physically bolted 
together and hardwired to allow mounting as a single 
unit. The two channel configuration consists of a 
Model 92200 for channel W (or A) and either a six bit 
option (92210), a twelve bit option (92211) or a twenty
four bit option (92212) for channel Y (B). The options 
selected determine the quantity and type of modules. 
Table 1-3 lists the modules required for each model. 

1. 18 Three Channel Configuration 

1. 19 The three channel configuration consists of three 
chassis, two containing four rows of modules and the 
third containing two rows of modules. Channel W (or 
A), consists of a Model 92200; channel Y (or B) con
sists of a six bit option (92210), a twelve bit option 
(92211), or a twenty-four bit option (92212); channel 
C consists of a six bit option (92200), a twelve bit 
option (92201), or a twenty-four bit option (92202). 
The quantity and types of modules for each option are 
listed in table 1-3. . 

1.20 Four Channel Configuration 

1. 21 The four channel configuration consists of four 
chassis, two containing four and two containing two 
rows of modules. The four channel configuration con
sists of a Model 92200 for channel W (A); a six bit 
option (92210), a twelve bit option (92211) or a twenty
four bit option (92212) for channel Y (B); a six bit option 
(92200), a twelve bit option (92201), or twenty-four bit 
option (92202) for channel C; and a six bit option 
(92210), twelve bit option (92211), or a twenty-four bit 
option (92212) for channel D. The quantity and types 
of modules are I isted in table 1-3. 

1.22 TMCC Models 932XX 

1.23. In TMCC Models 932XX, the interlace registers 
are optional equipment. Interlace options may be 
installed in any of the four TMCCs that a 925/930/9300 
computer may have. However, channels C and D (and 
B on the 9300 computer) must have interlace installed 
since there are no computer instructions allowing use of 
these channels without it. 

1.24 One Channel Configuration 

1.25 A one channel configuration TMCC (Model 
93200) consists of a single chassis containing four rows 
of modul es. The quantity and types of modules are 
listed in tabl e 1-4. 

1.26 Two Channel Configuration 

1.27 The two channel configuration consists of a single 
chassis containing six rows of modules. For channels W 
and Y, a Model 93221 TMCC may be used. The Model 
93221 may be extended to twelve bit or twenty-four bit 
characters by addition of modules as listed in table 1-4. 
The Model 93221 must have the Model 91210 Interlace 
installed in either or both channels. The modules com
prising the Model 91210 Interlace are indicated in 
table 1-4. 

1.28 Three Channel Configuration 

1.29 A three channel configuration TMCC consists of 
a single chassis containing six rows of modules and 
another chassis of four rows of modules. Channels W 
and Y (or A and B) are as given in paragraph 1. 27. 
Channel C consists of a Model 93200 TMCC (with char
acter ext~nsion options) and must incl ude a Model 
91210 Interlace. 

1.30 Four Channel Configuration 

1.31 A four channel configuration TMCC consists of 
two chassis, each containing six rows of modules. Two 
Model 93221 TMCCs may be used with character exten
sion options if desired. Model 91210 Interlace options 
must be installed on at least channels C, and D (and B 
on the 9300). 

1.32 SEMICONDUCTOR COMPLEMENT 

1.33 The semiconductor complement may be derived 
from the Material Lists and Module Data Sheets con
tained in Section 6. The module complement for each 
model of TMCC is contained in tables 1-3 and 1-4. 

1.34 INTERLACE FEATURE 

1.35 The purpose of the interlace feature is to provide 
the TMCC with a means of transferring blocks of words 
without requiring a separate instruction for each word. 
To do this, two counters are added to the TMCC. One 
counter is loaded with a count of the number of words in 
the block, and the other counter is loaded with the 
address of the memory position of the first word in the 
block. Then, as each input or output word is transferred 
to or from memory, the Word Counter and the Address 
Counter are incremented. The Word Counter holds the 
one's complement of the count; thus the count is 
decreased as the counter counts up. In addition to the 
two counters, the interlace logic also includes Channel 
Command Interrupt Enabres, and a II the necessary con
trol logic. 

1-5 
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Table 1-4. Models 923XX Module Complement 

Quantity 

93200 93221 93201 
6-Bit 6-Bit 12-B it 

Item Description Model "W" "W"& "Y" "W" or "Y" 

1 Triple F I ip-F lop FB52 "6 11 2 

2 NAN D F I ip-F lop FB54 13 25 -

3 Cable Driver No. 2* AB55 3 4 -
4 NAND No.2 IB56 4 8 -
5 Band NAND IB57 3 7 -

6 NAND Module IB52 2 2 -

7 Shift Register DB50-2 3 6 -

8 Receiver Inverter Buffer AB53 2 2 -

9 Termination Module ZB52 2 2 -

10 Interface +8 to +4 NB50 1 2 1 

11 Cable Driver AK53 9 13 1 

12 Driver Cable Interface NB52 1 1 -
13 Termination Module +4 ZB50 6 10 0 

14 Priority Interrupt ** SK61 2 2 -

15 Receiver Inverter AB52 2 2 -

16 NAND No.4 IB59 3 5 -

17 Schmitt Trigger AK54 1 1 -

*SK61s are located in computer basic interrupt: 925/930 Reference Drawing 107352 
9300 Reference Drawing 107626 

**One AB55 is located in 5E (930 only) if I/O is used as a "C" or "e-D" channel. 
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SECTION II 
PROGRAMMING 

2. 1 PURPOSE 

2.2 The 925/930/9300 computers incl ude as standard 
equipment one Time-Multiplexed Communication Chan
nel (TMCC), without interlacing capabil ity, as well as 
provision for three additional channels. The interlace 
unit is availabl e as an option. The Wand Y channels 
are available with or without interlace; the C and D 
channels are available only with interlace. The W 
channel on the 925 and 930 computers is equivalent to 
the A channel on the 9300 computer and the Y channel 
on the 925 and 930 computers ie equivalent to the B 
channel on the 9300 computer. (The B channel on the 
9300 must also have the interlace feature). These 
channels are capable of automatically controlling the 
flow of data to and from memory at rates up to one word 
every 3.5 microseconds. These channels run independ
ently of the central processor and only communicate 
with it to transfer data to or from memory. 

2.3 GENERAL OPERATION 

2.4 Uti I izing channels Wand Y (or A), characters, 
and words can be transmitted between memory and 
peripheral devices under the di rect control of singl e 
instructions. Each of these channels has associated with 
it two instructions to facil itate direct control operations. 
For channel W, W INTO MEMORY (WIM) {channel A, 
A INTO MEMORY (AIM)), causes a word from a periph
eral transmission to be taken from the channel W (A) 
buffer register and placed directly in the specified 
memory location without disturbing any internal regis
ters. MEMORY INTO W (MIW), (MEMORY INTO A 
(MIA)), causes a word to be taken from a specified 
memory location and placed in the channel W (A) buffer 
reg ister to be read out to the currentl y operating periph
eral device connected to the channel. WIM (AIM) and 
MIW (MIA) are preceded by instructions from the EOM 
group that set up the input/output operation. YIM and 
MIY instructions function in an analogous manner for 
chan~el Y. The general test instruction, SKIP IF SIG
NAL NOT SET (SKS) provides the facil ity for testing 
error indications and/or for testing various peripheral 
device indicators. 

2.5 Additionall y, using any channel incl uding channels 
Wand Y (A and B) with interlace, data can be transmitted 
to and from core storage under channel control. Opera
tion of a channel is initiated by the execution of a 
sequence of instructions in the central processor. Once 
started, the channel operates independently of the 
central processor, automaticall y transferring each word 
at the correct time. 

2.6 Three instructions control the process of trans
mitting and receiving data between channel peripheral 
equipment and the central processor. . These instructions 
are: 

EOM EN ERGIZE OUTPUT M 

POT PARALLEL OUTPUT 

SKS SKIP IF SIGNAL NOT SET 

2.7 EOM instructions activate one of channels W (A), 
Y (B), C, or D, to select the peripheral device to be 
used, and to set up the initial conditions of the data 
transmission, including the peripheral operation to be 
performed. An EOM instruction also specifies terminal 
conditions for an operation. 

2.8 PARALLEL OUTPUT (POT) instruction sends out to 
the channel the number of words in the transmission and 
the address at which the output begins. 

2.9 SKIP IF SIGNAL NOT SET (SKS) instruction can 
test the Error indicators, End-of-Transmission indicators, 
and other input/output control indicators, such as 
printer end-of-form or card hopper empty. 

2. 10 The general order of use of these instructions for 
interlaced operation is: 

Instruction 

EOM 

EOM 

POT 

Function 

to address the channel, connect the 
peripheral device, specify various input/ 
output conditions, and alert the optional 
channel interlace (see Communication 
Channel Input/Output, paragraph 2.30). 

to specify the terminal conditions and 
interrupts desired during the transmission 

to transmit to the channel a word con
taining the transmission starting address 
and block length 

Bits 0 through 9 of this latter word contain the ten lower 
order bits of the word count; bits 10 through 23 contain 
the 14 bits of the starting address. The second EOM 
contains the high-order bits of the word count and 
starting address when needed. 

2. 11 DIRECT PARALLEL INPUT/OUTPUT 

2.12 The direct paraller input/output (POT/PIN) facil
ity allows any word in core memory to .be presented, in 

2-1 



Paragraphs 2.13 to 2.22 SDS 90068SC September 1965 

parallel, at any special system connector or appl icable 
standard peripheral connector; or, conversel y, allows 
signals sent to a connector to be stored in any core 
memory location. EOM and SKS instructions control 
parall el input/output operations in the same way as in 
channel operations. POT/PIN jnstructions also gener
ate or check for correct parity with each word 
transm i tted. 

2. 13 SINGLE-BIT INPUT/OUTPUT 

2. 14 EOM and SKS instructions also perform single-bit 
input/output and testing for special or standard devices. 
The execution of an EOM transmits a single signal of 
approximately 1.4 microseconds duration to an external 
connector and also provides the connector with a lS
bit address for the destination of this signal. SKS tests 
whether a similar signal is present on an external con
nector and skips accordingl y. 

2.1S PRIMARY INPUT/OUTPUT INSTRUCTIONS 

2. 16 ENERGIZE OUTPUT M (EOM) 

o 1 2 3 
00 01 

02 
I 

8 9 
02 03 04 OS 

23 
06 07 

2. 17 The major instruction for preparing channel W (or 
Y, C, D) and an attached peripheral device to perform 
a data transmission or other peripheral activity is the 
multi-purpose instruction, ENERGIZE OUTPUT M 
(EOM). This instruction operates in four distinct modes 
with many functional configurations. These modes are 
Buffer Control, Input/Output Control, Internal Control, 
and System Control. In the third and fourth modes, 
EOM controls and initiates non-communication channel 
operations such as special systems transmissions. Each 
of the frequentl y used EOM instruction configurations 
has a mnemonic tag used with standard SDS assemblers. 
The different modes of operation are program-selectable 
by the setting of two bits (10, 11 of octal position 3) 
within the EOM instruction format: 

Octal Bit Posi- Bit Posi-
Value tion 10 t ion 11 Area 

0 0 0 Buffer Control 

0 Input/O utput Control 

2 0 Internal Control 

3 System Contro I 

2. 18 A Buffer Control mode EOM operates essential I y 
as a set-up or preparation faci! ity for data transmissions 
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or other peripheral activities using the channel. The 
channel to be used, the peripheral unit on that channel, 
the operation to be performed, and the type of charac
ter format to be used are all detailed within this EOM. 
It also details the use of BCD or binary data transmis
sion, the allowance or not of a leader (as in paper tape), 
and the direction of operation (as in forward direction 
for magnetic tape). Execution of such an EOM IIcon
nects ll the specified peripheral unit to the channel. An 
EOM in this mode can also alert the interlace, which 
is the optional, automatic buffer control for input/output. 

2. 19 An EOM in the Input/Output mode directs periph
eral devices to perform non-transmitting operations such 
as rewind magnetic tape and upspace the printer. Th is 
EOM selects certain channel operations such as inter
rupt response and input/output terminal function 
desired. It alerts peripheral devices that a PARALLEL 
INPUT (PIN) or PARALLEL OUTPUT (POT) instruction 
follows. It also can give an extension of the word 
count to lS-bits for the number of words to be trans
mitted and an extension of the address specification to 
lS-bits. Without disturbing the associated channel, 
this EOM can also set up the interlace unit. It is with 
the input/output mode EOM that the user selects his 
I/O operation as compatible or extended I/O modes. 

2.20 This coding sequence initiates such an interlaced 
channel operation (compatible mode): 

Instruction 

EOM (Input/Output 
Control Mode) 

POT 

EOM (Buffer 
Control Mode) 

Function 

Alert the interlace 

transmit starting address and 
block length to interl ace 

address channel, connect 
peripheral device, specify 
various input/output condi-
tions, start transmission 

2.21 Initiating an interlaced input/output operation 
via this sequence of instructions facil itiates checkout by 
allowing the programmer to single-step through this por
tion of the program. The first two instructions, EOM 
(Ioc) and POT, set up the interlace with data address 
and block length. Therefore, single-stepping through 
the sequence allows the interlaced channel to complete 
the input/output operation. When a single EOM (Buf
fer Control mode) sets up the channel and interlace with 
a POT instruction following, the programmer cannot 
step through the sequence since the input/output opera
tion proceeds before the next stepped instruction (POT) 
places the address and block length in the interlace. 

2.22 An EOM in the Internal Control mode enables and 
disables the interrupt system. EOM in this mode also 
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can prepare the system for the selective arming and 
disarming of the system interrupt levels. This mode 
does not directly concern the input/output programmer. 

2.23 An EOM in the System Control mode is specific
all y coded for a given installation and system. Address 
capabil ity is 1S-bits or 32,768 combinations for these 
special system designations. 

NOTE 

If an interrupt occurs during the 
execution of an EOM in any mode, 
no acknowledgement occurs until 
the completion of the execution of 
the instruction following the EOM. 

2.24 SKIP IF SIGNAL NOT SET (SKS) 

o 1 2 3 

40(20) 

I II 
8 9 10 11 12 

00 01 02 03 04 
23 

05 06 07 

2.25 The principal instruction for testing the states and 
responses of data channels and their attached peripheral 
devices, as well as testing internal and external indi
cators, is the multi-purpose instruction, SKIP IF SIG
NAL NOT SET (SKS). SKS is a "skip class" instruction 
yielding a decision and transfer capabil ity to all chan
nels, devices, indicators, and systems that require it. 
It operates in four distinct modes: Special Internal Test, 
Channel and Device Test, Internal Test, and Special 
System Test. In the second mode, SKS tests channel
oriente9, input/output functions. Each of the fre
quently used SKS instruction configurations has a 
mnemonic tag, used with SDS assemblers. 

2.26 These different modes of operation are program
selectable by the setting of two bits (10, 11 of octal 
position 3) with in the SK S instruction format: 

Octal Bit Posi- Bit Posi-
Value tion 10 tion 11 Area 

0 0 0 Special Internal Test 

0 Channel and Device Test 

2 0 Internal Test 

3 Spec ial System Test 

2.27 In the Channel and Device Test mode, SKS tests 
a channel for channel Ready (not active), interlace 
Word Count Equal to Zero, and Error. This mode also 
tests peripheral devices di recti y. These incl ude testing 

indicators in a magnetic tape unit such as Beginning-of
Tape, End-of-Tape, File-Protect Ring present, and 
End-of-File. For example, an SKS instruction might 
address an indicator with in the printer to determine 
whether the paper is at the End-of-Form. 

2.28 In the Internal Test mode, SKS tests whether the 
interrupt system is enabled or disabled, whether a break
point switch is set, and whether Overflow is set. 

2.29 In the Special Internal and Special System Test 
modes, SKS tests signals of special configuration as the 
specific system requires. 

2.30 COMMUNICATION CHANNEL INPUT/OUTPUT 

2.31 GENERAL INFORMATION 

2.32 SDS Communication Channels provide fully buf
fered, input/output control and transmission, multi
plexed or simultaneous with computation. Up to four 
data channels can connect to the central processor, all 
operating independentl y of each other. 

2.33 Each channel can contro I as many as 30 input/ 
output devices and automaticall y handles character, 
word assembl y and disassembl y, input/output parity 
detection and generation, data transmission to and from 
memory, and End-of-Transmission detection. 

2.34 All channels are bi-directional and can communi
cate with 6-bit character devices or word devices of up 
to 24-bits. In the case of character-oriented devices, 
the program specifies the number of characters to be 
contained in each word during the transmission. 

2.35 A channel buffer assembles and disassembles data 
words as they are transmitted between core memory and 
the peripheral equipment. The buffer maintains control 
of operations such as characters per word transmitted and 
direction of peripheral operation (as in magnetic tape 
forward/reverse) . 

2.36 A Buffer Control mode EOM sets up the channel 
buffer for operation. The execution of th is EOM sets 
the operation controls, places the unit address in the 
buffer, and initiates data assembly/disassembly. The 
presence of the unit address activates the buffer, caus
ing it to look for data coming from the peripheral device 
or from memory, as determined by the unit address. 

2.37 When in use, a channel interlace controls the 
transfer of the data words going through the associated 
channel buffer. This interlace suppl ies the memory 
address of data coming from or going to memory and 
maintains the word count- determining the number of 
words transferred. The terminal interrupts, 
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End-of-Record and Zero Word Count, come from the 
interlace and are under its control. The interlace con
trols input/output termination functions during inter
laced operation. 

2.38 Two EOM instructions and a POT instruction alert 
and set up a channel interlace. The first EOM alerts 
the interlace, that is activates the interlace and 
instructs it to expect a word count and starting address 
to be sent to it by the POT instruction. The second 
EOM is an Input/Output mode EOM that specifies the 
interrupt and the terminal function to be used. This 
EOM also can specify a 15th address bit and five more 
high-order word count bits expanding the word count 
from 10-bits to 15. This sequence is written: EOM 
(Alert), EOM (I/O), and POT. When the channel 
buffer is being set up at the same time, the buffer con
trol EOM can alert the interlace. When the buffer is 
al ready set up, during a continuing I/O operation, the 
programmer may use the I/O EOM, ALERT CHANNEL 
(00250000), to alert the interl ace. 

2.39 When the programmer does not desire to program 
the Extended Mode with the input/output terminal 
functions, interrupts, and additional count or address, 
onl y the EOM (AI ert) and the POT are necessary to set 
up the channel interlace (Compatible mode). 

2.40 In the Extended Mode, the four channels are 
programmed in the same way. 

2.41 The Time-Multiplexed Channels use the memory 
logic of the central processor to faci I itate input and 
output of data words. The transfer of each word 
between a time-multiplexed channel buffer and memory 
requires two memory cycles. During this time, computa
tion stops in the central processor. Priority for the use 
of the word input/output logic is in the order: Channel 
D, C, Y (B), W (A). Any Time-Multiplexed Channel 
operating with interlace has priority over the central 
processor for memory access. 

2.42 COMMUNICATION CHANNEL DESCRIPTION 

2.43' Up to 30 peripheral devices may be connected to 
one channel. Each of these devices has a unique, two
digit, octal address by which it is selected for an input/ 
output operation. To select the peripheral device, the 
program loads the proper un it address into the 6-bit 
Unit Address Register (UAR) in the channel buffer. This 
address selects both the device and, if appropriate, the 
function to be performed. Placing a non-zero unit 
address in the Un it Address Register II connects" the 
periphera I un it addressed to the channel and it becomes 
"active". When the UAR contains a zero address, or 
any time that a terminal or initial condition clears the 
contents of UAR, the channel is II inactive. II The zero 
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in UAR also means that it is not connected to a periph
eral unit. 

2.44 When the channel and the peripheral un it to be 
used have been connected, the channel must hove 
information pertain ing to the location in memory of the 
data to be transmitted or received and pertaining to the 
number of data words in the transfer. 

2.45 TIME-MULTIPLEXED CHANNEL REGISTERS 

2.46 In the Time-Multiplexed Channels W (A) through 
D, there are two registers important to the programmer, 
the Word Assembly Register (WAR) and the Single
Character Register (SCR). The WAR, a 24-bit, word
sized buffer, contains the word of data actively being 
rece ived or transmitted during an input or output opera
tion. During input, 6-bit characters (pi us parity) enter 
the S ingle-Character Register where the channel buffer 
assembles them, one at a time, into the WAR. Then the 
completed word is placed in memory. Depending on the 
number of characters per word spec ified, the word 
assembled and placed in memory during input has the 
form: 

Word in Memory 

One character per word mode 

o 
Unpredictable 

I I I 
17 18 

0 11 12 17 18 

Three characters per word mode 

I Unpred I 1 st I 2nd 
I I I 

0 5 6 11 12 17 18 

Four characters per word mode 

I 1 st I 2nd I 3rd 
I I I 

0 5 6 11 12 17 18 

1 st 
I 

3rd 
I 

4th 
I 

23 

23 

23 

23 

2.47 The unfill ed character positions contain unpredict
obi e data. When assembled during a one-word opera
tion, a WIM (AIM) instruction places the word into 
memory. Under interlace control, the interlaced chan
nel automaticall y places the word in memory when 
assembled. 

2.48 When the end of an information record is detected 
by a buffer, the buffer automaticall y disengages from 
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the device and is then "readyll for another operation. 
The buffer logic is reset, except that the state of the 
error indicator is maintained and the last word of the 
input is still in the word register. If the number of 
characters in the input record was not a multiple of the 
number of characters assembled into each computer 
word, then zeros are automatically forced into the 
least significant positions of the last word. This last 
word can then be stored in memory by a BUFFER INTO 
M WHEN READY WIM (AIM) or YIM instruction after 
the buffer has disengaged. If the number of character s 
in the input record was a mul tiple of the number of 
characters assembled into each computer word, then the 
word remaining in the W buffer is either the last group 
of characters from the input device, if they were not 
previously transferred to memory by a BUFFER INTO M 
WHEN READY WIM (AIM) or YIM, or zeros if the last 
group of characters had been transferred to memory. 
In either case, it is safe to issue one such instruction 
after the buffer has disengaged without II hanging Up" 
the computer. 

2.49 During output, words come from memory into the 
WAR where the channel buffer disassembles them into 
the SCR one 6-bit character at a time. Depending on 
the characters per word mode specified, the 6-bit char
acters within the word are output as follows: 

Function 

Output one character 
from bits 0 through 5 

Output two characters 
from bits 0 through 5, 
6 through 11 

Mode 

One character per word 

Two characters per word 

Output three characters Three characters per word 
from bits 0 through 5, 6 
through 11, 12 through 17 

Output four characters Four characters per word 
from bits 0 through 5, 6 
through 11, 12 through 
17, 18 through 23 

2.50 As required, the characters are transferred into 
the One Character Register and output with generated 
parity. After each character transfer, the word in the 
WAR is sh if ted I eft six bits to be ready for the next 
transfer. Only those characters needed from each word 
are used; when required, a new word is brought to the 
WAR for the next character. For special applications 
a Time-Multiplexed Channel may be equipped with a 

12- or 24-bit One Character Register. The external 
device which has a character size greater than 6-bits 
specifies to the channel what its size is, 12- or 24-bits. 
Standard 6-bit devices are unaffected by the installa
tion of a wider SCR. 

2.51 Interlace Registers 

2.52 A channel interlace contains two working regis
ters, the Word Count Register (WCR) and the Memory 
Address Register (MAR). In the set-up sequence -
EOM, EOM, POT -- for an interlaced input/output 
operation, the POT instruction transm its to the interlace 
a data word made up of the word count (that is, length) 
and the starting address of the data block. The 15-bit 
Word Count Register (WCR) contains the data word 
count during a data transfer. The number of data words 
is decremented by one and the new count replaces the 
old one in the WCR for each word transmitted. 

2.53 The count is assembled into the WCR from two 
places: the least significant 10-bits is from the IPOTed" 
word and the most significant 5-bits is from the "HI 
COUNT" field of the second EOM. The form of the 
"POTed" word is: 

Word Count Start Address 

o I I 
9 10 

I I 
23 

2.54 When the word count is equal to zero, the trans
mission is complete. During output, this causes a termi
nation; during input, the interlace allows any further 
data to fi II the channel buffer and generates the End-of
Word interrupt, if enabl ed. 

2.55 The Memory Address Register (MAR) contains the 
starting destination or source address in memory of the 
transmitted data. The memory locations to or from 
whi ch data words are to be transmitted enter the MAR at 
the same time the word count does. During transmission 
of data, the interlace increments the contents of the 
MAR after each word as it decrements the contents of the 
WCR. These two registers provide the interlace control 
of block transmissions. The high-order 15th address bit 
comes from the second EOM, also. 

2.56 COMMUNICATION CHANNEL PROGRAMMING 

2.57 The ENERGIZE OUTPUT M (EOM) used in the 
Buffer Control mode addresses and connects the specified 
Channel W (A), Y (B), C, or D, and selects the desired 
unit address. The detailed instruction format is: 

o 123 
00 01 

02 

I 
Unit 

I 
891bll12131415161718 

02 03 04 05 06 
23 

07 
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Bit Octal Octal 
Designation Position Value 

Bl 00 2 

B2 05 

02 01-2 02 

liN 03 4 

00 03 o 

FIR 04 4 

LIN 04 2 

DIB 04 

c/W as 

UNIT 06-7 
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Function 

Bit positions 1 and 17 
specify the channel to 
be activated. 

Channel W (A) is num
bered 00, channel Y (B) 
is 01, channel C is 10, 
and channel D is 11. 

Bit positions 3 through 8 
contain 02, the instruc
tion code for EOM. 

A l-bit in position9alerts 
the buffer interlace. 

B it positions 10 and 11 
contain the EOM mode 
indicator for the Buffer 
Control mode. 

Bit position 12 specifies 
the direction in which 
the peripheral device 
will operate. A "0" 
specifies the forward 
direction. A "1" specifies 
the reverse direction. 

Bit position 13 specifies 
whether the device 
should be started with 
a I eader as in paper 
tape. A "0" specifies 
a start with I eader. A 
"1" specifies a start 
without leader. 

Bit position 14 specifies 
the mode of character 
format. A "0" specifies 
BCD format. A "1" 
spec ifi es Binary fo rmat. 

B it positions 15 and 16 
spec ify the number of 
characters to be assem
bled into, or disassem
bled from, each trans
mitted word. One 
character per word is 
specified by 00, two by 
01, three by 10 and 
four by 11. 

B it positions 18 through 
23 specify the unit and 
the function to be per
formed with that unit. 

2.58 STANDARD EOM CHANNEL INSTRUCTIONS 

2.59 Several EOM function configurations have stand
ard uses. These have standard, assembl er-type mnemon ics 
and are separate instructions. 

2.60 ALERT CHANNEL (ALC) 

x I 
023 

02 
I 

8 9 

50XOO 
I 

23 

2.61 ALC al erts the channel interlace. This instruction 
does not disturb the channel buffer in any way. ALC 
has no effect on W or Y Buffers without interlace. The 
channel Alerts are: 

Mnemonic 

ALC 0 

ALCl 

ALC 2 

ALC 3 

Alert Channel 

W(A) 

Y(B) 

C 

D 

2.62 DISCONNECT CHANNEL (DSC) 

I X I 
023 

02 
I 

8 9 

OOXOO 
I 

Instruction 

00250000 

002 50100 

20250000 

20250100 

23 

2.63 DSC disconnects the channel. It unconditionally 
sets the Un it Address Register to 00 regardless of whether 
the channel is currently addressing a device. This 
instruction disconnects any device which may be con
nected to the channel. It also unconditionally makes 
the channel Ready (Inactive) and clears the Error 
indicator. 

Mnemonic 

DSC 0 

DSC 1 

DSC 2 

DSC 3 

Disconnect Channel Instruction 

W (A) 0 02 00000 

Y (B) 

C 

D 

o 02 00100 

20200000 

2 02 00100 

2.64 ALERT TO STORE ADDRESS FROM CHANNEL (ASC) 

023 

02 

I 8 9 

12XOO 

I 

2.65 ASC al erts an interlaced channel so the PIN 
instruction that follows can store the contents of the 
Memory Address Register~ This instruction does not 
affect the operation of the channel. 

23 
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2.66 ASC is always used in conjunction with PIN to 
determine the current status of a peripheral operation 
being performed by the selected channel. The two 
instructions are written together: 

ASC n 

PIN m, x 

2.67 When the program executes these two instructions, 
the contents ofthe effective memory location designated 
by the PIN instruction are: 

B it Positions Contents 

o through 8 Zero 

9 through 23 Contents of channel IS 

Memory Address Register 

Mnemonic Channel Instruction 

ASC 0 W (A) o 02 12000 

ASC 1 Y (B) o 02 12100 

ASC 2 C 2 02 12000 

ASC 3 D 2 02 12100 

2.68 TERMINATE OUTPUT OF CHANNEL (TOP) 

x 
o 2 3 

02 
I 

8 9 

14XOO 
I I 

23 

2.69 When the last word of a block enters the channel, 
TOP terminates channel output. After the execution of 
this instruction, the fo Ilowing occurs. When the chan
nel buffer del ivers the last character to the peripheral 
device, the buffer disconnects. 

2.70 TOP always terminates a non-interlaced channel 
outPlJt operation. It may be used with all communica
tion channels if the particular function selected is ter
minal function 11 but no further data output is required. 

Terminate 0 utput 
Mnemonic on Channel Instruction 

TOP 0 W (A) o 02 14000 

TOP Y (B) o 02 14100 

TOP 2 C 2 02 14000 

TOP 3 D 2 02 14100 

2.71 COMPATIBLE/EXTENDED INPUT/OUTPUT 
MODES 

2.72 The termination of an I/O operation and the 
interrupts that may be associated with that termination 
fall into two classes: Compatible and Extended. The 
choice of one of these two "modes" of input/output 
operation determines how the system behaves when the 
termination of an I/O operation occurs. 

2.73 Interrupts occurring at the same level (e. g. , 
location 30, 31, etc.) can have difference names (e. g. , 
Count Equal Zero and End-of-Word). These names 
refl ect the different I/O mode in operation when the 
interrupt occurs. The differences include the timing of 
interrupt occurrence relative to the I/O operation and 
type of interrupt requested. 

2.74 The Compatible mode of operation for channels 
W (A), Y (B), C, D is directly compatible with the SDS 
900Computerseries modes of I/o operation. The types 
of interrupts that can be requested are the End-of-Word 
and End-of-Transmission interrupts. 

2.75 The Extended mode for all channels expands the 
I/O capabilities to include the "terminal functions" 
discussed below. The types of interrupts that can be 
requested are the Count Equal Zero and End-of-Record 
interrupts. 

2.76 The I/O mode is selected in the Input/Output 
EOM via bit 12, the Interrupt Arm bit. A O-bit makes 
the system operate in the Compatible mode; a 1-bit sets 
the system in the Extended mode. 

2.77 In particular, the Interrupt Arm (IA) bit deter
mines whether any of the Extended functions operate; 
that is, a "0" in IA means that the other Extended mode 
controls, bits 13, 14, 15 and 16, have no effect. 

2. 78 INPUT/OUTPUT CLASS EOM 

2.79 The Input/Output EOM selects the I/o operation 
mode. When the Extended mode is selected, th is EOM 
also selects (arms) which interrupts are to be operational 
and selects the desired terminal function. This EOM 
appl ies to channels W (A), Y (B), C, and D. 

0 B1 0 02/06 o 0 1 I E Z 
F C B2 A HI Count 

I 
A R C 

L 
I I 

8910111213141516171819 o 1 2 3 
00 01 02 03 04 05 06 

23 
07 
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Bit Octal Octal 
Designation Position Value 

o 

B1 
B2 

02/06 

01 

IA 

ER 

2-8 

00 
05 

2 
1 

01-02 02 

03 

04 4 

2 
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Function 

B it positions 0 and 2 are 
not used with th is EOM. 

Bit positions 1 and 17 
specify the channel. 

B it positions 3 through 8 
contain 02/06, the 
instruction code for EOM. 

B it positions 10 and 11 
contain the EOM indica
tor for the Input/O utput 
control mode. 

B it position 12 selects the 
mode of I/O operation. 
A 110 11 specifies the Com
patible mode. The oper
ation of bits 13, 14, 15, 
and 16 are disallowed. 
Channels W (A), Y (B), 
C and D operate in this 
mode which is completely 
SDS 900 series compati
ble. If interrupts are 
required, the user 
enables the Interrupt 
System, thus enabl ing 
and arming the End-of
Word and End-of
Transmission interrupts. 

A 11111 specifies the 
Extended mode. All 
channels can operate in 
this mode. This allows 
the use of bits 13, 14, 15, 
and 16. If interrupts are 
required, the user arms 
the associated ones by 
placing l-bit in bits 13 
and/or 14. The IItermi
nal function II to be used 
is selected via bits 15 
and 16. 

Bit position 13 controls 
the arm ing of the End
of-Record interrupt. A 
l-bit arms the interrupt. 
A O-bit disarms the 
interrupt. 

Bit Octal Octal 
Designation Position Value Function 

ze 

FC 05 

A 

Bit position 14 controls 
the arming of the Zero 
Word Count interrupt. 
A l-bit arms the inter
rupt. A O-bit disarms 
the interrupt. 

Bit positions 15 and 16 
specify the terminal con
dition function to be 
performed with the trans
mission. 

Bit position 18 is the 
high-order address bit. 

HI Count Bit positions 19 through 
23 contain the most 
sign ifi cant four b its of 
the 15-bit word count. 
These positions specify a 
word count greater than 
1023. 

NOTE 

A 1-bit in 13 and/or 14 does the 
following: 

1. Arms that interrupt during th is 
complete I/O operation; discon
necting th is channel disarms the 
interrupt. 

2. Once armed by bits 13 and/or 14, 
the interrupt can be enabled or 
disabled by the Enable/Disable 
feature of the Interrupt System. 
If a channel generates an extended 
mode I/O interrupt whilethe sys
tem is disabled, the designated 
interrupt level goes to the Waiting 
state. When the program again 
enables the interrupt system, the 
interrupt goes to the Active state 
when its priority allows. 

2.80 TERMINAL FUNCTIONS; EXTENDED MODE 

2.81 A 2-bit function code in the Input/Output EOM 
controls the termination of input/output operation in 
the extended mode. These functions are described 
below with the letter C representing the specified word 
count of the transmission. 
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2.82 INPUT /CUTPUT OF A RECORD AND 
DISCONNECT (lORD) 

2.83 Input 

2.84 Read C words. If C equals zero before the End
of-Record is detected, the rest of the record is ignored. 
At the End-of-Rcord, the peripheral device is dis
connected and the channel becomes inactive. 

2.85 Output 

2.86 Write C words. When C equals zero, output is 
terminated (i. e., the device is signaled that the last 
characters have been transmitted). When the peripheral 
device has generated the end of record and, if neces
sary, checked the val idity of the record, it sends an 
End-of-Record response to the channel buffer. When 
received by the buffer, the End-of-Record signal gen
erates an End-of:-Record interrupt (if armed) and dis
connects the channel. 

2.87 The I ine printer generates the End-oF-Record 
response when it completes the printing of a I ine. If 
the printer encounters any print errors or faults, it 
sends a signal to the channel that sets the channel error 
indicator; this can occur since the printer has not dis
connected from the channel. The lORD is useful when 
the program is to print several I ines and the program is 
not otherwise to use the channel between I ines. When 
the printer completes each I ine, it causes an End-of
~ecord interrupt (assumed to be armed), notifying the 
program that it can immediatel y transmit the next paper 
control instruction and the next I ine image. 

2.88 The unbuffered card punch operates simi larl y. 
It generates the End-of-Record response after punching 
each row. If any faults occur during the punching of 
the entire card, the card punch sends a signal to the 
channel that sets the channel error indicator; this occurs 
after punch ing the last row (row 9). 

NOTE 

A program should not use lORD with 
devices 1,lat do not have End-of
Record conditions on input (e. g. , 
typewriter) or generate End-of-Record 
responses upon output termination, 
(e. g., devices such as the paper tape 
punch and typewriter). These devices 
do terminate output but give the pro
gram no indication when they receive 
the last characters. 

2.89 INPUT/OUTPUT UNTIL SIGNAL THEN 
DISCONNECT (lOSD) 

2.90 Input 

2.91 Read C words. When C equals zero or when the 
End-of-Record is encountered, the device is discon
nected and the channel becomes inactive. If the chan
nel disconnects because of a zero count, an EOR inter
rupt (if armed) will be generated in addition to the count 
equal zero interrupt. If both are armed, C = 0 wi II 
occur first. 

2.92 Output 

2.93 Write C words. When C equals zero and when 
the last character has been transmitted, the channel 
disconnects the device and becomes inactive. If an 
End-of-Record signal is received before the count 
reaches zero, the channel will disconnect immediately. 

NOTE 

The IOSD is designed for use on 
devices which are normally 
operated on the basis of the word 
count only. Typewriters and paper 
tape devices are of th is type, as 
are the printer and card punch 
when the user does not wish to 
stay connected unti I the operation 
is complete. 

2.94 INPUT/OUTPUT OF A RECORD AND PROCEED 
(IORP) 

2.95 Input 

2.96 Read C words. If the channel counts C down to 
zero before the peripheral device encounters the End
of- Record (EOR), the channel ignores the rest of the 
record (to the End-of-Record). When the peripheral 
device sends the End-of-Record signal to the channel, 
the channel sets its End-of-Record Indicator; this signal 
sets the End-of-Record interrupt (if armed). The chan
nel does not disconnect. The channel is now in an 
"Inter-record" condition. 

2.97 When the peripheral device is magnetic tape, the 
tape continues to move when the tape handl er encounters 
the End-of-Record. The End-of-Record occurs when the 
tape read-heads encounter tape gap; this also causes a 
Tape Gap signal to "come high". If the program 
executes a new read tape or scan tape EOM during the 
inter-gap time (approximately one millisecond while 
the Tape Gap signal is high), the tape remains in 
motion and proceeds to read or scan the next record. 

2-9 
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If the program executes no such EOM before the Tape 
Gap signal drops, the channel disconnects and the tape 
comes to a stop. No additional interrupt occurs. This 
is the onl y condition that causes a channel to disconnect 
automaticall y. 

2.98 All other input devices remain connected until 
the program takes further action. The paper tape reader 
remains in motion; the program should issue a "dis
connect channel" instruction if the program is not read
ing any more tape. To proceed after the End-of-Record 
occurs, the program first executes a Buffer Control mode 
EOM to re-initial ize the Channel Unit Address Register 
and then reloads the interlace portion of the channel 
(the program can alert the Interlace via the Buffer Con
trol EOM). Otherwise, the channel immediately ter
minates any attempt to use its interlace portion since 
the channel is aware that it is sti II active and in the 
End-of-Record condition. When the program continues 
from an Inter-record condition, the program shoul d use 
an extended mode terminal function. An IORP should 
not be used to read devices which do not have EOR 
signals (e. g., the typewriter and paper tape punch). 

2.99 Output 

2.100 Write C words. When the channel interlace 
counts C down to zero, the Interlace notifies the chan
nel buffer that it has received the last word that is to 
be output; when the buffer outputs this last word, it 
sends a signal to the connected peripheral device indi
cating that the device has the last word now. When the 
peripheral device "receives, outputs and checks the 
val idity of" this last word, it sends an End-of-Record 
response to the channel buffer. When received by the 
buffer, the End-of-Record signal generates an End-of
Record interrupt (if armed) and sets the Inter-record 
indicator; the channel does not disconnect. 

2.101 When the peripheral device is magnetic tape, 
the tape continues to move after it signals End-of
Record. As in reading tape, the signal causes the Tape 
Gap signal to come high. If the program executes a 
new write tape or erase tape EOM during the inter-gap 
time (approximatel y one mill isecond), the tape remains 
in motion and proceeds to write or erase a new record. 
If the program executes no such EOM before the Tape 
Gap signal drops, the channel disconnects and the tape 
comes to a stop. No interrupt occurs at this time. This 
is the only condition which causes a channel to discon
nect automatically. 

2. 102 To proceed after the End-of-Record occurs, the 
program first executes a Buffer Control mode EOM to 
re- initial ize the Channel Un it Address Register and 
then reloads the interlace portion of the channel (the 
program can alert the Interlace via the Buffer Control 
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EOM). Otherwise, the channel immediately terminates 
any attempt to use its interlace portion, since the chan
nel is aware that it is sti II active and in the End-of
Record condition. When the program continues from an 
Inter-record condition, the program shoul d use an 
extended mode terminal function. 

2. 103 A program should not use IORP with devices that 
do not generate End-of-Record responses upon output 
termination; such devices are paper tape and typewriter. 
These devices do terminate output but give the program 
no indication when they receive the last characters. 

2. 104 The IORP should also not be used with the printer 
and card punch since these devices expect the channel 
to disconnect after they send EO R. 

2.105 INPUT/OUTPUT UNTIL SIGNAL THEN 
PROCEED (IOSP) 

2. 106 Input 

2. 107 Read C words. If the channel counts C down to 
zero before the periphera I device encounters the End
to-Record, the channel generates a Count Equals Zero 
interrupt (if armed). The program shoul d reload the 
interlace portion of the channel to continue reading the 
record. As far as the peripheral device knows, nothing 
happens at this time. Failure to reload the Interlace 
before the peripheral device sends enough characters to 
overfi II the channel buffer causes a rate error; this sets 
the channel error indicator. 

2. 108 When the peripheral device encounters the End
of-Record, IOSP operates identically like the IORP 
command. 

2. 109 Output 

2. 110 Write C words. When the channel counts C down 
to zero, the channel generates a Count Equals Zero 
interrupt {if armed}; the channel does not terminate out
put. The program should reload the interlace portion of 
the channel to continue writing in the same record. 
Failure to reload the Interlace before the buffer trans-
m its all of the characters in its registers and before the 
peripheral device requests the next character from the 
buffer results in a rate error; this sets the channel error 
indicator. 

2. 111 If the program executes a TERMINATE OUTPUT 
(TOP) instruction after the channel has counted C down 
to zero, the channel terminates the output and operates 
identically like the IORP from this point on. 
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2.112 CHANNEL AND DEVICE SKS 

2. 113 The Channel and Device Test mode SKIP IF 
SIGNAL NOT SET (SKS) tests the indicators in a chan
nel as well as devices attached to it. To test the chan
nel, use unit address 00. The instruction format is: 

2. 114 CHANNEL TESTS 

o 1 2 3 8 9 1 0 11 1 2 13 14 15 16 17 18 23 
00 01 02 03 04 05 06 07 

B it Octal Octal 
Designation Position Val ue Function 

40(20) 

01 

C1 
C2 
C3 

R 

C 

E 

00 

01-02 40(20) Bit positions 3 through 8 
contain 40(20), the SKS 
instruction code. 

03 

03 
00 
05 

04 

05 

4 
2 
1 

2 

4 

Bit positions 10 and 11 
contain the- mode 
selection. 

Bits C 1, C2, C3 used as 
an octa I address, specify 
the channel to be tested. 
Channel W (A) is 0, chan
nel Y (B) is 1, and so on. 

Test for ready. A l-bit 
selects the test. Skip if 
Ready or Inactive. 

Test if indicator for 
Word Count Equal to 
Zero is set. A 1-bit 
selects the test. Skip if 
word count zero. 

Test for error indicator 
reset. A 1-bit selects 
the test. Skip ifnoerror. 

Test for Inter-record 
condition. 

Bit positions 18 through 
23 are zero to specify a 
channel test. Each of 
these tests causes a skip 
when the test 'condition 
is true. 

2. 115 STANDARD SKS INSTRUCTIONS 

2. 116 Several SKS function configurations have 
standard uses. These have standard, assembler-type 
mnemonics .and are always used as shown. 

2. 117 CHANNEL ACTIVE TEST (CAT) 

x 
o 2 3 

SKIP IF CHANNEL NOT ACTNE 

40(20) 
I 8 9 

14XOOO 
I I 

23 

2. 118 If the channel is ready to accept a new input/ 
output instruction, the computer skips the next instruc
tion in sequence and executes the following instruction. 
If the channel is active, or in the process of disconnect
ing a peripheral un it, the computer executes the next 
instruction in sequence. 

Channel 
Mnemonic Active Test Instruction 

CAT 0 W(A) o 40(20) 14000 

CAT 1 Y(B) o 40(20) 14100 

CAT 2 C 2 40(20) 14000 

CAT 3 D 2 40(20) 14100 

2.119 The following SDS 900 series compatible instruc
tions make the identical test as the above instructions on 
channels Wand Yi 

BRTW o 40 21000 W BUFFER READY TEST 

BRTY 040 22000 Y BUFFER READY TEST 

2.120 The indicator that CAT tests is reset only by the 
next EOM that connects and al erts the same channel. 

2.121 CHANNEL ERROR TEST (CET) 

SKIP IF NO ERROR ON CHANNEL 

x 
o 2 3 

40(20) 
I 

8 9 

11XOOO 
I I 

23 

2. 122 CET tests the error indicator in the channel for 
being in the set condition. If the error indicator has 
not been set, the computer skips the next instruction in 
sequence and executes the following instruction. If the 
error indicator has been set, the computer executes the 
next instruction in sequence. 

Mnemonic Channel Error Test Instruction 

CET 0 W(A) o 40(20) 11000 

CET 1 Y (B) o 40(20) 11100 

CET 2 C 2 40(20) 11000 

CET 3 D 2 40(20) 11100 

2-11 
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2. 123 The following SDS 900 series compatible instruc-, 
tions make the identical test of channels Wand Y: 

B ETY 0 40 20020 Y BUFFER ERROR TEST 

BETW 0 40 200:0 W BUFF ER ERROR TEST 

2. 124 The indicator that C ET tests is reset onl y by the 
next EOM that connects and alerts the same channel. 

2. 125 CHANNEL ZERO COUNT TEST (CZT) 

SKIP IF CHANNEL WORD COUNT IS ZERO 

o 
x I 40(20) I 

I 
23 

12XOO 
I I 

2 3 8 9 

2. 126 CZT tests whether the contents of the Word 
Count Register in the channel have been reduced to 
zero. If the contents of WC R are zero, the computer 
skips the next instruction in sequence and executes the 
following instruction. If the contents of the WCR are 
non-zero, the computer executes the next instruction 
in sequence. 

Channel Zero 
Mnemonic Count Test Instruction 

CZT 0 W(A) o 40(20) 12000 

CZT 1 Y (B) o 40(20) 12100 

CZT 2 C 2 40(20) 12000 

CZT 3 D 2 40(20) 12100 

2. 127 The indicator that CZT tests is reset onl y by a 
POT instruction to set up the word count and data 
address in the same channel. 

2. 128 CHANN EL INTER-RECORD TEST (CIT) 

SKIP IF INTER-RECORD INDICATOR IS SET 

o 
x I 40(20) I 

I 
23 

10XOO 
I I 

2 3 8 9 

2. 129 CIT tests the Inter-record indi cator in the 
selected channel. If the Inter-record indicator is set, 
the computer skips the next instruction in sequence and 
executes the following instruction. If the indicator is 
reset, the computer executes the next instruction in 
sequence. 

2-12 

Channel 
Mnemonic Active Test Instruction 

CIT 0 W (A) 040(20) 10400 

CIT 1 Y (B) o 40(20) 10500 

CIT 2 C 2 40(20) 10400 

CIT 3 D 2 40(20) 10500 

2. 130 The Inter-record indicator is set only during 
extended mode operation when using a Proceed Function; 
the indicator is set for an inter-record or zero count 
condition. The indicator is reset by the next alert and 
connect EOM. 

2. 131 DEVICE TESTS 

2. 132 The SKIP IF SIGNAL NOT SET (SKS) below, 
used in the Channel and Device Test mode, tests the 
condition of the peripheral devices in the system directl y. 
The peripheral device sections contain the jndividual 
instruction descriptions. 

o 123 8 9 10 11 12 16 17 18 23 
00 01 02 03 04 05 06 07 

Bit Octal Octal 
Designation Position Val ue Function 

C1 03 4 Bit positions 9, 1, and 
17 are used as an octal 
digit to specify the 
channel. 

C2 

C3 

40(20) 

01 

00 2 

05 

Channel W (A) is 0, 
channel Y (B) is 1, and 
so on. 

01-02 40(20) B it positions 3 through 
8 contain the SKS 
instruction code. 

03 B it positions 10 and 11 
contain the mode 
selection. 

Un it Tests 04-05 Bit positions 12 through 
16 select the particular 
test and are system 
dependent. 

UnitAddress 06-07 B it positions 18 through 23 
specify the unit address. 
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2.133 SINGLE-WORD DATA TRANSFER VIA. 
CHANNELS W (A) AND Y 

2. 134 INSTRUCTIONS 

2. 135 Channels W (A) and Y can be programmed as 
singl e-word input/output buffers. Data transfer is per
formed under direct program control or with the aid of 
the interrupt system. Interlace is not used with these 
instructions. 

2. 136 The following two instructions perform data 
transfer using channel W. 

2. 137 MEMORY INTO CHANNEL W WHEN EMPTY 
(MIW) 

12 M 

o 1 2 3 8 9 10 23 

2. 138 MIW transfers the contents of the effective 
memory location into the channel W word buffer. If 
necessary, the central processor "hangs Up" until the 
buffer is empty and ready to accept the data word. 

2. 139 The W buffer must be connected to the desired 
peripheral device by a previous "connect" EOM instruc
tion that sel ects the buffer, the un it address, and all 
appropriate control functions. 

2.140 CHANNEL W INTO MEMORY WHEN FULL 
(WIM) 

32 

o 123 8 9 10 

M 
I 

23 

2. 141 WIM transfers contents of the channel W word 
buffer into effective memory location. If necessary, 
the central processor "hangs up" until the buffer is full 
and r~ody to del iver the data word. 

2.142 MEMORY INTO CHANNEL Y WHEN EMPTY 
(MIY) 

10 

o 123 8 9 10 

M 
I 

23 

2. 143 MIY transfers the contents of the effective 
memory location into the channel Y word buffer. If 
necessary, the central processor "hangs up" until the 
buffer is empty and ready to accept the data word. 

2.144 CHANNEL Y INTO M·EMORY WHEN FULL 
(YIM) 

l±G1 30 I I I M 
o 1 2·~3---------8~9~10-+--+-~1r---r-~2~3 

2. 145 YIM transfers the contents of the channel Y 
word buffer into the effective memory location. If 
necessary, the central processor hangs Up" until the 
buffer is full and ready to del iver the data word. 

2. 146 MEMORY INTO CHANNEL A WHEN EMPTY 
(MIA) 

30 M 

o 1 2 3 8 9 
I 

23 

2. 147 The contents of the effective memory location 
are transferred into the channel A word buffer. The 
central processor II hangs up" until the buffer is empty 
and ready to accept the data word. 

2.148 CHANNEL A INTO MEMORY WHEN FULL 
(AIM) 

32 M 

o 1 2 3 8 9 23 

2. 149 The contents of the channel A word buffer are 
transferred into the effective memory location. The 
central processor "hangs Up" until the buffer is full and 
ready to de I iver the data wo rd. 

2.150 SINGLE-WORD OPERA nONS 

2.151 The single-word buffer operations are used in 
two ways. Data words transfer between the channel and 
memory under direct program control. The" connect" 
EOM and the input or output channel instruction are in 
sequence and the computer IIhangs up" until the buffer 
is ready to perform the transfer. This delay is usuall y 
due to buffer tie-up while the buffer is actively trans
mitting or receiving the previousl y requested data word. 

2. 152 Use of the priority interrupt system el iminates the 
tie-up of the central processor. The interrupt system 
allows the program to connect the device to be used in 
the transfer, to enable the interrupt, and then to con
tinue processing in the main program. When the buffer 
is ready to receive from, or transfer to, memory, the 
End-of-Word interrupt to the corresponding interrupt 
location notifies the program that the buffer is Ready. 
A service routine entered via a BRANCH AN D MARK 
PLACE (BRM) instruction in the appropriate interrupt 
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location processes the interrupt. This routine contains 
the instruction (MIW or WIM, for example) that can 
execute immediately without computer tie-up. 

2. 153 During single-word operations, a parity error or 
incorrect timing error sets the buffer error indication in 
the channel. The incorrect timing error occurs when 
characters enter the buffer during input before the 
removal of the previous word; during output, buffer 
error indication occurs if characters are needed for out
put before the buffer receives the next word. The 
transmission does not term inate upon detection of any 
of these errors. 

2-14 

2. 154 The interrupt system can detect an End-of-Record 
termination. During output, use of TERMINATE OUT
PUT (TOP) after the final MIW (MIY) causes an inter
rupt to the appropriate End-of-Transmission location 
when that final data word has been processed by the 
buffer. This interrupt takes the place of the End-of
Word interrupt; the End-of-Transmission condition 
inhibits the End-of-Word interrupt. During input, the 
End-of-Transmission interrupt is sent to the End-of
Transmission location when the End-of-Record is 
detected. During input from devices which do not 
generate an End-of-Record, an EOM disconnects (DSC) 
the channel to terminate the transmission. This termina
tion generates no End-of-Transmission interrupt. 
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SECTION III 
THEORY OF OPERATION 

3.1 GENERAL 

3.2 The TMCC communicates with an external system 
or device by means of a shift register utilizing 6, 12, 
or 24-bit characters plus a parity bit. The maximum 
character size depends on the optional registers that 
may be installed. In TMCC Models 922XX, the char
acter length is fixed at 6, 12, or 24 bits and can not 
be varied from one size to another. However, TMCC 
Models 932XX having the larger character length 
options may be switched from one size to another under 
control of the external system. The length is selected 
through activation of one of the character size control 
I ines. External devices may activate these I ines as 
necessary but if none are activated the TMCC assumes 
6-bit characters. The rate of information transfer is 
determined by a clock signal from the external device. 
For both input and output, the TMCC slaves itself to 
the clock frequency of the device up to the TMM maxi
mum data rate of two machine cycles per character. 

3.3 The TMCC communicates with the computer by 
means of a 24-bit shift register which transfers words, 
an octal group at a time, between the TMCC and the 
computer C Register. The TMCC thus has two registers 
for data storage. These provide the means to assemble 
input characters into words or disassemble words into 
output characters. The number of characters per word 
is under program control but is lim ited to a maximum of 
four 6-bit characters, two 12-bit characters, or one 
24-bit character. 

3.4 Information may be input or output by executing 
an instruction for each word (channels W (A), or Y, 
only). The instruction may be given in advance of the 
time it is needed, in which case the computer remains 
idle until the channel is ready. Or the computer inter
rupt system may be employed so that the channel can 
call for an instruction when it is ready to use it. This 
allows the computer to continue with other computa
tions· when not actually engaged in the input/output 
(I/O) process. 

3.5 An optional interlace feature may be installed in 
the TMCC to facil itate I/O operations with fewer in
structions. The interlace logic allows a program to 
designate to the TMCC how many words are to be trans
ferred and the memory location of the first word. Then, 
without further instructions, the TMCC can assemble 
or disassemble the number of words specified and time
share with the computer each time it is ready to trans
fer a word to or from memory. The I/O process may 
thus be interlaced with computation or with similar 
I/O operations on other channels. 

3.6 Figure 3-1 is a block diagram of the TMCC. As 
indicated on the figure, the princ ipal parts of the TMCC 
are the Character Buffer, Word Assembly Register, Unit 
Address Register, Word Counter, and Address Counter. 

3.7 CHARACTER BUFFER 

3.8 Depending on the option, the Character Buffer is 
a single character storage register of 6, 12, or 24 bits. 
It is implemented with S-R type fl ip-flops connected in 
a series-parallel manner so shifting takes place in octal 
groups (i. e. three bits in parallel). Transfer of data 
between the Character Buffer and an external system is 
entirely parallel for the whole character whether it be 
input or output. 

3.9 WORD ASSEMBLY REGISTER 

3.10 This register is also connected in series-parallel 
to allow shifting in octal groups. It is composed of 
three parallel registers of eleven fl ip-flops each. The 
register includes twenty-four flip-flops to store a com
plete word plus additional flip-flops on the ends of each 
series string to allow for timing considerations. The 
Word Assembly Register is implemented with fl ip-flops 
connected in such a manner that continuous recircula
tion occurs. 

3.11 UNIT ADDRESS REGISTER 

3.12 The 6-bit address code to select a specific 
peripheral device is set-up in the Unit Address Register. 
The register is composed of five fl ip-flops whose outputs 
are sent to the peripheral unit for decoding. A sixth 
fl ip-flop, associated with the Un it Address Register, is 
also set-up at the same time to signal the external 
device whether an input or an output is to take place. 

3.13 WORD COUNTER 

3. 14 The Word Counter is part of the optional inter
lace equipment. It is a fifteen stage fl ip-flop counter 
used to store the number of words to be transferred dur
ing an interlaced I/O operation. With each word 
transfer, the counter is decremented by "one". (Actu
ally, the complement of the count is incremented.) 

3.15 ADDRESS COUNTER 

3.16 This counter is also part of the optional interlace 
feature. Its purpose is to store the address of the d 
memory location currentfy being accessed. Each time 
a word is taken from or sent to memory, the Address 
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Counter is incremented by 1I0ne II to prepare for loca
ting the next word. 

3. 17 INPUT PROCESS 

3. 18 A brief outl ine of a non-interlaced input process 
follows. The TMCC is initial ized by an EOM instruc
tion to set-up the address code of the peripheral de
vice, to designate input or output, and specify the 
number of characters per word. When the address is 
decoded by a peripheral device, the device is activ
ated and begins sending clock signals and data to the 
channel. 

3. 19 Input clocks are synchronized with TMCC timing 
by clock counter flip-flops which detect the peripheral 
device clock, transfer the input data to the Character 
Buffer and cause the Word Assembly Register to circu
late through the Character Buffer. Ordinari Iy the 
Word Assembly Register recirculates on itself but as 
each new input character is ready it circulates through 
the Character Buffer for one machine cycle to pick up 
the new character. A machine cycle is defined as 
eleven computer clock pulse periods. 

3.20 As each character is clocked in, the character 
counter 0N7 W8) is decremented until the count reaches 
zero, signal ing that a complete word has been formed. 
Depending on the particular channel (TMCC W (A) or 
Y) a WIM, AIM, or YIM instruction may be used to 
transfer the word from the TMCC to memory. When the 
instruction is executed, a word is sh if ted in octal groups 
from the Word Assembly Register to the computer C 
Register and then stored in the memory location speci
fied by the effective address of the WIM, AIM, or YIM 
instruction. 

3. 21 To prepa re for the next word, the Character 
Counter is reset to its original count wh ich was de
signated by the initializing EOM instruction. Storage 
of the original count is accompl ished by util iz ing ex-

, cess positions of the Word Assembly Register. 

3.22 The input process may be term inated by another 
EOM' instruction or by detection of an externally 
appl ied halt condition. 

3.23 OUTPUT PROCESS 

3.24 A non-interlaced output process is started in the 
same way that an input operation is initialized. A MIW 
(MIY or MIA) instruction can then be used to transfer 
words from memory to the Word Assembly Regist'er via 
the computer C Register. 

3.25 Each time the external device sends a clock sig
nal to the TMCC, it is detected by the Clock Counter. 

At a certain point in the counter sequence, the device 
extracts information from the Character Buffer. At the 
end of the counter sequence, the Word Assembly Re
gister recirculates through the buffer for one machine 
cycie. At the conclusion of the cycle, a new character 
is available in the Character Buffer awaiting the next 
clock. The Clock Counter also decrements the Char
acter Counter. When it is decremented to zero, the 
last character of a word is in the buffer. By th is time 
another MIW (MIY or MIA) instruction should be exe
CUtedi or the instruction may be called for through the 
interrupt system. As with input, the Character Counter 
is reloaded between words from the Word Assembl y 
Register. 

3.26 The output operation is concluded by a Terminate 
Output EOM instruction. 

3.27 Parity 

3.28 During input, a parity fl ip-flop accepts the input 
parity bit and checks the character for odd parity. The 
same fl ip-flop is also used to generate the parity bit for 
output characters. 

3.29 TMCC AND INTERLACE CONFIGURATION 

3.30 The theory of operation contained in this manual 
is applicable to all models of the Time-Multiplexed 
Communication Channels for the 925/930/9300 Com
puters. The operation is for the most part identical for 
all models. Those differences that do exist, however, 
are covered in the explanation where appropriate. 

3. 31 DETAILED DESCRIPTION 

3.32 Many portions of the TMCC logic are common to 
both input and output operations. Other portions of the 
logic are specifically related to input only, output only, 
or interlace only. The following logic description 
begins with the common logic functions. 

3.33 Subsequent to the logic descriptions are the 
Glossary of Logic Term and the Logic Equations. 

3.34 PULSE COUNTER 

3.35 The pulse counter consists of flip-flops Qr1, Qr2, 
Qr3, and Qr4. These fl ip-flops perform the same func
tion for the TMCC that the pulse counter, Q1 through 
Q6, does for the central processor (CPU). The counter 
is included in the TMCC in addition to the counter in 
the CPU in order to avoid excessive delays and loading 
that would occur if all timing signals were obtained 
directly from the CPU. The Pulse Counter defines the 
pulse times, T8, T7, T6, T5, T 4, T3, T2, Tl TO, Tr, 
and Tp needed for timing of all processes within the 
unit. Refer to table 3--1 for the Pulse Counter Truth 
Table. 

3-3 
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Table 3-1. Pulse Counter Truth Table 

Qr1 Qr2 Qr3 Qr4 

Tp 0 0 0 0 

T8 1 0 0 0 

T7 1 0 0 1 

T6 1 1 1 1 

T5 0 1 1 1 

T4 0 0 1 1 

T3 0 0 1 0 

T2 1 0 1 0 

Tl 1 1 1 0 

TO 0 1 1 0 

Tr 0 0 0 0 

Tp 0 0 0 0 

3.36 It is logically impossible to set Qr2, Qr3, and 
Qr4 unless Qrl has been previously set. Therefore, 
without the additional set signal provided by Tpc, the 
counter would soon reach the reset state of time Tr + 
Tp and then stop counting. However, Tpc, the Tp 
signal from the CPU, is used to advance the TMCC 
pulse counter from Tp to T8. Thus, both counters ad
vance to T8 at the same time and both remain in syn
chronism. An examination of the logic also indicates 
that the two pulse counters will synchronize regardless 
of the turn-on state. 

sQrl Tpc + Qr2 Qr3 Qr4 

rQrl Qr2 

sQr2 

rQr2 

sQr3 

rQr3 

sQr4 

Qr 1 Qr2 Qr4 (Qr4 + TO) + Qr 1 Qr3 

Qrl 

Qrl Qr4 

Qr3 Qr4 (Qr4 + TO) 

Qrl Qr3 

rQr4 Qrl Qr2 

Only those pulse times or combinations of pulse times 
that are need for timing in the TMCC are decoded. 
For example: 

TO Qrl Qr2 Qr4 

T6 - TO Qr3 

3-4 

3.37 In examining the pulse counter and the TO decod
ing logic, it appears that the term (Qr4 + TO), as used 
on the inputs of Qr2 and Qr3, contains redundant logic. 
This is a result of logic mechanization and the redun
dant terms are not sign ificant to the counter operation. 

3.38 A TMCC pulse counter is associated with each W 
and C channel. The Yand D channels share the same 
pulse counters as the Wand C channels, respectively. 
Other logic is shared in a similar manner by two chan
nels and wi II be noted as each case arises. 

3.39 INPUT/OUTPUT PROCESSING 

3.40 When an EOM instruction of the form, EOM
OXXXX or EOM4XXXX, is executed to start an input or 
output process, a Buffer Control Signal, Buc, produces 
a clear signal, Wc,and a set signal, Ws. These two 
signals, Wc and Ws, permit initialization for the input/ 
output operation. The Unit Address and the Character 
Count are set up from the C-Register. The registers are 
first cleared by Wc and then set by Ws. Refer to 
figure 3-2. 

Buc Eom Cl0 Cli Cl * 

Wc Buc C17 (T6 + T5) + St + ... 

Ws Buc C 17 (T3 - TO) 

*C 1 is used in place of C1 for Channels C and D. 
Similarly, C17 and C17 distinguish between the Wand 

Y channels, or between the C and D channels. 

(T6 + T5) and (T3 - TO) are decoded timing signals from 
the pulse counter. Frequent use is made of such pulse 
times throughout the manual without further explanation. 
The term C 17 distinguishes enabl ing of the W channel 
rather than the Y channel. The combination of terms 
wh ich make up the input of Buc indicate that the com
puter is in phase (%) 5 of the execution of an EOM 
Buffer Control instruction. The term, St, is produced 
by the start switch wh ich may also be used to reset the 
TMCC. The register logic involved in the clear and set 
sequencing is: 

sW14 = Ws C23 

rW14 = Wc 
I I 
I I 
I I 

sWll = Ws C20 

rW11 = We 

sWl0 = Ws C19 + . 

rW10 = Wc 

Un it Address Register 

5-b its provide 31 address
ing codes and a discon
nect code. 
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sW9 = Ws C1B 

rW9 = Wc 

sWB = Ws C16+ .. 

rWB = Wc + ... 

s W7 = Ws C 15 +. . 

rW7 = Wc + •.. 

W9 

W9 

1 for output 

o for input 

"" Character Counter 

) W7 WB CharactersjWord 

1 1 4 

1 0 3 
.." 

0 1 2 

0 0 1 

3.41 At the end of the Suc type instruction and during 
the last pulse time (TO) that Ws is on, the fl ip-flop, W4, 
is set on for three pulse times. 

sW4 

rW4 

Ws TO +. 

W4 TB + ... 

During this time, W4 allows the contents of the char
acter counter to be copied into the W-Register. The 
bit in W7 goes into Ww1 and the bit in WB goes into 
Ww2. 

Ww 1 W4 W7 (T7 - TO) +. 

Ww2 W4 WB (T7 - TO) + . 

During this period, W4 or timing singals inhibit the 
other inputs to the W-:Register. 

3.42 This process provides a means for the TMCC to 
remember the initial character count while using fl ip
flops W7 and WB to perform the actual count-down of 
the characters as each word is assembl ed on input or dis
assembl ed on output. As a word is processed, the 
original count is reloaded into the counter to get ready 
for the next word. 

sWB Wxx Wn2 (T7 - TO) W4 

sW7 Wxx Wn 1 (T7 - TO) W4 

The t~rm Wxx is true during the transmission of a word 
being processed. Thus, in addition to its normal word 
handl ing functions, the W-Register provides storage of 
the character count for W7 and WB. 

3.43 W-Register 

3.44 The W-Register is a one word recirculating fI ip
flop register with additional fI ip-flops at the read and 
write ends. The Write input signals to the first fl ip
flops of the register are designated Ww-, the inter
mediate Read fI ip-flops are designated Wr- and these 
drive the last fl ip-flops which are designated Wn-. The 
n represents now. 
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3.45 During normal rec irculation, the outputs of the 
n fI ip-flops are fed to the w inputs, wh ich, in turn, 
feed the remaining serial shift circuits. There are a 
total of eleven stages in a recirculating loop, one for 
each pulse time of a machine cycle. Three recircula
ting loops are required to hold a 24-bit word. The first 
recirculating loop holds only the most significant bits 
of each of the eight octal digits in a word. The second 
recirculating loop holds the middle bits of the eight 
octals. The third recirculating loop holds the least 
significant bits of each of the eight octals. If the octal 
word 07030407 (000 111 000 011 000 100 000 111) 
were being held in the register, its bits at pulse time 
Tp would appear as follows: 

---+ Lc 0 1 000 1 0 1 C C --.J -+ 
C = Character 

-+ L:c 0 1 0 1 000 1 C C.-J -+ 
Count 

x = Irrel evant 

-+ Lx 0 1 0 1 000 1 X X --.J -+ 

At the next pulse time, TB, all bits would be moved one 
bit position to the right and for succeeding pulse times 
as the register recirculates. At the least significant 
pulse time, T7, the bits of the least significant octal 
digit are in their respective now flip-flops, Wn 1, Wn2, 
and Wn3. At succeeding pulse times the now fl ip-flops 
present the corresponding octal digits. The additional 
positions beyond the eight octals of the register act as 
fill-in bits to satisfy logic timing requirements (so that 
a word is back in its original position after one machine 
cycle of 11 clock pulses) and are also used to store the 
character count. Normal rec irculation is allowed by 
the following logic: 

Ww 1 = W4 Wn 1 Wxx + .. . 

Ww2 = W4 Wn2 Wxx + .. . 

Ww3 = W4 Wn3 Wxx + .. . 

W4 Wxx indicates the 
W-Register is not par
ticipating in some other 
operation. 

3.46 The Character Register is composed of six, twelve, 
or twenty-four R-S type fl ip-flops. When sh ifting an 
input character from the Character Register into the W
Register or an output character from the W-Register to 
the Character Register, W4 is set for the period (T7 - TO) 
of one machine cycle. This enables the gating of one 
character precession in the W-Register by causing the 
data in the W-Register to recirculate through the Char
acter Register. Refer to figure 3-3. 

Ww1 W4 Wb1 (T7 - TO) +. 

Ww2 W4 Wb2 (T7 - TO) +. . . 
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Ww3 = W4 Wb3 +. . . 

sRw 1 = W4 Wxx (T7 - TO) Wn 1 + . 

rRw1 

sRw2 

rRw2 

sRw3 

rRw3 

W4 Wxx Wn1 + ... 

W4 WXX (T7 - TO) Wn2 + . 

W4 Wxx Wn2 + ... 

W4 Wxx (T7 - TO) Wn3 + . 

W4 Wxx Wn3 + ... 

Wxx is a signal denoting that an MIW, WIM or Time 
Share operation is occurring. 

Wxx Rx Pwy + .. * 
Pwy 05 ** 

*Rx is always false for the C-channel. Another term, 
not shown allows Wxx to function in that channel 
only on an interlaced basis. 

**In Model 92200. See 05, Pw5 in the Glossary of 
terms. 

3.47 The Time Share Operation is discussed beginning 
with paragraph 3. 102. Since there are no WIM/MIW 
type instructions for TMCC-B, C, or D, Rx is always 
false for these channels. 

3.48 The timing signals (T7 - TO) on the inputs of Ww1 
and Ww2 are necessary to prevent interference with the 
storage of the character count which was previously 
described. The character count does not precess but 
recirculates. This recirculation is allowed by: 

Ww1 W4 Wn1 (T7 - TO) +. 

Ww2 W4 Wn2 (T7 - TO) + . 

3.49 During the input or output precession, the shift 
logic for the character register is as shown below. De
pending on the 12- or 24-bit character option, all bits 
may not be installed. 

sRw4 W4 Rw4 Rw1 +. 

rRw4 W4 Rw4 Rw1 +. 

sRw5 W4 Rw5 Rw2 +. 

rRw5 W4 Rw5 Rw2 +. 
I I 
I I 
I I 
I I 

sRw23 W4 Rw23 Rw20 + . 

rRw23 = W4 Rw23 Rw20 + . 

3-8 

sRw24 

rRw24 

W4 Rw24 Rw21 +. 

W4 Rw24 Rw21 +. 

The sh ift inputs for Rw 1, Rw2, and Rw3 are given in 
paragraph 3.46. The precession of characters is con-
trolled by W4. When aWIM or MIW instruction is 
executed, Wf is set. Wf remains set until the count in 
W7 and W8 is 00. 

sWf 

rWf 

Rx TO Twy 

W7 W8 W4 (T6 + T5) 

Rx Pwy = Wxx wh ich indicates a WIM or MIW instruc
tion is occurring. Wf is later used to indicate to the 
computer when the W-Register is full on input or empty 
on output. 

3.50 Two other fl ip-flops, W5 and W6, detect external 
device clocks {which may occur either before or after 
Wf is set}. The clock Ecw is first detected by W6 as 
follows: 

sW6 W5 Ecw T8 W10 W11 W12 W13 W14 

rW6 W4 TO + Wc 

At the next TO pulse after the device clock goes false, 
W5 sets allowing W6 to reset again. Setting of W5 in
hibits further clock detection until the current clock is 
processed. 

sW5 W5 W6 Ecw TO + . 

rW5 = W4 TO + ... 

Setting of W4 is interlocked with W5 and Wf to allow 
one precession of the W Register to take place after 
each external clock signal. 

sW4 W5 Wf T8 Wg + . 

rW4 W4 TO + ... 

The term, Wg, explained in detail in paragraphs 3-66 
and 3-150) is assumed to be true at th is time. 

3.51 The equation for Wf contains W7 W8, indicating 
that precession is complete when the character count 
reaches 00. The count down is enabled by W4 and is 
accompl ished by: 

sW8 W7 W8 W4 TO + . 

rW8 W8 W4 TO +. . . 

rW7 W7 W8 W4 TO + . 

3.52 The foregoing discussion was I imited to processes 
common to input and output operations. The interrupt 
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function, which allows the TMCC to signol the computer 
when it is ready to transfer a word to or from memory, 
was om itted. In subsequent paragraphs, features pecul
iar to input or output operation are discussed separately. 
Details concerning interrupt operation are included. 

3.53 INPUT PROCESS (W9 true) 

3.54 The characteristics of a typical input clock signal 
and its relationship to the input data and Clock Counter 
fl ip-flops are illustrated in figure 3-4. Exam ination of 
figu~3-4 indicates that if the data is to be sampled by 
W6 W5 it has to be on by the time the clock, Ecw, re
turns to zero volts. Also, in order not to be read by 
the previous or next clock, the data may not come on 
until at least one machine cycle after the previous 
clock and must go off before the next clock appears. 

3.55 Two detailed examples of the clock signal, Ecw, 
are illustrated in figure 3-5. To be assured of a timing 
pulse occurring during the on period (to set W6) and 
the off period (to set W5) of Ecw, each of these periods 
must be at least one machine cycle in length. This 
prescribes an input clock cycle of no less than two 
machine cycles. The clock rate must be somewhat 
slower than this for proper operation of W6, W5, and 
W4. Figure 3-5a illustrates two input clocks with tim
ing such that the second clock is missed. Any clock 
rate slower than that illustrated in figure 3-5a would be 
satisfactory, however, a safety margin must be provided 
to compensate for noise and variations in waveshape and 
frequency. 

3.56 The input frequency may be increased as illus
trated in figure 3- 5b if the clocks are interlocked with
in the peripheral device with W5 and W6 from the 
T MCC such that 

@ = (Device Clock) W5 W6 

In th is case, only two mach ine cycl es per input clock 
are needed. Some of the peripheral device couplers 
include this interlocking feature. 

3.57 'When a Buc type EOM instruction is executed to 
activate the TMCC for an input operation, the halt 
detector, Wh, is reset and the computer interlock fl ip
flop, Wf, is set by the clearing signal, Wc. 

Wc Buc C17 (T6 + T5) +---

sWf Wc Wh + .. 

rWh = W c (T 6 + T 5) + 

Th is prepares the Character Register to precess the first 

input character into the W- Register enabl ing W4 wh ich 
gates Ww 1, Ww2 and Ww3. 

3.58 The Character Register and parity fl ip-flop are 
cleared originally and again between each input char
acter by W9 W6 W3 W4. After processing the Buc type 
EOM instruction, the Character Register is ready to re
ceive an input character and clock even though a WIM 
instruction is not immediately given. The input bits, 
Zw 1 through Zw24 and the parity bit Zwp, are gated 
into the Character Register and the Parity FI ip-Flop by 
W9 W6 W5. W9 signifies an input operation and W6 
W5 indicate an input clock has been detected from the 
peripheral device. 

sRwl 

rRwl 
I 
I 
I 
I 

sRw24 

rRw24 

W9 W6 W5 Zwl 

W9 W6 W5 W4 
I 
I 
I 
I 

W9 W6 W5 Zw24 

W9 W6 W5 W4 

sRwp W9 W6 W5 Zwp 

rRwp = W9 W6 W5 W4 

3.59 Precession then takes place as described earl ier 
and another input character can be read into the Char
acter Register. This read-precess cycle is repeated for 
each input character until the Character Counter is 
decremented to 00 causing Wf to reset. Resetting of Wf 
inhibits further precessions and indicates to the computer 
that the W-Register is full and ready to transfer a word 
into memory. The program should now provide a WIM 
instruction to enable the transfer. One more character 
may still be stored in the Character Register before re
ceiving the WIM instruction. Further input characters 
are blocked because W4 is inhibited while Wf is reset. 
Th is prevents W5 from resetting, which in turn disables 
clock detection by W6. When a WIM instruction does 
occur late, The Error Detection FI ip-Flop, We, is set. 
Th is condition can be tested by an S KS instruction. The 
error detection fl ip-flop is reset by Wc wh ich occurs 
with an EOM-Buc instruction. 

sWe WO W6 W5 Ecw T8 + ... 

rWe Wc Wh 

This equation signifies that a WIM instruction is late if 
the clock signal, Ecw, is received before the previous 
character has been precessed out of the Character Re
gister. The WO, Halt Interlock, and Wh, Halt Detec
tor, signals appearing here are discussed in detail in 
paragraphs 3.65 and 3.66. When the interlock feature 
of figure 3-5 is employed, the condition W6 W5 Ecw 
cannot occur to set We. Under such circumstances, the 
peripheral device (or co,-!pler) must be capable of de
tecting its own rate errors and report ing them via the 
Error Signal line, ® . 

3-9 
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sWe = Wes + ... 

3.60 The Input Timing Chart, figure 3-6, indicates the 
flow of the basic input process. The first WIM instruc
tion is shown occurring late to illustrate how the Char
acter Register accepts one more character after the W
Register is full. 

3.61 The error detector fl ip-flop may also be set if the 
input character has even parity. 

sWe = W9 W6 W5 W4 Rwp Wg Npw Iwg + . 

In this equation, W9 indicates an input process, W6 
W5 W4 indicates that the received character has 
al ready been precessed into the W-Register when We is 
set. The term Npw is a signal received from the periph
eral device to disable parity checking when a parity 
bit is not suppl ied. Wg and Iwg are End-of-Record and 
Extended Mode signals. These are discussed in para
graph 3-131 deal ing with Interlace. Rwp is the Parity 
FI ip-Flop wh ich is toggled wh ile the character is pre
cessing out of the Character Register. During input, 
the operation of Rwp takes place as follows; Initially 
and again between each character precession, Rwp is 
reset by W9 W6 W5 W4. If the parity bi~ the input 
character is a one, Rwp is set by W9 W6 W5. 

sRwp W9 W6 W5 Zwp + ... 

rRwp W9 W6 W5 W4 + Wc + . 

Since W6 is set at pulse time T8 in the above equations 
Rwp may be set (if Zwp = 1) at the next pulse time, T7. 
At the next TO, W5 is set and the state of Rwp is re
versed at T8, three pulse times later. 

sRwp = Wf W5 T8 Rwp + . 

rRwp Wf W5 T8 W9 Rwp + . 

As a result of this reversal, Rwp is set if the input parity 
bit was a zero and reset if the bit was a one. The parity 
of the 6-, 12- or 24-data bits of the input character is 
now examined. This takes place while the character is 
being' precessed into the W-Register. While precession 
occurs, the three bits of each octal group appearing as 
the output of the Character Register are tested by (Wb 1 

(±) Wb2 (!) Wb3). This parity logic term is true when

ever there is an odd number of one's in a three bit 
group. It is used to reverse the state of Rwp for each 
such octal group containing an odd number of ones. 

3-12 

sRwp = W9 W4 Rwp (Wb 1 (!) Wb2 (t) Wb3) 

(T7-TO)Qw1 + ... 

rRwp W9 W4 Rwp (Wb 1 <±> Wb2 <±> Wb3) 

(T7 - TO) Qwl + ... 

The proper state of Rwp is thereby achieved, establ ish
ing whether the incoming character had a parity error. 
For example, if the following twelve bit character were 
received, 

1 0 1 1 0 1 111 001 

'-(parity bit) 

its parity bit would cause Rwp to start off by setting 
then be ing reversed to the reset state. Of the four 
octal groups, two of them have an odd number of ones. 
Th is would cause Rwp to change state twice as preces
sion took place thus returning to the reset condition. 
With Rwp reset, no parity error would be reported by We. 

3.62 The number of octal groups that must be checked 
for each character precession and wh ich outputs of the 
Character Register to be monitored for 6-, 12-, and 24-
bit characters must also be determ ined. The number of 
octal groups to check is solved by (T7 - TO) Qw1, which 
is true for 2, 4, or 8 pulse times in accordance with the 
character length. Table 3-2 I ists the val ues of signal 
Qwl. The character length may be determined by hard
wired logic or by gating of Wx12 and Wx24 signals 
(depending on the model). Which outputs to monitor is 
solved by using the same gating signals, Wx 12 and Wx24, 
or by hardwiring to select the proper outputs'. Whether 
gating or hardwiring is employed depends on the equip
ment model number. The variations in model~ are 
detailed in table 3-2. 

3.63 The characters have now been read into the Char
acter Register, precessed into the W-Register, and par
ity has been checked. The contents of the W-Register 
must now be transferred to the C-Register in the Central 
Processor Unit (CPU). Each time a WIM (AIM) instruc
tion is executed, the contents of the W (A) and C
Registers are interchanged. At th is time (¢4 of the WIM 
instruction execution) precession is blocked by W4 a~ 
recirculation is blocked by Wxx. The condition Wf W9 
is used to signal the computer that the exchange can 
take place. 

Wxx = Rx Pwy + . . . (Pwy = 05 in Model 92200) 

Rx indicates that a WIM or MIW instruction is being 
processed. It is always false for the C and D channels, 
since no WIM or MIW type instructions exist for those 
channels. 

Ww1 = W4 C21 r (T7 - TO) Wxx 
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Table 3-2. Value of Parity Timing Signal Qwl 

TMCC Time When (T7 - TO) 
Model No. Value of Qwl Qwl is true 

92200 Qwl = Qrl Qr4* T7, T6 

92201 Qw1 = Qr4* T7, T6, T5, T4 

92202 Qw1 = 1 (Qw1 is deleted) * T7 through TO 

93200/93221 Qw1 = Wx12 Qr4 + Wx12 Wx24 Qr1 Qr4 T7, T6 

*Qw 1 is replaced by the signal shown. 

Ww2 W4 C22r (T7 - TO) Wxx 

Ww3 W4 C23r (T7 - TO) Wxx 

The terms C21 r, C22r, and C23r are logically equiv
alent to the outputs of the C-Register, C21, C22, and 
C23, respectively, but are implemented through special 
drivers for this transfer function in order to minimize 
the delay. The three parallel portions of the C-Register 
behave'in a manner similar to one another, therefore 
only one is listed below (all three are illustrated in 
figure 3-7). 

sCO = Cr3 (Rx Rn 1 + ... ) 

rCO Cr3 (Rx Rn 1 +. . .) 

sRn 1 Rwyl Tsr + 

rRn1 Rwyl fu + ... 

3.64 The data transfer takes place during one machine 
cycle of the WIM instruction (Rx) and when completed, 
the computer Interlock FI ip-Flop, Wf, is set to prepare 
the TMCC to accept the next input word. 

sWf = Rx TO Twy + ... 

Terminating an input operation can take place in one 
of several ways. The more soph isticated methods are 

3-14 

if Wx12 and Wx24 are off. 

T7 through T4 

if Wx 12 is on. 

T7 through TO 

if Wx24 is on. 

discussed in paragraph 3. 131 deal ing with the interlace. 
The simplest procedure is to program an EOM instruction 
to disconnect the peripheral unit after a sufficient 
number of WIM instructions have been processed. Other 
methods will now be discussed and illustrated as they 
apply to specific devices. Use will be made of the 
interlock and interrupt signals while considering these 
devices. These features are appl icable to other I/O 
units as well. 

3.65 A photoreader input process (refer to figure 3-8) 
can be term inated by detecting tape gap following a 
block of input data. The tape gap consists of one or 
more tape frames where only the sprocket hole is 
punched. However, the photoreader must be able to 
initially read through a tape gap or leader without ter
m inating at every tape frame. Th is is accompl ished by 
the Halt Interlock FI ip-Flop, WO, which detects the 
start of a block of data and is used by the peripheral 
device coupler to inh ibit sprocket clocks unti I the first 
(or second) character is sent to the TMCC. Clocks for 
these first characters are derived from the characters 
themselves. The equation for WO is given below, but 
to fully understand its action, the equation for a typical 
photoreader clock signal is also shown. 

sWO W9 W6 W8 Ecw + . 

rWO Wc +. 
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Ecw (Zw1 + Zw2 + Zw3 + Zw4 + Zw5 

+ Zw6 + Zwp + WO) Sp Re 

In the latter equation, Zw 1 through Zw6 are the char
acter reader signals, Zwp is the parity bit signal, Sp is 
the sprocket hole signal, and Re is a photoreader en
able level. The result of this combination is that while 
WO is reset, the clocks are derived from the character 
bits. After setting WO, the term in parentheses is 
always true so Ecw varies with Sp only. When the first 
character is read following leader, a clock is produced 
which sets W6. W6 allows WO to be set. The term 
W8 on the input of WO prevents setting of WO until the 
second characterappears (in the four character per word 
mode). Waiting until the second character is desirable 
when reading from magnetic tape so a single noise 
character with in a gap does not set WOo It is also 
important during a reverse scan of magnetic tape to 
avoid setting WO on the longitudinal parity character. 

3.66 After WO has been set to enable the clocks to 
read in data, the End-of-Record Detector, Wg, is used 
to detect the first all-zeros, or gap, character (all 
zeros including the parity bit). Wg then enables the 
Halt Detector Flip-Flop, Who 

sWg = W9 WlO Wll Wl2 Wl3 

(RWl RW2 M R;4 W RW6 R;p) W5 

(T7 - TO) (WlO Wll Wl2 Wl3 Wl4) 

rWg Wc 

sWh Wg Iwg T8 

The combination, W9 WI0 WII WI2 W13, at the input 
of Wg decodes the fact that paper tape reader number 1 
or number 2 is being used for input. The terms (WlO 
W1I WI2 W13 Wl4 are redundant and are due to the 
logic mechanization. 

3.67 After Wg sets, parity errors no longer set the 
Error Detector FI ip-Flop, We. 

sWe = W9 W6 W5 W4 Rwp Wg Npw Iwg + ... 

Disabling We avoids parity testing for the next few 
machine cycles. During this time a complete word is 
precessed into the W-Register if the input did not supply 
sufficient characters to finish the last word. In the 
case where Wh sets but the W-Register is not yet full, 
W4 is set for successive cycles until the character 
counter reads 00. This process is termed "flushing". 
When W7 W8 read 00, Wf is reset and a Wc signal is 
generated to disconnect the TMCC. 

sW4 = Wh Wf T8 + ... 

rW4 = W4 TO + ... 

sWf Wc Wli + ... 

rWf W7 W8 W4 (T6 + T5) + . 

Wc Wh Wf (T3 - TO) +. . . 

The clear signal, Wc, disconnects the tape reader and 
clears the character counter, End-of-Record Detector, 
and Halt Interlock. 

rWO Wc 

rWg Wc 

The Halt Detector is then reset at the next T8 pulse 
time. 

rWh = Wh Wf T8 

3.68 By allowing the character counter to count down 
to 00 before resetting, the final input word is filled-in 
with zero characters. The Phototape Term ination Tim
ing Charts ill ustrate the flow of th is termination precess. 
Figure 3-9 ill ustrates the case where the last input word 
does not contain a full complement of characters. 
Figure 3-10 illustrates the timing for the case where the 
last word does have all characters filled before an all 
zeros character is detected. 

3.69 If the interrupt system is enabl ed during the ter
m ination process, the Wf Wh condition generates an 
interrupt signal to call for a final WIM instruction from 
the computer. 

I2w = (En +@) Iwg Wh Wf 

The signals En and@are programmable and manual 
enable signals for the interrupt system. The final WIM 
instruction, as provided by a halt subroutine, stores the 
last word even though it may not have originally con
tained a sufficient number of characters. The final 
WIM instruction may be executed before or after the 
channel is disconnected. However, additional WIM 
instructions after that cause the computer to lock-up 
because it would be waiting for another input word. 

3.70 When operating with devices other than punched 

paper tape, the input process is very similar to that just 
described, although the method used to derive the 
clock signals may vary somewhat from one device to 
another. Also, the gap (End-of-Record) signal, when 
required, is normally suppl ied by the external device 
rather than developed within the TMCC as is done for 
paper tape. 
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3.71 An information flow diagram for magnetic tape 
input is illustrated in figure 3-11. The input timing 
for magnetic tape using the two character per word 
mode is illustrated in figure 3-12. When terminating, 
the magnetic tape unit generates a halt signal with a 
time delay triggered by the tape gap and WO. The halt 
detector is then triggered by the delayed signal. 

sWg Whs (T7 - TO) Wl0 Wll W12 W13W"l4 

rWg Wc 

sWh Wg Iwg T8 

Whs is a halt signal from the peripheral device. In 
th is case, it is the delayed signal from the magnetic 
tape unit. The delay allows time for the tape reader 
to check the longitudinal parity character following 
the block of data. Refer to figure 3-11. When a 
longitudinal pa~it error occurs, the tape reader sends 
an e@9nal es and the Error Detector is set. 
The es signa may also result from a rate error. 

sWe = Wes + ... 

Other devices may also supply error inputs via the 
@ I ine. Unless inhibited by Npw, character 

parity is checked by Rwp when precession takes place. 

3.72 Input termination timing for magnetic tape is 
illustrated in figure 3-13. The figure illustrates the 
case in which the input furnishes only three characters 
for the last four character word and the remaining 
character is filled with zeros. Also illustrated in 
figure 3-13 are the Halt Interrupt, call ing for one more 
WIM instruction, and the final WIM instruction, itself. 

3.73 Another type of input operation in which the 
TMCC participates is the scanning of magnetic tape. 
The process is similar to the usual magnetic tape read
ing process except that the character counter is pre
vented from reaching 00 again after WO is set. The 
counter fl ip-flop, W8, is held in the "one II or set state 
by: 

sW8 = W7 W9 W10 W11 Wh +. 

In this equation, W9 W1 0 W11 indicates a scan process 
has been programmed. A forward scan can be initiated 
by an EOM 0363X instruction. It may also be pro
grammed by modifying a read process. While magnetic 
tape is being read, if an EOM 14000 instruction is given, 
the fl ip-flop, W10, is set to convert directly from 
reading to scanning of the same tape. 

3-20 

sWl0 = (Ioc C12 C17 C19 C20 C21 C22 C23) 

W9 Wl0 + ... 

With W8 of the character counter held in a set state,the 
Buffer Full Signal, W9 Wf, and the normal interrupt 
signals are prevented by keeping Wf from being reset. 

rWf W7 W8 W4 (T6 + T5) + ... 

Ilw Wf WO Wh (En +~) Iw Ew Iwg + ••• 

12w (En +(0) Iwg Wh Wf + ... 

Th is allows each input character to be precessed into 
the W-Register without requiring WIM instructions to 
set Wf. However, when the end of a data block is 
reached, Wf is reset by a gap signal from the tape 
reader. 

rWf = W9 W10 W11 WO Mtgw W7 (T6 + T5)Wh 

And an interrupt is generated. 

Il w = Wf WO Wh (. . .) 

Th is interrupt calls on the computer to enter a sub
routine to execute a WIM instruction. The WIM instruc
tion stores the last four characters read from the tape 
and which were precessed into the W-Register. The 
WIM instruction sets W7 and Wf in preparation for 
scanning another record. 

sW7 = Wxx Wnl (T7 - TO) W4 +. 

sWf = Tx TO Pwy +. .. (Pwy = 05 for 92200) 

3.74 Based on a block counting program or an examina
tion of the last four characters, the computer may reset 
WO with another EOM0363X instruction, to cause the 
scan process to continue without a pause through the 
gap and into the next record. If WO is not reset, the 
scan process is terminated by a @ signal from the 
tape unit in a manner similar to that previously des
cribed for normal input term ination. When the scan 
process does terminate, a halt interrupt signal is 
generated. 

I2w = (En +(0) Iwg Wh Wf 

3. 75 During the scan process the character parity is 
checked by the Rwp fl ip-flop and the longitudinal parity 
is checked by the tape unit (only if WO is reset after 
the longitudinal parity character). Any error during the 
scan process sets the Error Detector fl ip-flop, We. 

3.76 A reverse scan of magnetic tape is started by an 
EOM 0563X instruction. The process is similar to a 
forward scan, except that the WIM instruction at the 
end of a data block scan stores the first four characters 
of the block in reverse order. The longitudinal parity 
is not properly checked, with the result that We may be 
erroneously set. 
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3.77 In the Magnetic Tape Forward Scan Timing Chart 
(refer to figure 3-14) and Reverse Scan Tim ing Chart 
(refer to figure 3-15), when the first interrupt informs 
the computer that the gap has been reached, a WIM 
instruction stores the last four characters read. An
other EOM instruction then resets WO to continue the 
scan process through thf: next block 

rWO = (Ioc C12 C17 C19 C20 C21 C23) 

W9 TO + ... 

Dotted lines indicate the reaction if the process were 
term inated. In case of term ination, WO allows the Tape 
Reader Halt Signal, Whs, to come through. 

sWg Whs T7 - TO W10 W11 W12 W13 WT4 + ... 

sWh Wg Iwg T8 + ... 

Whs sets Wg, wh ich in turn sets Who After Wh is set, 
the Character Counter FI ip-Flop, W8, is no longer 
held on and a count-down begins. 

sW8 W7 W9 W10 W11 Wh +. 

rW8 = W8 W4 TO + Wc 

This process is very similar to that described for termin
ating a normal read operation and Wf is reset as soon as 
the count-down reaches a point where W7 and W8 are 
both reset. 

rWf = W7 W8 W4 (T6 + T5) 

A clear signal, Wc, then resets the TMCC after the four 
precessions. 

Wc Wh Wf (T3 - TO) + . 

3.78 OUTPUT PROCESS (W9 true) 

3.79 When an EOMOXXXX or EOM4XXXX instruction 
is executed to start an output process, an interlock 
signal, Wf (WO + ... ) is immediately sent to the com
puter. And, if enabled, an interrupt calls for the com
puter to load the W-Register with the first output word. 
If the interrupt is disabled, the program should supply 
the MIW loading instruction before it is needed (i. e. 
before a clock signal is received from the peripheral 
unit). 

rWf = Ws C 18 +. .. (denotes W register is empty) 

sWO = Ws C 18 W9 +. . . 

<!9 = Wf WO Wh (En +@) Iw Ew Iwg +. 

3-24 

3.80 Each MIW instruction, or time-share operation 
if interlace is being used (Wxx), exchanges the W
Register and the C-Register. Refer to figure 3-16. 

Ww1 W4 C21r (T7 - TO) Wxx + . 

Ww2 = W4 C22r (T7 - TO) Wxx + . 

Ww3 

sCO 

rCO 

sRn1 = 

rRn 1 

Wxx 

W4 C23r Wxx +. . . 

Cr3 [Tsr + Rx) Rn1 +. .J 
Cr3 [Q s r + RX) Rn 1 +. .J 
similarly for C1 and C2 

Rwyl Tsr + Rr1 Tsr 

Rwyl Tsr + R.1 Tsr 

similarly for Rn2 and Rn3 

Rx Pwy +. .. (Pwy = 05 for 92200, 
Rx is always false for 
TMCC-C) 

3.81 As with the input process, Wxx blocks recircu
lation and with W4 false precession is blocked at th is 
time also. When precession does take place, as enabled 
by W4, an output character is shifted from the W
Register to the Character Register and Rwp is used to 
generate an odd parity bit. During the output operation 
the parity fl ip-flop operates in a manner similar to its 
action during input. 

3.82 Rwp is initially set by Wf W5 T8. Then, when 
precession occurs, each octal group com ing from the 
W-Register is examined for an odd or even number of 
ones. This checking is done by (Wn 1 <±> Wn2 <±> Wn3) 
wh ich is true whenever there are one or three ones in 
Wn 1, Wn2, and Wn3. Each time this term is true dur
ing the checking period, Rwp is switched to its opposite 
state. 

sRwp = W9 W4 Rwp Wxx (Wn 1 @ Wn2 

@ Wn3) Qw2 (T7 -TO) 

+ Wf W5 T8 Rwp + . 

rRwp = W9 W4 Rwp Wxx {Wn 1 (}) Wn2 

@ Wn3) Qw2 (T7 - TO) +. . . 
Qw2 is a term similar to the Qw1 used during the input 
process. Qw2 with (T7 - TO) establ ishes the pulse times 
during which the parity checking is done. It may either 
be hardwired or function with the gating signals Wx 12 
and Wx24 depending on the equipment model number. 
Refer to table 3-3. 
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Paragraphs 3.83 to 3.86 SDS 900685C September 1965 

Table 3-3. Value of Qw2 Parity Timing Signal 

TMCC Pulse Times When (T7 - TO) 
Model No Value of Qw2 Qw2 is True 

92200 Qw2 = Qr2 0i=4 * TO, Tl 

92201 Qw2 = Qr4 * T3 through TO 

92202 Qw2 = 1 (Qw2 is deleted) T7 through TO 

93200/93221 Qw2 = Wx12 Qr4 + Wx12 Wx24 Qr2 Qr4 TO and Tl, if Wx12 and Wx24 
are both off. 

T3 through TO, if Wx12 i's on 
T7 through TO, if Wx24 is on 

*Qw2 is replaced by the signal shown above for Models 92200/201/202. 

3.83 As an example of output parity generation, con
sider the twelve-bit character 111 010 101 001. Rwp 
would start in the set condItion and would then switch 
states three times, once for each of the octals contain
ing an odd number of ones. Thus, Rwp would conclude 
its switch ing operation in the reset state to produce a 
zero parity bit for an odd parity output character. 

3.84 The basic flow of the output process is illustrated 
in figure 3-17. The execution of the second MIW in
struction is shown occurring late to depict how the 
Character Register is cleared when a new output char
acter is not ava i labl e. If another output character is 
still not available when the next clock signal, Ecw 
appears, the error detector (We) is set as is done during 
an input process. 

sWe WO W6 W5 Ecw T8 + ... 

rWe Wc Wh 

3.85 In the output processes (as in the input processes), 
the Character Register is initially cleared by W9 W6 
W5 W4. The first output character to be read is, there
fore, all zeros. This is appropriate for a leader or gap 
in paper tape punch ing. However, for some forms of 
output, such as typing or leaderless punching, and 
magnetic tape writing (the tape unit automatically gen
erates leader), the first output character should be in 
the Character Register before the first clock signal. For 
this type of output, an EOM2XXXX instruction with a 
"one II bit in C 13 is used. Th is code bit is used to set 
W5 which then causes the first loading of the W
Register to be followed directly by precession of the 
first output character into the Character Register. In 
th is case the sequence of operations again starts by 
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resetting Wf and setting WO with the resulting interrupt 
Ilw. However, now W5 is also set by the Ws signal. 
Then, as usual, when the MIW instruction is executed 
and Rx goes true, Wf is set. With W5 on, W4 can be 
set at pulse time T8 just after the data transfer takes 
place. Figure 3-18, Output Timing Chart 2, illustrates 
the flow of th is process. 

sWf Rx TO Pwy + . (Pwy = 05 for 92200) 

rWf Ws C18 + ... 

sW5 = Ws C13 C18 Wl0 Wll W12 W13 W14 + ... 

rW5 W4 TO + Wc 

sW4 Wr Wf T8 Wg + . 

rW4 W4 TO + ... 

3.86 To terminate an output process, the MIW instruc
tion wh ich loads the last output word into the W
Register is followed by an EOM 14000 instruction to 
reset WOo An EOM 14100 instruction is used to termin
ate the Y channel. 

rWO = (Ioc C12 C17 C19 C20 C21 C22 C23) 

W9 TO + ... 

Ioc Iocl Cl "&'" Qr3 

Ioc 1 Eom C 1 0 C 1 1 

Er is a signal inh ibiting Eom and Ioc when the Interlace 
Prepare fl ip-flop (to be discussed later) has been set. 
The Cl bit, which appears on Ioc, indicates a Wor 
Y channel instruction. Cl is used with the C and D 
channels. 
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3.87 Resetting of WO results in the following: Further 
normal interrupt signals are blocked. 

Iw 1 = Wf WO Wh (. . .) 

Further late-load error signals are blocked. 

sWe = WO W6 W5 Ecw T8 + .. 

The WIM/MIW Interlock Signal Wf WO is blocked. As 
a result of inhibiting the interlock and interrupt signals, 
no further MIW instructions are processed and, there
fore, Wf is not set again after the last character is pre
cessed into the Character Register. 

sWf Rx TO Pwy +. .. (Pwy = 05 for 92200) 

rWf W7 W8 W4 (T6 + T5) + ... 

With Wf reset, W4 is prevented from setting after the 
last output character is precessed. This results in the 
state, WO W4 W5 W6, following the precession. 

sW4 W5 Wf T8 Wg + . 

rW4 W4 TO + W4 T8 

sW6 W5 Ecw T8 W10 W11 W12 W13 W14 + ... 

rW6 W5 WO + Wc 

sW5 W5 W6 Ecw TO + . 

sW5 W4 TO + Wc 

The state, WO W5 W6, is used to set the halt detector 
unless magnetic tape is being used (W11 indicates not 
magnetic tape). 

sWh = W9 W11 WO W5 W6 (Iwg + ... ) T8 + ... 

When the output is to a magnetic tape unit, the state 
WO W5 W6 is sent to that unit and after a suitable 
delay (while the tape unit generates a longitudinal 
parity character) a Whs halt signal is received back to 
set Who 

sWh = Whs W11 T8 + ... 

Regardless of the method of setting Wh to terminate an 
output process, the Halt Interrupt Signal, @ , is 
generated in the cycle in which Wh is set. 

I2w = (En +@) Iwg Wh Wf +. 

Ana a clear signal is generated. 

Wc = Wh Wf (T3 - TO) + ... 

Then Wh is reset, as well as the rest of the TMCC. 

rWh = WhWf T8 + Wc (T6 + T5) 

The Output Termination Timing Charts indicate the flow 
of these output term ination processes for devices other 
than magnetic tape (refer to figure 3-19) and for 
magnetic tape (refer to figure 3-20). 

3.88 Two additional timing charts are included to 
illustrate the output sequences for spec ific devices. The 
flow of the complete output process for a paper tape 
punch operation is ill ustrated in figure 3-21. The 
EOMOXX4X start instruction causes tape leader to be 
punched while the device inhibits clock signals. An 
all zeros character is also punched for the first output 
clock signal. After the last output character is proc
essed, a halt interrupt signal is generated. 

3.89 The flow of an output process using magnetic tape 
is ill ustrated in figure 3-22. A time delay triggered by 
the EOM02X5X start instruction causes a tape gap to be 
recorded first while inhibiting output clock signals. 
WO W5 W6 signals the tape unit to count three clocks 
and record the longitudinal parity character, and 
triggers a second time delay to cause a gap to be re
corded after the data block. When the gap is completed, 
the tape unit generates a @ signal to halt the out-

put process. Each character parity and the longitudinal 
parity of the characters reproduced at the read head are 
checked by the tape unit and an error signal, @ , 
is generated to set We for any detected errors. Several 
other error conditions are also checked, such as slew, 
ampl itude, and rate error. 

sWe = Wes + . 

3.90 A special case of a magnetic tape output opera
tion is the erase function. The tape erase is started by 
an EOM01 X7X instruction. The erase procedure is 
performed in the same way as any other output to mag
netic tape but the W 1 0 bit is used by the tape un it to 
cause writing of all zero data regardl ess of what may be 
appearing at the character register outputs. 

3.91 SYS GATE 

3.92 The system control EOM instruction has little 
effect on the TMCC. It is incl uded here only because 
the Sys signal is gated through the TMCC channel. 

3.93 When an EOM instruction, containing "ones II in 
bits 10 and 11, is executed, an Sys signal is generated 
as an output from the TMCC on the Sys line. 

Sys = Eom -C10 Cll C9 
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I 

® = Sys (T5 - T1) Tsr Pwy 

(de I ete Pwy for 92200 and 92210) 

I 

The ~ signal may be used in conjunction with the 

C-Regist~r output lines @through @ to select 

and contrbl special system devices. One ® line 
is providJd on each TMCC W {A} channel or each 

W{A} + t{B) channel pair. One more ® I ine is 

provided on the C or C + D channels (for a maximum 

of two li1es). 

3.94 SKIP GATE 

3. 95 Thj, Sk i p Gate, Skr, and its assoc ia ted 1 i ne 
driver, ,I5ki:z7, provide interrogation response signals 
for use wi'th S KS instructions. 

I 

The equat1ion for the I ine driver is: 

/S1ZrZ7 Skr (C 10 ell Ssc) 

{Cl C9 C10 Cl1 Sio} . * 

*C 1 becomes C 1 for TMCC-C and TMCC-D 

I 

This signal is inverted in the CPU and sampled during 
execution of an S KS instruction to determ ine if a 
response Has been received. At times other than when 
being test~d, the signal is changing levels and has no 
meaning. I The inverse of /SkrZ7 is: 

Skrz = Skr + Cl0 Cl1 Sec 

+ Cl C9 C10 C11 Sio + ... 

3. 96 The dashed I ines indicate that other response 
signals may be connected to satisfy special system re
quirementt Sio is a response from the addressed 
peripherall I/O unit. The addressing is performed using 
SKS instruction bits 18 through 23 and the same address 
codes as a~signed for EOM instructions. The output lines 
@thrdugh @ provide the necessary addressing 

and contrdl connections to the peripheral units. As 
seen abovt Sio is used in conjunction with Cl C9 C10 
C 11. Bitsll and 9 (along with bit 17 decoded by the 
peripheral device) select one channel out of four TMCC 
and four DACC channels. Bits 10 and 11 determine the 
type of thJ SKS instruction. 

I 
3.97 Ssc is an interrogation response from exter~al system 
equipmentl This type of interrogation is selected by an 
SKS instrubion with "ones" in bits 10 and 11. The con
trol and address bits may be assigned as required. Again 

the @ i @.I ines provide the necessary connections. 

3.98 The remaining term in Skrz is Skr, the output of 
the Skip-Gate in the TMCC. The use of Skr is similar 
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to that of Sio just described except the SKS instruction 
address bits (19-23) are "zeros". This causes the instruc
tion to address the I/O channel itself rather than 
peripheral devices. 

Skr = Cl C17C9Cl0Cll C19C20C21 ('22 C23 C15Wsc 

+ Cl C17C9Cl0C11 C19C20C21 C22 C23 C12 

Wl0 Wll W12 W13 W14 

+ Cf C 17 C9 C 1 0 C 11 C 19 C20 C21 C22 C23 C 13 Iwf 

+ C1 WC9C10C11 C19C20C21 C22C23C14We 

3.99 In these equations, bits 1, 9, and 17 select one 
of eight channels (TMCCs and DACCs). Bits 10 and 11 
determine the type of SKS instruction. "Zeros" in bits 19 
through 23 address the channel rather than a peripheral 
unit. Bits 12, 13, 14, and 15 select the particular test 
function. A "one" in bit 15 tests the Signal-Complete 
flip-flop. Similarly, a "one" in bits 12, 13, or 14 
tests the Unit Address Register, the Interlace Address 
Register, or the Error FI ip-Flop, respectively. 

3.100 Two additional TMCC channel tests, similar to 
two of those just described, are provided by the Skr 
gate. These also test the Unit Address Register and the 
Error FI ip-Flop but with a different type of SKS instruc
tion. Th is is done to provide program compatibi I ity 
with the SDS 910/920 Computers. 

Skr = Cl0 Cll C14 Wl0 Wll W12 W13 W14 5 
+ Cl0 CTi C20 We ET + ... 

3.101 The equations shown in this discussion are speci
fically appl icable to the W(A} channel TMCC. To 
select the other channels C 1 must replace C 1 for chan
nels C and D. To distinguish between Wand Yor 
between C and D, C 17 is switched {except in the last 
two equations where C 14 and C20 are used for Wand 
are changed to C13 and C19 for the Y channel}. 

3.102 INTERLACE, COMPATIBLE MODE {Time Share} 

3.103 The Interlace register is enabled by a "one" in 
bit position 9 of either BUC or 10C type of EOM in
struction. These produce Buc or loc signals which are 
derived from EOMOXXXX and EOM 1 XXX X instructions, 
respectively. Therefore, the interlace register can be 
enabl ed by the same instruction that sets up the other 
TMCC registers, (i. e., by Buc), or it can be enabled 
without disturbing the rest of the TMCC, (i. e., by loc). 
Either of the EOM instructions clears the entire inter
lace register then sets the Enable Flip-Flop, Ew. 

Interlace Clear: Iwc = Eom C9 C 1 0 CT C 17 (T3 - TO) 

CT Becomes C 1 for TMCC-C 
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Interl ace Prepare: sEw Iwc Ew (T3 - TO) 

rEw Wc TO + ... 

3. 104 For a Buc instruction, Ew is first reset by Wc at 
pulse time TO then reset during the next pulse time. 
The above equation for Iwc is specifically related to 
the W(A) channel. To select any of the other three 
TMCC channels, different combinations of Cl and C17 
are used. 

Channel Cl C17 

W(A) o o 

Y(B) 0 

C o 
D 

With Ew set, the computer can preset the interlace reg
ister with the starting memory address and the word 
count for an I/O process. Refer to figure 3-23. The 
loading of these counts is accomplished by a POT in
struction. The POT instruction, wh ich produces a Pot 1 
signal, is ordinarily used to parallel transfer data from 
the C-Register to an external device. Pot 1, then, 
produces the loading signal, 

Iwp = Pot 1 (T6 + T5) Ew 

then resets Ew, 

rEw = Pot1 (T3 - TO) Ew + ... 

3. 105 The Word Counter, WcO through Wc 14, is 
initially cleared by Iwc which sets all stages of the 
counter. The one's complementcl the count is then 
produced by resetting the counter fl ip-flops for corre
sponding lIones II in the C-Register during Iwp. Actu
ally, this applies to only the ten least significant bits 
of the counter. If a word count greater than 1023 is 
needed, the five most significant bits of the counter 
must be preset by a second EOM instruction. Th is in
struction must be executed after the Interlace is enabl ed 
and before the POT instruction is executed. An Ioc 
instruction, without bit 9, is given for this purpose and 
it generates an Iwe load signal. 

Iwe = Ioc 1 (T6 + T5) Ew 

Iwe then resets the most significant bits of the Word 
Counter to complete the storage of the one's complement 
count. 

sWc14 Iwc + ... 

rWc14 Iwp C9 + ... 
I I 
I I 
I I 

sWc5 = Iwc +. 

rWc5 Iwp CO + . 

sWc4 Iwc + ... 

rWc4 Iwe C23 + . 
I I 
I I 
I I 

sWcO Iwc +. 

rWcO Iwe C19 + . 

3.106 Using the one's complement, the Word Counter 
can count up rather than down and produce a termina
tion signal when it contains "ones II in all of its stages. 
The counting is performed by triggering each stage of 
the counter on the fall ing edge of a previous stage. For 
example: 

s W c 13 = Ew W c 13 W c 14 &; 

rWc13 = Ew Wc13 Wc14 EW 

where the underl ined term represents the clock or trig
gering level. Th is method of counting conserves gating 
but produces a propagation delay through the counter. Th is 
delay is minimized to a satisfactory level with some increase 
in the number of gates by arranging the fifteen counter 
stages into five octal groups. The first stage of each 
group is connected to only the last stage of the previous 
group. An example of one octal group is: 

---
sWcl0 Ec We lOWe 11 Ew 

rWclO ~WclOWcll Ew 

sWc9 Ew Wc9 WclO Wcll Ew 

rWc9 Ew We 9 We 10 Wc 11 Ew 

sWc8 Ew Wc8 Wc9 WclO Wcll Ew 

rWc8 Ew Wc8 Wc9 WclO Wcll Ew 

Here it is seen that for this octal group, a common clock 
term We 11 E; is used for all three stages. 

3.107 This reduces the propagation delay for each 
group to the delay that would be expected for a single 
fl ip-flop. The delay for the entire fifteen stage counter 
is therefore equivalent to that of five fl ip-flop stages. 
The double appearance of Ew is due to the clocking 
arrangement and the fl ip-flop module layout. During 
the loading operations, Ew is set to allow the clock pulses 
to appear as the Gc4 clock for use by the fl ip-flop. 
After Ew is reset and the counting is to take place, 
Gc4 is held off while E;. Wc 14 performs the triggering. 
Refer to figure 3-24. 
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Clock 
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Figure 3-24. Interlace Word Counter - Typical Clock Input 

3. 108 The Address Counter is set up in much the same 
way as the Word Counter. Again the counter counts 
up, but in th is case the one IS compl ement is not used. 
With the Address Counter, the actual address of the 
first memory location to be used is placed in the reg
ister. As with the Word Counter, Iwc clears the 
counter then Iwp or Iwe sets up each stage with data 
from the C-Register. For some stages of the counter, 
the fl ip-flops are reset by Iwc then set with the data. 
For other stages, the fl ip-flops are set by Iwc then re
set with the complement of the data. Either way, the 
same th ing is accompl ished. It was a matter of con
venience in wiring for one method or the other to have 
been used. 

3.109 The counting of the Address Counter is handled 
in the same way as the Word Counter. The least signi
ficant stages of both counters are triggered by Iwa Ew. 

Iwa = Rxw Tsm 

Rwx is the Time Share Select FI ip-Flop and is covered 
in detail in paragraph 3.113. Tsm is a signal from the 
CPU indicating that counter information for each word 
has been received by the CPU. 

3.110 In the instruction sequence, EOM, EOM, POT, 
used to set up and start the interlace operation, the 
second EOM may be omitted if the most significant bits 
of the Word and Address Counters are "zeros". Refer 
to figure 3-25 for the relationsh ip between the instruc-

tion bits stored in the C-Register and their respective 
positions in the counters. 

3. 111 The POT instruction wh ich resets the Interlace 
Prepare FI ip-Flop, Ew, also sets the Interlace Active 
FI ip-Flop, Iw. 

sIw = Pot 1 (T3 - TO) Ew Iw 

Ew furnishes the ready signal required for the POT in
struction. Both the Ew and Iw fl ip-flops inhibit W-
channel interrupts. . 

Ilw = Wf WO Wh (En +(§)) 

Iw Ew Iwg 

3. 112 Refer to figure 3-26 for the tim ing for the inter
lace loading process. The Interlace Active FI ip-Flop, 
Iw, allows the buffer to issue a time share request 
(Trqw) to the CPU whenever the channel needs access 
to memory. 

Trqw = Wf WO Wh Iw Iwf 

Trqw is combined with sim ilarsignals from the other chan
nels to produce a common requ~st term for all TMCCIS• 

Trqx 

Trq 

Trq(c) + Trq(d) 

Trqx + Trqw + Trqy 
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Word 
Counter 

C Register 

Address 
Counter 

C Register 

WcO 

C19 

WaO 

C18 

2nd EOM 

Wcl Wc2 

C20 C21 

--------r 
I 

Wal Wa2 

Cll C12 

Wc3 

C22 

--- --
Wa3 

C13 

Wc4 

C23 

I __ .J 

Wa4 

C14 

Wc5 

CO 

Wa5 

C15 

POT 

Wc6 Wc7 Wc8 Wc9 Wcl0 Wcll Wc12 Wc13 Wc14 

Cl C2 C3 C4 C5 C6 C7 C8 C9 

Wa6 Wa7 Was Wa9 Wal0 Wall Wa12 Wa13 Wa14 

C16 C17 C18 C19 C20 C21 C22 C23 C24 

Figure 3-25. Relationsh ip of Instruction Bits to Address and Word Counter Bits 

3. 113 When two or more TMCC's make a time share 
request at the same time or when one channel makes a 
request while another is already performing a time 
share operation, the TMCC priority logic determ ines 
which channel is allowed to access memory first. For 
th is purpose, each channel has its own Time Share 
Select fl ip-flop. No more than one of these fl ip-flops 
may be set at any time. The priority establ ished by the 
fl ip-flops for the four TMCC channels is D, C, Y, and 
W in descending order. However, once a channel has 
been selected, it is allowed to complete the processing 
of its word without being disturbed by other channels. 
Using the Time Share Request signals mentioned pre
viously, the priority logic to select the channel is: 

Channel Wi 

Channel Yi 

sRwx 

rRwx 

sRyx 

rRyx 

Tsm Trqw Trqy Trqx (T7 - TO) 

Tsm TO 

Tsm Trqy Trqx (T7 - TO) 

Tsm TO 

3.114 The TMCC's for the C and D channels are 
identical to those for the Wand Y channels and so use 
the same logic nomenclature as above. But a request 
signal, Trqx, is not brought into the C and D units from 
other higher priority TMCC's. Then, for simplicity the 
C and D channel equations may be written: 
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Channel C, sRcx Tsm Trq (c) Trq(d) (T7 - TO) 

rRcx Tsm TO 

Channel D, sRdx Tsm Trq (d) 

rRdx Tsm TO 

The terms Rcx and Rdx are used here for clarity but do 
not actually appear in the logic equations for the 
equipment. 

3. 115 If a TMCC channel makes a time share request 
and has the highest priority of those making such a re
quest, and if Tsm is true, then the channel can set its 
Time Share Sel ect fl ip-flop. Tsm indicates that the 
CPU is not already engaged in a time share operation. 
Confining the discussion to the W channel, Rwx would 
set at pulse time Tr - T8. 

3. 116 The Interlace Prepare fl ip-flop (Ew) also pro
duces Er which prevents output signals, Eom and Ioc, 
from reach ing external devices whi I e initial iz ing the 
Interlace. 

Ioc 

(5) 

Ew Ey ... 

Ioc 1 Cl Er Qr3 

Eom "& 
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EOM Instructions, 
Eom 

POT Instructions, 
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Interlace Load, 
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Interlace Load, 
Iwe 
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Figure 3-26. Interlace Register Loading Timing Chart 
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The CPU -hen answers the request with a Tsr signal 
which rerr,ains on for two machine cycles. Tsr enables 
Wxx to pe rm it a data transfer between Wand C reg

isters. W lile Tsr is true, the CPU sets Tsm to incre
ment the Word and Address Counters. 

Iwa 

Wxx 

Rwx Tsm 

Rwx Tsr Iw 

count trigger 

load buffer from C 

3.117 Refer to figure 3-27 for the timing of the signals 
involved i 1 the data transfer between the W andC Registers. 
Figure 3-:!7, indicates that Wxx remains on for two 
machine cycles. This allows the data exchange totake 
place twic:e. The two cycles are used as follows. 

a. lnput Operation. The first cycle exchanges 
the input "Nord and any word currently in the C-Register. 
Then between cycles, the input word is copied from the 
C-Registe - into memory (in parallel). During the 
second ex :hange cycle, the word temporarily stored in 
the W-Re~,ister is returned to the C-Register where it 
can continue in whatever function it may have been 
partic ipat ing. 

b. Output Operation. The first cycle shifts any 
informaticn which was being operated on in the C
Register tCI the W-Register for temporary storage. The 
word requ,~sted by the TMCC Interlace Address Counter 
is then pa -allel transferred from memory to the C
Register (lletween cycl es). The second exchange cycl e 
then retur 1S the word from the W-Register back to the 
C-Registe - and brings the word out of memory from the 
C to the VI-Register. 

3.118 The double exchange cycle thus provides the 
TMCC with a means of: 

a. rlOving a word from the W-Register through 
the C-Resister to memory or vice versa, and 

b. preserving the contents of the C-Register 
while the transfer takes place. This is important if the 
CPU is en ~aged in some form of computation when the 
time share takes place. Figure 3-28 is an ill ustration 
of the tim 'ng involved for a typical interlaced I/O 
process. 

3. 119 Another important aspect of the Wand C
Register dlta exchange during an interlaced output 
concerns the path taken by the output word in getting 
to the W- ~egister. If a clock has read the last word 
out of the Character Register when the exchange takes 
place, thE~ next word is precessed simultaneously with 
its transfe - to the W-Register. This occurs as follows. 
During bo-h of the exchange cycles, Wxx is on because 
of Rxw an ~ Tsr. 
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Wxx = Rwx Tsr Iw +. . . 

3. 120 If at th is time a clock has al ready been detected 
(to read the last character of the previous word) so that 
W5 is set, W4 is set at pulse time T8 in the beginning of 
the second exchange cycle. 

sW4 = W5 Wf T8 Wg 

3.121 Thus, during the second cycle, Wxx and W4 are 
both true. The output word may then be shifted directly 
from the C-Register to the Character Register and on 
through to the W-Register. A one cycle precession is 
thereby automatically accompl ished and the character 
may be read by the next clock without waiting for 
another precession to take place. 

sRw1 W4 Wxx C21r + • 

rRw1 = W4 Wxx C21r + . 

sRw2 W4 Wxx C22r + . 

rRw2 W4 Wxx C22r + . 

sRw3 W4 Wxx C23r + . 

rRw3 W4 Wxx C23r + . 

Ww1 W4 Wb 1 (T7 - TO) + ... 

Ww2 W4 Wb2 (T7 - TO) + ... 

Ww3 W4 Wb3 + ..• 

} Refer to figure 
3-3 for Wb 1, 
Wb2, and Wb3. 

3.122 This same path for loading the W-Register 
through the Character Register is also followed when 
the interlace is initially set up and the first word is 
call ed for, if the EOM instruction calls for starting 
without leader. In this case W5 is first set by Ws C13 
instead of a clock signal from the peripheral unit. 

sW5 = Ws C13 C18 W10 Wl1 W12 W13 W14 

Figure 3-29 illustrates the use of this feature in loading 
the first word. 

3. 123 When transferring data directly from the C to 
the Character Register, the parity bit is generated as 
previously described except that Cpr is used in place of 
(Wn 1 <±> Wn2 <±> Wn3). Cpr performs a sim ilar func
tion but originates in the CPU and monitors the parity 
of the octal groups com ing from the C-Register rather 
than from the W- Register_ 

sRwp W9 W4 Rwp Wxx Cpr Qw2 (T7 - TO) + .•• 

rRwp W9 W4 Rwp Wxx Cpr Qw2 (T7 - TO)+ ••• 

Refer to figure 3-4 for Qw2. 
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Figure 3-27. Interlace Word Transfer Timing Chart 
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3. 124 As each I/O word is processed, the Word and 
Address Counters are inc remented by Iwa. Iwa also sets 
Wf again after it has issued the time share request via 
Trqw. 

Iwa Rwx Tsm 

sWf Iwa Mit TO 

The term Mit, when false, denotes that a direct access 
I/O channel (DACC) is accessing the memory. Since 
the DACC may require access during an I/O operation 
by the TMCC, Mit is used to momentarily stop the 
TMCC's action. Memory access by the DACC, 

although producing Tsm, thus cannot set Wf. 

3. 125 When the Word Counter reaches the all "ones" 
condition, the count is decoded by Iwf. 

Iwf = WcO Wc 1 Wc2 Wc3 Wc4 Wc5 Wc6 Wc7 

Wc8 Wc9 Wc 10 Wc 11 Wc 12 Wc 13 Wc 14 Ew 

Iwf inhibits further time share request signals and resets 
the Interlace Active fl ip-flop. 

Trqw = Wf WO Wh Iw Iwf 

rlw = Iwf T8 

time share request 

Interlace Active 

3.126 If the Interlace is controlling an input process, 
the next word loaded into the W-Register after Iw is 
reset, generates a Word Ready Interrupt, Ilw. 

11w = Wf WO Wh (En +@) Iw Ew Iwg 

At this time the program can reload the interlace if 
reading is to continue. On channel W (or Y) the con
tents of the buffer can be stored with a WIM (or YIM) 
instruction. 

,3.127 During the input process, if an End-of-Record 
is encountered before the word count is completed, 
termination takes place as described earlier for the non
interlaced input. Wg detects the gap and sets Who 

sWh = Wg Iwg T8 

An interrupt is generated and the TMCC is cleared in 
the usual manner. 

12w = (En +@) Iwg Wh Wf + .•. 

3.128 If the Interlace is controlling an output process, 
Iwf resets the Hal t Interlock f\ ip-flop, WO, and blocks 
11 wand Trqw. 

rWO = W9 Iw Iwf (Iwg + ••• ) (T7 - TO) 
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Ilw = Wf WO Wh (En +@) Iw Ew Iwg 

Trqw = Wf WO Wh Iw Iwf 

Thus, Rwx is not set again and Iwa cannot be turned on. 

sRwx Tsm Trqw Trqy Trqx (T7 - TO) 

Iwa Rwx Tsm 

Then when the last word is precessed out of the W
Register, Wf is not set again. 

sWf = Iwa Mit TO 

This results in a situation similar to that for the non
interlaced output. The condition, WO W4 W5 W6, 
exists following the precession of the I ast character. 
The state, WO W5 W6, then sets Who Or, if magnetic 
tape is being used, WO W5 W6 is detected by the tape 
unit and after a delay, Whs is generated to set Who 

sWh = W9 W11 WO W5 W6 (Iwg + ••• ) 

T8 + Whs W11 T8 + •.• 

Then, halt interrupt and clear signals are generated and 
the TMCC, including Wh, is reset. 

12w 

Wc 

rWh 

(En +@) Iwg Wh Wf+. 

Wh W f (T 3 - TO) + • 

Wh Wf T8 + ... 

3. 129 The termination timing for a typical interlaced 
input process is illustrated in figure 3-30. In general, 
termination of a Compatible Mode I/O process is much 
the same as that for a non -interl aced I/O operation, 
but figure 3-30 illustrates the relationship of the addi
tional interlace signals involved with those shown in 
earl ier figures. 

3. 130 As with other forms of I/O operation, a dis
connect EOM (address 00) can also terminate an inter
laced operation. This is done by resetting the Interlace 
Active FI ip-Flop and the Extend Operations FI ip-Flop 
through Ws and Wsc. (Refer to the paragraphs on Ex
tended Mode beginning with 3-100 for explanation of 
Iwg.) 

rlw = Ws Cf9 C20 C21 C22 C23 (T3 - TO) Iw + ••• 

rIwg = Wsc T8 W10 W11 W12 W13 W14 Iwg + . 

sWsc= WsC 19 C20 C21 C22 C23 + • • • 

3.131 INTERLACE, EXTENDED MODE (Time Share) 

3. 132 The WordCounterandAddress Counter set-up pro

cedures are similarforboth theCompatibleand Extended 
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Modes. That is, the same sequence of instructions is 
used, (EOM-EOM-POT). However, to select the 
Extended Mode of operation, it is necessary to place a 
"one" in bit 12 of the second EOM (Ioc) instruction. 
When this instruction is processed, the Iwe loading sig
nal sets bit 12 into the Extended Operations F I ip-F lop, 
Iwg. 

Iwe loc 1 (T6 + T5) Ew 

slwg Iwe C12 

Prior to this, Iwg was cleared by the first EOM instruc
tion as was the rest of the Interlace logic. 

Iwc 

rIwg 

Eom C9 C10 C1 C17 (T3 - TO) CT becomesC1 
for TMCC-C 

Iwc + ... 

3. 133 To use the Extended Mode, four additional flip
flops are loaded by the loc instruction. Two of these, 
Iwh and Iwi, comprise the Channel Command Register 
which selects the type of termination. The remaining 
two fl ip-flops, Iwi and Iwk, are employed to arm the 
12w and 11w interrupts on a selective basis. 

slwj 

rIwj 

slwk = 

rlwk = 

sIwh = 
rlwh 

slwi 

rlwi 

Iwe C 13 

Iwc + .. 

Iwe C14 

Iwc + ... 

Iwe C 15 

Iwc 

Iwe C16 

Iwc 

By decoding Iwi and Iwk, the Extended Mode can per
form the four different terminal functions I isted in 
table 3-4. Each function can be used to control either 
an input or an output operation. In the following 
paragraphs, each of the four functions is discussed in 
detail. In each case, it is assumed that the interlace 
registers have al ready been loaded by the EOM-EOM
POT instructions and that the interlaced I/O operation 
is proceedi ng normall y. 

3. 134 lORD - Iwg Iwh Iwi 

3. 135 Output 

3.136 Write C words. When C equals zero, output is 
terminated (i. e. the device is signaled that the last 
characters have been transmitted). When the peripheral 
device has generated the End-of.-Record and, if 
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necessary, checked the val idity of the record, it sends 
an End-of-Record response to the channel buffer. When 
received by the buffer, the End-of-Record signal gen
erates an End-of-Record interrupt (if armed) and discon
nects the channel. 

3. 137 The I ine printer generates the End-of-Record 
response when it completes the printing of a I ine. If 
the printer encounters any print errors or faults, it sends 
a signal to the channel that sets the channel error in
dicator. This can occur since the printer has not dis
connected from the channel. The lORD is useful when 
the program is to print several I ines and the program is 
not otherwise to use the channel between I ines. When 
the printer completes each I ine, it causes an End-of
Record interrupt {assumed to be armed}, notifying the 
program that it can immediatel y transmit the next paper 
control instruction and the next line image. 

3.138 The unbuffered card punch operates similarly. 
It generates the End-of-Record response after punching 
each row. If any faults occur during the punching of 
the entire card, the card punch sends a signal to the 
channel that sets the channel error indicator; this occurs 
after punching the last row (row 9). 

NOTE 

A program should not use lORD with 
devices that do not have End-of-Record 
conditions on output (e. g., devices 
such as the paper tape punch and type
writer). These devices to terminate 
output but give the program no indica
tion when they receive the last 
characters. 

After the last word is accessed from memory, zero word 
count is establ ished. 

3.139 The interlace is counted by the Interlace Count 
Trigger, Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, occurs and the Interlace Active 
flip-flop, Iw is reset. 

Iwf WcO Wc1 Wc13 Wc14 Ew 

rIw Iwf T8 

The Halt Interlock, WO, is reset. 

rWO = W9 Iw Iwf (Iwg + Iwh + Iwi) (T7 - TO) + . 

If the End-of-Transmission Interrupt Enable, Iwk, has 
been previously armed, an Ilw interrupt occurs and Iwk 
is reset. 

I1w = Iwg Iw Iwf Iwk + ... 



September 1965 SDS 900685C 

Table 3-4. Interlace Extended - Mode Terminal Functions 

Terminal Function 

lORD 

Input/Output of 
record then 
disconnect. 

10SD 

Input/Output 
unti I signal 
then disconnect. 

10RP 

Input/Output of 
a record then 
proceed. 

IOSP 

Input/Output 
unti I signal 
then proceed. 

Iwg Iwh 

1 0 

o 

rIwk = IlwIwkT8+ ••. 

Iwi 

0 

o 

Summary of Operation 

The I/O operation proceeds until the word count equals zero 
then terminates. On input, the channel disconnects when the 
End-of-Record is encountered. On output, the channel signals 
the device that the last character has been transmitted then 
disconnects after the device provides an End-of-Record 
response. 

The channel disconnects when the word count equals zero or 
at the end of a record. 

The I/O operation proceeds until the word count equals zero 
but does not terminate. On input, the channel sets the inter
record indicator when the end of a record is encountered. On 
output, the channel signals the device that the last character 
has been transmitted then sets the inter-record indicator after 
the device provides an End-of-Record response. The channel 
does not disconnect (except for magnetic tape). 

When the word count equals zero, the program should either 
reload the interlace to continue, or terminate the operation 
before the next clock is received; otherwise a rate error will 
occur. 

If the Halt Signal, Whs, is received the Halt Detector 
Wh, is set and a disconnect occurs. 

When the last character of the last word has been pre
cessed into the Character Register, Wf is reset. sWh 

Wc 

W9 Iwh T8 Whs + • 

Wh Wf (T3 - TO) + • rW f = W7 W8 W 4 (T 6 + T 5) + . • . 

Because the Halt Interlock, WO, and Interlace Active, 
Iw, have been reset, a Time Share Request, Trqw, can 
not be made. 

Trqw Wf WO Wh Iw Iwf 

Any further clocking, Ecw, of the buffer generates a 
Halt Interlock Signal condition. 

sW6 W5 Ecw T8 W10 Wll W12 W13 W14 

sW5 W5 W6 Ecw TO + •.• 

rW6 W5 TO + ... 

Halt Interlock Signal (decoded by the peripheral device) 

= W5 W6 WO 

rW9 Wc 

rW10 Wc 

etc. 

The Signal Complete fl ip-flop, Wsc, is set. 

sWsc = Wh Wf T8 + . 

If the End-of-Record Interrupt Enable, Iwi, has been 
previously armed, an I2w interrupt occurs and Iwi is 
reset. 

12w 

rlwi 

Wsc Iwi Iwg + .. 

12w Iwi T8 + .• 

The Extend Operations fl ip-flop, Iwg, and the Signal 
Complete flip-flop, Wsc are then reset. 
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rIwg = Wsc T8 W10 W11 W12 W13 W14 Iwg + . 

rWsc = Wsc Iwg T8 

3. 140 IOSD - Iwg Iwh Iwi 

3. 141 Output 

3. 142 Write C words. When C equals zero and when 
the last character has been transmitted, the channel 
disconnects the device and becomes inactive. If an 
End-of-Record signal is received before the count 
reaches zero, the channel disconnects immediately. 

NOTE 

The IOSD is designed for use on devices 
which are normally operated on the basis 
of the word count only. Typewritersand 
paper tape devices are of this type, as 
are the printer and card punch when the 
user does not wish to stay connected 
until the operation is complete. 

3. 143 The interlace is counted by the Interlace Count 
Trigger, Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, occurs and the Interlace Active 
fl ip-flop, Iw, is reset. 

Iwf 

rIw 

WcO Wc1 

Iwf T8 + 

Wc13 Wc14 Ew 

The Halt Interlock, WO, is reset. 

rWO = W9 Iw (Iwg + Iwh + Iwi) (T7 - TO) +. 

If the End-of-Transm ission Interrupt Enabl e, Iwk, has 
been previously armed, an Ilw interrupt occurs and Iwk 
is reset. 

Ilw Iwg Iw Iwk Iwk + . 

rIwk I1w Iwk T8 + ... 

When the last character of the last word has been pre
cessed into the Character Register, Wf is reset. 

rWf = W7 W8 W4 (T6 + TS) + ... 

Because the Halt Interlock, WO, has been reset, a Time 
Share Request, Trqw, cannot be made. 

Trqw = Wf WO Wh Iw Iwf 
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Any further clocking, Ecw, of the buffer generates a 
Halt Interlock Signal condition. '. 

sW6 W5 Ecw T8 W10 W11 W12 W13 W14 

sW5 

rW6 

W5 W6 Ecw TO + . 

W5 TO +. 

Halt Interlock Signal 

= W5 W6 WO 

For devices other than magnetic tape, the Halt De
tector, Wh, sets upon reach ing zero Word Count, Iwf, 
and after the last character has been clocked from the 
buffer. 

--
sWh = W9 W11 WO W5 W6 {Iwh Iwi + ... )T8+ ... 

The Halt Detector, Wh, also sets upon the occurrence 
of a Halt Signal, Whs, from the magnetic tape unit. 

sWh = W9 Iwh Whs T8 + ... 

The setting of the Halt Detector, Wh, initiates a buffer 
disconnect sequence. 

Wc Wh Wf (T3 - TO) + . 

rW9 Wc 

rW10 = Wc 

etc. 

The Signal Complete flip-flop, Wsc, is set. 

sWsc = Wh Wf T8 

If the End-of-Record Interrupt Enable, Iwi, has been 
previously armed, an I2w interrupt occurs and Iwi .is 
reset. 

I2w Wsc Iwi Iwg + . . 

rIwi I2w Iwi T8 + ... 

The Extend Operations fl ip-flop, Iwg, and the Signal 
Complete fl ip-flop, Wsc, are then reset. 

rIwg = Wsc T8 W10 W11 W12 W13 W14 Iwg + . 

rWsc = Wsc Iwg T8 

3. 144 IORP - Iwg Iwh Iwi 

3. 145 Output 

3. 146 Write C words. When the channel interlace 
counts C down to zero, the interlace notifies the channel 
buffer that it has received the last word that is to be 
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output; when the buffer outputs th is last word, it sends 
a signal to the connected peripheral device indicating 
'that the device has the last word. When the peripheral 
device receives, outputs and checks the validity of 
th is last word, it sends an End-of-Record response to 
the channel buffer. When received by the buffer, the 
End-of-Record signal generates an End-of-Record inter
rupt (if armed) and sets the Inter-Record indicator; the 
channel does not disconnect. 

3. 147 When the peripheral device is magnetic tape, 
the tape continues to move after it signals End-of
Record. As in reading tape, the signal causes the Tape 
Gap signal to come high. If the program executes a 
new write tape or erase tape EOM during the inter-gap 
time (approximately one mill isecond), the tape remains 
in motion and proceeds to write or erase a new record. 
If the program executes no such EOM before the Tape 
Gap signal drops, the channel disconnects and tape 
comes to a stop. No interrupt occurs at this time. This 
is the only condition wh ich causes a channel to dis
connect automatically for an IORP. 

3. 148 To proceed after the End-of-Record occurs, the 
program first executes a Buffer Control mode EOM to re
initialize the Channel Unit Address Register and then 
reloads the interlace portion of the channel (the pro
gram can al ert the Interlace via the Buffer Control 
EOM). Otherwise, the channel immediately terminates 
any attempt to use its interlace portion, since the 
channel is still active and in the End-of-Record con
dition. When the program continues from an Inter
Record condition, the program should use an extended 
mode term inal function. 

NOTE 

A program should not use IORP with 
devices that do not generate End-of
Record responses upon output term in
ation; such devices are paper tape and 
typewriter. These devices do termin
ate output but give the program no 
indication when they receive the last 
characters. The IORP should also not 
be used with the printer and card 
punch since these devices expect the 
channel to disconnect after they send 
EOR. 

3. 149 After the last word is accessed from memory, the 
Interlace is counted and zero word count is establ ished. 
The Interlace is counted by the Interlace Count Trigger, 
Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, occurs and the Interlace Active 
fl ip-flop, Iw, is reset. 

Iwf WcO Wc1 •.. Wc13 Wc14 Ew 

rIw Iwf T8 + .•. 

The Halt Interlock, WO, is reset. 

rWO = W9 Iwf (Iwg + Iwh + Iwi) 

(T7 - TO) + •.. 

If the End-of-Transm iss ion Interrupt Enabl e, Iwk, has 
been previously armed, an Ilw interrupt occurs and Iwk 
is reset. 

Ilw Iwg Iw Iwf Iwk + •• 

rIwk I1w Iwk T8 + ... 

When the last character of the last word has been pre
cessed into the Character Register, Wf is reset. 

rWf = W7 W8 W4 (T6 + T5) + ... 

Because the Halt Interlock, W~, and Interlace Active, 
Iw, have been reset, a Time Share Request, Trqw, 
cannot be made. 

Trqw = Wf WO Wh Iw Iwf 

Any further clocking, Ecw, of the buffer generates a 
Halt Interlock Signal condition. 

sW6 W5 Ecw T8 W10 W11 W12 W13 W14 

sW5 W5 W6 Ecw TO + . 

rW6 W5 TO +. 

Ha It Interlock Signal 

= W5 W6 WO 

3. 150 For non-magnetic tape devices, the buffer 
awaits the receipt of a Halt Signal, Whs, from the de
vice. The End-of-Record Detector, Wg, is set. 

sWg = Whs (T7 - TO) W10 W11 W12 W13W14+ ... 

The Signal Complete Detector, Wsc, sets and if the 
End-of-Record Interrupt Enable, Iwi, has been pre
viously armed, an I2w interrupt is generated and Iwi is 
reset. 

sWsc = Wg Iwg Iwh T8 (Iwf + ..• )+ ... 

I2w = Wsc Iwi Iwg + .. 

r1wi = I2w Iwi T8 + ... 
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The device does not disconnect because Wh is not per
m itted to set. 

3.151 For magnetic tape, the buffer awaits the re
ceipt of a gap signal, Mtgw. The End-of-Record 
Detector, Wg, is set. 

sWg = Mtgw TO Iwg Wll (yV0 W5 W6 W9+ ... )+ ... 

The Signal Complete Detector, Wsc, sets and if the 
End-of-Record Interrupt Enabl e, Iwj, has been pre
viouslyarmed, an I2w interrupt is generated and Iwj 
is reset. 

sWsc = Wg Iwg Iwh T8 (Iwf + ... ) + . 

I2w Wsc Iwj Iwg 

rIwj 12w Iwj T8 + . 

The magnetic tape system can continue if the interrupt 
sub-routine executes an EOM to the tape with in 
approximately one mill isecond from the occurrence of 
the interrupt. If no EOM is executed, the tape 
generates a Halt Signal, Whs, and the Halt Detector, 
Wh, sets. The magnetic tape is disconnected and the 
buffer is cl eared. 

sWh Whs Wll T8 + •.. 

Wc Wh Wf (T3 - TO) + . 

rW9 Wc 

rWl0 Wc 

etc. 

-- ---- ----
rIwg Wsc T8 Wl0 Wll W12 W13 W14 

Iwg + ... 

rWsc Wsc T8 Iwg 

rWh Wh Wf T8 +. 

3. 152 IOSP - Iwg Iwh Iwi 

3. 153 Output 

3. 154 Write C words. When the channel counts C 
down to zero, the channel generates a Count Equals 
Zero interrupt (if armed); the channel does not term in
ate output. The program should reload the interlace 
portion of the channel to continue writing in the same 
record. Fa i I ure to reload the Interlace before the buffer 
transm its all of the characters in its registers and before 
the peripheral device requests the next character from 
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the buffer results in a rate error; this sets the Channel 
Error Indicator. 

3. 155 If the program executes a TERMINATE OUTPUT 
(TOP) instruction after the channel has counted C 
down to zero, the channel term inates the output and 
operates identically I ike the IORP from th is point on. 

3. 156 After the last word is accessed from memory, 
the interlace is counted and zero word count is 
establ ished. 

The Interlace is counted by the Interlace Count Trigger, 
Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, occurs and the Interlace Active 
fl ip-flop, Iw, is reset. 

Iwf WcO Wc1 . Wc13 Wc14 Ew 

rIw Iwf T8 + ... 

If the End-of-Transmission Interrupt Enable, Iwk, has 
been previously armed, an Ilw interrupt occurs and 
Iwk is reset. 

Ilw Iwg Iw Iwf Iwk + . 

rIwk Ilw Iwk T8 + ... 

The program, upon receipt of an Ilw interrupt, should 
reload the Interlace to permit the transmission to con
tinue with a new set of parameters (i. e., word count, 
address, terminal functions, etc.). The loading of the 
Interlace with a zero word count could permit conver
sion of the current IOSP to some other terminal function, 
for example to an lORD, thereby effecting a disconnect. 

3. 157 Execution of a TERMINATE OUTPUT (TOP) 
instruction, e. g., EOM 14000, would convert the IOSP 
to an IORP. The TOP instruction resets the Halt Inter
lock fl ip-flop, WOo 

rWO loc C12 C17 C19 C20 C21 C22 C23 W9 

TO + ... 

Any further clocking of the channel by Ecw generates 
a Halt Interlock Signal condition when the last charac
ter has been clocked from the buffer. 

sW6 = W5 Ecw T8 W10 W11 W12 W13 W14 

sW5 W5 W6 Ecw TO + ... 

rW6 W5 TO + ... 
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rW5 = W4 TO +. 

Halt Interlock Signal 

= W5 W6 WO 

The Halt Interlock Signal is representative of the buffer 
status had the IOSP been an IORP. 

3. 158 lORD - Iwg Iwh Iwi 

3. 159 Input 

3. 160 Read C words. If C equals zero before the 
End-of-Record is detected, the rest of the record is 
ignored. At the End-of-Record, the peripheral device 
is disconnected and the channel becomes inactive. 

3. 161 When the W-Register acquires the specified num
ber of characters, a Time Share Request, Trqw, is 
generated. 

- - -
Trqw = Wf WO Wh Iw Iwf 

When memory is accessed, the interlace registers are 
counted by the Interlace Count Trigger, Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, may occur and the Interlace 
Active fl ip-flop, Iw, is reset. 

Iwf = WcO Wc1 •.. Wc13 Wc14 Ew 

rIw = Iwf T8 + ... 

If the Zero Word Count Interrupt Enabl e, Iwk, has been 
previousl y armed, then an Ilw interrupt occurs. 

Ilw Iwg Iw Iwf Iwk + .. 

rIwk Ilw Iwk T8 + ... 

Additional characters entering the channel after Zero 
Word Count has been reached are precessed into the 
W-Register. 

sW6 W5 Ecw T8 W10 Wll W12 W13 W14 

rW6 W5 TO + ... 

sW5 = W5W6 Ecw TO +. 

rW5 W4 TO + ... 

sW4 = W5 Wf T8 Wg + 
--+ Iwg W9 Iwi W5 Iwf T8 + . 

sW4 Wr TO + ... 

Ww 1 W4 Wb 1 (T7 - TO) + . 

Ww2 = W4 Wb2 (T7 - TO) + . 

Ww3 = W4 Wb3 +. . . 

However, Time Share Request, Trqw, is inhibited. 

Trqw = Wf WO Wh Iw Iwf 

Parity errors cannot occur after Zero Word Count. 

-----
sWe = W9 W6 W5 W4 Rwp Wg Npw 

{Iwg + Iwi + Iwf} + ... 

Rate errors cannot set We while W4 is enabled by Iwg 
W9 Iwi Iw. 

sWe WO W6 W5 Ecw T8 + . 

After Zero Word Count is establ ish ed, detection of a 
Halt Signal or Photoreader Gap sets the End-of-Record 
Detector, Wg. 

sWg = Whs (T7 - TO) W10 Wll W12 W13 W14 

+ W9 W10 Wll W12 W13 

(Rwl Rw2 Rw3 Rw4 Rw5 Rw6 Rwp) 

W5 (T7 - TO) W10 Wll W12 W13 W14 + ... 

The Halt Detector, Wh, sets. 

-----
sWh = Whs Wll T8 + Wg W9 Wll Iwh Iwg T8 

(Iwf + ... ) + ... 

The buffer is fl ushed (i. e., allowed to precess without 
receiving input clocks until the Character Count equals 
zero) until it is assured that Wf is reset. 

sW4 Wh Wf T8 + ... 

rWf W7 W8 W4 (T6 + T5) + . 

The buffer is cleared and the peripheral device 
disconnected. 

Wc = Wh Wf (T3 - TO) +. . . 

If the End-of-Record Interrupt Enabl e, Iwj, has been 
previously armed, and End-of-Record Interrupt, Iw2, 
occurs. 

sWsc Wh Wf T8 +. 

rWsc Wsc T8 Iwg 

I2w Wsc Iwj Iwg +. . 

rIwj I2w Iwj TO + ... 
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rlwg = Wsc Iwg W10 W11 W12 W13 W14 T8 + ... 

Should an End-of-Record occur before Zero Word Count 
is establ ished, the End-of-Record Detector is set. 

sWg = Mtgw TO Iwg W11 01'0 W9 + ... ) 

+ Whs (T7 - TO) WIO Wll W12 W13 W14 

+ W9 W10 W11 W12 W13 
-------------

(Rw1 Rw2 Rw3 Rw4 Rw5 Rw6 Rwp) W5 

(T7 - TO) W10 Wll W12 W13 W14 

Any character remaining in the W-Register are flushed 
by W4 and a Time Share Request, Trqw, is generated. 

sW4 = Iwg Wg Wf WO Wev Iw T8 W7 W9 WIO 

Wl1 Wh + ... 

where: 

Wev W8 Wn2 W7 Wnl + W8 Wn2 W7 Wnl 

+ W8 Wn2 W7 Wn1 + W8 Wn2 W7 Wn1 

rWf W7 W8 W4 (T6 + T5) + . 

Trqw = Wf WO Wh Iw Iwf 

-- -
and W7 W9 W10 WI 1 Wh indicates that a scan opera-
tion is not taking place. 

3.162 As a result of one Time Share operation, Wf is 
set. 

sWf = Iwa Mit TO + ... 

The Character Counter is reloaded with its original 
count, making Wev true and the flush operation ceases. 

3.163 The Halt Detector, Wh, is now permitted to set. 
For Magnetic Tape operation tr is occurs upon receipt 
of a Halt Signal, Whs. 

s Wh = Whs W 11 T8 + W 9 W9 W 11 Iwh 

(Iwf + Wev Wf) T8 Iwg +. . . 

Before the buffer is cleared, the buffer is again flushed 
but a Time Share Request, Trqw, is inh ibited. 

sW4 

rWf 

Wh Wf T8 + ... 

W7 W8 W4 (T6 + T5) + . 

Trqw = Wf WO Wh Iw Iwf 

The buffer is then cleared. 

Wc Wh Wf (T3 - TO) + . 
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If the End-of-Record Interrupt Enabl e, Iwj, has been 
previously armed, an End-of-Record Interrupt, I2w, 
occurs. 

sWsc 

rWsc 

12w 

rlwj 

rIwg 

Wh Wf T8 +. 

Wsc T8 Iwg 

Wsc Iwj Iwg 

12w Iwj T8 + . 

Wsc Iwg W10 W11 W12 
----
W13 W14 T8 +. 

3. 164 IOSD - Iwg Iwh Iwi 

3. 165 Input 

3. 166 Read C words. When C equals zero or when the 
End-of-Record is encountered, the device is disconnec
ted and the channel becomes inactive. If the channel 
disconnects because of a zero count, an EOR interrupt 
{if armed} is generated in addition to the count-equal
zero interrupt. If both are armed, the count-equal
zero interrupt occurs first. 

When the W-Register acquires the specified number of 
characters, a Time Share Request, Trqw, is generated. 

Trqw = Wf WO Wh Iw Iwf 

When memory is accessed, the interlace registers are 
counted by the Interlace Count Trigger, Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, may occur and the Interlace 
Active flip-flop, Iw, is reset. 

Iwf WcO Wcl ... Wc13 Wc14 Ew 

rIw Iwf T8 + .. . 

If the zero Word Count Interrupt Enabl e, Iwk, has been 
previously armed, then an Ilw interrupt occurs. 

Ilw Iwg Iw Iwf Iwk + . 

rlwk I1w Iwk TO + . 

The Halt Detector is set. 

sWh = W9 WI 1 Iwg Iwh Iwi Iwf T8 WO + . 

The buffer is flushed, but no Time Share Request, Trqw, 
may be initiated. 

sW4 Wh Wf T8 + .. 

rW4 W4 TO + ... 
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rWf W7 W8 T8 + . . . 

Trqw = Wf WO Wh Iw Iwf 

The channel is cleared and the peripheral device dis
connected. 

Wc Wh Wf (T3 - TO) +. . . 

If the End-of-Record Interrupt Enabl e, Iwj, has been 
previously armed, and End-of-Record Interrupt, I2w, 
occurs. 

sWsc 

rWsc 

I2w 

rIwj 

rIwg 

Wh Wf T8 +. 

Wsc Iwg T8 

Wsc Iwj Iwg + . 

I2w Iwj T8 = ••• 

Wsc Iwg W10 W11 W12W13W14 

T8 + ... 

Should an End-of-Record occur before Zero Word Count 
is establ ished, the End-of-Record Detector is set. 

sWg = Mtgw TO Iwg W 11 (WO W9 +. . .) 

+ Whs (T7 - TO) W10 W11 W12 W13 W14 

+ W9 W10 W11 W12 W13 

(Rw 1 Rw2 Rw3 R;4 M Rw6 Rwp) 

W5 (T7 - TO) W10 Wll W12 W13 W14 

Any characters remaining in the W-Register are flushed 
and a Time Share Request, Trqw, is generated. 

sW4 = Iwg Wg Wf WO Wev Iw W7 W9 W10 W11 

Wh T8 + ... 

where: 

Wev W8 Wn2 W7 Wn1 + W8 Wn2 W7 Wn1 

+ W8 Wn2 W7 Wn1 + W8 Wn2 W7 Wn1 

rWf W7 W8 W4 (T6 + T5) + • 

Trqw = Wf WO Wh Iw Iwf 

As a result of the Time Share operation, Wf, is set. 

sWf = Iwa Mit TO 

When the term Wev is true the flush and store operation 
ceases. The Halt Detector, Wh, is permitted to set 

sWh = Whs Wll T8 + Wg W9 Wll Iwh 

(lwf + Wev Wf) T8 Iwg + ... 

Before the buffer is cleared, the buffer is again flushed 
but a Time Share Request, Trqw, is inhibited. 

sW4 = Wh Wf T8 + ... 

rWf = W7 W8 W4 (T6 + T5) + ... 

Trqw = Wf WO Wh Iw Iwf 

The buffer is then cI eared. 

Wc = Wh Wf (T3 - TO) + . 

If the End-of-Record Interrupt Enable, Iwj, has been 
previously armed, an End-of-Record Interrupt, I2w, 
occurs. 

sWsc 

rWsc 

Wh Wf T8 +. 

Wsc Iwg T8 

Wsc Iwj Iwg + . 

I2w Iwk T8 + ... 

I2w 

rIwk 

rIwg Wsc Iwg W10 W11 W12 W13 W14 

T8 + ... 

3.167 Should an IOSQ mode be used on input with 
magnetic tape devices, no disconnect will occur at Iwf. 
Should additional characters enter the buffer after Iwf, 
a rate error may occur. 

sWe = WO W6 W5 Ecw T8 + . 

Disconnect occurs upon receipt of a Halt Signal, Whs, 
from the magnetic tape system. 

sWh Whs W11 T8 + .. 

sW4 Wh Wf T8 + .. 

rW4 = W4 TO + ... 

rWf W7 W8 W4 (T6 + T5) + . 

Wc = Wh Wf (T3 - TO) + . 

3. 168 IORP - Iwg Iwh Iwi 

3. 169 Input 

3. 170 Read C words. If the channel counts C down to 
zero before the peripheral device encounters the End
of-Record (EOR), the channel ignores the rest of the 
record (to the End-of-Record). When the peripheral 
device sends the End-of-Record signal to the channel, 
the channel sets its End-of-Record Indicator; this signal 
sets the End-of-Record interrupt (if armed). The chan
nel does not disconnect .. The channel is now in an 
IIInter-Record ll condition. 
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3. 171 When the peripheral device is magnetic tape, the 
tape continues to move when the tape handler encoun
ters the End-of-Record. The End-of-Record occurs when 
the tape read-heads encounter tape gap; this also causes 
a Tape Gap signal to come high. If the program exe
cutes a new read tape or scan tape EOM during the 
inter-gap time (approximately one mill isecond while 
the Tape Gap signal is high), the tape remains in motion 
and proceeds to read or scan the next record. If the 
program executes no such EOM before the Tape Gap 
signal drops, the channel disconnects and the tape comes 
to a stop. No additional interrupt occurs. This is the 
onl y condition that causes a channel to disconnect auto
matically in an IORP. 

3. 172 All other input devices remain connected until 
the program takes further action. The paper tape reader 
remains in motion; the program should issue a "discon
nect channel II instruction if the program is not reading 
any more tape. To proceed after the End-of-Record 
occurs, the program first executes a Buffer Control mode 
EOM to re-initial ize the Channel Unit Address Register 
and then reloads the interlace portion of the channel 
(the program can alert the Interlace via the Buffer Con
trol EOM). Otherwise, the channel immediately termi
nates any attempt to use its interlace portion since the 
channel is aware that it is still active and in the End
of-Record condition. When the program continues from 
an Inter-Record condition, the program should use an 
extended mode terminal function. An IORP should not 
be used to read with devices that do not have EOR sig
nals (e. g., the typewriter). 

3. 173 When the W-Register acquires the specified 
number of characters, a Time-Share Request, TRQW, is 
generated. 

Trqw = Wf WO Wh Iw Iwf 

When memory is accessed, the interlace registers are 
counted by Interlace Count Trigger, Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, may occur and the Interlace 
Active fl ip-flop, Iw, is reset. 

Iwf WcO Wc1 ... Wc13 Wc14 Ew 

rIw = Iwf T8 + ... 

If the Zero Word Count Interrupt Enable, Iwk, has been 
previousl y armed, then an 11 w interrupt occurs. 

I1w = Iwg Iw Iwf Iwk + . 

rIwk = I1w Iwk T8 + ... 

3-56 

3. 174 Additional characters entering the channel after 
Zero Word Count has been reached are precessed into 
the W-Register. 

sW6 = W5 Ecw T8 W10 Wll W12 W13 W14 

rW6 = W5 TO + .•• 

sW5 = W5 W6 Ecw TO + • 

rW5 = W4 TO + ... 

sW4 = W5 Wf T8 Wg + Iwg W9 Iwi W5 Iwf T8 + . 

rW4 = W4 TO + ... 

Ww1 = W4 Wb1 (T7 - TO) + . 

Ww2 = W4 Wb2 (T7 - TO) + . 

Ww3 = W4 Wb3 + ... 

However, Time Share Requests, Trqw, are inhibited. 

Trqw = Wf WO Wh Iw Iwf 

Parity and rate errors cannot occur after Zero Word 
Count. 

---- - --
sWe W9 W6 W5 W4 Rwp Wg Npw (Iwg 

+ Iwi + Iwf) + WO W5 W6 Ecw T8 + . 

Detection of magnetic tape gap, photoreader gap or a 
halt signal sets the End-of-Record Detector. 

sWg = Mtgw TO Iwg W11 (WO W9 + ... ) 

--- ----------
+Whs (T7-TO) W10Wll W12W13 W14 

+ W9W10W11 W12W13 (Rw1 Rw2Rw3 Rw4 Rw5 

Rw6 Rwp) W5 (T7-TO)W10Wll W12W13 W14 

If the End-of-Record Detector is set before Zero Word 
Count has occurred, then the buffer is flushed and the 
completed word is stored in memory. 

--
sW4 = Iwg Wg Wf WO Wev Iw W7 W9 W10 W11 Wh T8+ ••• 

rW4=W4 TO +. 

where: 

Wev = W8 Wn2 W7 Wn 1 + W8Wn2W7 Wn 1 

+ W8 Wn2 W7 Wn 1 + W8Wn2 W7Wn 1 

Wf is reset and Time Share Request is inhibited. 
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--
rWf = W7 W8 W4 (T6 + T5) + . 

Trqw = Wf WO Wh Iw Iwf 

sWf = Iwa Mit TO + ... 

If W g is set, Wsc is set after the buffer is fl ushed or 
immediately if Zero Word Count exists. 

sWsc = Wg Iwg Iwh (Wev Wf + Iwf) T8 + ... 

rWsc = Wsc Iwg T8 

If the End-of-Record Interrupt Enable, Iwi, has been 
previously armed, an 12w interrupt occurs. 

I2w = Wsc Iwi Iwg + ... 

rIwj = I2w Iwg T8 +. . . 

3. 175 In general, the buffer does not disconnect, as 
the Halt Detector has not been set. For magnetic tape 
operation, a new EOM may be given within 0.75 milli
second from the occurrence of 12w to permit the magne
tic tape system to proceed to a new record. In the case 
of magnetic tape, failure to give an EOM results in the 
tape stopping and the buffer disconnecting. 

sWh = Whs W11 T8 + ... 

The buffer is flushed but not stored as Trqw is inhibited. 

sW4 Wh Wf T8 + .. 

rW4 W4 TO + ... 

rWf = W7 W8 W4 (T6 + T5) 

Trqw = Wf WO Wh Iw Iwf 

The buffer is cl eared. 

Wc = Wh Wf (T3 - TO) + . 

3. 176 10SP - Iwg Iwh Iwi 

3. 177 Input 

3. 178 Read C words. If the channel counts C down to 
zero before the peripheral device encounters the End-of
Record, the channel generates a Count Equals Zero 
interrupt (if armed). The program should reload the 
interlace portion of the channel to continue reading the 
record. As far as the peripheral device knows, nothing 
happens at this time. Failure to reload the Interlace 
before the peripheral device sends enough characters to 
overfill the channel buffer causes a rate error; this sets 
the channel err9r indicator. 

3. 179 When the peripheral device encounters the End
of-Record, 10SP operates identicall y I ike the 10 RP 
command. An 10SP is identical to an 10RP in operation 
except that when Zero Word Count occurs it is antici
pated that the interlace will be reloaded. Failure to 
reload the interlace in time results in rate errors. Parity 
error detection is not inhib ited after Zero Word Count. 

sWe = W9 W6 W5 W4 Rwp Wg Npw (Iwi + ... ) 

+ WO W6 W5 Ecw T8 +. 

3. 180 PIN ADDRESS COUNTER 

3. 181 The PIN Address Counter fl ip-flop allows a PIN 
instruction to interrogate the Interlace Address Counter. 
The flip-flop is set by an I/O Unit Control instruction 
EOM (Ioc) in which the address bits are "zeros" and bit 
13 is a "one". Bit 17 of the instruction selects either 
the W or Y channel TMCC. 

sWpa = loc C 17 C 13 C 19 C20 C21 C22 C23 TO 

The loc signal indicates that an I/O control instruction 
is be ing processed and also distinguishes between the 
W - Y channels and the C - D channels. 

loc = loc 1 C1 Er Qr3 

,Ioc1 =EomC10C11 

C 1 becomes C 1 
for TMCC-C & D 

3. 182 After Wpa is turned on, the Interlace Memory 
Address Counter fl ip;:J.lg.es are ~ to the CPU via the 
parallel input lines @ - ~. For this purpose, 
only fifteen of the lines are required. 

@ = (WaO Wpa) (YaO Ypa) + . 

@ = (Wa14 Wpa) (Ya14 Ypa) +. 

The dotted I ines indicate other parallel signals may be 
connected to the same lines. 

3. 183 When a PIN instruction is executed, Wpa is re 
reset and the interrogation is compl ete. 

rWpa = Pin TO + St 
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3. 184 GLOSSARY OF LOGIC TERMS I2w 

Buc 

co - C23 

C21r - C23r 

/CiO; - /Ci23; 

Cpr 

Ecw 

En+@ 

Eom 

Er 

Ew 

I1w 
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A control signal derived from the 
EOM instruction used to activate the 
TMCC and peripheral devices. 

The 24 signals received from the C 
register in the cpu. 

A signal from the C1 flip-flop in the 
C register in the cpu. C 1x is uti-
I ized to distinguish between TMCC 
W or Y and TMCC C or D. C1x 

. becomes C 1x for TMCC C or D. 

Signals from the C register in the 
CPU used when seria I transfers occur 
from the C register to the W register. 

Input data lines that are read by the 
C register in the CPU during a PIN 
instruction. 

The 24 signals derived from the C 
register in the cpu and transmitted 
on the interconnecting cable 

A signal from the CPU indicating the 
parity of C21 r - C23r from the C 
register as information is serially 
transmitted to the TMCC. 

The clocking signal from external 
devices used in clocking of infor
mation into or out of the TMCC. 

A signal from the CPU denoting that 
interrupt system is enabled. 

A signal from the CPU occurring 
during an EOM instruction. 

A signal whi ch inhibits Eom and Ioc 
to external devices when an Inter
lace Prepare flip-flop has been set. 

A flip-flop which when set prepares 
the interlace to be loaded. 

An interrupt signal indicating in the 
compatible mode that a WIM or MIW 
instruction should either empty or 
load the TMCC and in the extended 
mode indicating that the interlace 
word count is zero. 

Ioc 

/IrO; - /Ir141 

Iw 

Iwa 

Iwc 

Iwe 

Iwf 

Iwg 

Iwh, Iwi 

Iwj 

Iwk 

Iwp 
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An interrupt signal indicating in the 
compatible mode that the input or out
put process has been term i nated and 
the external device has been discon
nected and in the extended mode 
indicating that an End-of-Record 
condition has been detected. 

An input/output control signal 
derived from Eom. 

Interlace address signals transmitted 
to the CPU. 

A flip-flop which when set denotes 
that the interlace system is active. 

A signal whi ch counts the interlac...e 
word and address counters when a 
memory access is performed. 

A signal occurring during the inter
lace loading sequence which clears 
the interlace registers. 

A signal occurring during the EOM 
instruction of an interlace loading 
sequence which sets the high order 
bits of the interlace counters and set 
several flip-flops used in the ex
tended mode. 

A signal denoting that the Interlace 
Word Count Register has reached zero 
word count. 

A flip-flop which when set denotes 
extended mode operation. 

Two flip-flops comprising the Channel 
Command Register used in the ex
tended mode to control terminal 
functions of the TMCC. 

The Channel Command Interrupt 
Enable flip-flop used in the extended 
mode to permit selective arming of 
the I2w interrupt signal. 

The Channel Command Interrupt Enable 
flip-flop used in the extended mode to 
permit selective arming of the I1w 
interrupt signal. 

A signal occurring during the POT in
struction of an interlace loading 
sequence which sets initial word count 
and memory address information into 
the Interlace Word and Address Counters. 
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/KccO/ -/Kcc2/ 

/Kcc1x; 

Kccw 

Mit 

Mtgw 

Npw 

05, Pwy 

Pin 

Pot 

Qr1-Qr4 

Qw2 

/R9; 

SDS 900685C 

Switch controlled signals from the 
Control Console used to select a 
particular TMCC or DACC for Unit 
Address and Error display on the 
Control Console. 

A switch controlled signal used to 
distinguish between TMCC W or Y 
and TMCC C or D. /Kcc 1/ becomes 
/Kcc lx/ for TMCC C or D. 

A signal decoded from /KccO/
/Kcc2/ such that when true enables 
displaying the TMCC-W Unit Address 

-and Error status. 

A signal derived from memory indi
cating the DACC is in process of 
accessing the memory. 

The magnetic tape gap signal gener
ated by the magneti c tape system. 

A signal from external devices used 
to inhibit parity checking by the 
TMCC. When Npw is low, parity 
checking is inhibited. 

A signal from the CPU Operation 
Code Register, of the SDS 925 and 
930. "05" is always true from the 
9300. 

A signal from the CPU derived from a 
PIN instruction. 

A signal from the CPU derived from a 
POT instruction. 

The four flip-flops in the TMCC 
comprising the pulse counter. 

Timing signal sent to external devices 
whi ch is true from T5 through TO. 

Timing signal sent to external devices 
which is true from T6 through T3. 

Timing signal sent to external devices 
whi ch is true from T7 through T 4. 

Timing signal which varies when a 
TMCC character length is expanded. 

A signal transmitted from the TMCC to 
the CPU defining whether the TMCC 
memoryaccessoperation isa load orstore. 

/RaO/ -/Ra3/ 

/Rd9/-/Rd 14/ 

/Rde/ 

/ReO/-/Re3/ 

/Rrl/ -/Rr3; 

Rti 

Rw1-Rw24 

Rwp 

Rwx 

Signals from the TMCC to the CPU 
denoting which particular TMCC's 
are active. These signals are displayed 
on the SDS 9300 Control Console and 
not used on the SDS 930. 

Signals from the TMCC to the CPU 
denoting Unit Address Register con
tents for the particular TMCC selected 
for displays. These signa Is are dis
played on the Control Console. 

A signal from the TMCC to the CPU 
denoting the status of the Error 
Detector for the particular TMCC 
selected for display. This signal is 
displayed on the Control Console. 

Signals from the TMCC to the CPU 
denoting the Error Detector status for 
each particular TMCC. These signals 
are displayed on the SDS 9300 Con
trol Console and not used on the 
SDS 930. 

Serial data signals transmitted from 
the TMCC to the CPU during time 
share operations. 

A ready signal from the TMCC on ex
ternal devices used to release PIN or 
POT instructions from %2. 

A signal from the CPU to external 
devices indicating that a PIN instruc
tion has terminated. 

Twenty four flip-flops comprising the 
character buffer. Rw 1 through Rw6 
are basic. Rw7 through Rw12 are 
optionally added to expand the char
acter buffer to 12 bits. Rw7 through 
Rw24 are optionally added to expand 
the character buffer to 24 bits. TMCC 
Y, C, D are the only buffers which 
may be expanded. 

The parity flip-flop in the TMCC. An 
lIodd ll parity system is used. 

A flip-flop in each TMCC which is 
set if a Time Share Request for the 
parti cu lar TMCC can occur. 

/Rwy1/-/Rwy3/ Serial data signals transmitted from 
the TMCC to the CPU during WIM 
instructions. 
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Rx 

Sio 

Skss 

/Skzj 

Ssc 

St 

Sys 

A signal from the CPU denoting that 
a WIM or MIW instruction is 
occurring. 

A response signal from peripheral 
devices interrogated by an SKS 
instructions. 

A signal generated in the CPU during 
SKS instructions and sent to external 
equipment to be used as a strobe. 

A signal generated by TMCC's or 
DACC's which is sent to the CPU for 
interrogation during SKS instructions. 

A response signal from external sys
tems equipment interrogated by SKS 
instructions. 

A signal from the CPU derived from 
the manual start button. 

A control signal for systems commu
nication derived from EOM. 

T8, T7-TO, Timing pulses used in the TMCC de-
T6 + T5, T6-TO, coded from the Pulse Counter, Qrl 
T4-TO, T3-TO, TO through Qr4. 

Tpc 

Trq 

Trqx 

Trqw 

Tsm 

Tsr 
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A timing pulse from the CPU used to 
synchronize the Pulse Counter, Qrl 
through Qr4 in the TMCC with the 
Pulse Counter, Q 1 through Q6, in 
the CPU. 

A signal transmitted from the TMCC 
to the CPU indicating that a TMCC 
requests a Time Share operation. 

A signal transmitted from TMCC C 
and D indicating to TMCC Wand Y 
that TMCC C and D are requesting a 
Time Share operation. 

A signal generated by TMCC-W in
dicating that TMCC-W is requesting 
a Time Share operation. 

A signal from the CPU indicating that 
the interlace address counter infor
mation has been received by the CPU. 

A signal from the CPU indicating 
that a Time Share operation is in 
process. 

W4 

W5 

W6 

W7, W8 

W9 

W10-W14 

WaO-Wa14 

Wbl-Wb3 

Wc 

WcO-Wc14 

We 

Wes 

Wev 

Wf 

Wg 

Wh 
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A flip-flop in the TMCC which con
trols the precessing of data between 
the Character Buffer and the W 
register. 

A flip-flop which detects that a pre
cess should occur. 

A flip-flop which detects that an 
external clock is present. 

Two flip-flops comprising the 
Character Counter. 

A flip-flop which is part of the Unit 
Address Register defining whether a 
process is input or output. 

The Unit Address Register which des
ignates to the TMCC and peripheral 
devices which device is activated. 

Fifteen fl ip-flops comprising the 
Interlace Address Register. 

Inputs to the W register from the 
Character Register which wi II vary 
depending on whether the TMCC is 
expanded. 

The signal which resets the TMCC and 
prepares it for a new operation. 

Fifteen fl ip-flops comprisi ng the 
Interlace Word Counter. 

The Error Detector fl ip-flop. 

An error signal from peripheral 
devices. 

A signal which when true indicates 
that the Character Counter is set to 
the same character count as it was 
when initially set up by the EOM. 

A flip-flop which when reset denotes 
on input that the W register is full 
and on output that the W register is 
empty. 

A flip-flop used to detect End-of
Record conditions. 

The Halt Detector flip-flop. 
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Whs 

Wnl-Wn3 

WO 

Wpa 

Wr1-Wr3 

Ws 

Wsc 

Ww1-Ww3 

Wxx 

Zw1-Zw24 

Zwp 

A halt signal from peripheral devices. 

The II now" flip-flops of the W register. 

The Halt Interlock flip-flop used on out
put to enable the Halt Detector after out
put has been terminated and used on input 
to denote that the input process has pro
ceeded to process characters. 

The PIN Address Counter flip-flop 
which when set allows a PIN instruc
ti on to interrogate the Interlace 
Address Counter. 

The II read ll fl ip-flops of the W register. 

The signal derived from an EOM in
struction which initially sets up the 
TMCC. 

The Signal Complete flip-flop. 

The signals which permit "writing" 
into the W register. 

A signal which denotes that an MIW, 
WIM or Time Share ~peration is 
occurring. 

The twenty four inputs to the Charac
ter Register from peripheral devices. 

The input to the Parity fl ip-flop from 
peripheral devices. 

3.185 LOGIC EQUATIONS 

3. 186 Pulse Counter 

sQrl 

rQr1 

sQr2 

rQr2 

sQr3 

rQr3 

sQr4 

rQr4 

T pc + Qr2 Qr3 Qr4 

Qr2 

Qr1 Qr2 Qr4 Tp 
T8 

(Qr4+TO) +Qr1 Qr3 T7 

Qr1 

Qr1 Qr4 

Qr3 Qr4(Qr4+TO) 

Qr"l Or3 

T6 

T5 

T4 

T3 

T2 
T1 

TO 

Tr 

rp 

Qr1 

0 
1 

1 
1 

0 

0 

0 
1 

1 

0 

0 

0 

Qr2 Qr3 Qr4 

0 0 0 
0 0 0 
0 0 1 

1 1 1 
1 1 1 

0 1 1 

0 1 0 

0 1 0 
1 1 0 
1 1 0 

0 0 0 

0 0 0 

T8 = Qr1 Qr3 Qr4 

T6 + T5 = Qr2 Qr4 

T7 - T4 Qr4 

T7 - TO = Qr3 + Qr4 

T6 - TO = Qr3 

T6 - T3 (Qr4 + Qrl Qr2) Qr3 

T3 - TO Qr3 Qr4 

TO Qr 1 Qr2 Cfr4 
T5 - T1 Qr3 Qr1 Qr4 TO 

T5 - TO = Qr3 Qr1 Qr4 

3. 187 Buc, Ioc, Sys, etc. 

Buc Eom C 1 0 C 11 C 1 * 

Ioc 1 Eom C10 C11 

Ioc Ioc 1 C 1 Er Qr3* 

Sys Eom C10 C11 C9 

*C1 becomes C1 for TMCC-C and TMCC-D 

3. 188 CPU Signals Received 

CO 

C1 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

C10 

C11 

C12 

C13 

C14 

C15 

C16 

C17 

= ICiOj 

= 

= 

= ICil?! 
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C18 

C19 

C20 

C21 

C22 

C23 

Tpe 

Eorn 

Pot 1 

Pin 

Rti 

Cpr 

C21r 

C22r 

C23r 

Rx 

Tsrn 

Tsr 

= /CilS/ 
I 

= I 
I 
I 
I 
I 
I 
I 
I 

= /Ci23! 

= /Tpe! 

= /Eorn! 

= /POt/ 
= /Pfii/ 
= /Rtf/ 
= /Cpr! 

= /C21r! 

= /C22r! 

= /C23r! 

= /Rx/ 

= lfSm7 
= /Tsr/ 

Clx = /Clx/ *ForTMCC-C and TMCC-D: 
Clx = /ITx/ 

Pwy 

Mit 

En+ @ 

St 

Skss 

Keew 

Kee2 

Keey 

= /Pwy/ (Pwy = 05 fo'r 92200 
and 92210) 

= /Mit/ 
= /En + ® / 
= /st/ 
=/~ 
= /KeeO/ + /Kee 1/ + /Kee2/* 

= /~/ 

= /KeeO/ + /Kee 1/ + /Kee2/* 

*For TMCC-C and TMCC-D, /Kec 1/ becomes /Kcc 1/ 

3. 189 Input/Output Signals Generated 

@ = CO 

@ = C1 

~ C2 

@ C3 

@ C4 

@ C5 

@ = C6 
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@ 
® e 
® 
® 
@ 
® 
® 

= C7 

= C8 

= C9 

= Cl0 

= Cll 

C12 

= C13 

C14 

C15 

C16 

= C17 

C18 

C19 

= C20 

= C21 

= C22 

= C23 

C17 

Cpr (93200 and 92331 only) 

= Qr3 (Qrl Qr4) = T5 - TO 

= (T7 - T3) Qr3 = T 6 - T3 

= Qr4 = T7 - T 4 Replaces Mtgw on POT 
connectors at 23F & 24F 

Buc 

Ioc 

Eorn Er 

Sys (T5 - Tl) Tsr Pwy (delete Pwy for 
92200and 92210) 

St 

Pin 

Pot 1 

= Pot 1 (T5 - Tl) Tsr Pwy (delete Pwy for 
92200and 92210) 

= Rti 

= Skss 

3. 190 CPU Signals Generated 

/Rd9/ = W9 Kcew Y9 Kecy . . . 

!Rd10/ = W10 Keew Y10 Keey •.• 
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/Rd 11/ I = W 11 Keew Y 11 Kcey . • . =~. 
/Rd12/ W12 Keew Y12 Kcey . Cd8 = Cd8 . 

/Rd13/ W13 Kecw Y13 Keey • @ =@WaOWpa YaO Ypa •. 

/Rd14/ W14 Keew Y14 Kcey .• ~ =@Wal Wpa Val Ypa. 

/Rde/ = We Keew Ye Keey ... = @Wa2 Wpa Ya2 Ypa . 

/RaO/ = W10 W11 W12 W13 W14 I Cd12 Wa3 Wpa Ya3 Ypa . 

/Ra2/ for TMCC-C Cd13 = 

/Ral/ = Y10 Yll Y12 Y13 Y14 ® 
/Ra3/ for TMCC-O @ 

/ReO/ = We /Re2/ for TMCC-C @ Cdl Wa7 Wpa Ya7 Ypa • 

/Rel/ = Ye /Re3/ for TMCC-O ~ = ®Was Wpa Ya8 Ypa ... 

/Wf (WO+W9)/ = @Wa9 Wpa Ya9 Ypa ... = Wf (WO + W9) Cd18 

= <@WalO Wpa YolO Ypa .. /Yf (YO+Y9)/ = Yf (YO + Y9) 

~ /Trq/ = Trqw Trqy Trqx Cd20 = <@Wall Wpa Vall Ypa ... 

/Ilw/ = Ilw /Ile/ for TMCC-C = @Wa12 Wpa Ya12 Ypa .. 

/I2w/ I2w /I2e/ for TMCC-C = ~wa13 Wpa Ya13 Ypa •• 

/Ily/ iiY /Ild/ for TMCC-O = Cd23Wa14WpaYa14Ypa •.. 

/I2y/ I2y /I2d/ for TMCC-O =CBDwap + Ew Yap + Ey ... 

/Skrz/ Skr C 1 0 C 11 Sse C 1 C9 =@ (93200 and 93221 

C 1 0 C 11 Sio . * only) 

*ET becomes Cl for TMCC-C and TMCC-O ® ® (93200 and 93221 only) 

/Rrl/ = Wrl Rwx Yrl Ryx .. /IrO/ = WoO Rwx YaO Ryx . 

/Rr2/ = Wr2 Rwx Yr2 Ryx ... /Ir1/ = Wal Rwx Ya1 Ryx . 

/Rr3/ = Wr3 Rwx Yr3 Ryx ... /Ir2/ = Wa2 Rwx Ya2 Ryx . 

/Rwyl/ = Wrl Pwy Yrl Pwy /W/ = Wa3 Rwx Ya3 Ryx . 

(Pwy = 05 for 92200 and 92210) /Ir4/ = Wa4 Rwx Ya4 Ryx . 

/Rwy2/ = Wr2 Pwy Yr2 Pwy /Ir5/ = Wa5 Rwx Ya5 Ryx . 

(Pwy = 05 for 92200 and 92210) ;1r6"/ = Wa6 Rwx Ya6 Ryx . 

/Rwy3/ Wr3 Pwy Yr3 Pwy /Ir7/ = Wa7 Rwx Ya7 Ryx . 

(Pwy = 05 for 92200 and 92210) /Ir8! = Was Rwx Ya8 Ryx . 

=@. /Ir9/ = Wa9 Rwx Ya9 Ryx . 

=~. /IrlO/ = WalO Rwx YolO Ryx .•. 

Cd2 = Cd2 . ;TrT1/ = Wa 11 Rwx Ya 11 Ryx . 

@) =@) ... /Ir12/ = Wa12 Rwx Ya12 Ryx ... 

@) =~. /Ir13/ = Wa13 Rwx Ya13 Ryx ... 
\ 

\ @ = Cd5 . /Ir14/ = Wa14 Rwx Ya14 Ryx . / 

@ =@' /R9/ = W9 Rwx Y9 Ryx . . . 
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3. 191 TMCC Signals Received 

Er = %/ 
Trqx = /Trqx/ 

3. 192 Input/Output Signals Received 

Sio = ~ 
Sse = ~ 

3. 193 TMCC Signals Generated 

/&/ = EWEr ... 
/Trqx/' = Trq(c) Trq(d) 

3. 194 LOGIC EQUATIONS FOR W BUFFER 

3. 195 Unit Address Register 

sW14 = Ws C23 

rW14 = We 

sW13 Ws C22 

rW13 We 

sW12 = Ws C21 

rW12 We 

sW11 Ws C20 

rW11 = We 

sW10 Ws C19 + (Ioc C12 C17 C19 
------
C20 C21 C22 C23) W9 Wl0 

rW10' = We 

3. 196 Input/Output 

sW9 = Ws C18 

rW9 We 

sW5 = W5 W6 Ecw TO + Ws C13 C18 TO W10 Wll 

W12 W13 W14 

rW5 W4 TO + We 

sW4 W5 Wf T8 Wg 

+ Ws TO 

+ Wh Wf T8 

+ Iwg W9 Iwi W5 Iwf T8 

+ Iwg Wg Wf WO Wev Iw 

Wll Wh 

rW4 W4 TO + W4 T8 

3. 199 Character Counter 

sW8 Ws C16 

+ W7 W8 W4 TO 

+ Wxx Wn2 (T7 - TO) W4 

+ W7 W9 W10 Wll Wh 

rW8 = W8 W4 TO + We 

sW7 = Ws C15 

+ Wxx Wn1 (T7 - TO) W4 

rW7 = We 

+ W7 W8 W4 TO 

3.200 Character Counter Even 

T8 W7 W9 W10 

Wev W8 Wn2 W7 Wnl + W8 Wn2 W7 Wn1 

+ W8 Wn2 W7 Wnl + W8 Wn2 W7 Wnl 

3.201 Halt Interlock 

sWO = W9 W6 W8 Ecw 

+ Ws C18 W9 

rWO = We 

3. 197 Clear and Set Signals + (lac C12 C17 C19 C20C21 C22 C23) W9 TO 

We 

Ws 

Bue C17 (T6 + T5) + Wh Wf (T3 -TO) + St 

= Bue C17 (T3 - TO) 

3. 198 Clock Counter 

sW6 = W5 Ecw T8 Wl0 Wll W12 W13 W14 

rW6 = W5 TO + We 

3-64 

+ W9 Iw Iwf (Iwg + Iwh + Iwi) T7 - TO 

3.202 Computer Interlock 

sWf = We Wh 

+ Iwa Mit TO 

+ Rx TO Pwy *(Pwy = 05 for 92200) 

*Rx is always false for TMCC-C 
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rWf W7 W8 W4(T6 + T5) 

+ Ws C18 

+ W9 W10 W11 WO Mtgw W7 (T6 + T5) Wh 

3.203 End-of-Record Detector 

sWg = MtgwTOIwgWll (W0W9+WoW5W6W9) 

+ Whs T7 - TO W10 Wll W12 W13 W14 

+ W9 W10 Wll W12 W13 (R;l Rw2 Rw3 

RW4 RW5 RW6 RWp) W5 T7 - TO 
------
W10 Wll W12 W13 W14 

rWg Wc 

+ Wg Iwg Wll TO 

3.204 Halt Detector 

sWh Wg Iwg T8 

+ Wh; W11 T8 

+ Wg W9 Wll Iwh (Iwf + Wev Wf) T8 Iwg 

+ W9 W11 WO W5 W6 (Iwg + Iwi Iwh) T8 

+ W9 W11 Iwg Iwh Iwi Iwf T8 WO 

+ W9 Iwh T8 Whs 

rWh Wc (T6 + T5) 

+ Wh Wf T8 

3.205 Signal Complete 

sWsc Wg Iwg Iwh (Wev Wf + Iwf) T8 

+ Wh Wf T8 + St 

+ Ws C19 C20 C21 C22 C23 

rWsc Wsc T8 Iwg 

3.206 Interrupt Signals 

I1w = Wf WO Wh (En +@) Iw Ew Iwg 

+ Iwg Iw Iwf Iwk 

I2w (En +@) Iwg Wh Wf 

+ Wsc Iwi Iwg 

3.207 WIM + MIW Interlock 

Wf (WO + W9) 

3.208 Load Buffer from C 

Wxx = Rx Pwy + Rwx Tsr Iw* 

(Pwy = 05 and Iw deleted from 92200) 

*Rx is always false for TMCC-C 

3.209 Time Share Request 

Trqw = Wf WO Wh Iw Iwf 

3.210 Time Share Select 

sRwx 

rRwx 

Tsm Trqw Trqy Trqx (T7 - TO) 

= Tsm TO 

3.211 Time Share Priority 

Trqx Priority signal from TMCC-C and TMCC-D 

Trqx Trq(c) + Trq(d) 

Trq Trqx + Trqw + Trqy 

3.212 W Register 

Ww1 = W4 W7 (T7 - TO) 

+ W 4 Wn 1 (T7 - TO) 

+ W4 Wn1 Wxx 

Ww2 

+ W4 Wb 1 (T7 - TO) * 

+ W4 C21r (T7 - TO) Wxx 

= W4 W8 (T7 - TO) 

+ W4 Wn2 (T7 - TO) 
- -

+ W4 Wn2 Wxx 

+ W4 Wb2 (T7 - TO)* 

+ W4 C22r (T7 - TO) Wxx 

: sWrl, 2, 3 = Ww1, 2, 3 Delayed by 9 pulse times 

sWn1, 2, 3 = Wr1, 2, 3 respectively 

Wb 1 = Wx12 Wx24 Rw4 + Wx12 Rw10 

+ Wx24 Rw22 

Wb2 = Wx12 Wx24 Rw5 + Wx 12 Rw11 

+ Wx24 Rw23 

for 93200 
and 93221 
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Ww3 W4 Wn3 \ii;; 

+ W4 Wb3 * 

+ W4 C23r Wxx 

. * Wb3 Wx12 Wx24 Rw6 + Wx12 Rw12 for 93200 
and 93221 + Wx24 Rw24 

Wb 1, 2, 3 equals Rw4, 5, 6 respectively for 92200 

Wb 1, 2, 3 equals Rw10, 11, 12 respectively for 92201 

Wb 1, 2, 3 equals Rw22, 23, 24 respectively for 92202 

3.213 Character Buffer* 

sRw1 = W4 Wxx (T7 - TO) Wn1 + W9 W6W5Zw1 + 

W4 Wxx C21r 

rRw1 W4Wxx Wn1 +W9 W6 W5 W4+ 

W4 Wxx C21r 

sRw2 = W 4 Wxx (T7 - TO) Wn2 + W9 W6 W5 Zw2+ 

W4 Wxx C22r 

rRw2 W4Wxx Wn2 + W9 W6 W5 W4+ 

W4 Wxx C22r 

sRw3 W 4 Wxx (T7 - TO) Wn3 + W9 W6 W5 

rRw3 

sRw4 

rRw4 = 

sRw5 

rRw5 

sRw6 = 

rRw6 

W4Wxx 

Zw3 + W4 Wxx C23r 

Wn3 + W9 W6 W5 W4+ 

W4 Wxx C23r 

W4 Rw4 Rw1 + W9 W6 W5 Zw4 
- ----

W4 Rw4 Rw1 + W9 W6 W5 W4 

W4 Rw5 Rw2 + W9 W6 W5 Zw5 

W4 Rw5 Rw2 + W9 W6 W5 W4 

W4 Rw6 Rw3 + W9 W6 W5 Zw6 

W4 Rw6 Rw3 + W9 W6 W5 W4 

*For 12-bit extension, add Rw7 through Rw12 

For 24-bit extension, add Rw7 through Rw24 

Character Size 

12 bit character = Wx 12 

24 bit character = Wx24 
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(93200 and 93221 only) 

(93200 and 93221 only) 

3.214 Character Buffer Extended to 12 Bits 

sRw7 = W4 Rw7 Rw4 + W9 W6 W5 Zw7 
- -------

rRw7 W4 Rw7 Rw4 + W9 W6 W5 W4 

sRw8 = W4 Rw8 Rw5 + W9 W6 W5 Zw8 
- ------

rRw8 = W4 Rw8 Rw5 + W9 W6 W5 W4 

sRw9 W4 Rw9 Rw6 + W9 W6 W5 Zw9 
- ----

rRw9 W4 Rw9 Rw6 + W9 W6 W5 W4 

sRw10 W4 Rw10 Rw7 + W9 W6 W5 Zw10 

rRw10 W4 Rw10 Rw7 + W9 W6 W5 W4 

sRw11 = W4 Rwl1 Rw8 + W9 W6 W5 Zw11 
- ----

rRw11 W4 Rwll Rw8 + W9 W6 W5 W4 

sRw12 W4 Rw12 Rw9 + W9 W6 W5 Zw12 

rRw12 = W4 Rw12 Rw9 + W9 W6 W5 W4 

3.215 Character Buffer Extended to 24 Bits 

sRw13 W4 Rw13 RwlO + W9 W6 W5 Zw13 

rRw13 W4 Rw13 RwlO + W9 W6 W5 W4 

sRw14 W4 Rw14 Rw11 + W9 W6 W5 Zw14 

rRw14 W4 Rw14 Rwll + W9 W6 W5 W4 

sRw15 W4 Rw15 Rw12 + W9 W6 W5 Zw15 

rRw15 W4 Rw15 Rw12 + W9 W6 W5 W4 

sRw16 W4 Rw16 Rw13 + W9 W6 W5 Zw16 

rRw16 W4 Rw16 Rw13 + W9 W6 W5 W4 

sRw17 W4 Rw17 Rw14 + W9 W6 W5 Zw17 

rRw17 W4 Rw17 Rw14 + W9 W6 W5 W4 

sRw18 W4 Rw18 Rw15 + W9 W6 W5 Zw18 

rRw18 W4 Rw18 Rw15 + W9 W6 W5 W4 

sRw19 W4 Rw19 Rw16 + W9 W6 W5 Zw19 

rRw19 = W4 Rw19 Rw16 + W9 W6 W5 W4 

sRw20 W4 Rw20 Rw17 + W9 W6 W5 Zw20 
-- ------

rRw20 W4 Rw20 Rw17 + W9 W6 W5 W4 

sRw21 W4 Rw21 Rw18 + W9 W6 W5 Zw21 
-- --------

rRw21 W4 Rw21 Rw18 + W9 W6 W5 W4 

-- ----
sRw22 = W4 Rw22 Rw19 + W9 W6 W5 Zw22 

-- ------
rRw22 W4 Rw22 Rw19 + W9 W6 W5 W4 
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sRw23 W4 Rw23 Rw20 + W9 W6 W5 Zw23 

rRw23 = W4 Rw23 Rw20 + W9 W6 W5 W4 

sRw24 

rRw24 

W4 Rw24 Rw21 + W9 W6 W5 Zw24 

= W4 Rw24 Rw21 + W9 W6 W5 W4 

3.216 Parity Flip-Flop 

sRwp = W9 W 4 Rwp (Wb 1 G Wb2 (±) Wb3) 

(T7 - TO) Qw1 * 
+ W9 W4 Rwp Wxx (Wn 1 (±)Wn2C±>Wn3) 

Qw2 (T7 - TO) * 

+ W9 W 4 Rwp Wxx Cpr Qw2 (T7 - TO) * 
+ W9 W6 W5 Zwp 

+ Wf W5 TB Rwp 

rRwp = W9 W 4 Rwp (Wb 1 (±)Wb2GWb3) 

(T7 - TO) Qw1 * 
+ W9 W 4 Rwp Wxx (Wn 1@Wn20Wn3) 

Qw2 (T7 - TO) * 
+ W9 W 4 Rwp Wxx Cpr Qw2 (T7 - TO) * 
+ W9 W6 W5 W4 

+ Wf W5 TB W9 Rwp 

+ Wc 

* Qw1 Wx12 Qr4 + Wx12 Wx24 Qr1 Qr4 

(for 93200 and 93221) 

Qw2 = Wx12 Qr4 + Wx12 Wx24 Qr2 Qr4 

(for 93200 and 93221) 

Qw1 = Qr1 Qr4 for 92200 

Qw 1 = Qr4 for 92201 

Qw1 is deleted for 92202 

Qw2 = Qr2 Qr4 for 92200 

Qw2 = Qr4 for 92201 

Qw2 is deleted for 92202 

3.217 Error Detector 

sWe = W9 W6 W5 W4 Rwp Wg Npw 

(Iwg + Iwi + Iwf) 

+ WO W6 W5 Ecw TB 

+ Wes 

rWe = Wc Wh 

3.21B Interlace Prepare 

sEw 

rEw 

= Iwc Ew (T3 - TO) 

= Wc TO 

+ Pot 1 (T3 - TO) Ew 

3.219 Interlace Clear 

Iwc = Eom C9 C10 Cl C17 (T3 - TO) * 

* C1 becomes C 1 for TMCC-C 

3.220 Interlace Load 

Iwp 

Iwe 

Pot 1 (T6 - T5) Ew 

Ioc 1 (T6 + T5) Ew 

3.221 Interlace Active 

sIw = Pot 1 (T3 - TO) Ew Iw 

rIw Iwf TB (T7 - TO) 

+ (Wc + Iwc + Ws C 19 C20 C21 C22 C23) 

(T3 - TO) Iw 

3.222 Zero Count 

Iwf WcO Wc 1 Wc2 Wc3 Wc4 Wc5 Wc6 Wc7 

WcB Wc9 Wc10 Wc11 Wc12 Wc13 Wc14 

Ew 

3.223 Interlace Count Trigger 

Iwa = Rwx Tsm 

3.224 Interlace Counter Clock Enables 

Computer Clock Enable: Ew Iw 

Counter Clock Enable: 

3.225 Extend Operations 

slwg Iwe C12 

r1wg Iwc +Wsc TBW10Wl1 W12 W13 W14 Iwg 
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3.226 Channel Command Interrupt Enables 

sIwj = Iwe C13 

rIwj 

sIwk 

rIwk 

Iwe + I2w T8 Iwj 

Iwe C14 

Iwe + I1w T8 Iwk 

3.227 Channel Command Register 

sIwh Iwe C15 

rIwh Iwe 

sIwi Iwe C16 

rIwi = Iwe 

3.228 Word Counter 

sWe14 = Iwe + Ew We14 Iwa Ew 

rWe14 

sWe13 

rWe13 

sWe12 

rWe12 

Iwp C9 + Ew We14 Iwa Ew 

----
Iwe + Ew We13 We14 Ew 

Iwp C8 + Ew We13 We14 EW 

Iwe +EwWe12We13We14E; 

Iwp C7 + Ew We12 We13 We14 E; 

(Eor) 

(Iwf) 

sWell 

rWe11 

Iwe + Ew We 11 We 12 We 13 We 14 E; 

sWe10 

rWe10 

= Iwp C6 + Ew Well We12 We13 We14 &; 

Iwe + Ew WelD Well Ew 

Iwp C5 + Ew WelD Well E; 

-- -
sWe9 = Iwe + Ew We9 WelD Well Ew 

rWe9 Iwp C4 + Ew We9 WelD Well Ew 

sWe8 = Iwe + Ew We8 We9 WelD Well Ew 

rWe8 Iwp C3 + Ew We8 We9 WelD Well E; 

sWe7 = Iwe + Ew We7 We8 Ew 

rWe7 = Iwp C2 + Ew We7 We8 Ew 

--- --Iwe + Ew We6 We7 We8 Ew sWe6 

rWe6 Iwp C 1 + Ew We6 We7 We8 Ew 

sWe5 = Iwe + Ew We5 We6 We7 We8 Ew 

rWe5 = Iwp CD + Ew We5 We6 We7 We8 Ew 
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--- --
sWe4 = Iwe + Ew We4 We5 Ew 

rWe4 

sWe3 

rWe3 

sWe2 

rWe2 

sWe1 

rWel 

sWeO 

rWeO 

Iwe C23 + Ew We4 We5 Ev; 

Iwe + Ew We3 We4 We5 E; 

= Iwe (22 + Ew We3 We4 We5 E; 

Iwe + Ew Wc2 Wc3 Wc4 Wc5 Ev; 

Iwe C21 + Ew We2 We3 We4 We5 Ew 

Iwe + Ew We1 We2 Ew 

Iwe C20 + Ew We 1 We2 Ew 

---
Iwe + Ew WeD Wel We2 Ew 

Iwe C19 

3.229 Address Counter 

sWa 1.1 

rWa14 

sWa13 

rWa13 

sWa12 

rWa12 

sWall 

rWall 

sWalO 

rWalD 

sWa9 

rWa9 

sWa8 

rWa8 

sWa7 

rWa7 

sWa6 

rWa6 

sWa5 

rWa5 

---
Iwe + Ew Wa14 Iwa Ew 

Iwp C23 + Ew Wa14 Iwa Ew 

---
Iwe + Ew Wa13 Wa14 Iwa Ew 

Iwp C22 + Ew Wa13 Wa14 Iwa Ew 

Iwe + Ew Wa12 Wg13 Ew 

Iwp C21 + Ew Wa12 Wa13 Ew 

Iwe + Ew Wall Wa12 Wg13 Ew 

Iwp C2D + Ew Wall Wa12 Wa13 E; 

--- --
Iwe + Ew Wa10 Wall Wa12 Wg13 Ew 

Iwp C19 + Ew WalD Wall Wa12 Wa13 E; 

Iwp C18 + Ew Wa9 WalD Ew 

Iwe + Ew Wa9 Wa lD Ew 

Iwp C17 + Ew Was Wa9 WalD Ew 

Iwe + Ew Was Wa9 WalO Ew 

Iwp C16 + Ew Wa7 Was Wa9 WalO E;" 

Iwe + Ew Wa7 WaS Wa9 WalD Ew 

--- --
Iwp C15 + Ew Wa6 Wa7 Ew 

Iwe + Ew Wa6 Wa7 E;" 

= Iwp C14 + Ew Wa5 Wa6 Wa7 E;" 

= Iwe + Ew Wa5 Wa6 Wa7 Ew 
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sWa4 

rWa4 

sWa3 

rWa3 

sWa2 

rWa2 

sWal 

rWal 

= Iwp C13 + Ew Wa4 Wa5 Wa6 Wa7 Ev; 

Iwc + Ew Wa4 Wa5 Wa6 Wa7 &; 

--
Iwp C12 + Ew Wa3 Wa4 Ew 

Iwc + Ew Wa3 Wa4 Ew 

Iwp Cll + Ew Wa2 Wa3 Wa4 Ew 

Iwc + Ew Wa2 Wa3 Wa4 Ew 

Iwp Cl0 + Ew Wal Wa2 Wa3 Wa4 &; 

Iwc + Ew Wa 1 Wa2 Wa3 Wa4 Ev; 

sWaO = Iwe C18 + Ew WaO Wal E; 

rWaO Iwc 

3.230 PIN Address Counter 

sWpa Ioc C17 C13 C19 C20 C21 C22 C23 TO 

rWpa Pin TO + St 

3.231 Skip Gate: 

----
Skr = C 1 C 17 C9 C 10 C 11 C 19 C20 C21 C22 

C23 C15 Wsc* 

+ Cl C17 C9 Cl0 Cll C19 C20 C21 C22 

C23 C12 W10 Wll W12 W13 W14* 

+ Cl C17 C9 Cl0 Cll C19 C20 C21 C22 

C23 C13 Iwf* 
----

+ C1 C17 C9 C10 Cll C19 C20 C21 C22 
- -
C23 C14 We* 

+ C10 C11 C14 W10 W11 W12 W13 W14 C1 * 

+ C10 CTI C20 We C1 * 

+ 

*C 1 becomes Cl for TMCC-C 

3.232 Input/Output Signals Received 

Zwp =@) 
Zw1 =@ 
Zw2 =@) 
Zw3 =@ 
Zw4 =@ 
Zw5 =~ Zw6 = Zw 

Zw7 

Zw8 

Zw9 = 

Zwl0 = 

Zwll = 

Zw12 

Zw13 

Zw14 

Zw15 

Zw16 

Zw17 

Zw18 

Zw19 

Zw20 

Zw21 

Zw22 

Zw23 

Whs 

Wes 

Zw1 

~ Zw1 

§ 
8 
@ 
~ 
C§ 
<@ 
@ 
@ 
~ Mtgw 

Npw 

Ecw 

Wx12 

Wx24 

=~ 
= 

(93200 and 93221 only) 

(93200 and 93221 only) 

3.233 Input/Output Signals Generated 

C§ Rwp 

C§) Rwl 

Q Rw2 

Q Rw3 

(§) Rw4 

@) Rw5 

~ Rw6 

@ Rw7 

~ Rw8 

@) = Rw9 

~ 
Rw10 

Rw1 Rw11 
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@ = Rw12 

§ = Rw13 

c§> = Rw14 

~ 
Rw15 

Rw16 Rw16 

~ 
Rw17 

Rw18 = Rw18 

@ = Rw19 

@ = Rw20 

~ 
= Rw21 

Rw2 = Rw22 

§ Rw23 

§ = Rw24 

@) = W9 

~ 
= W10 

Wll = Wll 

® = W12 

® = W13 

® = WO 

~ 
= W5 

W6 W6 

Iw Iw 

3.234 LOGIC EQUATIONS FOR Y BUFFER 

3.235 Unit Address Register 

sY14 = Ys C23 

rY14 = Yc 

sY13 = Ys C22 

rY13 = Yc 

sY12 = Ys C21 

rY12 = Yc 

sY11 = Ys C20 

rY11 = Yc 

sY10 = Ys C19 +(Ioc C12 C17 C19 C20 C21 C22 

C23) Y9 Y10 

rY10 = Yc 
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3.236 Input/Output 

sY9 = Ys C18 

rY9 = Yc 

3.237 Clear and Set Signals 

Yc = Buc C17 (T6 + T5) + yh Yf (T3 - TO) + St 

Ys Bue C17 (T3 - TO) 

3.238 Clock Counter 

sY6 = Y5 EcyT8Y10Yll Y12Y13Y14 

rY6 = Y5 TO + Yc 

sY5 = Y5 Y6 Ecy TO + Ys C13 C18 TO 

Y10 Y11 Y12 Y13 Y14 

rY 5 = Y 4 TO + Y c 

sY 4 = Y5 Yf T8 Yg 

+ Ys TO 

+ Yh Yf T8 

+ Iyg Y9 Iyi Y5 Iyf T8 

+ Iyg Yg Yf YO Yev Iy T8 Y7Y9Y10Yll Yh 

rY 4 = Y 4 TO + Y 4 T8 

3.239 Character Counter 

sY8 = Ys C16 

+ Y7 Y8 Y4 TO 

+ Y xx Y n2 (T7 - TO) Y 4 
_ ----J _ 

+ Y7 Y9 Y10 Yll Yh 

rY8 = Yc 

+ Y8Y4TO 

sY7 = Ys C15 

+ Yxx Yn1 (T7 - TO) Y4 

rY7 = Yc 

+ Y7 Y8 Y4 TO 

3.240 Character Counter Even 

Yev = Y8 Yn2 Y7 Yn1 + Y8 Yn2 Y7 Yn1 

------- --+ Y8 Yn2 Y7 Yn 1 + Y8 Yn2 Y7 Yn 1 
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3.241 Halt Interlock 

sYO = Y9 Y6 Y8 Ecy 

+ Ys C18 Y9 

rYO = Yc 

+ (Ioc C12 C17 C19 C20 C21 C22 C23) 

Y9 TO 

+ Y9 Iy Iyf (Iyg + Iyh + Iyi) T7 - TO 

3.242 Computer Interlock 

sYf 

rYf 

= Yc Yh 

+ Iya Mit TO 

+ Rx TO Pwy * (Pwy = 05 for 92210) 

= Y7 Va Y 4 (T 6 + T 5) 

+ Ys C18 

+ Y9 Y10 Y11 YO Mtgy Y7 (T6 + T5) Yh 

*Rx is always false for TMCC-D 

3.243 End-of-Record Detector 

sYg = Mtgy TO Iyg Y11 (YO Y9 + YOY5 Y6 Y9) 

+ Yhs T7 - TO Y10 Yll Y12 Y13 Y14 

+ Y9 Y10 Yll Y12 m (Ryl RY2 RY3 RY4 
RYs RY6 Ryp) Y5 T7 - TO Y10 YTl. Y12 
--
Y13Y14 

rYg = Yc 

+ Yg Iyg Yll TO 

3.244 Halt Detector 

sYh = Yg Iyg T8 

+ Yhs Yll T8 

+ Yg Y9 Yll Iyh (Iyf + Yev Yf) T8 Iyg 

+ Y9 Yll YO Y5 Y6 (Iyg + Iyi Iyh) T8 

+ Y9 Y11 Iyg Iyh Iyi Iyf T8 YO 

+ Y9 Iyh Yhs T8 

rYh = Yc (T6 + T5) 

+ Yh Yf T8 

3.245 Signal Complete 

sYsc 

rYsc 

= Y 9 Iyg Iyh (Yev Yf + Iyf) T8 

+ Yh Yf T8 + St 

+ Ys C19 C20 C21 C22 C23 

= Ysc TO Iyg 

3.246 Interrupt Signals 

11y = Yf YO Yh (En + @ ) Iy Ey Iyg 

+ Iyg Iy Iyf Iyk 

12y (En +(0) Iyg Yh Yf 

+ Ysc Iyj Iyg 

3.247 YIM + MIY Interlock 

Yf (YO + Y9) 

3.248 Load Buffer from C 

Yxx Rx Pwy + Ryx Tsr Iy* (Pwy = 05 and Iy 
deleted for 9221 0) 

*Rx is always false for TMCC-D 

3.249 Time Share Request 

Trqy = Y f YO Yh I y I yf 

3.250 Time Share Select 

sRyx = Tsm Trqy Tr~x (T7 - TO) 

rRyx = Tsm TO 

3.251 Time Share Priority 

Trqx 

Trqx 

Trq 

Priority Signal from TMCC-C and TMCC-D 

Trq(c) + Trq(d) 

Trqx + Trqw + Trqy 

3.252 Y Register 

Yw1 = Y 4 Y7 (T7 - TO) 

+ Y 4 Y n 1 (T7 - TO) 

+ Y4 Yn1 Yxx 
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+ Y 4 Yb 1 (T7 - TO) * 
+ Y 4 C21r (T7 - TO) Yxx 

Yw2 = Y4 Y8 (T7 - TO) 

+ Y4 Yn2 (T7 - TO) 

+ Y4 Yn2 Yxx 

+ Y 4 Yb2 (T7 - TO) * 
+ Y 4 C23r (T7 - TO) Yxx 

Yw3 = Y4 Yn3 Yxx 

+ Y4 Yb3 * 
+ Y4 C23r Yxx 

sYr1, 2, 3 = Yw1, 2, 3 delayed by 9 pulse times 

sYn1,2,3 = Yr1,2,3respectively 

* Yb 1 = Yx 12 Yx24 Ry4 + Yx 12 Ry10 

+ Yx24 Ry22 

Yb2 = Yx12 Yx24 Ry5 + Yx12 Ry11 

+ Yx24 Ry23 
----

Yb3 = Yx12 Yx24 Ry6 + Yx12 Ry12 

+ Yx24 Ry24 

for 93221 

Yb 1,2,3 equals Ry4, 5, 6 respectively for 92210 

Yb1,2,3 equals Ry10, 11, 12 respectively for 92211 

Yb 1,2,3 equals Ry22, 23, 24 respectively for 92212 

3.253 Character Buffer Extended to 12 Bits 

- --sRy7 = Y 4 Ry7 Ry4 + Y9 Y6 Y5 Zy7 

rRy7 = Y 4 Ry7 Ry4 + Y9 Y6 Y5 Y 4 

sRy8 = Y4 Ry8 Ry5 + Y9 Y6 Y5 Zy8 

rRy8 = Y 4 Ry8 Ry5 + Y9 Y 6 Y 5 Y 4 

sRy9 = Y4 Ry9 Ry6 + Y9 Y6 Y5 Zy9 

rRy9 = Y4 Ry9 Ry6 +Y9 Y6 Y5 Y4 

sRy10 = Y 4 Ry10 Ry7 + Y9 Y6 Y5 Zy10 

rRy10 = Y4 Ry10 Ry7 + Y9 Y6 Y5 Y4 

sRy 11 = Y4 Ryll Ry8 + Y9 Y6 Y5 Zyll 

rRy11 = Y4 Ry11 Ry8 + Y9 Y6 Y5 Y4 
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sRy 12 = Y 4 Ry 12 Ry9 + Y9 Y 6 Y 5 Z y 12 

rRy12 = Y4 Ry12 Ry9 + Y9 Y6 Y5 Y4 

3.254 Character Buffer * 

sRy1 

rRy1 

sRy2 

rRy2 

sRy3 

rRy3 

sRy4 

rRy4 

sRy5 

= Y 4 Y xx (T7 - TO) Y n 1 + Y9 Y 6 Y 5 

Zy1 + Y4 Yxx C21r 

= Y4 Yxx Yn1 + Y9 Y6 Y5 Y4 + Y4 

Yxx C21r 

Y4 Yxx (T7 -TO) Yn2 + WY6 Y5 

Zy2 + Y4 Yxx C22r 

= Y4 Yxx Yn2 + Y9 Y6 Y5 Y4 + Y4 

Yxx C22r 

= Y4 Yxx (T7 -TO) Yn3 + Y9 Y6 Y5 

Zy3 + Y4 Yxx C23r 

= Y4 Yxx Yn3 + Y9 Y6 Y5 Y4 + Y4 

Yxx C23r 

= Y4Ry4Ry1 +Y9Y6Y5Zy4 

= Y4 Ry4 Ryl + Y9 Y6 Y5 Y4 

= Y4 Ry5 Ry2 + Y9 Y6 Y5 Zy5 

rRy5 = Y4 Ry5 Ry2 + Y9 Y6 Y5 Y4 

sRy6 

rRy6 

= Y4 Ry6 Ry3 + Y9 Y6 Y5 Zy6 

= Y 4 Ry6 Ry3 + Y9 Y6 Y5 Y 4 

* For 12-bit extension, add Ry7 through Ry 12 

For 24-bit extension, add Ry7 through Ry24 

Character Size 

12 bit character = Yx12 (93221 only) 

24 bit character = Yx24 (93221 only) 

3.255 Character Buffer Extended to 24 bits 

sRy13 = Y 4 Ry13 Ry10 + Y9 Y6 Y5 Zy13 

rRy13 = Y4 Ry13 Ry10 + Y9 Y6 Y5 Y4 

sRy14 = Y 4 Ry14 Ryll + Y9 Y6 Y5 Zy14 

rRy14 = Y4 Ry14 Ryll + Y9 Y6 Y5 Y4 
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sRy15 = Y 4 Ry15 Ry12 + Y9 Y6 Y5 Zy15 

rRy15 = Y4 Ry15 Ry12 + Y9 Y6 Y5 Y4 

sRy16 = Y 4 Ry16 Ry13 + Y9 Y6 Y5 Zy16 

rRy16 = Y 4 Ry16 Ry13 + Y9 Y6 Y5 '74 

sRy17 = Y4 Ry17 Ry14 + Y9 Y6 Ys Zy17 

rRy17 = Y4 Ry17 Ry14 + Y9 Y6 Y5 Y4 

sRy18 = Y4 Ry18 Ry15 + Y9 Y6 Y5 Zy18 

rRy18 = Y4 Ry18 Ry15 + Y9 Y6 Y5 Y4 

sRy19 = Y 4 Ry19 Ry16 + Y9 Y6 Y5 Zy19 

rRy19 = Y4 Ry19 Ry16 + Y,9 Y6 Y5 Y4 

sRy20 = Y 4 Ry20 Ry17 + Y9 Y6 Y5 Zy20 

rRy20 = Y4 Ry20 Ry17 + Y9 Y6 Y5Y4 

sRy21 = Y4 Ry21 Ry18 + Y9 Y6 Y5 Zy21 

rRy21 = Y4 Ry21 Ry18 + Y9 Y6 Y5 Y4 

sRy22 = Y4 Ry22 Ry19 + Y9 Y6 Y5 Zy22 

rRy22 = Y4 Ry22 Ry19 + Y9 Y6 Y5 Y4 

sRy23 = Y 4 Ry23 Ry20 + Y9 Y6 Y5 Zy23 
- ----

rRy23 = Y 4 Ry23 Ry20 + Y9 Y 6 Y 5 Y 4 

sRy24 = Y4 Ry24 Ry21 + Y9 Y6 Y5 Zy24 

rRy24 = Y4 Ry24 Ry21 + Y9 Y6 Y5 Y4 

3.256 Parity FI ip-Flop 

sRyp = Y9 Y 4 Ryp (Yb 1G)Yb20Yb3) (T7 -TO) Qy 1 * 

+ Y9Y4RypYxx{Yn10Yn20Yn3) Qy2 

(T7 - TO) * 
+ Y9 Y 4 Ryp Yxx Cpr Qy2 (T7 - TO) * 

+ Y9 Y6 Y5 Zyp 

+ Yf Y5 T8 Ryp 

rRyp = Y9 Y 4 Ryp (Yb 1@yb2G)Yb3) (T7 - TO) 

Qy1 * 

+ Y9 Y4 Ryp Yxx (Yn1G)Yn2G Yn3) 

Qy2 (T7 - TO) * 

+ Y9 Y 4 Ryp Yxx Cpr Qy2 (T7 - TO) * 
----+ Y9 Y6 Y5 Y4 

+ Yf Y5 T8 Y9 Ryp 

+ Yc 

* Qy1 = Yx 12 Qr4 + Yx 12 Yx24 Qr1 Qr4 for 93221 

Qy2 = Yx12 Qr4 + Yx12 Yx24 Qr2 Qr4 for 93221 

Qyl = Qrl Qr4 for 92210 

Qyl = Qr4 for 92211 

Qr1 is deleted for 92212 

Qy2 = Qr2 Qr4 for 92210 

Qy2 = Qr4 for 92211 

Qy2 is deleted for 92212 

3.257 Error Detector 

sYe = Y9 Y6 Y5 Y 4 Ryp Yg Npy (Iyg + Iyi + Iyf) 

+ YO Y6 Y5 Ecy T8 

+ Yes 

rYe = Yc Yh 

3.258 Interlace Prepare 

sEy = Iyc Ey (T3 - TO) 

rEy = Yc TO 

+ Pot 1 (T3 - TO) Ey 

3.259 Interlace Clear 

Iyc = Eom C9 Cl0 Cl C17 (T3 - TO) * 

*Cl becomes Cl for TMCC-D 

3.260 Interlace Load 

Iyp 

lye 

Pot 1 (T6 + T5) Ey 

loc 1 Ey (T6 + T5) 

3.261 Interlace Active 

sly 

rIy 

Pot 1 (T3 - TO) Ey Iy 

Iyf T8 

+ (Yc + Iyc + Ys C19 C20 C21 C22 C23) 

(T3 - TO) Iy 
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3.262 Zero Count 

Iyf = YeO Yel Ye2 Ye3 Ye4 Ye5 Ye6 Ye7 

Ye8 Ye9 Yel0 Yell Ye12 Ye13 Ye14 Ey 

3.263 Interlace Count Trigger 

Iya = Ryx Tsm 

3.264 Interlace Counter Clock Enables 

Computer Clock Enable: Ey Iy 

Counter Clock Enable: 

3.265 Extend Operations 

sIyg 

rIyg 

lye C 12 

lye + Yse T8 Yl0 Yll Y12 Y13 Y14 Iyg 

3.266 Channel Command Interrupt Enables 

sIyj 

rIyj 

sIyk 

rIyk 

lye C13 

lye + I2y T8 Iyj 

lye C14 

lye + Ily T8 Iyk 

3.267 Channel Command Register 

sIyh lye C 15 

rIyh = lye 

sIyi lye C 16 

sYel0 

rYe 10 

sYe9 

rYe9 

sYe8 

rYe8 

sYe7 

rYe7 

sYe6 

rYe6 

sYe5 

rYe5 

sYe4 

rYe4 

sYe3 

rYe3 

sYe2 

rYe2 

sYe 1 

rYe 1 

sYeO 

rYeO 
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= lye + Ey Ye lOY ell EX 
Iyp C5 + Ey Yel0 Yell EY 

lye + Ey Ye9 Ye 10 Ye 11 EY 
Iyp C4 + Ey Ye9 Ye 10 Ye 11 EY 

lye +EyYe8Ye9Yel0Yel1EY 

Iyp C3 + Ey Ye8 Ye9 Ye 1 0 Yell EY 

lye + Ey Ye7 Ye8 EX 
Iyp C2 + Ey Ye7 Ye8 EY 

lye + Ey Ye6 Ye7 Ye8 EY 
Iyp Cl + Ey Ye6 Ye7 Ye8 Ey 

lye + Ey Ye5 Ye6 Ye7 Ye8 EX 
Iyp CO + Ey Ye5 Ye6 Ye7 Ye8 EX 

lye + Ey Ye4 Ye5 EY 
lye C23 + Ey Ye4 Ye5 EY 

lye + Ey Ye3 Ye4 Ye5 Ey 
lye C22 + Ey Ye3 Ye4 YeS EY 

= lye + Ey Ye2 Ye3 Ye4 Ye5 EY 
lye C21 + Ey Ye2 Ye3 Ye4 Ye5 EY 

lye +EyYelYe2EY 

lye C20 + Ey Ye 1 Ye2 EY 

lye +EyYeOYelYe2EY 

lye C19 

rIyi = lye 3.269 Address Counter 

3.268 Word Counter 

sYe14 

rYe14 

sYe13 

rYe13 

sYe 12 

rYe 12 

sYell 

rYe 11 

3-74 

lye + Ey Ye 14 Iya Ey 

Iyp C9 + Ey Ye 14 Iya Ey 

lye + Ey Ye 13 Ye 14 Ey 

Iyp C8 + Ey Ye13 Ye14 EY 

lye + Ey Ye12 Ye13 Ye14 Ey 

Iyp C7 + Ey Ye12 Ye13 Ye14 EY 

lye + Ey Yell Ye12 Ye13 Ye14 Ey 

I yp C6 + Ey Yell Ye 12 Ye 13 Ye 14 EX 

sYa14 

rYa14 

sYa13 

rYa13 

sYa12 

rYa12 

sYall 

rYall 

sYal0 
rYal0 

lye + Ey Ya14 Iya Ey 

Iyp C23 + Ey Ya14 Iya Ey 

= lye + Ey Ya 13 Ya 14 I ya Ey 

Iyp C22 + Ey Ya 13 Ya 14 Iya Ey 

lye + Ey Ya12 Ya13 Ey 

Iyp C21 + Ey Ya 12 Ya 13 Ey 

lye + Ey Vall Ya12 Ya13 Ey 

Iyp C20 + Ey Vall Ya12 Ya13 Ey 

= lye _+ Ey Yal0 Vall Ya12 Ya13 Ey 
Iyp C19 + -Ey Ya 10 Ya 11 Yo 12 Yo 13 Ey 
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sYa9 Iyp C18 + Ey Ya9 Ya10 Ey 

rYa9 lye + Ey Ya9 Ya10 Ey 

sYa8 Iyp C17 + Ey Ya8 Ya9 YalO Ey 

rYa8 = lye + Ey Ya8 Ya9 Ya10 Ey 

sYa7 Iyp C16 + Ey Ya7 Ya8 Ya9 YalO Ey 

rYa7 lye + Ey Ya7 Ya8 Ya9 Ya10 Ey 

sYa6 = Iyp C15 + Ey Ya6 Ya7 Ey 

rYa6 lye + Ey Ya6 Ya7 Ey 

sYa5 Iyp C14 + Ey Ya5 Ya6 Ya7 Ey 

rYa5 lye + Ey Ya5 Ya6 Ya7 Ey 

sYa4 Iyp C13 + Ey Ya4 Ya5 Ya6 Ya7 Ey 

rYa4 lye + Ey Ya4 Ya5 Ya6 Ya7 Ey 

sYa3 Iyp C12 + Ey Ya3 Ya4 Ey 

rYa3 == lye + Ey Ya3 Ya4 EY 

sYa2 Iyp C11 + Ey Ya2 Ya3 Ya4 Ey 

rYa2 lye + Ey Ya2 Ya3 Ya4 Ey 

sYa1 Iyp C10 + Ey Ya1 Ya2 Ya3 Ya4 Ey 

rYa1 lye + Ey Val Ya2 Ya3 Ya4 Ey 

sYaO lye C 18 + Ey YaO Ya 1 Ey 

rYaO lye 

3.270 Pin Address Counter 

sYpa Ioe C17 C13 C19 C20 C21 C22 C23 TO 

rYpa Pin TO + St 

3.271 Skip Gate 

Skr = Cl C 17 C9 C 1 0 C 11 C 19 C20 C21 C22 

C23 C15 Yse* 

+ C1 C17 C9 C10 C11 C19 C20 C21 C22 

C23 C12 Y10 Yll Y12 Y13 Y14* 

+ Cf C17 C9 C10 C11 C19 C20 C21 C22 

C23 C13 Iyf* 

+ CT C17 C9 C10 C11 C19 C20 C21 C22 

C23 C14 Ye* 

+ CIOC11 C13YIOYll Y12Y13Y14Cl* 

+ CIO C11 C19 Ye C1* 

+ - - -

*C1 becomes C1 for TMCC-D 

3.272 Ineut/Outeut Signals Received 

Zyp =@ 
Zyl =@ 
Zy2 =@) 
Zy3 =@ 
Zy4 =W 
Zy5 =@ 
Zy6 =@ 
Zy7 =@ 
Zy8 =@ 
Zy9 =@ 
ZylO =@Th) 
Zyll =@J) 
Zy12 =@ 
Zy13 =@ 
Zy14 =@ 
Zy15 =@ 
Zy16 =@ 
Zy17 =@ 
Zy18 =~ 
Zy19 =@ 
Zy20 =@ 
Zy21 =@ 
Zy22 =@ 
Zy23 =@ 
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Yhs =@ 0 Ry14 

Yes =@ @ Ry15 

Mtgy =C5V ~ = Ry16 

Npy =(~v (§) = Ry17 

Ecy =® ~ Ry18 

Yx12 =@ (93221 only) @ = Ry19 

Yx24 =@ (93221 on Iy) C@> = Ry20 

3. 273 In~ut/Out~ut Signals Generated @ Ry21 

(§) = Ryp ~ Ry22 

®> Ry1 (§) = Ry23 

@) Ry2 ~ = Ry24 

@ Ry3 ® = Y9 

@) = Ry4 

@ 
@§) = Y10 

Ry5 

@) Ry6 @ = Yll 

@) Ry7 
@ = Y12 

~ Ry8 ® = Y13 

@ Ry9 @ = Y14 

~ Ry10 ® = YO 

c@ = Ryll @ = Y5 

@ Ry12 @ = Y6 

0 Ry13 ® = Iy 
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SECTION IV 
INSTALLATION AND MAINTENANCE 

4.1 GENERAL 

4.2 This section contains information relating to the 
installation and maintenance of Model 932XX series 
TMCCs. As the Model 922XX series TMCCs are no 
longer being installed, only the Model 932XX series is 
covered in this section. 

4.3 INSTALLATION 

4.4 The basic 925/930/9300 computers are shipped 
with the TMCC physically installed. After installation 
of the computer, the intercabl ing of the TMCCs must be 
performed. 

4.5 INTERCABLING 

4.6 Figure 4-1 ill ustrates typical intercabl ing of the 
Model 93200 TMCC for the 925/930/9300 computers. 
Figure 4-2 ill ustrates the intercabl ing of the Model 
93221 TMCC. Power distribution for the various chassis 
is ill ustrated in figure 4-3. 

4.7 Intercabl ing of the input/output devices to the 
W (or A) channel may be found in the appl icable input/ 
output device techn ical manual. ' 

4.8 After intercabl ing the TMCCs and the input/ 
output devices, a p_rogram should be run to ensure 
proper operation of the W (or A) channel. Any diagnos
tic program utilizing the input/output device may be 
run. 

4.9 925/930COMPUTERWCHANNEL TEST PROGRAM 

4.10 Table 4-1 lists a sample program which may be 
run to check out the W channel for proper operation. 
This test program causes the message ASSEMBLY DON E 
ENTER NEW PROGRAM to be typed out under program 
control. The computer stores the internal codes for 
these characters in memory beginning in location 2000. 
The routine inserts the carriage return code, 52, and 
the space code, 12, where needed and requests End-of
Record interrupt. It is written as a closed subroutine 
using interrupts, channel. Wand Typewriter Number One. 
The internal code for the output message is as follows: 

ASS E M B L Y Sp DON E C/R E N 
21 6262 25 442243 71 12 244645 25 52 25 45 

2000 

T E R Sp NEW Sp P R OG RAM Sp 
62 25 51 12 45 25 66 12 47 51 46 27 51 21 44 12 

2004 

4. 11 9300 COMPUTER A CHANNEL TEST PROGRAM 

4.12 Table 4-2 lists a sample program which may be 
run to check out the A channel for proper operation. 
This test program causes the message ASSEMBLY DONE 
ENTER NEW PROGRAM to be typed out under program 
control. The computer internal codes for these charac
ters are stored beginning in location 02000. The car
riage return code, 052, and the space code, 012, are 
inserted where needed. The End-of-Record interrupt is 
requested. The routine is written as a closed subroutine 
which uses interrupts, channel A, and Typewriter Num
ber One. The internal code for the output message is 
the same as given in paragraph 4. 10. 

4.13 MODULE LOCATION 

4.14 Figure 4-4 illustrates the location of all modules 
for the various models of TMCCs. 

4.15 MAINTENANCE 

4. 16 The following information is presented as an aid 
in maintaining the Models 932XX TMCCs. Presented 
herein are descriptions and timing diagrams of the sig
nals available on the various input/output connectors 
and the diagnostic test programs for maintenance of the 
TMCC. 

4. 17 PERIO DIC INSPECTION 

4. 18 No periodic inspection is required for the TMCC 
other than that required for the computer as a whole. 
No attempt should be made to periodically check for 
loose wires, poor solder connections, or bent pins 
because of the packaging density of the wiring and com
ponents and the possibil ity of causing malfunctions. 
Wiring layout and length is critical in some areas and 
should not be touched except for correcting a mal function. 

4. 19 CORRECTIVE MAINTENANCE 

4.20 If it should become necessary to replace a com
ponent on a module, the physical location of the com
ponent, quantity, type, and part number are indicated 
on the module drawings contained in Section 6. 

4. 21 INPUT/OUTPUT SIGNALS AND TIMING 
RELA TIONSHIPS 

4.22 The signals described are availabl e on the input/ 
output connectors as ill ustrated in figure 4-5. The sig
nals are theoretical and do not take into consideration 
circuit and transmission delays which tend to add 200 to 
400 nanoseconds of delay. 
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REF CABLE PLUG SCHEMATICS: 
P909-P91O 107 ZO I 
P911-P912 107303 
P913- P914 107300 
P91S-P916 107201 
P917- 1'9111 107303 
P939-P940 1011600 

. P941-P942 107Z01 
P951-P9S2 107ZOI 
P9S3·P954 113241 
P95S-P956 113242 
P957- P9511 113243 
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610 27AI~16B 711 
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Figure 4-1. Model 93200 TMCC, Intercabl ing Diagram 
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REF CABLE PLUG SCHEMATICS: 
P909-P91O 107201 
P911-P912 107303 
P913-P"'4 107300 
P91S-P916 107201 
P917- P918 107303 
P939-P940 108600 
P941-P9"2 107201 
pg'l- P9S2 107201 
P9!:3-P954 1132"1 
P95S-P9S6 1132"2 
P9S7-P95. 1132"3 

DSC II DSC 1 

25.1. 24AI~1131 12 

6A 21"1~lbl 71 
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Figure 4-2. Model 93221 TMCC, Intercabl ing Diagram 
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PIN£OO~ 
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o FOR INSTALLATION OF CABLE PLUGS IN 
ASSOCIATED COMPUTER SEE PAGES 9'10. 
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Figure 4-3. Power Distribution Diagram 
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A 

B 

2 .3 4 5 6 7 8 9 10 II 12 13 14 ~5 16 17 18 19 20 21 22 2324 25 26 27 Z8 2930 31 .32 
JI8~ '~Z 8~ 8~Z 15411151 as4 BS4 fB~ -8~ "I~ .~4 lI~~Il'~O 115blU7 li~T 1856 B52 ya~2 FH52 F~5Z WB52 B521F852 952 852 fll52 'USZ ~52FIIS2 jtBO 
I'~ jzl-"'I-"~" 2-3'P2-:IIP2-,!j32-~2-,!js2-3I li4C IZ-4(~- ~-3IjzN4fzB-,~jz8-34jz8-3~8-34/z8-~8-,..jz8-,..jz8.~8-i8-~j28-3~1z'-3~ 12-4( 

~ m ~ I 0 

v v y y _'I v v v y v y Y Yf Y Y Y Y y y v Y y Y Y 'f 
NII5( 150 '~T rl52 1152 1152 152 Is~ 852 852 &~ &54 &541B56 B54 IB56 liS' 10850 0850 O~50 PBS2 B54 IB59 B54 IB~6 lis( 
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D 
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E P914 P916 P910 

1v-241w-:uI~:~j 'II 'II 'II W 'II \II \OJ W W 'II CD W V VI W Y VI m 'II w 'II W 0 'II 'II W W W 
P91 T 10K Sli'K 5 ~K 5: 14K Sl AK:l4 10K 53AK 53,AK S3jAl< 53 P911 

"-473-"7~~4C~-4C ~-4( 1s4-4' 3-31 jwAn WRDYt.vR!,! ~ UAGY~Y AU_V AUXY AUllVlwA6W I~ AU~! AUxw jAuxw POT I-'OT POT P4-4$4-4CU4-4( b-I-« 3 -47 3-47 PIN PIN 
14-24 4 244 244-24 6-Z8 6-16 &-16 6-Z6~-2& b-18 &-2~ &-2& "-26 &-2& & -ZO b-ze &-20 I 6 -II:. 6-1(, 
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til 'II Ir:~14 y Y Y 'II 'II W i w w m III 
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Buff,r To Z4 I', 'II luff.r. 

4-Y - ~~~~i':.$sAI~~r~"o~~I.~II' Y 'uffer 
5 -VIZ' ~~fl~~eMf~f~ vTiuCf~~~_ert 6 'Jit V 
6-Y2 .. -Modulu Add,d T.,Cu"",r' 6BI,V 

fluff" 10240;, Y 8uffer. 

o ~n:r ~~~':r,~~i~~r~~?l;~MCc 
m ~~~fe~<!-f.9k2d'J'.9d4.P916. P91B wh.n CAnd 0 

til Th.h Modul"" lh.d Only With Th. Inlt,I". Opllen. 

GJ Us. ZB 52,Wh .. o Indlcltod, Who" C .nd 0 
Buff". or. Nol .dd.d. 

Figure 4-4. Module Location Diagram 
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PIN INPUT/OUTPUT SIGNAL LOCATION PIN 
NO. WAOY WAOV wAOW WAOW NAGY DISCY AUIV AUXY' Aun IUGW olsew AUIW AUIW AUIW PorA POTe POTe PIN PIN NO. 

J(I" J(9n Jllon JIlin J(12f) J(IU) J(14Fl J(I~'1 J06,.) J(ITf") JUU) JQ9f"J J(20f) JIJ If) J(2 Zf) J(2-'f) J(H" J(3If) J(3lf) 

1~~<W)o 0 0 0 o<t;)o 0 0 0 o~ 0 o Cf0)<>----<> I 

2 ~~<tti> 0 0 0 o~CfuVo 0 0 0 0 2 

, ~~~ 0 0 0 o@o 0 a a oQ;~)o 0 o~ 3 

4 ~~<fu)o 0 0 0 o~ a 0 a D\.~)o 0 0 0 a 4 

~ ~~~CW " a a o <£)a a 0 () 0 ~ 

6 CB~~~ 0 0 D~ 0 0 0 D(E~ 0 0 0 0 6 

T ~~Cfu)o 0 0 0 o~ 0 0 a D~ a 0 0 " 7 

• ~~~CW 0 a 0 D(~([!Do----o 8 

9 ~<ffWo-------o~~ a a a o( Pin. )0 a 0 a 0 9 

10 ~<ffWo-------o~ 0 0 0 0 0 0 0 0 D~ 0 0 10 .. ~~ u . ....,Cfu..) 0 a 0 a 0 II 

12 ~<ffWo-------o~<:Ii:P<lli1)~~'~(£)o~o a o~~ 0 a 12 

13 ~~~c©o 0 0 0 o@o 0 0 0 0 13 

14 ~~~~ 0 0 0 o~ 0 0 

"'1 I~ ~~~ 0 0 0 00iJ.~ a 0 0 o©o " a I!> 

16 ~~Gi)o a 0 0 oCiii> 0 0 a DC~ 16 

IT ~~~ 0---0 0 0 0 0 a a o(j!)o u 0 a a 17 

" ~~~ 0 e>-----<l 0 0 a 0 a D~~---{) 18 

19 ~~Gi> 0 0 0 o~ a 0 a O([21J')~<@o----o III 

20 0 0 0 oGQ)o 0 0 0 oCWjQ)o a 0 0 oCIQ> 0 D~ 20 

21 0 0 0 o~ 0 0 0 o~ a 0 0 oCf!~CW>---o 21 

22 0 0 0 0cY!Vo 0 a 0 o~ 0 ~ 0 oC ~~)a 0 o~ ZZ 

23 @~®~~~ 0 0 a 0([00----0-. -o@i:?_u-<l 23 

24 ®~@jJc>----<l~~~~O-----"~---o 24 

Z5 ~~~<fuV>--()--<l---<>-~~~@V>--.Q Z5 

Z6 ~@»--o~ 0 0 0 O~~>----<l~-o---1)(~~.--o 26 

Z7 ~~~~~CI?>-V---<l(~--i.J Z7 

28 ~~<B& 0 0 0 o~-oC~~~ 28 

29 ~--<l~~ 0 0 0 o~-ocriP--~@~ 21l 

30 ~~~ 0 0 0 o~---<>---<>~Q)o--<r---<l~--o 30 

3 I ~~~ 0 0 0 o~ 0 0 0 ocL!)-.~ CG!J>.r---<> 31 

32 ~~~ 0 0 0 0 <>------0 0 0 a a oC£Q0c>--o lZ 

n @)o----o~~ 0 0 0 0 0 0 0 a a -0 0 o~v>-~ 33 

34 ~~CI4 ~~ 34 

H ~~CI5 @P----<l 35 

36 @»----o~~ 0 0 0 0 a a a a C>---()-- --0 ~---() 3b 

37 ~~o<CV 0 0 0 o~~~-o 37 

31 ~~~ 0 0 0 0 a a 0 a e>------o---o--~ 38 

39 ~~~ c 0 0 a ()---O a <>--<>-0------0---0 ~--<l .\9 

40 ~~ 20 <>---o--<:J (Gtti»---<l 40 

41 ~~C2 ~ 41 

42 ~~~ 0 0 0 0 0 a 0 a tr---O a o~ 42 

43 0 0 0 o~ 0 0 0 0 0 0 a 0 a ~ c:cErY>----<l 43 

J(Bf) JSf) JOOf) JOlf") JOZ") J~3n J(l4') J(I~f) J(lb') J07f) JOBfl J(19f) J(ZOfl .J(zin .1122') JI2 3f) J(24f) J,3IF) J(lZfl 

wROV WROV WROW WROW MAGY OISCY AUlY AUIV AUlY NAGW 015CW AUXW AUIW AUIW PorA POI B porEi PIN PIN 

Figure 4-5. Input/Output Signal Location Diagram 
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Table 4-l. 925/930 Computers, W Channel Sample Test Program 
/ 

/ 

Location Instruction Address Comments 

1000 PZE This instruction is an assembler instruction, used as 
a convenient way to reserve the entry location for 
subroutine use. 

CLR Clears the A and B Registers. 

STA SWICH Clears the location called SWICH. SWICH later 
indicates to the main program that output is 
complete. 

TYP *0, 1, 4 Connects Typewriter Number One to channel W for 
output, specifies four characters per word mode, 
and alerts channel W interlace. The instruction is 
an EOM with octal configuration, 0 02 40641. 

EXU WRITE Causes the Input/Output EOM in location WRITE 
to be executed. 

POT WRITE + 1 Sends the word count and starting address in 
WRITE + 1 to the channel. 

BRR 1000 Branches back to the main program. 

WRITE EO M 00403720 16200 Spec ifies output function code 00 and the End-of-
Record interrupt. The word in WRITE + 1 specifies 
that eight words will output from memory beginning 
in location 2000. According to output function 00, 
when the word count equals zero during the trans-
mission, the output terminates, and when the last 
character is out, the device disconnects and the 
interrupt occurs. 

33 BRM OKAY Branches and marks to location OKAY elsewhere 
in memory. 

OKAY PZE Saves the entry location 

MIN SWICH Increments location SWICH as an indicator for the 
main program. 

\ 

) BRU *OKAY Branches to the main program and clears the 
active interrupt. 
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Location 

01000 

WRITE 

011 

OKAY 
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Table 4-2. 9300 Computer, A Channel Sample Test Program 

Instruction Address 

PZE 

STZ SWICH 

TYP *0, 1, 4 

EXU WRITE 

POT WRITE + 1 

BRR 01000 

EOM 00403720 016200 

BRM OKAY 

PZE 

MPO SWICH 

BRC *OKAY 

Comments 

This instrl.,;ction is an a$~embler instruction used as 
a convenient way to reserve the entry location for 
subroutine use. 

Clears the location called SWICH. SWICH is later 
used to indicate to the main program that output is 
complete. 

Connects Typewriter Number One to channel A for 
output, specifies four characters per word mode, 
and alerts channel A interlace. The instruction is 
an EOM with octal configuration, 0 02 42641. 

Causes the Input/Output Control EOM in location 
WRITE to be executed. 

Sends the word count and starting address in 
WRITE + 1 to the channel. 

Branch,es back to the main program. 

Specifies output function code 01 (1050) and the 
End-of-Record interrupt. The word in WRITE + 1 
specifies that eight words will be output from 
memory beginning in location 03720. According 
to output function 01 (IOSO) when the word count 
equals zero during the transmission, the device is 
disconnected when the last character is out and the 
interrupt then occurs. 

Branches and marks to location OKAY elsewhere in 
memory. 

Saves the entry location. 

Increments location SWICH as an indicator for the 
main program. 

Branches to the main program and clears the active 
interrupt, level 011. 
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4.23 The logic terms for signals generated in the main 
frame referred to in these paragraphs represent the 930 
computer logic equations. Although the 925 and 9300 
computer implementation may differ somewhat from the 
930 computer, the functions achieved are similar. 

4.24 ~, <§;V, andW (See figure 4-6) 

4.25 ~, <§;V, and~are clocking signals 

provided to external devices. They are functional! y 
similar to the Q 1 and Q2 signals provided to external 
equipment on the 910 and 920 computers. Signals 

@' ~, and Ware derived from the Pulse 
Counter, Qr1 through Qr4, in the TMCC. 

c§sy = Ts - TO 

T5 - TO = Qr3 Qrl Qr4 

@= T6 - T3 

--
T6 - T3 = Qr3 Qr4 + Qr3 Qr2 Qrl 

@)= T7 - T4 

T7 - T4 = Qr4 

t-l. 75}Js:-1 

Tp n'--------InL-___ n n'--__ L 

<§iD 

W 
~ 

Figure 4-6. 930/9300 Timing Diagram, 

C§})'@£)'@ 
4.26 8,@,@,~ (See figure 4-7) 

4.27 @ is the execution signal for the EOM 
instruction. 

~= Eom Er 

The term fr inhibits~during the interlace loading 

sequence. 8 is derived from the CPU and trans

mitted to the TMCC. ~ is true from T7 through Tr. 

~ = Q501 0405 Ts (Q2 +Q5) +. 

Q2 + Q5 = T7 - Tr 

During FILL operations, a pseudo Eom is generated. 

~= IxGoHt@(A2+Q5)+ •.. 

The term Ts inhibits~during all time share operations. 

4.28 @is a control signal derived from the EOM 
instruction and is used to activate the TMCC and 
peripheral devices. ~ is true from T7 through Tr. 

~ = Eom Cl0 Cll Cl 

For TMCC channels C and D, 

S= Eom Cl0 Cll Cl 

Peripheral devices must use C 17 and C 17 to distinguish 
between channels Wand V and similarly, between 
channels C and D. 

4.29 Qis an input/output control signal derived 
from the EOM instruction. @ is true from T6 
through TO. 

@= Eom Cl0 Cll Cl Er Qr3 

Qr3 = T6 - TO 

For channels C and D, 

@= Eom Cl0 Cll Cl Er Qr3 

The term Er is used to inhibit@during the interlace 
loading sequence. Peripheral devi ces must use C 17 and 
C 17 to distinguish between channels Wand V, or 
simi larl y, between channels C and D. 

Tp n n ~ 
~ J 

~ J 

C9 ~ 
® JI 
@J 

Figure 4-7. 9~00 Timing Diagram, 

~,~,®,@ 
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4. 30 ~is a control signal for systems communica
tion derived from an EOM instruction. ~ is true 
from T5 through Tl. 

® = Eom Cl0 Cl1 C9 Tsr (T5 - Tl) 

Systems devices must use C 17 and C 17 to distinguish 
between channels Wand Y, or similarly, between 
channels C and D. The term Tsr inhibits Sys during 
time-share operations with the TMCC. 

4.31 G;),®,@,@ 
(See figures 4-8, 4-9, and 4-10) 

4.32 The PIN instruction permits direct parallel entry 
of up to 24-b its of data to memory via the C register. 

A IIReady for Input ll signal,@, is provided by the 
TMCC to external equipment. 

@= Pin 

Pin Fl F2 F3 0206 Ts Ql 

Ql T7 - TO 

While the Pin signal is true, the C register is first reset 
and then the external data, @, is strobed. 

rCn = Cxi Q2 

Cxi = F 1 F2 F3 02 06 Ts Q 1 

Q2 T7 - T3 

sCn Cxi Cdn 

Cdn=@ 

The process of resetting the C register and then strobing 
the data repeats until the external device provides a 
IIReadyll indication by making(IDfalse. The data 
lines, @, must be in a stable condition prior to the 
time@goes false and should remai~stable for the 
duration of theG;)signal. Until@goes false, the 
PIN instruction was locked in phase 02, but is now per
mitted t~eed to phase 04. A IIPIN Complete ll 

signal, ~, is generated and sent to the external 
device. 

4-10 

sRf = 06 F2 F3 Q2 Rt + . 

Rt =V 
sF 1 = F 1 F 3 01 03 04 I a R f T p + . 

---
rF 2 = F 1 F 3 01 03 04 la R f T p + . 

Rti = 04 01 04 06 Ts (Q2 + Q5) 

(Q2 + Q5) T7 - Tr 

@= Rti 

If®is always held false during the PIN instruction, 
the PIN instruction remains in phase 02 for onl y one 
cycle. 

Tp 

@ 
o 
@ 

® 
Cxi 

Cxi Q2 

Rf 

n n~------,n ~ 

J U 

J u 

________ ~r--l~ ______ __ 

Figure 4-8. 930/9300 Timing Diagram, 

@'®'@'@ 

Tp 

G;)J 

CD 
@ 

® 
Cxi J 

CxiQ2~~------------------

Rf 

Figure 4-9. 930/9300 Timing Diagram, @' 
®, @, @,(IDlnitially False 
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T p n'----~n'_______'n'__-----'n'_____'n~___'nL______'nL______'nL______Ifl 

@J U 
® 
@ ---------------------------------------------1 • .. I D~t~-I-i~~s-;t~bi~------------------

~----------------------------------------------~ 

Cxi J U 
CxiQ2~~ ___________________ ~~ ___________________ _ 

Rf 

Ts 

Figure 4-10. 930/9300 Timing Diagram, @'®'@'@' 
Effects of Time-Share 

4.33 Should a time-share operation occur during phase 
02 of the PIN instruction, the@signal is inhibited. 
At the compl etion of the time-share operation, depend
ing on the condition ofC]!),at least one more cycle of 
the@signal occurs. Should a time-share operation 
occur during phase ~4, the "Pin Complete" signal is 
inhibited unti I the time-share operation(s) is/are 
completed. 

T p nL-..._--Inl....-_---Inl....-_---lfl-

4.34 @ , @ ,G),@ 
(See figures 4-11, 4-12, and 4-13) 

4.35 The POT instruction permits direct parallel output 
of up to 24-bits of data to external devices from memory 

via the C register. The 0 signal denotes to 
external devices that the computer is in the process of 
executing a POT instruction. 

o Pot 1 

- --
Pot 1 = Fl F2F30206 

The @ signal denotes to external devices that the 

contents of the C register may be strobed. 

@ = Pot 1 (T5 - Tl) Tsr 

The @ signal stays true and the @ signal 
repeats as long as the computer is locked in phase 02. 

0J 
@ 
CD 
@J 

Rf ________ ~r--l~ ________ _ 

Figure 4-11. ~300 Timing Diagram, 

@' ~,®,@ 

Tp 

@J 

@ ~'------------------
~-------------------

@J 
Rf ~ 

Figure 4-12. 930/9300 Timing Diagram, @ , o ,®, @,®Initially False 
4-11 
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Tp 

@ 
® 
@J 

Rf 

Ts 

Figure 4-13. 930/9300 Timing Diagram, 0 
When the Ready signal,@, from the external device 

goes false (Io~he POT instruction proceeds to 

phase 06. ~ and 0 are then inhibited. 

sRf 06 F2 F3 Q2 Rt 

Rt =V 
sF 1 = F 1 F3 01 03 04 Ia T p Rf 

If@is always held false during the POT instruction, 

the POT instruction remains in phase 02 for onl y one 
cycle. 

4.36 Shoul d a time-share operation occur during the 

phase 02, the ~ signal remains true but 0 
is inhibited. At the completion of the time-share opera
tion, depending on the condition of®, at least one 

more cycl e~f 0 and 0 occurs. It is neces
sary that@be held at ground unti I the computer 
acknowledges receipt of the Ready signal by making 

~ go false. 

4.37 @' © (See figure 4-14) 

4.38 On instructions for external system devices, an 
Sks strobe pulse, @, is provided from the TMCC. 

@ = Skss 

Skss = 05 01 04 Ts (AOO (Q3 + Q5) + C9) 

Q3 + Q5 T6 - Tr 

The SKS instruction remains in phase 05 for two cycles 
to permit the C register outputs, 8, to attain a 

4-12 

L 

"---_____ --af 

L 
L 

o ,@,@ Effects of Time-Share 

stable configuration at the external system device. The 

signal ® is generated during the second cycle if 
C9 is true. ® is true for approximately two cycles 
if C9 is true. The response from external system devices, 

®, (false for a skip condition) is received by the 
TMCC and is sent to the computer as Skrz. If a skip is 
to occur, the Sk fl ip-flop is set at Tr time during the 
second cycle of phase 05. 

sSk 05 01 04 AOO Tr Sks + . 

Sks Skrz + ... 

If a time-share operation occurs during the SKS instruc
tion, phase 05 is repeated for two cycles, thereby per
mitting the C register outputs,@, to attain a stable 
configuration prior to the generation of the @ probe 
pulse. 

Tp' n n 
@ifC9 

@ ~----------,- ----------------
I-~-------11 .. .,j1 'C Reg. stable 

sSk __________ ~n~ ________ __ 
@ 

.@ifC9J 

Figure 4-14. 930/9300 Timing Diagram, 

@'@'@ 
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4.39 If C9 is true, the@ signal may occur for 

only one cycle if a time-share operation occurs during 
the SKS instruction. At the completion of the time

share, however, a two cycle ® signal occurs. If 
C9 is true and time-share operation occurs, the @ 
signal occurs only once, during the last of the two phase 
¢5 cycles. 

4.40 TEST PROGRAMS 

4.41 Proper operation of the TMCC can be checked by 
performance of the appl icable test program. Operation 
in the compatible mode of the TMCC can be checked by 
performing the test program for the input/output device 
connected to the TMCC. The sample test" programs 
given in tables 4-1 and 4-2 may be performed. Test 
programs for the extended modes are given in the fol
lowing paragraphs. 

4.42 EXTEN DED MO DE I/O TEST PROGRAM FOR 
925/930 COMPUTERS 

4.43 This program tests as many of the extended I/O 
operations as possible with paper tape. Any 925/930 
computer with a typewriter attached to the W channel 
and a paper-tape punch and reader on any interlaced 
communication channel may be util ized. The W chan- " 
nel need not be interlaced for the typewriter. 

4.44 The program occupies 83810 locations from 0177 
to 1714 octal. It is suppl ied on paper tape with a self
loading bootstrap. To load, insert tape in tape reader 
and perform fill procedure. 

4.45 Fill 

4.46 The fill procedure is as follows: 

a. Set up sel ected input device with the input 
program. Initial portion of the program contains the 
llbootstrapll program. 

b. Set RUN-IDLE-STEP switch to the IDLE position. 

c. Press START switch. 

d. Press PAPER TAPE FILL switch. This causes a 
WIM 2 (03200002) instruction to be inserted into the 
instruction register and loads the Index Register with 
77777771. The FILL switch also prepares the channel 
to operate in the forward, binary, four characters per 
word mode. 

4.47 Operation 

4.48 To select the reader and punch units to be used 
enter: 

IICUII P to select punch 

"CU" R to select reader 

The letter C is the channel number and may be any 
digit 0-7, and the letter U is the unit, either one or 
two. The reader and punch need not be on the same 
channel. 

4.49 The test is started by entering the letter liS ". 
Control of the test operation is then a function of the 
Breakpoint Switches. Table 4-3 summarizes the switch· 
functions. 

Table 4-3. 925/930 Computers Breakpoint Switch Functions 

Breakpoint 
Switch Reset Set 

1 Run in the normal mode as determined Stop and return to keyboard 
by the other switches contro I at the end of the 

current pass (punch or read) 

2 Continue to run test selected by Cycle test runs from punch to 
switch 3 read to punch and so on 

3* Selects punch mode Sel ects read mode 

4 Stop and type diagnostic messages Do not stop and type on errors 
whenever an error occurs but continue to run. 

*Used when switch 2 is reset or when starting test 

4-13 
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4.50 When running cycl ic tests from puch to read, the 
tape from the punch shoul d be inserted into the reader. 

4.51 Punching 

4.52 The program punches fou r blocks of 64 characters 
each in one pass. The charucters form a counting 
sequence from 00 to 778. The first block is started with 
leader and output with an IOSP. All punch ing is done 
in the one character per word mode. When the word 
count reaches zero, an IOSD is loaded to punch a 
second block of 64 characters. No leader is punched 
between the first and second blocks. This results in 
one physical block 128 characters long. Start.ing with 
leader, two additional blocks of64 characters are then 
punched with an IOSD. 

4.53 At the concl usion of each output operation, the 
channel address register is stored and compared with the 
expected val ue. If they do not agree, the program 
types the expected and actual values. 

4.54 The program tests the channel during the output 
operation to see if the channel should erroneously dis
connect before the word count reaches zero. 

4.55 Reading 

4.56 Each of the four blocks is read with a different 
set of commands and counts so as to test as many opera
tions as possible. After reading a block, a general 
subroutine checks for input parity errors, channel end 
address for agreement with the expected address, and 
the data read character by character. Error messages 
with block numbers are typed in the event of anyone 
of these tests failing. If a test fails, reference should 
then be'made to the test program flow diagram and 
troubleshooting information in Section 5 of this manual. 
The handl ing of each block is as follows: 

a. Block 1. The first block is one-half of a 128 
character physi cal block. Reading one character per 
word, an 10SD with a count of 64 is used to read this 
block. The program checks to see if the count reaches 
zero and the channel becomes inactive at the same time. 

b. Block 2. Th is is the second"half of the first 
physical block and is read with an 10SP with a count 
of 65. The read should terminate because of the end of 
record. The program checks to see that the word count 
does not reach zero and the channel remains active 
after the CIT {inter-record test} instruction skips. The 
tape is final I y stopped with a disconnect before the 
data is checked. 

c. Block 3. Block 3 is a 64-character physical 
block. It is read with two channel commands. The 

4-14 

first is an 10SP with a count of 32. If the count goes to 
zero before the channel disconnects, an 10RP with l 

count of 33 is loaded. This should cause the inter
record indicator to be turned on at the end of the record. 
The count should not reach zero and the channel should 
remain active. The tape is again stopped w;th a dis
connect before the data is checked. 

d. Block 4. This is the third physical block of 
64-characters and is read with an 10 RD with a count of 
56. The program waits for the channel to be inactive 
then checks to see if the channel ignored the last eight 
characters. If the tape was erroneousl y stopped after 
the 56th character it will show up as a fail ure on the 
first block of the next read pass. 

4.57 Test Program 

4.58 Table 4-4 gives the test program for the 925/930 
computers I/O extended mode. 

4.59 EXTENDED MODE I/O TEST PROGRAM FOR 
9300 COMPUTER 

4.60 This program tests as many of the extended I/O 
operations as possible with paper tape. Any 9300 com
puter with a typewriter attached to the W channel and 
a paper-tape punch and reader on any inter! aced com
munication channel may be util ized. The W channel 
need not be interlaced for the typewriter. 

4.61 The program occupies 83810 locations from 0177 
to 17148. It is suppl ied on paper tape with a self
loading bootstrap. To load, insert tape in tape reader 
and perform fill procedure. 

4.62 Fill 

4.63 The fill procedure is as follows: 

a. Press POWER switch on. When power is on, 
the switch is lighted. 

b. Press IDLE switch. 

c. With computer in IDLE, press RESET switch. 
This clears the D register and the program counter. 

d. Press RUN switch. The computer now executes 
the instruction in the D register {which is a HALT 
instruction}. The program counter advances to 00001. 

e. Press PAPER TAPE LOAD switch. This switch 
causes an AIM 2 {O 32 00002} instruction to be inserted 
into the D register and clears the HALT instruction. 
Index 1 is loaded with 001 77771. The LOAD switch 
also prepares the channel- to operate in the forward, 
binary, four character per word mode. 
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Tabl e 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 1 of 20) 

1 TYfilE 

2 • 

EQU 930 MACHINE DEFINITION: 930/925 

3 • • • 
5 • 

EXTENDED MODE I/O TEST PROGRAM. (925/930/9300 ALL CHANNELS) 

6. A.U. ENGLAND. SDS 

7 • 
8 • 9 • 

10 • 
11 • 
12 * 
13 * 
14 • 
15 • 
16 • 
17 • 
18 * 
19 * 
20 • 
21 • 
22 • 
23 • 
24 • 
25 • 

THIS PROGRAM USES T~E PAPER TAPE RE~DER AND PUNCH TO CHECK THE 
OPERATION OF THE 1/0 CHANNELS IN THE EX1ENDED INTERLACE HODE OF 
OPERATION. THE READER AND PUNCH MAY BE CONNECTED TO ANY INTERLACED 
TMCC OR DACC. THEY NEED NOT dE ATTACHED TO THE SAME CHANNEL. THE 
PROGRAM ADDRESSES THE KEYBOARD FOR INFORMATION AB6UT UNIT AND CHANNEL 
SELECTION. 

TO SELECT PUNCH TYPE: ·CU·p 

TO SELECT READER TYPE: ·CU·R 

UHERE ·C· REPRESENTS CHAN~EL NO. AND MAY HAVE THE VALUES 0-7; 
AND ·U· REPRESENTS UNIT· NO. AND MAY HAVE-THE" VALUE 1-2. THE LETTER 
P OR R CAUSE THE SELECTION TO BE HADE UITH THE TUO PREVIOUS DIGITS. 
SPACES SHOULD NOT BE TYPED BEfUEEN DIGITS OR CONT~OL CHARACTER. 

TO START THE TEST TYPE: s 
26 PAGE 
27 • 

-28 -. 
29 • 

30 • 
BREAKPOINTS OR SENSE SWITCHES CONTROL THE RUNNING OF THE PROGRAM: 

--- --- .-... - ---- ----·---·--31·-.----S"1i fTCH---- --- --R-ESEr- SET 
32 * ------
33 * 

--------- ---- ~--- --34--"---- --- -B-P--I---RUN-1NIHENBRr.ALfftlnE--STtfP"~T HE END 0 F T RFCUR"ffEN-r-
35 • SW 1 AS DETERMINED BY THE PASS AND RETURN TO KEY B6ARD 
36 • OTHER SUITCHES. CONTROL 

-- ----- -- -- -- ----- -------37 * 
3d * 
39 * BP 2 CONTINUE TO RUN TrlE CYCLE TEST RUNS FRoM READ TO 

--4-0-.------SU2 TES"rl1trDE Sc.Lt.C~BY PUN""C"KI11READ. ETC. 
41 * 
42 • 
43 • 
44 * 
45 * ----46-·-
47 * 
48 * 

BP J 
SU 3 

BP 4 

Sl.IJTCH 3. 

SELECTS PUNCH MODE SELECTS READ MODE. 
(USED WHEN S~ITCH 2 IS RESET OR WHEN STARTING THE TEST) 

STep AND .TYPE DIA~NBSTIC DO NOT STOP 6R TYPE ON ERRORS. 

Vl 
ro 

-0 

CD 
3 
0-
ro ., 
-.0 
0-
l.11 

Vl 

o 
Vl 

-.0 o 
o 
0-
ro 
VI 
() 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 2 of 20) 

-.----.-.-.---.-.-.. -.--... --------·----49 * 
SIJ 4 MESSAGES LJHENEVER AN 

ERROR OCCURS. 
c-et~fn NUE RUNN I NG REGARDTESS-.--

50 * 
51 * 
52 * 
53 * 
54 * 
55 * 
56 
57 * 

NOTE: TO RUN CBNTINOUS FROM READ TB PUNCH THE OUTPUT OF THE PUNCH 
SHOULD BE FED INTO THE READER. A LOOP SHOULD BE USED TO RUN 
CONTIN6US ON THE READER. 
PAGE 

.. -------- 58-·- *·---THe:--·FtfCCft\1TNG-·S-ECT I aN OF CODE- D~F i"NEs ETTHER .A. 925/930'·- (N'snrUc-n-ON-" 
59 * SET OR A 9300 INSTRUCTIoN SET. THIS IS DONE ON THE BASIS OF THE 
60 * MACHINE TYPE STATEMENf AT THE BEGINNING eF THE DECK • 

... _-----------------.. _-----_._--------------------------- --_. __ . -'- -.- ---_ ... _---- ... _-." ----"- ------_._-------_. 

------ - - -- .. _-_._-_._------

0.1 .. 

62 * 
63 * 
64--* 
65 PROC 
66 DF9300 NAME -.--.--.- .. -- .. -.... '-·--67 -$1 NSf --FBRFf-'--'J-;-6;T5-"-'-

68 P PROC 1 DEFINE INDEX OP'S TO IMPLY Xl. 
69 $LDX NAME 017 

_._------------- ------- ------'7 (j-$S.X--NAME----ol-7 --~-------. 
71 $8RX NAME 057 
72 INST (P(*1)*/2)++1.P(O).P(1) ----.--.. -.----- --. --------·---73--------EN]--------.------------

74 P PROC 1 
75 $XAB NAME 037733 DEFINE C6MPATIBLE RE~lsrER op·S 

--------- .. -·-----·-···----------------76-$A3C--NAM-r--03773-1---.---------

77 $8AC NAME 037713 
78 $CLR NAME 037711 

-----·--------.,-9-- ----I r-rsf- ---O'-040-;-P(0·f-----····-· 

80 END 
81 P PROC 1 

------a2--·$R·~H--N A ffE -----000--- ---... ------ ··------·--0 E-r'l ffE-C-r:HfP,,-r I 8 L ESHTFTI 
83 $RCY NAME 002 
84 $LSH NAME 004 

---·----8~-$L-eY---NA"FfE--··()06--·-·---·-- --.--... -.---- ---.- -.. -.------. 
86 $N~O NAME 044 
87 $SHFT FeRM 3,6.6.9 

··---·---SS---···--·SHf"-r-·---p-C2-)-';060;p fbT~P (1 ) 11 *07 77 -
89 END 
90 P PROC 

·----9T--$f'ilN-~ -'NA-i""~ 

92 $HIB NAME 
93 $8IM NAME 
94 
95 
96 * 

INST 
END 

1 
071 
030 
032 

DEFINE MISC. COMPATI8LE op·S. 

(P(1Il)*/2)++P(2).~(O).P(I) 

Vl 
o 
Vl 

-.0 o 
o 
0-
(X) 

?) 

Vl 
('I) 

"'0 
-to 
('I) 

3 
0-
('I) 

"'" 
~ 
01 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 3 of 20) 

97 $X 
98 * 

EQU 

99 A6RG 
100 $EBDC DATA 
101 * 

1 

0177 
04000000 

DEFINE INDEX TAG-X· FOR Xl 
EOD CONSTANT 

EOD CONSTANT 

102 $SUTFRM FORM 3.6.3.12 
103 Q PR6C 
104 S8PT NAM!:: 
105 $6VT NAME 
106 $R6V NAME 
107 $56\1 NAME 
105 SWTFRM 
109 END 
110 END 
111 * 
112 PR~C 

113 DF930 NAME 
114 * 

1 
040000 
014040 
04000 
00040 
0.022.Q(0)*/(-12)**7.Q(0)**07777++(Q(I»Q)*/(6-Q(ll) 

115 * IF NOT A 9300 THEN DO TH~ F6LL~~ING OPERATIONS 
116 * 
117 P 
118 $"'18 
119 $BIM 
120 INST 
121 
122 
123 * 
124 $X 
125 * 
126 * 
127 
128 $E~DC 
12':J * 
130 * 
131 r-! 
132 $S~V 
133 
134 
135 * 

PRBC 
NAME 
NAME 
FORM 
INST 
END 

EQU 

AORG 
DA1A 

PR(jC 
NAMt. 

- ~ eRR 
END 

~136 M PRee 
137 $8RC NAME 

1 
012 
032 
3.6.1.14 
P(2).P(0).P(*1).P(1) 

2 

0177 
0400000 

$.4 

DEFINE 1/0 INSTRUCTIONS 

DEFINE INDEX fAG ·X· FO~ 2 ON 930 

EtlD CONSTAt-.j 

S'::1 ttVERFLtHI 

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

1 - --~ ---~------~--BR~ANCH AND CLEAR--rNTt:RR0PT 

138 DB M(*1).1.2 
-1-39-~--------8R-U--~--M~( 1 ) -------------~ 

140 BRU *$+1 
141 PZE M(l) 

---:--142 tN-O----------

143 P PRec 
144 $DSC NAME 

1 
o 

',- ./ 

tn 
(1) 

""0 
-to 
(1) 

3 
a
(1) ..., 

-.0 
0-
01 

tn 
o 
tn 

-.0 
o o 
0-
ro 
01 
() 
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I 

00 

14~ $ALC NA.ME 050000 
146 $ASC NAME 012000 
147 $TOP NAME 014000 

-------
148 I Ff1RM 3 .. 6.15 
149 I P(1)**2.(P(1)**4)~/J++2.P(0)++'P(1)**1)*/6 

150 END 
151 P PR6C 1 
152 $CAT NAME 014000 
153 $CET NAME 011000 

--·----154--$CTT --"·fA ME 010400 
·155 $CZT NAME.: 012000 
156 I Ff}RM 3.6.15 
157-----1 p ( 1 ') * * 2 .. 040 .. P ( 0 ) + + ( P ( 1 ) * * 4 ) * 112 + + ( P ( 1 ) * * 1 ) * 16 
158 END 
159 END 
160 DO TYPE=9300 
161 DF9300 
162 DO TYPE<9300 

00177 00400000 163 DF930 
164 PAGE Vl 

165 * 0 
Vl 

166 * THE START 6F THE PROGRAM -.0 

167 * 0 
0 

00200 168 A6RG 0200 0-
00 

00200 o 76 0 00233 169 BEGIN LDA BRUGO INITIALIZE RECOVERY LOCATI~NS 01 
() 

00201 o 35 0 00031 170 SlA 1 
00202 o 35 0 00032 171 SlA 032 
00203 o 01 0 002J4 172 BRUG6 BRU KYBD 
00204 o 23 0 01241 173 KY9D EXU ROIS 
00205 o 23 0 01231 174 EXU PDIS 
00206 o 46 30003 175 G62 CLR 
00207 o 35 0 01444 176 STA Tl 
00210 o 02 0 020Jl 177 RKB 0.1.1 
00211 9 32 0 01445 178 G61 BIM Tl+1 READ CHARACTER 
002J2 o 76 0 01445 179 LDA Tl+1 
00213 o 75 0 01636 180 LDB =077 
00214 o 70 0 01637 181 SKM =. p- CHECK FOR C6NTROL CHAR. 
00215 o 01 0 00217 182 BRU $+2 
00216 o 01 0 00233 183 BRU PO 
00217 o 70 0 01640 184 SKM =- R· 
00220 o 01 0 00222 185 BRU $+2 
00221 o 01 0 00256 186 BRU RO Vl 

00222 o 70 0 01641 187 SKM =- S· CD 
""0 

00223 o 01 0 00225 188 BRU $+2 ...... 
CD 

00224 o 43 0 00317 189 BRM SO 3 
0-

00225 o 72 0 01642 190 SKA =070 CHECK F6R DIGIT CD 
~ 

00226 o 01 0 00236 191 BRU G~2 IF NOT CONTROL OR DIGIT CLEAR -.0 
08227 o 75 0 01444 192 LOB Tl 0-

01 
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00230 
00231 
00232 

o 36 0 01446 
o 35 0 01444 
o 01 0 00211 

193 
194 
195 

ST8 
STA 
8RU 
PAGE 

Tl+2 
T 1 
GB) 

SAVE CHANNEL NUMBER IN 11+2 
SAVE UNIT NUMBER IN 11 

196 
197 * 
198 * 
199 * 

P-UNC-H--CH-ANNtL-- SET UP RjUTINE 

00233 0 43 0 00323 200 PO BRM MAKECH 
00~f:r4-b jr- a 016-43--- -- 20 1 ----CD-X-----;~4*-;6-17 7 7 77 
00235 2 76 0 01234 202 LDA PALC+l~X 
00236 0 14 0 01644 203 ETR =050277677 

GET CHANNEL Ne. BUILT. SAVED IN Tl+2 
--- - -u-prfA"J E-- EB MIE e D· S ----- -

56-237- --0---16 0 cj f4 46- - ----2-04------ -------t~nrG-----T1+~f-- --------- --I NSt:-Rr--CHANNEI:---DE-S I G-NATI ~N- ------ ---

00240 0 35 1 00235 205 STA *$-3 
00241 0 41 0 00235 206 BRX $-4 
o 0-24-2--cf- i 1 --5 01-645- - -20 t- -------- ---C[D(-----=-~r**o 17 7 7"rr---- --UPD AT r- S1(-s-· 5---
00243 ~ 76 0 01227 203 LDA PCET+l.X 
00244 0 14 0 01646 209 ETR =057737677 
00245-- 0 - 1 6 0 Ol~r4-7-- 2 10- - -M R-G------ fT+-~r--

00246 0 35 1 00243 211 STA *$-3 
00247 0 41 0 00243 212 BRX $-4 
5-02 :J""5----c)"--7f- 0 016 i3--- ------21-3----------[ D X-----=-4*. 017-77 7-r-- ---- UP D ,A;-, E--CF{A-NN-EI:--C-C'I'1ffA"HDS---
00251 2 76 0 01212 214 LDA PI:iSD+2.X 
00252 0 14 0 01647 215 ETR =0~0277777 
00253---0 16 - 6- o-i 4-30- 2T6---------MFfG- ----rr+-4------- --------
00254 0 35 1 00251 -217 STA *$-3 
00255 0 41 0 00256 218 BRX $+1 
OOiS6-- 0---41- 0- 0025f 219-- - 8RX---------$-5--------
00257 0 76 0 01230 220 LDA PTL UPDAIE UNIT NBc 
00260 0 14 0 01650 221 ETR =-2 
00261 -0-160 01444222- -----MFf(;--- Tl 
00262 0 35 0 01230 223 STA PTL 
00263 0 16 0 01651 224 MRG =02000 MAr\E Ne L. -J::'F< E(1M 
00264 ---5 -35- -601"227-- - -2-2~----------S T A pp-r--- -
00265 0 01 0 002)4 220 BRU KYBD 

227 * 
-- ---------- - -2i"§-*-----R-EADER--C-rlA ~:[NET-srl--Up 

229 * 
~BUT I N~-------

230 * 
00266 0 ---- -------43 -0 00323------- ---- --23T-lrO---SRl1 

00267 0 71 0 01643 232 LDX 
00270 2 76 0 01244 233 LDA 
00271 0 I .. --o--(ff644------ --------234------ ----ETR 

00272 0 16 0 01446 235 MRG 
00273 0 35 1 00270 236 STA 
00274 0 41 0 00270 237 BRX 
00275 0 71 0 01643 238 LDX 
00276 2 76 0 01240 239 LDA 
00277 0 14 0 01646 240 ETR 

MAIfE-Cri------
=-4**0177777 
RAlC+l.X 
=050277677--------
T1+2 
*$-3 
$-4 
=-4**0177777 
RCIT+l.X 
=057737677 

-GE T Crl A NNEL l'l-tJ --:3UIT T-
UPDAJE EtlM/Et1D"S 

dUILD SKS"S 

Vl 
(1) 

~ 
ro 
3 
0-
ro .... 

-.0 
0-
Ol 

Vl 

o 
Vl 

-.0 o o 
0-
0:> 
Ol 
() 
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00300 o 16 0 01447 241 MRG Tl+3 
00301 o 35 1 00216 242 STA .$-3 
00302 o 41 0 00216 243 BRX 5-4 
00303 o 71 0 01632 244 lD)( ·-10*·0171777 BUILD CHANNEL C~""AND E~~/E8D·S 
00304 
00305 
0()306 
00307 
00310 
00311 
00312 
00313 
00314 
00315 
00316 

00317 
00320 
00321 
00322 

a 76 0 01224 
o 14 0 01653 
o 16 0 01450 
o 35 1 003J4 
o 41 0 00311 
o 41 0 003J4 
o 76 0 01240 
o 14 0 01650 
o 16 0 01444 
o 35 0 01240 
o 01 0 00214 

o 02 00000 
o 40 20100 
o 01 0 00640 
o 01 0 00336 

245 
246 
247 
246 
249 
250 
251 
252 
253 
254 
255 
256 * 
257 • 
258 * 
259 * 
260 SO 
261 
262 
263 
264 
:265 * 

LOA RHtRO+2.X 
ETR =070277777 
f1RG Tl+4 
STA *$-3 
BRX S+1 
BR)( 5-5 
LDA RPT 
ETR =-2 
MRG T1 
STA RPT 
BRU KYBD 

START TE~T RUNNING 

DSC 0 
BPT 3 
BRU IN 
BRU CUT 
PAGE 

BUILD RPT UITH UNIT H6. 

DISCONNECT 
START READ OR' PUNCH? 
READ 
PUNCH 

2-66·.----sUflocH"ANNE-C ~rO-.---SOBRl}iJTINE-----------------
267 * 

00323 0 00 0 00030 268 MAKECH PZE 
00324 0 46 30003 ·----------269-------CLR~---
00325 0 76 0 01446 270 LOA T1+2 
00326 0 72 0 01654 271 SKA =4 
00327""-5-f5--'ocHi17)---'-- ------2i2------ --LDS---E-61JC-
00330 0 36 0 01450 273 STB T1+4 
00331 0 14 0 01655 274 ETR =3 
00 3~2-'-(i3-5-0--0 1"4-46·----- ----2-1-S--·--·-S--rA----tT+"2-----
00333 0 71 0 01446 276 LOX T1+2 
00334 0 76 0 01450 277 LOA T1+4 
0033-52--1-6- -0 ·--e)"o-3-52--------2ts----------··--- MR G MA-KE-T g~-X 

00336 0 35 0 01446 279 STA T1+2 
00337 0 46 10012 280 BAC 
00340 0 72-0---00-T7-7---- 281 SKA 
00341 0 75 0 01656 282 LOB 
00342 0 46 00014 283 XAB 

EBOC 
=040000 

cf0343--216-0-eH)3:)2------284 ----11R-G-·--MAKt:-r 8. X 

GET CH. NO. 
EeD REQUIRED -yts- -----------

NB. SAVE EOD BIT. 

eUrCD--E:-BM/E~~ucrnrN 

SAVE EeM 
BUILD SKS SELECTION 

-----.--

00344 0 35 0 01447 285 STA 11+3 SAVE SKS 
00345 0 76 0 01444 286 LOA T1 BUILD UNIT NO. BIT 
00346 0 14 0 01657 287 ETR---- = T ------
00347 0 17 0 01657 288 EBR =1 

U') 

o 
U') 

-.0 

8 
~ 
(X) 
c..n 
() 

U') 
(l) 

""0 
-to 
(l) 

3 
0-
(l) .., 

-.0 
0-
c..n 
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T abl e 4-4. 925/930 Computers, Extended Mode I -'0 Test Program (Sheet 7 of 20) 

289 STA Tl 08350 0 35 0 Q1444 
CJ0351-- -b--5f 0 66323-- --------29-0--------8R R---~-MAK EtH 

SAVE UNIT NO. 81T 
-- -ExTT-------

00352 00000000 
00353 -~ooiftro-l O(f~----------

00354 20000000 
00355 20000100 

00356 
00357 
00360 
00361 
00362 
00363 
00364 
00365 
00366 
00367 
00370 
00371 
00372 
00373 
00374 
00375 
00376 
00377 
00400 
00401 
00402 
00403 
00404 
00405 
00406 
00407 
00410 
Ou411 
00412 
00413 
00414 
00415 

00416 
00417 
00420 
00421 

o 71 0 01650 
o 46 30003 
2 35 0 01344 
o 55 0 01651 
a 41 0 00350 
o 23 0 01230 
o 23 0 01233 
o 23 0 012)6 
o 13 0 012J7 
a 71 0 01643 
o 75 0 01652 
a 76 0 00431 
o 43 0 00610 
o 23 0 01226 
o 40 20040 
o Ql 0 00416 
o 23 0 01231 
o 02 0 02641 
a 12 0 01653 
o 12 0 01654 
o 12 0 01fi55 
o 12 0 01656 
o 46 00014 
o 16 0 01635 
a 35 0 004)7 
o 12 a 000)0 
o 61 0 004J7 
o 41 0 004J7 
o 02 14000 
o 40 14000 
o 01 0 00413 
o 01 0 002)4 

o 43 0 0047f 
o 23 0 01224 
o 01 a 00422 
a 23 a 01227 

291 * 
292 MAKErS DATA 0.0100.020000000.020000100 
----_ .. __ .---_._--_.--- --_._--- . -- -- - -~- ---.-~.-

29J PAGE 
294 * 
295 * PAPER TAPE PUNCH OUTPUT SECTI~N. 

296 * 
297 OUT 
298 
299 
300 
301 
)02 OUT4 
303 
104 

lDX 
CLR 
STA 
ADD 
BRX 
EXU 
EXU 
LCH 

305 LDX 
306 LDS 
307 LDA 
308 8RM 
30:J EXU 
310 BPT 
311 BRU 
312 OUT2 EXU 
31J TVP 
314 MIB 
31:) MIS 
316 MIe 
317 MIS 
31~ l(AB 
31~ MRG 
320 5TA 
321 MIH 
322 MIN 
32J 8RX 
324 G~TOP TOP 
325 C~T 

326 8RU 
327 t?HU 
32d * 

=-64**0177777 

IMAGE+54.X 
=OJOOOOOO 
$-2 
PTL 
PALC 
PI05P 

=-4**0177777 
=ERHSG1 
PC'dC 
\.IC:? 
peEl 
4 
tHJT 4'\ 
POlS 
0_1_4 
=J~2121225 

=051=)14651 
=J!2246451 
=031452712 

HI8X 
$+1 
00 
$-1 
$-? 
o 
o 
$-1 
KY8D 

329 OUT4A 8RM thJTPIN 

330 EXlT--- -·---PCA T 
331 BRU $+2 
332 EXU PPT 

SET UP OUTPUT IHAG~ ~ITh 64 ~ORDS 

START PUNCH ~ITH LEADER 
AL=:RI CHANNEL 
LOAD IOSP IMAGE.54 

SEt UP F~R SUBROUTINE Te TYPE: 
Ic)SP. OUTPUT 

~AIT FOR CHANNEL COUNT = lERB 
E~ROR ftN ~UTPUT 

Y~S. C~ECK clP4 F~~ N~ SlOP 
N~_ NO ST~P eN ~~~eR 

E~ROH_ Dl~ceNNEcr CrlAN~~L 

TY~E GENE~AL ~HRe~ M~SS~GE 

1 E 
RR~R 

iJJR 
IN; 
TY~E SPECIFIC ERHJR MES~AGE 

T~ at R~PLACED AT RUN liME 

Gl PIN ANU CH~C~ ~~A~NEL ADD~~S~ 

IF CHANNEL INACTI~E ~EA0D2ESS PuNCH 

VI 
(') 

""0 

ro 
3 
0-
Ct> -. 

-0 
0-
U1 

VI 
o 
VI 

-0 o o 
0-
ro 
U1 
() 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 8 of 20) 

00422-- 0 23 0 -01233----------------333---------EXO 
00423 0 23 0 01210 334 LCH 
00424 0 13 0 01211 -

P-ACC-
PIOSD 

o 0 ~Oi 1--0--oT6 if3----- ---3-~f5--olfr-l--~L ~O-~X ---= - 4 * * 0 1 7 'Fr77 
00426 0 75 0 01657 336 LOB =ERMSG2 
00427 0 76 0 00431 337 LOA PCATC 

LOAD CH. IOSD IMAGE.64 

SE-r -UP-ER R-tlR--:-M-E-S5 ,H;E: 
IOSD. OUTPUT 

00430--0-4-:r-(f(fb6To------~f3B-----BRM \.JCZ·---------\.J-AfT-F"CfR-CoUr'fiEQUAL -Zft<6 
00431 0 23 0 01224 339 PCATe EXU PCAT CHAN. ACTIVE? 
00432- 0 01 0 00431 340 BRU $-1 YES 
00433 0 23 0 oT"2-26---- 341 EXU PCE T NO. ER-ROR? 
00434 0 40 20040 342 BPT 4 YES. IS STOP ALLOwED? 
00435 0 01 0 00437 343 BRU $+2 NO ERROR OR NO ST~P 
00436 0 (j-l-cfocf376------3-44 BRU OUT2 ERRffR-sTffPI\LLffI.lED'..----------
00437 0 43 0 00476 345 8RM OUTPIN G~ PIN AND CHECK CHANNEL ADDRESS 
00440 0 46 30003 346 CLR 
0044 1 0 35 0 6T~r5-2----- 347 -:S"'"T..-A~--=P-R"=F--------~R.--:('"? ... U--;-:N7";;C ... H.---------.R"""'E PEA T) 

00442 e 23 0 01230 348 OUTIA EXU PTL 
00443 0 23 0 01233 349 EXU PALC 
o 0 4-4~r--02-3 -- 001210 350 LC H P It~ S~D~--------.-L=-O---,--A=D-;--I-=O-S ... ---=D,----IC-O-M~A,---G~---E--.-6~4~---------
00445 8 13 0 01211 
00446 0 71 0 01643 351 LDX =-4**0177777 SET UP ERROR MESSAGE: 
00447 0 75 0 01657 3-52 L D 8 = E R M S G 2 
00450 0 76 0 00431 353 LOA PCATC 
00451 0 43 0 00610 354 BRM \.JCZ 
00452- B 23 0 01224 (f55 EXU PCA T CHAN. ACT I VE? 
00453 0 01 0 00452 356 BRU $-1 YES 
00454 0 23 0 01226 357 EXU PCET NO. CHAN. ERROR 
00455 0 40 20040 358 BPT 4 YES. IS ERRtlR S~T~6~P~A~L~L~ewED 

00456 0 01 0 00450 359 BRU $+2 NO.NO 
00457 0 01 0 00376 360 BRU OUT2 YES 
0046004-3--6--00476 3IT----SRM OUTP I N GO PIN AN1JI:HECK CHANNITAo-n-Rt.Ss 
00461 0 53 0 01452 362 SKN PRF PUNCH REPEAT 
00462 0 01 0 00454 ~63 BRU $+2 RESET 
00463 a 01 6- oojfS)------36--a-------SR U 0 U "r3 S E T-
00464 0 76 0 01670 365 LOA =-1 S(PUNCH REPEAT) 
00465 0 35 0 01452 366 STA PRF 
00466 0 01 0 00442 367 BRU BuTIA 

00467 o 40 20400 
00470 o 01 0 002)4 
00471 o 40 20200 
00472 o 01 0 00640 
00473 o 40 20100 
00474 o 01 0 00640 
00475 o 01 0 00356 

3t;~ * 
369 * 
370 OUT;3 
371 
372 
373 
374 
375 
376 
377 * 

BPT 
BRU 
BPT 
BRU 
BPT 
BRU 
BRU 

1 
KYBO 
2 
IN 
3 
IN 
OUT 

G~ O~ STOR 
ST~P 

G~. CYCLE? 
YES 
ONE ONLY 

378 * SUBROUTINE TB CHECK CHA~NEL AUDRESS 

Vl 
o 
Vl 

-0 
o o 
0-
ro 
01 
() 

Vl 
(1)-

"U 
-t-
(1) 

3 
0-
(1) 

""' 
-0 
0-
01 
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00476 0 00 0 000)0 
00477 0 23 0 01232 
00500 0 33 0 01444 
00501 0 76 0 01444 
00502 0 17 0 01671 
00503 0 72 0 01670 
00504 0 40 20040 
00505 0 51 0 00476 
00506 0 37 0 01445 
00507 0 46 00014 
00510 0 16 0 01635 
00511 0 35 0 00530 
00512 0 76 0 01671 
00513 0 43 0 00537 
00514 0 35 0 00577 
00515 0 36 0 006)0 
00516 0 76 0 014~4 
00517 0 43 0 00537 
00520 0 35 0 006)5 
00521 0 J6 0 006)6 
00522 0 23 0 01231 
00523 0 71 0 01672 
00524 0 02 0 02641 
00525 2 12 0 00574 
00526 0 41 0 00525 
00527 0 71 0 01445 
5053b-0 12 0 000)0 
00531 0 61 0 00530 
00532 0 41 0 00530 
00533 0 71 0 01673 
00534 2 12 0 00610 
00535 0 41 0 00534 
O(i5-~f6---0 -aT-0 -0-0 4 -n~----------

379 * 
380 ~UTPIN PZE 
381 EXU 
382 PIN 
383 LDA 
384 E6R 
385 SKA 
386 BPT 
387 BRR 
388 STX 
389 XAB 

o 
PASC 
Tl 
Tl 
=IMAGE+64 
=-1 
4 
OUTPIN 
Tl+1 

390 MRG "IBX 
391 STA 6TPINI 
)92 LOA =IMAGE+64 
39J BRM M~eCT 

394 STA OTPNMI 
395 STB 6TPNMl+1 
396 LDA Tl 
397 BRM MKOCl 
3ga STA ~TPN~2 

399 ST~ OTPNH2+1 
400 EXU POlS 
401 LDX =-15**0177777 
402 TYP 0.1.4 
40J MIB 6TPNM+15.X 
404 BRx $-1 
405 LDX Tl+1 
406 OTPINI MIB 00 
407 MIN $-1 
408 BRX $-2 
409 OTPIN2 LDX -- ----:-:.:-12**0-177777 
410 MIB OTPN~2+3.X 

411 BRX $-1 
-"4-r2---------B-RU Gt1TOP 

413 * 

ALERl T6 ST~RE PUNCH CHANNEL 
ST~RE ADDRESS 

C~MPARE ~ITH EXPECTED 

N~T tQUAL 
E~UAL ~R ERROR ST~P NBT PERMlrT~D 
SAVE LENGTH 6F ERR6R Mf~SAGt 

SET UP ERROR 6UTPuTTER 

GENE~ATE EXPECTED PIN W~RO IN BCD 

SAVE EXPECTED 

GENERATE ACTUAL PIN w~Ru IN BCD 

DlsceNNECT PUNCH CHANNEL 

OLJTPUr MESSAGE 

ftJTPUT SPtCIAL ME~SA~~ 

~0TPUT RECEIVED A~D EXP~CTED-~ESSAG~ 

414 * 
---41S-*--SUSR BlJt -rN E TOM A K EON E W 0 RD-Tl~r(f 8---3 C O-tfC-TALD I G-I T S 

416 * 
o 00537 0 00 0 000)0 417 MKOCT PZE 

06-5-~O--i-l- -cf 01674- -- ---- ----4Ta------CDX =-8**0177777 
00541 0 46 20005 419 ABC o TO \JORD TC1 a 
00542 0 6700 003 420 LSH 3 SHIFT OUT OCTAL DIGIT 
-00543--2 35 -0- 014~6----------~r2T-------S-TA Tl+10.X ----------~S~A~VE BCo-CHARACTE~R~-----------------

00544 0 76 0 01675 422 LDA =0 CLEAR A 
00545 0 41 0 00542 423 BRX $-3 
00546 0 46 --j-OCY03--- 424 CLR -------------------. 

00547 0 71 0 01674 425 LDX 
00550 0 6720 006 426 LCY 

=-8**0177777 
6 

REASSEMBLY 8CD CHARACTE~S INTO A + a. 

Vl 
ro 

"'U 
-to 
ro 
3 
0-
ro 
"" 
'0 
0-
<.n 

Vl 

o 
Vl 

'0 
o o 
0-
ex> 
<.n 
() 
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0055 r--2----r6-b -5T~r5-6-~----42 7 HR-G 
00552 0 41 0 00550 428 BRX 
00553 0 46 00014 429 XAB 
O(f554--05f~0-6 0 537 430 B RR 

431 * 
432 * 

T!+f();X 
$-2 

MKBCT EXIT 

433 * 
434 * 

ER-R-o.~MESSAGES Ffl.R C-FiANi'fE:-L-Au-IJR-ESS TEST SUBRBUT I N£ 

00555 52254524 
00556 12212424 
00557 51256262 
00560 12265146 
00561 44 (2-2330 
00562 21454525 
00563 43122431 
005-~2412-,f546--

435 OTf?NM BCD 52. lEND AnD~ESS F~OM CHANNEL DID No.T AGREE ~ITH EXPECTE 

00565 63122127 
00566 51252512 

436 

431 

438 o.TPNMI 

BCD 8.D AFTER 

BCD 12.EXPECTED 

DATA a.a 

00567 
00570 
00571 
00572 
00573 
00574 
00575 
00576 
00577 
00600 
00601 
00602 
00603 
00604 
00605 
00606 
00607 

66316330 
12256747 
25236325 
~4122126 

63255112 
25674725 
23632524 
12121212 
00000000 
00000000 
13121252 
51252325 
31652524 
12121212 
00000000 
00000000 
33125252 

439 BCD 16 •• lRECEIVED 

440 OTPNM2 DATA 0.0 

441 BCD 4 •• II 
442 PAGE 
443 • 
444 • 
445 • 

\JATT--F'-tfR- CBUNj-E-Q-UAL- iERC'-- StJB-Ktfu ll-NE-~----------

00610 0 00 0 000)0 446 ~CZ ?ZE 
006-1-1-0--3-5--0 -b-06-i ]-- -- ---- . --44 7----- ----- ----- -S T-A -- --$ + 6 -

00612 a 55 0 01657 448 ADD =1 
00613 a 35 0 00614 449 STA $+1 o 06 1 4 -- 6-4 -6--120 a 6----- ----------:f50------ - -------c t t- ----- ·-----=0-:::-0---

00615 0 01 0 00617 451 BRU $+2 
00616 0 51 0 00610 452 8RR WCZ 
o06-T7--04 b .- T.i 60 0----------- ----~f 53---- -------C A T----- 00=---

00620 0 01 0 00614 454 BRU $-4 

ENTRY 
-SAVE---K IPC AT 

MAKE A eZf 
SAVE R/PCZl 
c--:-Cf2?---------
Nt} 
YES 

--- --- ---C-HANNIT-,rCfTVEl 
YES 

Vl 
0 
Vl 

-.0 
0 
0 
~ 
ex> 
01 
() 

Vl 
('1) 

"U 
-to 
('1) 

3 
0-
('1) 
""'I 

-.0 
~ 
01 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 11 of 20) 

00621 0 40 20040 455 BPT 4 N~. INHIBIT ERR~RS 
b-062-2 0 51 0 006fo------ --45-6- BRR------~c-t--------- - ---------- --YES ----------- ---.---------------

00623 Q 37 0 01444 457 STX Tl N~. PRINT ERR~R M~SSAGE 
00624 0 46 00014 458 XAB 
00625--0---16 0- 6fb-35---- ---459-------r'lt:fG-------M-IS-X---·- -------------

00626 0 35 0 00634 460 STA $+6 
00627 0 71 0 01676 461 LDX =-13**0177777 era 630---0- 02 -0---0-264 C-- -- -- 4-6-2---------rYP---- --0.1.4-----------------------
00631 2 12 0 015)0 463 MIB DISMS~+13.X 

00632 0 41 0 00631 464 8RX $-1 
00-633- -0--71 0 0 14--4A --- --,f65 ---- ---- L D x 11 
006J4 0 12 0 000)0 466 MI~ 00 
00635 0 61 0 00634 467 MIN $-1 
00636 ) 41 0 00634 460 3Rx $-2 
C0637 C Jl 0 00412 46; 3Ru G~Tj~ 

470 PAGE 
471 * 
472 * INPUT SECTIBN 
473 * 

00640 9 ~3 0 01177 474 IN SRM STARTP STARI READER 
00641 0 02 20001 ~75 R~V 

00642 0 23 0 01243 ~76 EXU RALC AL~RT 

00643 0 23 0 01212 477 LCh RieSD LJAD IBSD ~UFFER.64 

00644 9 13 0 01213 
00645 a 23 0 01235 478 INOS EXU RCZT C=O 
00646 0 01 0 00657 479 SRU INC N~ 

00647 G 23 0 01234 480 RCATCEXU RCAT YES. CHAN. ACTIVE 
00650 0 40 20040 481 BPT 4 YES. ERRBR ST~P PERMITTeD 
00651 0 01 0 00670 482 aRU INOA N~. N~ CB~l. 
00652- 0 71 0 01676 483 LDX =-13**0177777 YES 
00653 0 02 0 02641 ~84 TYP 0.1.4 
00654 2 12 0 01525 ~85 MIa ERMSG4+13.X 
00655 0 41 0 00654 ~86 8RX $-1 
00656 0 01 0 00412 487 8RU G~TBP 

488 * 
00657 0 23 0 01234 489 INO EXU RCAT CHAN. ACTIVE STILL? 
00660 0 01 0 00645 490 SRU INOS YES 
00661 0 23 0 01235 491 EXU RCZT N~. C=Q 
00662 0 01 0 00654 492 BRU $+2 N~ 

00663 0 01 0 00670 493 9RU INOA YES 
00664 0 71 0 01645 ~94 LUX =-3**0177777 SET UP ERP~H MESSA~E 
00665 0 75 0 01677 495 LDB =ERMSG5 
00666 0 76 0 00647 496 LDA ReATC 
00667 0 43 0 00610 497 8RM ~Cl G~ D~ DISC~NNECl ~RR'R lEST 
00670 a 76 0 017)0 498 INOA LOA =033120152 BL'CK N~. 1 
00671 0 75 0 01731 499 LOB =8UFFER+64 END ADDRESS Exp~crED 

~ 00672 a 43 0 01055 500 8RM CHECK Gtl CHECK DATA 
~ 00673 0 43 0 01177 ~Ol INI aRM STARTP STARl ?'~ADER IF DATA C~~CKED G.K. 
In 

V1 
ro 

-0 

ro 
3 
0-
ro 

-..0 

'" In 

V1 

o 
V1 

-.0 
o o 

'" en 
In 
() 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 12 of 20) 

00674 0 02 20001 
00675 a 23 0 01243 
00676 0 23 0 01214 
00677 0 13 0 01215 
00700 0 76 0 01670 

502 
~OJ 
504 

505 

ROV 
EXU 
LCH 

LDA 

RALC 
RI6SP 

=-1 

LOAD J6SP BUFFER.65 

00 7 6 f- -b ----:3 5 -0 -b 1 4 5 i 506----- sT A ----- -s-P F S cr 0 S-P- -I NP OT) 
00702 0 23 a 01237 507 IN4 EXU RCIT INTERREC6RD CBNDITION 
00703 0 01 a 007J5 508 SRU $+2 NO 
Cf0704----b--o 1 --0- 00732 509--------- SRi) I N2 'f ~S 
00705 0 23 0 01234 510 EXU RCAT CHAN. ACTIVE 
00706 a 01 0 00716 511 SRU INIA YES 
oot(rl--0--~nr---20-64 (f -5Ii-----SP-l 4 NO. E RR-tfR-STffPP-ERfrrrTEll 
00710 a 01 0 00732 513 8RU IN2 Ntl 
00711 0 71 0 01672 51~ LDX =-15**0177777 YES 
007~b--b2---ob26-41- - 515 TYP 0.1.4 -----------------
00713 2 12 0 01547 516 MIS ERMSG6+15.X 
00714 0 41 0 00713 517 BRX $-1 
ot57T5-0oT--6--o0~n2 518 BrfU.-------;G"'O"'Tr·O;;:-;;P.,------------------------------

519 * 
00716 a 23 a 01235 520 INIA EXU RCZT C=Q 
a a 717 0 oT--ocfb-7 J2 5-2-1 sR U.,--------.-I N&04-=----------------;N..,e---------------------
00720 0 23 a 01237 522 EXU RCIT YES. CHAN. INTER-RECORD 
00721 0 01 a 00732 523 BRU IN2 NB 
CY07 22 a 40 2 (f04-a 524 8 P ... T~----.4----------vY=E""S-.---E .... R-,..R=tl7"iR---,..S~T"«B:-p;P.-..P.,.i:..,.R..-M .. I .... T..-.,T~c. ... D.-------
00723 0 01 0 00732 525 BRU IN2 NO 
00724 0 23 a 01241 526 EXU RDIS YES. STOP TAPE 
OOi25-0--7f--6-611J2-------52) LDX =-17**0177777 
00726 a 02 a 02641 528 TYP 0.1.4 
00727 ~ 12 a 01570 529 HI8 ERMSG7+17.X 
OOj30--0~-o--00727 530 SR~X---=$--~I--~~------------------------

00731 0 01 0 00412 531 8RU GOTOP 
532 * 

00732 0 23 a 01236 533 IN2 EXU RCET IF CHANNEL ERROR 
00733 4 51 0 00733 534 SOV SET OVERFLO~ 
007,34 0 23 a 01241 535 EXU ROIS ST~P TAPE 
007-~053 0 01451 536 SKN SPF I(}SP-nrP~LAG 
00736 0 01 0 00756 537 BRU IN3 RESET 
00737 0 76 0 017J3 538 LDA =033120252 SET. GET 8L~CK N6. 2 
Cf0740 0 75-0-oT444 539 LDB BUFFER+64 ENO AOORE~X?ECTE-=D--------
00741 0 43 0 01055 540 SRM CHECK CHECK DATA INPUT 

00742 
00743 
00744 
00745 
00746 
00747 
00750 

541 * IF C6RRECT CONTINUE. 
o 43 0 01177 542 8RM STARTP STAR-r-TAPE 
o 02 20001 543 ROV 
o 23 0 01243 544 EXU 
o 23 a 0121~ 545 LCH 
o 13 0 01217 
o 71 0 01645 
o 75 0 017)4 

540 
547 

LDX 
LOB 

RALC 
Rl~SPI 

=-3**0177777 
=ERHSG8 

ALERT 
L~AO IOSP 8UFFER.J2 

SET UP ERRBR HESSA~E 

(/) 

o 
(/) 

-.0 
o o 
0-
00 
01 
() 

(/) 
(I) 

-0 .... 
(I) 

3 
0-
(I) ... 
-' 
-.0 
0-
01 



..j:::.. 
I 

tv 
""-J 

00751 
00752 
00753 
00754 
00755 
00756 
00757 
00760 
00761 
00762 
00763 
00764 
00765 

,--_/ 

o 76 0 00647 
o 43 0 00610 
o 23 0 01236 
4 51 0 00734 
o 23 0 01234 
o 01 0 00750 
o 23 0 01240 
G 23 0 01243 
o 23 0 01220 
o 13 0 01221 
o ~6 J0003 
o 35 0 01~51 

o 01 0 00732 

00766 0 76 0 01735 
00767 0 75 0 01731 
00770 0 43 0 01055 
00771 0 43 0 01177 
00772 0 23 0 01243 
00773 0 23 0 01222 
00774 0 13 0 01223 
00775 0 23 0 01234 
OJ776 0 01 0 00775 

'00777 - 0 71 0 01674 
01000 0 76 0 01636 
01001 2 72 0 01444 
01002 0 al 0 010~4 
01003 a 41 0 010)1 
01004 a 71 0 01674 
01005 0 76 0 01642 
01006 2 35 0 01444 
01007 0 55 0 01657 
01010 0 41 0 010)6 
01011 0 76 a 017)6 
01012 0 15 0 017)7 
01013 0 02 20001 
01014 8 43 0 01055 
01015 0 40 20dOO 
01016---0 010 00234 
Oi017 0 40 20200 
01020 0 01 0 00356 
o f bil- 0 40 20 1 0 a 
01022 a 01 0 00640 
01023 0 01 0 00356 

01024 a 40 20040 
01025 0 01 0 01034 
ciTo26 - 0 7 1 - 0 01674 

Table 4-4. 925/930 Computers, Extended Mode I/O Test Program, (Sheet 13 of 20) 

1548 
549 
550 
551 
552 
553 
554 
555 IN5 
556 

557 
558 
559 
560 * 
561 IN3 
562 
!563 
564 
~65 

566 

5f7 
568 
S69 
570 
971 
572 
57J 
574 INJIj 
575 
576 
577 
5713 
57~ 

580 

LDA 
aRM 
EXU 
SOV 
EXU 
BRU 
EXU 
EXU 
LCH 

CLR 
STA 
BRU 

LDA 
LDB 
BRM 
B~M 

EXU 
LCH 

EXU 
BRU 
LDX 
LDA 
SKA 
8RU 
tH~X 

LDX 
LDA 
STA 
ADD 
BRX 
LDA 
LLiB 

581 Rev 
582 aRM 
583 BPT 
584 BRU 
585 BPT 
586 8RU 

RCATC 
UCl 
RCET 

RCAT 
IN5 
HPT 
RALC 
RI6RP 

SPf 
IN4 

=033120352 
=8UFFER+64 
CHECK 
STARTP 
RALC 
Rl~RD 

RCAT 
$-1 
=-e**0177777 
=077 
BUFFER+64.X 
IN3A 
$-2 
=-~**u177777 

=070 
8UFFER+64.X 
=1 
$-~ 

=033120452 
=ciUFFE,R+56 

CHECK 
1 
KY8D 
2 
OUT 

587---~ ----B-P-T------- j ----- -

588 8RU 
589 BRU 

-- -~---590 * 
591 IN3A BPT 
592 SRU 
59 J ------ ------- Lt x 

IN 
OUT 

4 
IN38 ---- -=-~e.-** d 17 7777 

Gtt UAIT FttR C=O 
IF CHANNEL ERROR 
SET OVERfLO\.l 
IS RtADER STILL RUNNING 
YES 
NO. ~ESTART TAPE ~EADER 

LOAD lORD BUFFER+32.33 

R(IOSP INPUT) 

BLOCK ~{t. 3 
END ADDRESS EXPECTED 
G~ CHECK DATA 
STARt TAPE 

LttAD IO~D BUFFER.56 

CHAN. ACTIVE 
YES. ~AIT feR STOP 

CH,~N. INACTIVE 

CHECK FOR O~S IN LAST 8 CHARACTERS 

tt.K. INSERl ctt"KEcr 8 C~~RACTERS 

8L~CK Nt1. 4 
E~D ADDRESS EXFECTED 

G~ CHECK DATA 
TEST STOP? 
Y~S 

TEST CYCLE] 
YES 
r E-S T t1 ~~ :: 0 N L Y • 
READ 
PLlNCH 

--- ------ ------ ------

ERRO~ ST02 PERHlrr::n 
NO 

F(1R~Af LAsr- =':-I-\;I"IT :--'~~ACTE-RS--rCn~--ryp-E 

(,J') 
(1) 

"U 
-to 
(1) 

3 
0-
(1) 
~ 

-<> 
0-. 
<.n 

(,J') 

o 
(,J') 

-<> o o 
0-. 
ex> 
<.n 
() 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 14 of 20) 

01027 0 46 30003 594 CLR 
01030 2 76 0 01444 595 IN3D LDA 
OT03r---d---67-00 003 -----~,_96 LSR 
01032 2 16 0 01444 597 MRG 
01033 0 14 0 01710 598 ETR 
Of 034 --- -0- -(6-- a -6 i 7[-1- ------ -- ~ 9 Y M RG 
01035 0 6700 006 600 LSH 

8UFFER+64.X 
3 ~~~--~~-

BUFFER+64.X 
=0707 
=052120000 
6 

01036 2 35 0 01055 601 STA MSGIMG+8.X 
~a37~--a) ~di036- -65~-~-~aRr---- IN3D-~~~~~~~~~~~~~~~--~~~~~~~~~~~ 

01040 0 71 0 01712 603 LDX ~-19**0177777 
01041 0 02 a 02641 604 TYP 0.1.4 
01042---2--12---0--0 l-e;r6----------605 M rB E"R-;;rSG9+ 19-;X 
01043 0 41 0 GI042 606 BRX $-1 
01044 0 02 14000 607 lOP 0 
·oTci45---0-40--14ocfCY----------scfa- CA.-- 0----

01046 0 01 0 01045 609 8RU $-1 
01047 0 02 0 02041 610 TYP 0.1.1 
o-foso----o-j1"-o--6T"67""4---- 611 LD X =-8 * * a 17 '7 7 7 7 
01051 2 12 0 01055 612 MI8 MSGIMG+8.X 
01052 0 41 0 01051 613 8RX $-1 
010!:r3--(:f-12---0--0r5J~r-- 614 MIB E~Gl+3 

01054 a 01 a 00412 615 BRU GOTOP 
616 * 

01055 

01065 
-01066 
01067 
01070 
01071 
01072 
01073 
01074 
01075 
Oi076 
01077 
01100 
01101 
01102 
01103 
01104 
01105 
01106 
01107 

o 00 
o 35 
o 23 
o 01 
a 40 
o 01 
a 23 
o 33 
o 36 
o 76 
o 17 
o 72 
o 01 
a 71 
o 76 
o 75 
2 70 
o 01 
o 55 

o 000)0 
o 01626 
o 01236 
o 01141 
20001 
a 01141 
o 01242 
o 01444 
a 01445 
o 01444 
o 01445 
o 01670 
o 01154 
o 01650 
o 01675 
o 01636 
o 01444 
o 01112 
a 01657 

617 * 
618 MSGIMG RES 8 
619 PAGE 
620 * 
621 * CHECK INPuT DATA SU8ROUrINE. 
622 * 
623 CHECK PZE 
624 STA 
~25 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
63d 
639 
640 
641 

CtJECK2 

EXlJ 
BRU 
OVT 
BRU 
EXU 
PIN 
SlB 
LDA 
EOR 
SKA 
BRU 
LDX 
LilA 
LDB 
SKM 
8RU 
ADD 

ERMSGO+6 
RCET 
PARERR 

PARERR 
RAse 
Tl 
Tl+1 
Tl 
Tl+1 
=~1 
PINERR 
=-64**0177777 
=0(' 
=077 
3uFFER+64.X 
CHECK1 
='1 

OUTPUT ERROR MESSAGE 

OUTPuT 8 CHARACTE~S 

C~ 

SAVE BLOCK NO. 
CHECK FOR ERROR 
GB T~ PARITY ERROR ROUTINE 
CHECK FOR PREVIOUSLY NorED ERROR 
GO TO PARITY ERROR ROUTINE 
ST~RE CHANNEL ADDRESS 

SAVE EXPECTED 

COMPARE ACTUAL UlrH EXP~CTED 
AGREE. 
NB 
YES 

CHECK INPUT BUFFER 
ERR6R 

Vl 
o 
Vl 

~ 
o o 
'" 00 
<.n 
() 

Vl 
ro 

"U 
-to 
ro 
3 
0-
ro 
""' 
~ 

'" <.n 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 15 of 20) 

01110 0 41 0 011J5 
01111 0 51 0 01055 

642 
64J 
644 * 

8RX 
BRR 

$-3 
CHECK 

645 CHECKI BPT 4 
6~6 SkR CHECK 
647 STA Tl 
64d LSH 3 
649 MRG Tl 
~5U ETR =0707 
651 LSH 6 
652 MHG =012000052 
653 SlA ERM~Go+9 

654 LDA dUFFER+64.X 
65~ ~SH 3 
656 LDA BUFFER+o4.X 
657 LSH 3 
658 EiR =0707 
659 LSH· 6 

EXIT IF ALL C~RRECT 

ERR~~ STOP PER"I~fEDi 
NO. EXIT 
YES 
FIjRMA 1 EXPE-CH:.D 

sr~Rt EXPECTED 
ftt~MAT rtECEIVED 

01112 0 ~O 200~O 

01113 0 51 0 01055 
01114 0 35 0 014.4 
Oil_IS 0 6700 003 
01116 0 16 0 01444 
01117 0 14 0 0171e 
01120 0 6700 006 
o112( 0 16 0 01713 
01122 0 35 0 01631 
01123 2 76 0 01444 
01124 0 5600 003 
01125 d 76 0 01444 
01126 0 6700 003 
01127 0 14 0 01710 
01130 0 6700 006 
bT~o---rK 0 017i3 
01132 0 35 0 01634 
01133 0 71 0 01676 
0-03-4-023--0 - (j i 2 41 

660 -------- MRG- --=612tf60-o~)2-- -- ---- -------- -- -------- ---

661 STA ERMSGO+12 sr~RE RECEIVED 
662 LDX =-13**0177777 
66 j--------E-XU---R ors--- -- ----- ----------rrrSC-tiNNE C T--REA-DER-C-HXNNE( 

01135 0 02 0 02641 
01136 2 12 0 01635 
01137-0---4i 0 off36 
01140 0 01 0 00412 

664 TYP 0.1.4 
665 MIB ERMSGO+13.X 

- --666--------SRX- $-1 
667 BRU G~T~P 

668 * 
--- -- ---~9--*PARTfY EHRtfR- SUBROUT INE 

670 * 
01141 0 40 20040 671 PARERR BPT 4 
CfIT42----b-s-l -(r-O fb55----------672,------gRR CHEC-K 

ERR~H STep PERMITTEDi 
------~NTCe 

01143 0 23 0 01241 673 EXU RDIS YES. DISCONNECT READER CHANNEL 
01144 0 02 0 02641 674 TYP 0.1.4 
t)1-14-S--0--7 r--o - 017 f4---- --------67-S----LUX ---=~~**1IT77777 
01146 2 12 0 01627 676 MIB ERMSGP+9.X OUTPUT PARITY ERRoR MES~AGE 

o11~7 0 41 0 01146 677 BRX $-1 
O-fI50---0--02--r~(OnO-----------------67a-----~(fp-·--"0-----------------------------

01151 0 40 14000 679 CAT 0 
01152 0 01 0 01151 680 BRU $-1 
o-rT5-3---0--dr-(j-OrrJ2--------- o-ec-------BRlJ CAECK2 

682 * 
683 * PIN ADDRESS ERROR SU8R~UTINE 

--------- --684* 

01154 0 40 20040 
01155 0 01 0 011J2 
oTfs6----0--76---(j-- oi i44----------
01157 0 43 0 00537 
01160 0 35 0 00635 

685 PINERR BPT 
686 BRU 
ljS7----cO-,A; 
688 8RM 
689 STA 

4 
CHECK2 
Tl 
MKOCT 
OTPNM2 

ReI URN I O--CHEC~ NUMBeRS 

ERROR STOP PERMITTED 
NO 
Y£5------------

EXPAND ACTUAL TO aCD 
SAVE 

"- -' 

VI 
Cl) 

'"'0 
""9-
Cl) 

3 
0-
Cl) .., 
'0-
0-
01 

VI 
o 
VI 

-.0 
o o 
0-
00 
VI 
() 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 16 of 20) 

01161 0 36 0 006)6 SIB 6TPNM2+1 
01162 0 76 0 01445 LDA 11+1 EXPAND EXPECTED TO BCD 

BRM MKOCT 01163 0 43 0 00537 
01164-0-35-0--005-77------ --

690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 * 

STA BTPNMI ----SA VE--------------

01165 0 36 0 006)0 
01166 0 23 0 01241 
01167 0 02 0 02641 
01170 0 71 0 01672 
01171 2 12 0 00574 
Oi172 0 41 0 01171 
01173 0 12 0 01624 
01174 0 12 0 01625 
01175 0 12 0 01626 
01176 0 01 0 00533 

01177 
01200 
01201 
01202 
01203 
01'204 
01205 

o 00 
o 71 
o 46 
2 35 
o 41 
o 23 
o 51 

o 000)0 
o 01650 
J0003 
o 01444 
o 012)2 
o 01240 
o 01177 

STB 6TPNMl+1 
EXU RDIS 
TYP 0.1.4 
LDX =-15**0177777 
MI8 BTPNM+15.X 
BRX $-1 
t'i 18 ERf"SGO+4 
MIS ERt-',SGO+5 
Ml~ ERMSGO+6 
BRU OfP I N2 

705 * START TAP~ READER SUBij6UTINE 
706 * 
707 ST4RTP 
70~ 

709 
710 
711 
112 
713 
714 
715 * 

PZE 
LDx 
CLR 
5TA 
8RX 
EXU 
SRI-( 
PAGE 

=-64*·0177777 

BuFFER+64.X 
$-1 
RPT 
STARTP 

. -- - --··--------'-15 .-----17-o-CRAI'H;;{E:I-CBMMANDS -- -- --

717 * 
01206 002 146 0 )0 718 PIBSP IBSP IMAGE.54 

DISCONNECT READER 

OUTPUT GENERAL MESSAGE 

OUTPUT BLOCK NO. 

G6 OUTPUT RECEIVED AND tXPECTED 

CLEAt-l 8UFFER 

STARl TAPE 
EX IT' 

o 120 7--oTcYo---b r 244----
.-----~---.---.- --.-- - ---------.- --- ------ --- --- -.- ------------------_ .. __ ._. __ ._--------

01210002 142 0 )0 
01211 0100 01244 

01212 002 142 0 )0 
012.13 0100 01344 
01214 ocfi-i46 --O-)-Cf 

01215 0101 01344 
01216 002 146 0 )0 
5T2T7--ocf40 01344 
01220 002 144'-0 )0 
01221 0041 01404 
5T22~Ooi-T4b--b --jo--

01223 ooio 01344 

719 PIBSD I~SO IMAGE.64 

720 * 
721 RIOSD IBSD BUFFER.64 

----722 -R(tfsp --r6sp----l:rlrFFtR~-65-

723 RIcrSPl IBSP BUFFER.32 
--- ------" ------- - _ .. --'---

I~RP BUFFER+32.33 124 RI~RP 

- -- -----725-R I (j R If I BR n----- B (iF F-ER-.-s-6--- ---- - ---

726 * 
---'1-t7--.-

728 * lIB CHANNEL INSTRUCTI~NS. 

a f224--(j- ,fa 14000 
729 * 

---·----------)jd---PCA T CA-Y- - o 

VI 
0 
VI 

-.0 
0 
0 
0-
00 
01 
() 

VI 
C1> 

-0 ..... 
(1) 

3 
0-
(1) ., 

~ 
<..n 



~ 
I 
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01225 0 40 12000 
01226 0 4D 11000 

01227 0 02 0 02044 
01230 0 02 0 00044 
01231-- -0' 02-- -efo 0 QCf' 
01232 0 02 12000 
01233 0 02 50000 

01234 0 40 14000 
51235--o.fo 12000 
01236 0 40 11000 
01237 0 40 10400 

01240 
01?41 
01242 
01243 

01244 
01344 

01444 
01461 
01462 

o 02 0 020)4 
o 02 00000 
o 02 12000 
o 02 50000 

01463 5223J021 
01464---454525 
01465 12255151 
01466 46514664 
OT46 i Q 2 4 3 7 0 1 2 
01470 24316223 
01471 46454525 
01472"--- 236 3252 4 
01473 12222526 
01474 46512512 
oTdfs- - 23130073 
01476 12246451 

Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 17 of 20) 

731 PCZT 
732 PCET 

--"~-33 ' .. --- --
734 PPT 
735 PTL 
730 PD IS" 
737 PASC 
73~ PALC 

-739 .. ,---

740 * 
jl41 ReAT 
;7 42 'RC-l f 
743 ReEl 
744 RCIT 
745 * 
746 RPT 
747 RDIS 
748 RAse 
749 RALC 
750 * 
jl51 * 

CZf 
CET 

PPT 
PTL 

"--nsc 
ASC 
ALC 

CAT 
eZI 
eET 
CIT 

RPT 
DSC 
ASC 
ALC 

o 
o 

0 .. J .. 1 
0 .. 1 .. 1 
o 
o 
o 

o 
o 
o 
o 

0 .. 1 .. 1 
o 
o 
o 

752 * OuTPUT IMAGE AREA. INPUr BUFFeR AREA 
753 * 
754 IMAGE RES 
755 BUFFER RES 
756 * 
757 * 

64 
64 

758 * TEMP~RARY STORAGE AND FLAGS 
75~ * 
760 Tl 
761 SPF 
762 PRF 
763 
764 * 

RES 
RES 
RES 
PAGE 

13 
1 
1 

IOSP INPUT FLAG 
PUNCH REPEAT FLAG 

765 -.-- - ERRO-RANDSf A-IUs -MESSAGf:-S~------------ _.-._. 
766 * 
767 DISHSG BCD 52 .. lCHANNEL ERROR~USLY DISC~NNECTED BEF~RE G=O .. DURING 

-'-~'---- -_ .... _-- - --.--~ .. _-- .--~-------- -- -. -- ----- ------

"--- ./' 

til 
(1) 

-u 
-t-
(1) 

3 
a
(1) ... 
-<> 
0-
tTl 

til 
o 
til 

-<> o o 
0-
00 
tTl 
() 



-I:=>- Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 18 of 20) 
I w 

I'V 

01477 31452712 
01500 31466247 768 ERHSGI BCD 1 6. I B, S P • B u-r PUT • 1 ! 
01501 73124664 
01502 03476463 
01503 33125252 
01504 31466224 769 ERHSG2 BCD 16.IfiSD. OUTPUT. 11 
01505 73124664 
01506 63476463 
01507 33125252 
01510 52233021 770 ERMSG4 BCD 52.1CHANNEL OlD N~T DISCBNNECT ~HEN C=O ON IBSD INPUT! 
01511 45452543 
01512 12243124 
01513 12454663 
01514 12243162 
01515 23464545 
01516 25236312 
01517 66302545 
01520 12231300 
01521 12464512 
01522 31466224 Vl 

01523 12314547 0 
Vl 

01524 64635212 -.0 

01525 31466224 771 ERHSG5 BCD 12.1(~SD. INPUT! 
0 
0 
0-

01526 73123145 (Xl 

01527 .7646352 
l.Jl 
() 

01530 52233021 772 ERt1SG6 BCD 52.!CrlANNEL DISCB~NECIED DURING IBSP INP~T. CIT NEVER 
01531 ~5~52543 

01532 {2243162 
01533 23464545 
01534 25236325 
01535 a.t122464 
01536 i1314527 
01537 12314662 
01540 47123145 
015 .. 41 .7646373 
01542 12233163 
01543 12452565 
015 .... 25511212 
01545 63516425 773 BCD 8.TRUE. ! 
015 .. 6 J31!5212 
01547 52246451 774 ERt1SG7 BCD 48.JDURING IOSP I~PUT c=o INDICATING EBR PAST BUT C 
01550 314527.12 VI 

0155'1 31466247 
CD 

""0 ...... 
01552 12314547 CD 

01553 64631223 
3 
0-

01554 t3001231 
CD ..., 

01555 45243123 -.0 

01556 21633145 0-
l.Jl 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 19 of 20) 

01557 27122546 
01560 5112.721 
01561 62631222 
01562 64631223 
01563 31631266 775 BCD 
01564 21621245 
01565 25652551 
01566 12635164 
01567 25331252 
01570 31466247 776 ERMSG8 BCD 
01571 73123145 
01572 47646352 
01573 32314651 777 ERMSG9 BCD 
01574 ~4124645 

01575 12314547 
015~_6_R~_31224 _____________________ _ 
01577 J1241245 
01600 46631231 
01601 47454651 
01602-2S12-(fjjb---
01603 25124321 
01604 62631210 
01605 12-23302Y--
01606 51212363 
01607 25516273 
01610--r2226463-------------7-r8---- BClJ 
01611 12512521 
01612 24126330 
016-r3-251-2-26-46-------------
01614 43434666 
01615 31452752 
01616 52-5-2 47-2-C----------------7-T9~fnfS~-S-C1) 
01617 51316370 
01620 52314547 780 ERMSGO BCD 

20.11 ~AS N~VER T~UE. 1 

12.16SP. INPUT! 

52.JI~RD ~N J~PUT DID N~I IGNtlRE ThE LAST 8 CHAKACTER~. 

----.- ------- ----_._--

24. BUI REAJ TAE ~~uTNG1 

e--;rrPAR 1 TY 

40.1INPUT E~RBR IN BL~CK N~. N1EXPECTED DDI 
016.21-6"46-3 r2-2 5----- ---- ------------------------

01622 ~1514651 
01623 12314512 
o 16~224~f(n)23-------
01625 42124546 
01626 33124552 
o 1 627----25-674 7 2-5 
01630 23632524 
01631 12242452 
01632 Sf252325---------7-81 BCD 
01633 31652524 
01634 12242452 

01635 0 12 0 OOOJO 
782 * 
783 MIBX MIB 

12. RECE I V Eo-IfD-1 -------- - - -----

o eUTPuT INSTRUCTIO~ 

(,I') 

ro 
"'U ..... ro 
3 
0-
ro 
"'" 
~ 
01 

(,I') 

o 
(,I') 

-.0 

8 
~ 
ex> 
t11 
() 



.J::>.. 
I 

W 
.J::>.. 

01636 
01637 
01640 
01641 
01642 
0164~ 
01644 
0164$ 
01646 
01647 
01656 
01651 
01652 
01653 
01654 
01655 
01654 
01657. 
0166Q 
0166l 
0166~ 
01663 
0166~ 
01665 
01666 
01667 
01670 
01671 ' 
0167? 
0167;3 
01674 
01675 
01676 
01677' 
01700 
01701 
01702 
01703 
01704 
01705 
01706 
01707 
01710 
01711 
01712 
Q1713 
01714 

00000200 
00000077 
00606047 
00606051 
00606062 
00000070 
00177774 
50277677 
00177775 
577J7677 
50271777 
77777776 
00002000 
00177766 
~0277777 

00000004 
00000003 
000.0000 
00000001 
00177700 
01000000 
00001500 
52121225 
$1514651 
12246.51 
31452712 
00001504 
77777777 
00001344 
00177761 -
00177764 
00177770 
00000000 
00177763 
00001525 
33120152 
00001444 
00177757' 
33120252 
000015-70-
33120352 
33120452 
90001434 
00000707 
i2120000 
00177755 
1200005.2 
00177767 

Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 20 of 20) 

784 * 
785 * 
786 END BEGIN 

Vl 
o 
Vl 

-0 o o 
0-
00 
t11 
() 

Vl
ro

"U 
-to 
ro 
3 
0-
ro ..., 

-0 
0-
t11 



September 1965 SDS 900685C Paragraphs 4.64 to 4. 73 

4.64 Operation 

4.65 To select the reader and punch units to be used 
enter: 

"CU" P to select punch, 

"CU" R to select reader. 

The letter C is the channel number and may be any 
digit 0-7 and the letter U is the unit, either one or 
two. The reader and punch need not be on the same 
channel. 

4.66 The test is started by entering the letter liS II • 

Control of the test operation is then a function of the 
Breakpo int Switches. Table 4-5 summarizes the switch 
functions. 

4.67 When running cycl ic tests from punch to read, 
the tape from the punch should be inserted into the 
reader. 

4.68 Punching 

4.69 The program punches four blocks of 64 characters 
each in one pass. The characters form a counting 
sequence from 00 to 778. The first block is started with 
leader and output with an IOSP. All punching is done 
in the one character per word mode. When the word 
count reaches zero, an IOSD is loaded to punch a 
second block of 64 characters. No I eader is punched 
between the first and second blocks. This results in 
one physi cal block 128 characters long. Starting with 
leader, two additiona I blocks of 64 characters are then 
punched with an IOSD. 

4.70 At the concl usion of each output operation, the 
channel address register is stored and compared with the 
expected value. If they do not agree, the program 
types the expected and actual val ues. 

4.71 The program tests the channel during the output 
operation to see if the channel shoul d erroneousl y dis
connect before the word count reaches zero. 

4.72 Reading 

4.73 Each of the four blocks is read with a different 
set of commands and counts so as to test as many opera
tions as possible. After reading a block, a general sub
routine checks for input parity errors". for channel end 
address agreement with the expected address, and the 
data read character by character. Error messages with 
block numbers are typed in the event of anyone of these 
tests failing. In the event of a test failing, reference 
should then be made to the test program flow diagram 
and troubleshooting information contained in Section 5 
of this manual. The handl ing of each block is as 
follows: 

a. Block 1. The first block is one-half of a 128 
character physical block. Reading one character per 
word, an lOS D with a count of 64 is used to read this 
block. The program checks to see if the count reaches 
zero and the channel becomes inactive at the same time. 

b. Block 2. This is the second half of the first 
physical block and is read with an IOSP with a count of 
65. The read should terminate because of the end of 
record. The program checks to see that the word count 
does not reach zero and the channel rema ins active after 
the CIT (inter-record test) instruction skips. The tape is 

T abl e 4-5. 9300 Computer Breakpo int Switch Functions 

Breakpoint 
Switch Reset Set 

1 Run in the normal mode as determined Stop and return to keyboard 
by the other switches control at the end of the 

current pass (punch or read) 

2 Continue to run test selected by Cycle test runs from punch to 
switch 3 read to punch and so on 

3* Selects punch mode Selects to punch and so on 

4 Stop and type diagnostic messages Do not stop and type on errors 
whenever an error occurs but continue to run 

*Used when switch 2 is reset or when starting test 

4-35 



Paragraphs 4.74 to 4. 75 SDS 900685.c September 1965 

final I y stopped with a disconnect before the data is 
checked. 

c. Block 3. Block 3 is a 64 character physical 
block. It is read with two channel commands. The first 
is an 10SP with a count of 32. If the count goes to zero 
before the channel disconnects, an 10RP with a count 
of 33 is loaded. This should cause the inter-record 
indicator to be turned on at the end of the record. The 
count should not reach zero and the channel should 
remain active. The tape is again stopped with a dis
connect before the data is checked. 

4-36 

d. Block 4. This is the third physical block of 64 
characters and is read with an lORD with a count of 56. 
The program waits for the channel to be inactive then 
checks to see if th e channel ignored the last eight 
characters. If the tape was erroneousl y stopped after 
the 56th character, it will show up as a fail ure on the 
first block of the next read pass. 

4.74 Test Program 

4.75 Table 4-6 gives the test program for the 9300 
computer I/O extended mode. 
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Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 1 of 20) 

1 TYPE 
2 * 

EQU 9300 MACHINE DEFINITION: 9300 

3 * 
4 * 
5 * 
6 * 
7 * 
8 * 
9 * 

10 * 
11 * 
12 * 
IJ * 
14 * 
15 * 
16 * 
17 * 
18 * 
19 * 
20 * 
21 * 
22 * 
23 * 
24 * 
25 * 
26 
27 * 
28 * 
29 * 
30 * 
31 * 
32 * 
3J * 
34 * 
35 * 
36 * 
37 * 
38 * 
39 * 
40 * 
41 * 
42 * 
43 * 
44 * 
45 * 
46 * 
47 * 
48 * 

EXTENDED MODE 1/0 TEST PROGRAM. (925/930/9300 ALL CHANNELS) 

A.~. EN~LAND. SDS 

THIS PROGRAM USES TH~ PAP~R TAPE READER AND PUNCH TO CHECK THE 
OPERATION OF THE 1/0 CHANNELS IN THE EXTENDED INTERLACE MODE OF 
OPERATI~N. THE READER AND PUNCH MAY BE CONNECTED TO ANY INTERLACED 
IMCC OR DACe. THEY NEED NOT dE ATTACHED TO THE SAME CHANNEL. THE 
PROGRAM ADDRESSES THE KEYBOARD FO~ INF6RMATION AB~UT UNIT AND CHANNEL 
SELECTI~N. 

TO SELECT PUNCH TYPE: ·CU·p 

TO SELECT READER TYPE: ·CU·R 

~HERE ·C· REP~ESENTS CHANNEL N~. AND MAY HAVE THE VALUES 0-7; 
AND ·U· REPRESENTS UNIT NO. AND MAY HAVE THE VALUE 1-2. THE LETTER 
P OR R CAUSE THE SELECTI~N TO BE MADE ~ITH THE T~6 PREVIOUS DIGITS. 
SPACES SHOULD NOT BE TYPED BEf~EEN DIGITS OR CONTROL C~ARACTER. 

TO START THE TtST T1PE: S 
PAGI:. 

BREAKPOINTS OR SENSE S~ITCHES CONTROL THE RUNNING OF THE PROGRAM: 

SUITCH 

BP 1 
S~ 1 

BP 2 
S~ 2 

RESET 

RUN IN THE NORMAL MODE 
AS DETERMINED BY THE 
OTHER S~ITCHES. 

CONTINUE TO RuN THE 
TEST MODE SELECTED BY 
S~ITCrl 3. 

SET 

STOP AT THE END OF THE CUR~ENT 

PASS AND RETuRN TO KEY BOA~D 

CONTROL 

CYCLE TEST RUNS FR~M READ To 
PUNCH TO READ. ETC. 

BP 3 SELECTS PUNCH MODE SELECTS READ MODE. 
S~ J (USED ~HEN SUITCH 2 IS RESET ~k JHEN ~TA~TING T~E T~ST) 

BP 4 STep AND TYPE DIA~NBSTIC De NBT STfiP ~? rvp~ BN E~Rtl~5. 

VI 
Cl) 
-u 
Cb 
3 
CI 
Cl) ..., 

--0 

'" 01 

VI 
o 
VI 

--0 o o 
'" ex> 
VI 
() 
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Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 2 of 20) 

49 * 
50 * 
51 * 
52 • 

Sw 4 MESSA~ES ~HENEVER AN 
ERROR OCCUR.:). 

CONTINUE RUNNING REGARDLESS. 

53 * NBTE: IB RUN CONTINOUS F~BM RE~D TO PUNCH THE BUTP0T BF THE PUNCH 
A lOBP SHOULD BE USED TO RUN 54 * SH~uLJ BE FED INT~ fHE READER. 

55 * CHNTINBUS BN THE R~ADER. 

56 PAGE 
57 • 
58 * 
59 * 
60 • 
61 * 

THE FBLLBwING SECTION OF CODE DEFINES EITHER A 925/930 INSTRUCTION 
SET OR A 9300 INSTRUCTI~N SET. THIS IS DONE ON THE BASIS OF THE 
MACHINE TYPE STATEMENT Af THE BEGINNING 6F THE DECK. 

62 * 
63 * 
64 * 
65 
66 
67 
68 
69 
70 
71 
72 
73 

DF9300 
SINST 
P 
$lOX 
SST X 
S8RX 

74 P 
75 $XAB 
76 $A~C 
77 S8AC 
78 SCLR 
79 
f'0 
A1 P 
82 SRSH 
83 $RCY 
84 $LSH 
8:> SLCY 
86 SNtlD 
87 ~SrlFr 

88 
89 
00 P 
91 $MIN 
q2 $MIB 
9,-~ SRIM 
q4 

95 
96 * 

PROC 
NAME 
FORM 
PROC 
NAME 
NAME 
NAME 
INST 
END 
PROC 
NAME 
NAME 
NAME 
NAME 
INST 
END 
PROC 
NAME 
NAME 
NAME 
NAME 
NAMt:: 
FBRM 
SHFT 
END 
PF<OC 
NAMt: 
NAME 
NAMe: 
INST 
END 

3.6.15 
1 
017 
077 
057 

DEFINE INDEX op·S T~ IMPLY Xl. 

(P(*1)*/2)++1.P(0).P(1) 

1 
037733 
037731 
037713 
037711 
0.040.P(0) 

1 
000 
002 
004 
006 
044 

DEFINE COMPATIBLE REGISTER 6P·S 

DEFINE COMPATIBLE SHIFTS 

3.6.6.9 
P(2).060.P(O).P(1)**0777 

071 
030 
032 

D~FINE MISC. C~MPATI8LE 6p·S. 

(PC·1 )*/2)++P(2).~(0).?(1) 

Vl 
o 
Vl 

-.0 
a a 
0-
00 
tn 
h 

Vl 
(1) 

"U 
-to 
(1) 

3 
0-
(1) .., 

-.0 
0-
tn 
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Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 3 of 20) 

97 $X 
98 '* 

EQU 

99 AORG 
100 SE3DC DATA 
101 * 
102 SSUTFRM 
103 Q 

1 

0177 
04000000 

Ft:tRt"1 3.6.3.12 
1 
040000 
014040 
04000 
00040 

DEFINE INDEX TAG·X· FOR Xl 
E~D CONSTANT 

EOD CONSTANT 

104 SBPT 
105 $ftVT 
106 $RBV 
107 $SOV 
108 

PROC 
NAME 
NAME 
NAME 
NAME 
SUTFRt1 
END 
END 

0.022.Q(0)*/(-12)**7.Q(0)**07777++(QC1»O)*/(5-QCl») 
109 
110 
111 '* 
112 PROC 
113 DF930 NAME 
114 '* 
115 '* IF N~T A 9300 THEN DO THE F6LLo~ING BPERATIONS 
116 '* 
117 P 
118 $HIB 
119 $81H 
120 INST 
121 
122 
123 * 
124 SX 
125 * 
126 * 

PROC 
NAME 
NAME 
FORM 
INSl 
END 

EQLJ 

127 AOR.; 
128 $f:JDC DA.TA 
129 * 
130 ,. 
131 N 
112 $5~V 
133 
134 
1.35 '* 
136 H 
137 SBRC 
138 
139 
140 
141 
142 
143 p 
144 SDSC 

PROC 
N .... I'1.: . 
8RR 
END 

PROC 
NAME 
DO 
8RU 
8RlJ 
PZE 
END 
PROC 
NAME 

1 
012 
032 
3.6.1.14 
P(2).P(0).P(*1).P(I) 

2 

0177 
04('0000 

1 

$.4 

1 

M('*1 ).1.2 
M ( 1 ) 
*$+1 
t1 ( 1 ) 

1 
o 

DEFINE I/O INSTRUCTI~NS 

DEFINE INDEX fAG ·X· FO~ 2 ON 930 

E()D CONSTANT 

SET ttVERFLt:tW 

BRANCH AND CLEAR INTERRUPT 

VI 
ro 

-0 m 
3 
0-ro 
""'l 

-.0 
0-. 
01 

VI 
o 
Vl 

-.0 
o o 
0-. 
00 
V1 
() 



.j:::... 
Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 4 of 20) I 

.j:::... 
0 

145 $ALC NAME 050000 
146 $ASC NAME 012000 
147 $T~P NAME 014000 
148 I F6RM 3.6.15 
14~ I PC!)**2.(PCl)**4)*/J++2.P(0)++(PC1)**I)*/6 
150 END 
151 P PR6C 1 
152 $CAT NAME 014000 
153 $CET NAM~ 011000 
154 $CIT NAME 010400 
155 $CZT NAME 012000 
156 I FORM 3.6.15 
157 I P(I)**2.040.P(O)++(P(I)**4)*/12++(PCl)**I)*/6 
158 END 
159 END' 
160 06 TYPE=9300 

00177 04000000 161 OF9300 
162 00 TYPE<9300 
163 DF930 
164 PAGE. Vl 

165 * 0 
Vl 

166 * THE START OF THE PROGRAM ~ 
0 

167 * 0 
0-00200 168 AORG 0200 ex:> 
OJ 00200 o 0 16 00233 169 BEGIN LOA BRUGO INITIALIZE RECOVERY LOCATIONS () 

OQ201 o 0 76 00031 170 5TA 1 
00202 o 0 76 00032 171 STA 032 
00203 o 0 01 00234 172 BRUGO BRU KYBO 
00204 o 0 21 01241 173 KY3D EXU ROIS 
00205 o 0 21 01231 174 EXU POlS 
00206 o 40 37711 175 GB2 CLR 
00207 o 'J 76 01444 17b STA Tl 
00210 o 02 0 020Jl 177 RKB 0.1.1 
00211 o 32 01445 178 GOI BIM Tl+1 REAO CHARACTER 
00212 o 0 16 01445 179 LOA Tl+1 
00213 o 0 14 01636 180 LDB =077 
00214 o 0 55 01637 181 SKM =. p. CHECK FOR CONTROL CHAR. 
00215 o 0 01 00217 182 BRU $+2 
00216 o 0 01 00233 183 BRU PO 
00217 o 0 55 01640 184 SKH =. R· 
00220 o 0 01 00222 185 . BRU $+2 
00221 o 0 01 00256 186 BRU RO Vl 

00222 o 0 55 01641 187 5KM =. s· ro, 
-0 

00223 o 0 01 00225 188 BRU 
-to 

$+2 ro 
00224 o 0 03 00317 189 BRM SO 3 

0-

00225 o 0 :)4 01642 190 SKA =070 CHECK FOR DIGIT ro 
"'" 00226 o 0 01 002J6 191 8RU GO:? IF N~T CONTROL OR DIGIT CLEAR ~ 

00227 o 0 14 01444 192 , LDB T 1 0-
OJ 
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Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 5 of 20) ro -u 
-to 
ro 
3 

0023D o J 74 01446 19J 518 11+2 SAVE C~ANNEL NUMB~R IN 11 +2 0-
ro 

00231 o J 76 01444 194 51A T 1 SAVE UNIT NUf16t.rt IN r 1 
.., 

00232 i) 0 lJl 00211 195 BRU GBI -0 
0-

196 PAGE 01 

197 * 
198 * PUNCH CHANNEL SET UP ROUTINE 
199 * 

00233 o 0 03 00323 200 PO 8RM MAKECH GET CHANNEL NO. SuILT. SAVED IN Tl+2 
00234 1 17 01643 201 LDX =-4**0177777 UPDAtE EtlM/EOD·S 
00235 o 1 16 01234 202 LDA PALC+l.X 
00236 o 0 11 01644 203 ETR =O~O277677 

00237 o 0 13 01446 204 MRG 11+2 INSE~T C~ANNEL DESJG~ATION 

00240 1 0 76 00235 205 51A *$-3 
00241 1 57 00235 206 8RX $-4 
00242 1 17 01645 207 LDX =-~**JI77777 uPDATE:. SKS·S 
00243 o 1 16 01227 208 LDA PCfT+l.X 
00244 o 0 11 01646 209 ETR =057737677 
00245 o 0 13 01447 210 MRG 11+3 
00246 1 0 76 00243 211 STA *$-3 
00247 1 57 00243 212 BRX $-4 Vl 

0 
00250 1 17 01643 213 LDX =-4**0177777 UPDAtE CHANNEL COMMANDS Vl 

00251 0 1 16 01212 214 LDA PleS!)+2.)( -0 
0 

00252 o 0 11 01647 215 ETR =0~O277777 0 
0-

00253 o 0 13 01450 216 MRG 11+4 00 
01 

00254 1 0 76 00251 217 STA *$-3 () 

00255 1 57 00256 218 BRX $+1 
00256 1 57 00251 219 8RX $-5 
00257 o 0 16 01230 220 LOA P1L UPDAtE UNIT NO. 
00260 o 0 11 01650 221 E1R =-2 
00261 o 0 13 014.4 222 MRG Tl 
00262 o 0 76 01230 223 STA PTL 
00263 o 0 13 01651 224 MRG =02000 MAKE NO LEADER EOM 
00264 o 0 76 01227 225 5TA PPT 
00265 o 0 01 002)4 226 8RG KY8D 

227 * 
228 * READER CHANNEL SET UP ~6uTINt. 

22'i * 
230 * 

00266 o 0 u3 00323 2~1 RC HRM ,.1 A K C. C rl GE:T C"'iANNt.L N(1 BUILT 
00267 1 17 01643 232 LDX =-A*·J177777 UPIlAfE: E"M/~~L·.:) 

00270 o 1 16 C1244 2]j LDA RAlC+l.X 
00271 o 0 11 01644 234 ETR =050277677 
00272 o 0 13 01446 235 MRG 11+2 
00273 1 o 76 ClO27(l 236 STA *$-3 
00274 1 57 00270 237 8RX $-.c1 
00275 1 17 01643 23B LDX =-4**::>177777 BUILD SKS"S 

~ 00276 B 1 16 01240 239 LDA RCIT+l .. X I 
~ 

00277 o 0 11 01646 240 ETR =057737677 



~ Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 6 of 20) I 
~ 
N 

00300 o 0 13 01447 241 MRG T1+3 
00301 1 0 76 00276 242 SlA *$-3 
00302 1 57 00276 243 BRX $-4 
00303 1 17 01652 244 LDX =-10**0177777 8UILD CHANNEL C~MMAND E6M/E6D·S 
00304 o 1 16 012~4 245 LDA RIBRD+2.X 
00305 o 0 11 01653 246 ETR =070'277777 
00306 o 0 13 01450 247 MRG Tl+4 
00307 1 0 76 00334 248 Sl~ *$-3 
00310 1 57 00311 249 BRX $+1 
00311 1 57 00304 250 8RX $-5 
00312 o 0 16 01240 251 LDA RPT BUILD RPT ~ITH UNIT N6. 
00313 o 0 11 01650 252 ETR =-2 
00314 o 0- 13 01,444 253 MRG T 1 ' 
00315 o a 76 01240 254 STA RPT 
00316 o 0 01 00234 255' BRU KYBD 

256 * 
257 * 
258 * START TEST RJNNING 
259 * 

00317 o 02 00000 260 so DSC 0 DISCt1NNECT Vl 

00320 o 22 4 0013 261 BPT 3 STARl READ ~R PUNCH? 0 
Vl 

00321 o 0 01 00640 262 BRU IN READ -..0 

00322 o 0 01 00356 26J 8RU BUT PUNCH 0 
0 

PAGe: 
0-

264 ex> 

265 * 01 n-
266 * BUILD CHANNEL NB. SUBR~UTINE 

267 * 
00323 o 0 00 000)0 268 M/,,{ECH PZE 
00324 o 40 37711 269 CLR 
00325 o 0 16 01446 270 LOA T1+2 GET CH. Nt). 
00326 o 0 54 01654 271 SKA =4 E~D RE.QUIRED 
00327 o 0 14 00177 272 LDB Et)OC YES 
00330 o 0 74 01450 273 STB T1+4 Nt). SAVE EBD BIT. 
00331 o 0 11 01655 274 ETR =3 
003,32 o 0 76 01446 275 STA Tl+2 
00333 1 17 01446 276 LOX T1+2 
0033'4 o 0 1601450 277 LDA Tl+4 
00335 o 1 13 00352 278 MRG MAI<,ETB.X BUILD Et)M/E6D SELECTI~N 
00336 o 0 76 01446 279 STA Tl+2 SAVE Et)M 
00337 e 40 37713 280 BAC BUILD SKS SELECTIJN 
00340 o 0 54 00177 ~81 SKA EBDC 
00341 o 0 14 01656 282 LOB' =040000 Vl 

00342 o 40 37733 283 XAB CD 
"'U 

00343 o 1 13 00352 284 MRG MAKETB.X 
..... 
CD 

00344 o 0 76 01447 285 ST~ Tl+3 SAVE SKS 
3 
0-

00345 o 0 16 01444 286 LDA Tl BUILD UNIT NB. BIT 
CD 
""'1 

00346 o 0 11 01657 287 ETR =1 -..0 
00347 o 0 12 01657 2R8 E15R =1 0-

01 



~ 
I 
~ 
W 

",--,/ 

00350 
00351 

00352 
00353 
00:l54 
00355 

00356 
00357 
00360 
00361 
00362 
00363 
00364 
00365 
00366 
00367 
00370 
00371 
00372 
00373 
00374 
00375 
00376 
00377 
00400 
00401 
00402 
00403 
00404 
00405 
00406 
00407 
00410 
00411 
00412 
00413 
00414" 
00415 

00416 
00417 
00420 
00421 

o 0 76 01444 
o 0 41 00323 

00000000 
00000100 
20000000 
20000100 

1 17 01660 
o 40 37711 
o 1 76 01344 
o 0 05 01651 
1 57 00360 
o 0 21 01230 
o 0 21 01233 
o 0 21 012J6 
o 0 31 01237" 
1 17 01643 
B 0 14 01652 
o 0 16 00431 
o 0 03 00610 
o 0 21 01226 
o 22 4 0004 
o 0 01 00416 
o 0 21 01231 
o 02 0 02641 
o 30 01663 
o 30 01664 
o 30 01665 
o 30 01666 
o 40 37733 
o 0 13 01635 
o 0 76 004J7 
o 30 00000 
o 71 00407 
1 57 00407 
o 02 14000 
o 20 1400n 
o Q 01 00413 
o 0 )1 002)4 

o 0 03 00476 
o 0 21 01224. 
o 0 01 00422 
o 0 21 01227 

Tabl e 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 7 of 20) 

28Si STA 
290 BRR 
291 * 
292 MAKETB DATA 

293 
294 * 

PAGE 

Tl 
MAt<ECH 

SAVE UNIT N~. BIT 
EXIT 

0.OI00~020000000~020000100 

295 * PAPER TAPE PUNCH OUTPUT SECTIjN. 
~96 * 
297 OUT 
298 
299 
300 
301 
302 OUT4 
303 
304 

LDX 
CLR 
STA 
ADD 
SRX 
EXU 
EXU 
LCH 

305 LDX 
306 LOB 
307 LDA 
308 BRM 
309 EXU 
310 BPT 
311 BRU 
312 OUT2 EXU 
313 TYP 
314 MIS 
315 MIB 
::516 HIB 
317 MIB 
31d XAB 
319 MRG 
320 STA 
121 MIS 
322 MIN 
323 8RX 
324 GeT~p T~P 

325 CAT 
3?6 8RLJ 
327 8RU 
328 * 
32'J ~HIT4A 

330 
331 
332 

gFu1 

EXU 
8RU 
EXU 

=-64**0177777 

IHAGE+64.X 
=01000000 
$-2 
PTL 
PALC 
PI~SP 

=-4**0177777 
=ERMSGI 
PC~TC 

WCl 
PCET 
4 
~lJT 4 A 

POlS 
0.1.4 
=052121225 
=051514651 
=012246451 
=031452712 

MIBX 
$+1 
00 
$-1 
$-? 
o 
o 
$-1 
KYBD 

~UTPIN 

PCAT 
$+? 
PPT 

SET UP OUTPUT IMAGt ~IT~ 64 ~O~DS 

START PUNCH WITH LEADER 
ALERl CHANNEL 
LOAD I~SP IMAGE.64 

SET .UP FOR SUBROUTINE T~ TYPE: 
IOSP. ftUTPUl 

WAIT FOR CHANNEL COUNT = ZERO 
ERROR ON OUTPUT 
YES. CHECK BP4 FOR NB STOP 
N~. NO STOP ON ER~OR 

ERROR. DISCONNECT CHANNEL 
TYPE GENERAL ERROK MESSAGE 
1 E 
RR~R 

DUR 
ING 
TYPE SPECIFIC ERROR MESSAGE 

TO BE REPLACED ~T RUN TIME 

Gj PI~ AND CHtC~ CHANNfL ADDRtS~ 

IF CHANNEL INACTIvE ~EADDRE~S PUNCH 

Ul 
ro 

""0 
en 
3 
0-
ro 
""1 

--0 
~ 
t11 

Ul 

o 
Ul 

--0 
o o 
~ 
ex> 
t11 
() 



~ 
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~ 
~ 

00422 o 0 21 01233 333 EXU PALC 
00423 o 0 21 01210 334 LCH PIBSO LOAD CH. IOSD IMAGE.54 
00424 o 0 31 01211 
00425 1 17 01643 335 OUTI LOX =-4**0177777 SEf UP ERROR MESSA~E: 
00426 o 0 14 01657 336 LDB =ERMSG2 I ·)SD. BUTPUT 
00427 o 0 16 00431 337 LOA PCATC 
00430 o a 03 00610 338 8RM WCZ WAIT FOR COUNT EQuAL ZERO 
00431 o 0 21 01224 339 peATC EXU PCAT CHAN. ACTIVE? 
00432 o 0 01 00431 340 BRU $-2 YES 
00433 o a 21 01226 341 EXU PCET NO. ERROR? 
00434 o 22 4 0004 342 BPT 4 YES. IS STOP ALUh/ED? 
00435 o 0 01 00437 343 8RU $+2 Ntl ERROR OR NOSTtlP 
00436 o 0 01 00376 344 8RU OUT2 ERROK STOP ALLOWED 
00.37 o 0 03 00476 345 8RM OUTPIN G~ PIN AND CHECK CHANNEL ADDRESS 
00440 o 40 37711 ~46 CLR 
00441 o 0 76 01452 347 STA PRF R(PUNCH REPEAT) 
00442 o 0 21' 01230 348 OUTIA EXU PTL 
00443 o a 21 01233 349 .EXU PALC 
00444 9 0 21 01210 350 LCH PlelSO LOAD IOSD IMAGE.64 
00445 o 0 31 01211 Vl 

00446 1 17 01643 351 LDX =-4**QI77777 SET UP ERROR MESSAGE: 0 
Vl 

00447 o 0 14 01657 352 LOB =ERMSG2 -.0 
0 00450 o 0 16 00431 353 LDA peATC 0 
0-

00451 o 0 03 00610 354 BRM WC? ex> 
O! 

00452 o 0 21 01224 ~55 EXU peAT CHAN. ACTIVE? () 
00453 o 0 01 00452 356 BRU $-1 YES 
00454 o 0 21 01226 357 EXU PCET Ntl. CHAN. ERROR 
00455 o 22 4 0004 358 BPT 4 YES. IS ERROR STOP ALLftwED 
00456 o 0 01 00450 359 BRt) $+2 Ntl.r.ltl 
00457 o 0 01 00376 360 8RU BUT2 YES 
00460 o 0 03 00476 361 aRM OUTPIN G~ PIN ANO CHECK CHANNEL ADDRtSS 
00461 o 0 53 01452 302 SKN PRF PUNCH REPEAT 
00462 . 0 0 01 00454 363 8RU $+2 Rt:SET 
00463 o 0 01 00457. 364 B~U flUT3 SET 
00464 o 0 16 0167C 365 LDA =-1 S(PuNCH REPEAT) 
00465 o 0 76 01452 366 STA PRF 

00466 o 0 01 00442. ~67 BRU OUTIA 
368 * 
369 * 

004(57 o 22 4 004) 370 OUT3 BPT 1 Gtl OR ST6R 
00470 o 0 01 002)4 371 BRU KY80 STep 
00471 o 22 4 0023 372 BPT 2 GO. CYCLE? Vl 

Cl> 
00472 o 0 01 00640 ~7J 9RU IN YES -0 

-to 

00473 o 22 4 001:) 374 BPT 3 6N:: ONLY ro 
3 

00474 o 0 01 00640 375 BRU IN 0-
ro 

00475 o 0 01 00356 376 BRU OUT .., 

377 * -.0 

378 * SU8ReUTINE TO CHECK CHANNEL ADDRESS 0-
O! 



.,J:::... 
I 

.,J:::... 
<..n 

00476 
00477 
00500 
OOSOt 
00502 
00503 
00504 
00505 
00506 
00507 
00510 
00511 
00512 
00513 
00514 
00515 
00516 
00517 
00520 
00521 
00522 
00523 
00524 
00525 
00526 
00527 
00530 
00531 
00532 
00533 
00534 
00535 
00536 

00537 
00540 
00541 
00542 
00543 
00544 
00545 
00546 
00547 
00550 

o 0 00 000)0 
o 0 21 01232 
o 0 33 01444 
o 0 16 01444 
o 0 12 01671 
o 0 5" 01670 
o 22 4 0004 
o 0 41 00476 
1 77 01445 
o 40 37733 
o 0 13 01635 
o 0 76 00530 
o 0 16 01671 
o 0 03 00537 
o 0 76 00577 
o 0 74 006)0 
a 0 16 01444 
o 0 03 00537 
o 0 76 006J5 
o 0 74 006)6 
o 0 21 01231 
1 17 01672 
o 02 0 02641 
1 30 00514 
1 57 00525 
1 17 01445 
o 30 00000 
o 71 00530 
1 57 00530 
1 17 01673 
1 30 00610 
1 .57 00534 
o 0 01 00412 

o 0 00 00000 
1 17 01674 
o 40 37731 
o 60 04 003 
a 1 76 01456 
o 0 16 01675 
1 57 00542 
o 40 37711 
1 17 01674 
o 60 06 005 

Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 9 of 20) 

379 * 
380 BUTPIN 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
39d 
399 
400 
401 
402 
403 
404 
40:; 
406 BTPINI 
407 
408 
409 BHPI N2 
410 
411 
412 
413 * 
414 * 

PIE 
EXU 
PIN 
LDA 
EBR 
SKA 
BPT 
BRR 
STX 
XA8 
MRG 
STA 
LDA 
BRM 
STA 
ST8 
lDA 
BRM 
STA 
STB 
EXU 
LUX 
TYP 
MI8 
8R.~ 

LDX 
MI8 
MIN 
BRX 
LDX 
MIB 
BRX 
BRU 

o 
PASC 
Tl 
Tl 
=IMAGE+64 
=-1 
4 
BUTPIN 
Tl+l 

MI8X 
flTPINl 
=IMAGE+64 
MKflCT 
BTPNMI 
ftTPNM1+1 
Tl 
MKBCT 
BTPNM2 
BTPNM2+1 
PDIS 
=-15**0177777 
0.1.4 
flTPNM+15.X 
$-1 

Tl+1 
00 
$-1 
$-2 
=-12**0177777 
flTPNM2+3.X 
$-1 
G~TBP 

ALERt TB STBRE PUNCH CHANNEL 
ST~RE ADDRESS 

CBMPARE ~ITH EXPECTED 

NBT EQUAL 
EQJAL BR ERRBR STtlP NBT PERMITTED 
SAVE LENGTH OF ER~OR MESSAGE 
SeT UP ERRBR BUTPuTTER 

GENERATE EXPECTED PIN W~RD IN BCD 

SAVE EXPECTED 

GENERATE ACTUAL PIN UBRD IN BCD 

DISC~NNECT PUNCH CHANNEL 

eLlTPUT MESSAGE 

BLITPUT SPECIAL MESSAGE 

BUTPUT RECEIVED AND EXPECTED MESSAGE 

415 * SUBROUTINe TB ~AKE ONE ~BRD INTB 8 BCD BCTAl DIGITS 
416 * 
417 MKBCT 
418 
419 
420 
421 
422 
423 
424 
425 
426 

PIE 
LDX 
ABC 
LSH 
STA 
LDA 
BRX 
CLR 
lDX 
lCY 

o 
=-8**0177777 

3 
Tl+10.X 
=0 
$-3 

=-8**0177777 
6 

o TB \.lORD TO B 
S~IFT BUT BCTAl DIGIT 
SAVE BCD CHARACTER 
CLEA~ A 

REASSEMBLY aCD CHARACTERS INTO A + B. 

Vl 
ro 

"U 

CD 
3 
0-
ro .., 

--0 
0-. 
<..n 

Vl 
o 
Vl 

--0 
o o 
0-. 
00 
<..n 
() 
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00551 o 1 13 01456 /127 MRG Tl+10.X 
00552 1 57 00550 428 BRX $-2 
00553 o 40 37733 429 XAB 
00554 o 0 41 00537 430 BRR MKBCT fXIT 

431 * 
432 * 
43J * ERROR MESSAGES F6~ CHAN~EL ADtiRESS T~ST SUBRBUTINE 
434 * 

00555 52254524 435 OTPNM BCD 52.1END ADDRESS FKBM CHANNEL DID N~T AGREE WITH EXPECfE 
00556 1221242/1 
00557 51256262 
00560 12265146 
00561 4/1122330 
00562 21454525 
00563 "43122431 
00564 24124546· 
00565 f;l3122127 
00566 ~1252512 

00567 66316330 
00570 12256747 Vl 

00571 25236325 0 
Vl 

00572 Z4122126 436 BCD 8.D AFTER -0 
0 

00573 ~3255112 0 
~ 

00574 25674725 437 BCD 12.EXPECTED 00 

00575 23632524 ~ 
00576 12121212 
00577 00000000 430 OTPNMl DATA 0.0 
00600 00000000 
00601 ~3121252 439 BCD 16 •• .1RECEIVED 
00602 51252325 
00603 3165252/1 
00604 12121212 
00605 00000000 440 OTPNM2 DATA 0.0 
00606 00000000 
00607 33125252 441 BCD 4 •• 11 

442 PAGE 
443 * 
444 * WAIT FtlR CftUNT EQUAL lERtl SUBKOUTINE. 
445 * 

00610 o 0 00 OOOJO 446 WCZ PZE ENTRY 
00611 o 0 76 00617 447 SlA $+6 SAVE R/PCAT 
00612 o 0 05 01657· 448 ADD =1 MAKE A ClT Vl 

00613 o 0 76 00614 449 STA $+1 SAVE R/PClT 
CJ) 

"t:J 
-to 

00614 o 20 12000 450 elT 00 C = 02'& CJ) 

3 
00615 o 0 01 00617 451 BRU $+2 N~ 0-

CJ) 

00616 o 0 41 00610 452 BRR WCl YES .., 
00617 o 20 14000 453 CAT 00 CHANNEL ACTIVE? -0 

00620 o 0 01 0061/1 454 BRU $-4 YES ~ 
l.Jl 
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Vl 

Table 4-6. (l) 
-0 
(b 
3 

00621 o 22 4 0004 455 BPT 4 NO. INHIBIT ERRORS 0-
(l) 

00622 o 0 41 00610 456 eRR ~CZ YES 
..., 

00623 i 77 01444 457 STX Tl NO. PRINT ERROR "ESSA~E -0 
0-

00624 o 40 37733 458 XAB 01 

00625 o 0 13 01635 459 MRG MI8X 
00626 o 0 76 00634 460 STA $+€ 
00627 1 17 01676 461 LDX =-13**0177777 
00630 o 02 0 02641 462 TYP 0.1.4 
00631 1 30 01500 463 MI8 OISMSG+13.X 
00632 1 57 00631 464 8RX $-1 
00633 1 17 01444 465 LOX Tl 
00634 o 30 00000 466 MIS 00 
00635 o 71 00634 467 MIN $-1 
00636 1 57 00634 468 BRX $-2 
00637 o 0 01 00412 46<J 8RU G~TOP 

470 PAG!:. 
471 * 
472 * INPUT SECTION 
473 * 

00640 o 0 03 01177 474 IN BRM STARTP STAR. READER Vl 
0 

00641 o 22 0 400) 475 ROV Vl 

00642 o 0 21 01243 476 EXU RALC ALER. -0 
0 

00643 o 0 21 01212 477 LCH RlftSO LOAO 10SO BUFFER.64 0 
0-

00644 o 0 31 01213 (X) 

~ 
00645 o 0 21 01235 478 IN()B EXU RCZT C=O n 
00646 o 0 01 00657 479 8RU INQ NO 
00647 o 0 21 01234 480 RCATC EXU RCAT YES. CHAN. ACTIVE 
00650 o 22 4 0004 481 8PT 4 YES. ERROR STOP PERMITTED 
00651 o 0 01 00670 462 BRU INOA NO. NO CONT. 
00652 I: 17 01676 463 LOX =-13**0177777 YES 
00653 o 02 0 02641 484 TYP ·0.1.4 
00654 1 30 01525 465 HI8 ERf'1SG4+13.X 
00655 1 57 00654 486 8RX $-1 
00656 o 0 01 00412 487 BRU GOTOP 

488 * 
00657 o 0 21 01234 489 INa EXU RCAT CHAN. ACTIVE STILL? 
00660 o 0 01 00645 490 BRU INOB YES 
00661 o 0 21 01235 491 EXU RCZT NO. C=O 
00662 o 0 OJ 00654 492 8RU $+2 NO 
00663 o 0 01 00670 493 BRU INOA Vt:S 
00664 1 17 01645 494 LOX =-3**0177777 SET uP ERROR MESSAGE 
00665 o 0 14 01677 495 LDB =ERMSG5 
00666 o 0 16 00647 496 LDA RCATC 
00667 o 0 03 00610 497 8RM LJC:Z G~ DO DISCONNECT ER~~R rEST 
00670 o 0 16 017)0 498 INOA LDA =033120152 Bl.OCK NO. t 
00671 o 0 14 01731 499 LOB =BUFFER+64 END ADDRESS EXPECTED 

~ 00672 o 0 03 01055 500 8RM CHECI( GO CHECK DATA I 
~ 00673 o 0 03 01177 501 IN1 BRM STARTP START READER IF DATA CHECKED a.K. "-.I 



~ 
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ex:> 

00674 o 22 0 400) 502 R~V 

00675 . 0 0 21 01243 503 EXLJ RAtC 
00676 o 0 21 01214. 504 LCH Rlr'lSP L~AD I~~P BUFF~R.65 

00677 o 0 Jl 01215 
00700 o 0 16 01670 50'5 LDA =-1 
00701 o 0 76 01451 506 STA SPF S(IBSP INPUT) 
00702 o 0 21 01237 507 IN4 EXU RCIT INTERRECBRD CBNDIrIa~ 
00703 o 0 01 007J5 509 BRU $+2 NO 
00704 o 0 01 00732 509 BRU IN2 YES 
00705 o 0 21 01234 510 EXU RCAT CHAN. ACTIVE 
00706 o 0 01 00716 511 BRU INIA YES 
00707 o 22, 4 0004 512 BPT 4 NB. ERRBR STBP PE~MIrTED 
00710 o 0 01 00732 513 BRU IN2 NB 
00711 1 17 01672 514 LDX =-15**0177777 YES 
00712 o 02 0 02641 515 TYP 0.1.4 
00713 1 30 01547 516 MIB ERMSG6+15.X 
00714 1 57,00713 517 BRX $-1 
00715 o 0 01 00412 '518 BRU GBTBP 

519 * 
00716 o 0 21 01235 520 INIA EXU RCt'T c=o l/) 

00717 o 0 01 007J2 521 BRU 1""4 NB 0 
l/) 

00720 g 0 21 01237 522 EXU RCJT YES. CHAN. INTER-RECI)RD -0 
0 

00721 o 0 01 00732 523 BRU IN2 NO 0 
0-

00722 o 22 4 0004' 524 BPT 4 YES. ERR6R STBP PERMITTED ex:> 
<..n 

00723 o 0 01 00732 ~25 BRU IN2 NO () 

00724 o 0 21 01241 526 EXU RDIS YES. STBP TAPE 
00725 1 17 01702 527 LDX =-17**0177777 
00726 o 02 0 02641 528 TVP 0.1.4 
00727 1 30 01570 529 MIB ERMSG7+17.X 
00730 1 57 00727 530 BRX $-1 
00731 o 0 01 00412 531 BRU GBTBP 

532 * 
00732 o 0 21 01236 533 I N2 EXU RCE"T IF CHANNEL ERR6R 
00733 o 22 0 004) 534 SBV SET tlVERFL6W 
00734 o 0 21 01241 535 EXU RDIS STBP TAPE 
00735 o 0 53 01451 536 SKN SPF IC1SP INPUT FLAG 
00736 o 0 01 00756 537 aRU IN3 RESEI 
00737 a D 16 017)3 538 LDA =033120252 SET. GET 8L~CK NB. 2 
00740 o 0 14 01444 539 LDB BUFFER+64 END ADDRESS EXPECTED 
00741 o 0 03 01055 540 BRM CHECr< CHECK DATA INPUT 

541 * IF CtlRRECT CBNTINUE. 
00742 o 0 0,3 01177 542 aRM START? STARI TAPE l/) 

00743 o 22 a 400) 543 R~V 
ro 

"U 

00744 o 0 21 01243 .544 EXU RALC ALERT m 
3 

00745 o 0 21 01216. ~45 LCH RIRSPI LBAD 16SP BUFFER.32 0-
ro 

00746 o 0 31 01217 .., 
00747 1 17 01645 546 LOX =-3**0177777 SET UP ERR~R MESSAGE -0 

00750 9 a 14 017J4 547 LOB =ERMSG8 0-
<..n 



9300 Computer, Extended Mode I/O Test Program (Sheet 13 of 20) 
VI 

Table 4-6. ('I) 
-0 
-to 
('I) 

3 
00751 o 0 16 00647 548 LDA ReATe 0-

('I) 

00752 o 0 03 00610 549 8RM LJCZ Gt) LJAIT F6R C=O 
.., 

00753 o 0 21 01236 550 EXU ReET IF CHANNEL ERROR -.0 
~ 

00754 o 22 0 0043 551 SOY SET OVERFLOLJ 01 

00755 o 0 21 01234 552 EXU RCAT IS READER STILL RuNNING 
00756 o 0 01 00750 553 8RU IN5 YES 
00757 o 0 21 01240 554 EXU RPT NO. ~ESTART TAPE ~EADER 
00760 o 0 21 01243 555 H!5 EXU RALC 
00761 o 0 21 01220 556 LCH RlftRP L6AD lORD 8UFFER+32.33 
00762 o 0 31 01221 
00763 o 40 37711 557 CLR 
00764 o 0 76 01451 558 STA SPF R(IOSP INPUT) 

-00785 o 0 01 00732 559 BRU I N4 
560 * 

00166 o 0 16 01735 561 INJ LDA =033120352 BLOCK NO.3 
00767 o 0 14 017)1 562 LOB =BUFFER+64 END ADDRESS EXPECTED 
00770 o 0 03 01055 563 BRM CHECK G~ CHECK DATA 
00771 o 0 03 01177 564 BRM STARTP START TAPE 
00772 o 0 21 01243 !65 EXU RALC 
00773 o 0 21 012~2 566 LCH RIBRD LOAD lORD BUFFER. 56 VI 

0 
00774 o 0 31 01223 VI 

00775 a 0 21 01234 '567 EXU RCAT CHAN. ACTIVE -.0 
0 

00776 o 0 01 00775 568 BRU $-1 YES. UAIT Ft)R STOP 0 
~ 

00777 1 17 01674 569 LDX =-B**0177777 CHAN. INACTIVE 00 

01000 o 0 16 01636 570 LOA =077 ~ 
01001 o 1 54 01444 571 SKA BUFFER+64.X CHECK FOR O'S IN LAST 8 CHARACTERS 
01002 o 0 01 01024 572 8RU IN3A 
01003 1 57 01001 573 8RX $-~ 

01004 1 17 01674 ~74 IN38 LOX =-8**0177777 O.K. INSERT CORRECT 8 CHARACTERS 
01005 o 0 16 01642 575 LDA =070 
01006 o 1 76 01444 576 STA BUFFER+64.X 
01007 ·0 0 05 01657 577 ADD =1 
01010 1 57 01006 578 BRX $-2 
01011 o I) 16 017)6 579 LOA =033120452 BLOCK NO.4 
010,12 o 0 14 01:?)7 580 LOB =3UFFER+56 E~D ADDRESS EXPECTED 
01013 a 22 0 400) 581 ROV 
01014 a 0 03 01055 582 BRM CHECK G(j CHECK DATA 
01015 a 22 4 004) 583 8PT 1 TEST STOP1 
01016 o 0 01 00234 584 BRU KYBD YES 
01017 o 22 4 0023 585 BPT 2 TEST CYCLE? 
01020 o 0 01 00356 586 BRU OUT YES 
01021 o 22 4 0013 587 BPT 3 TEST ONE ONLY. 
01022 o 0 01 00640 588 BRU IN READ 
01023 o a 01 00356 589 BRU OUT PUNCH 

590 -
01024 o 22 4 0004 591 INJA BPT 4 ERROR STOP PERMITTED 

.J:>. 01025 o a 01 010:)4 592 BRU IN38 N6 I 

~ 01026 1 17 01674 593 LOX =-8-·0177777 F5RMAT LAST EIGHT CHARAcrERS FUR TYPE 
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Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 14 of 20) I 
tn 
0 )' 

01027 8 40 37711 594 CLR 
01030 o 1 16 01444 595 IN3D LDA BUFFER+64.X 
01031 o 60 04 003 596 LSI; 3 
01032 o 1 IJ 01444 597 HRG BUFFER+64.X 
0103J o 0 11 01710 598 ETR =0707 
01034 o 0 13 01711 599 MRG =052120000 
01035 o 60 04 005 600 LSH 6 
01036 o 1 76 01055 601 STA MSGIMG+8.X 
01037 1 57 01030 602 BRX IN3D 
01040 1 17 01712 603 LDX =-19**0177777 6UTPUT ERR6R MESSAGE 
01041 o 02 0 02641 604 Tl'P 0.1,4 
01042 1 30 01616 605 MIB ERt'1SG9+19,X 
01043 1 57 01042 606 8RX $-1 
01044 o 02 14000 607 Tep 0 
01045 o 20 14000 608 CAT a 
01046 a 0 01 01045 609 BRU $-J 
01047 o 02 0 02041 610 TYP 0.1.1 6UTPUT B CHARACTERS 
01050 1 17 01674 611 LDX =-P,**JI77777 
01051 1 30 01065 612 MI8 MSGIMG+8.X 
01052 1 57 01051 613 BRX $-1 Vl 

01053 o 30 01503 614 MIB ERMSG1+3 CK 
0 
Vl 

01054 a 0 01 01)412 615 8RU GeTEtP -0 
0 

616 * 0 
0-

617 * 00 
tn 

01055 ~ta MSGIMG ~ES P, h 
619 PAGE 
620 * 
621 * CHECK INPUT DATA SUBRBUTINE. 
622 * 

01065 o a 00 OOOJO 623 CHECK PlE 
01066 o a 76 0162~ 624 STA ERMSGQ+6 SAVE BLBCK NB. 
01067 o 0 21 01236 625 EXIJ RCET CHECK FOR ERROR 
01070 o 0 01 01-141 626 BRU PARERrt G~ T~ PARITY ERRB~ RBUTINE 
01071 o 22 1 404J 627 BVT CHECK FOR PREVIOUSLY N6TED ERROR 
01072 o 0 01 01141 628 BRU PARERR G~ T6 PARITY ERROR RBUTINE 
01073 o 0 21 01242 629 EXU RASC STORE CHANNEL ADDRESS 
01074 o a 33 01444 630 PIN Tl 
01075 o 0 74 01445 631 STB Tl+1 SAVE EXPECTED 
01076 o 0 16 01444 632 LDA Tl 
01077 a a 12 01445 633 E6R T ,1 + 1 COMPARE ACTUAL UITH EXPECTED 
01100 o 0 54 01670 634 SKA =-1 AGREE 
01101 o 0 01 01154 635 BRU PINERR NO Vl 

01102 1 17 01660 636 CHECK2 LDX = - 6.4 * * 0 1 7 7 7 7 7 YES (l) 
-u 

01103 o 0 16 01675 637 LDA =00 
-to 
(l) 

01104 o a 1,4 01636 638 LOB =077 3 
c-

01105 o 1 55 01444 639 SKH BUFFER+64.X CHECK INPUT BUFFER (l) .., 
01106 o 0 01 01112 640 BRU C~ECKI ERROR -0 
01107 o 0 05 01657 641 ADD =1 0-

tn 
01110 1 57 01105 642 8RX $-3 
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Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 15 of 20) ro 
-0 

CD 
3 

01111 o 0 41 01055 643 BRR CHECK EXIT IF ALL CBRRECT 0-
ro 

644 * 
.... 

01112 o 22 4 0004 645 CHECKI BPT 4 ERROH ST6P PERMITTED] '-0 
0-. 

01113 o a 41 01055 646 SRR CHECK NO. EXIT t11 

01114 o 0 76 01444 647 STA Tl YES 
01115 o 60 04 003 648 LSt; 3 FORM.T EXPECTED 
01116 o a 13 01444 64~ MRG Tt 
01117 o 0 11 01710 650 EIR =0707 
01120 o 60 04 005 651 LSt; 6 
01121 o a 13 01713 652 MRG =012000052 
01122 o Q 76 01631 653 STA ERMSGO+9 Sr~Rt:. EXPECTED 
01123 o 1 16 01444 654 LDA 8UFFErt+64.){ Ftl~MAI RECEIVED 
01124 o 50 00 003 655 RSH 3 
01125 o 1 16 01444 656 LDA BUFFER+64.X 
01126 a 60 04 003 657 LSI-1 3 
01127 o 0 11 01710 658 ETR =0707 
01130 o 60 04 005 659 LSH 6 
01131 o 0 13 01713 660 MRG =012000052 
01132 o 0 76 01634 661 STA ERMSGO+12 STBRE RECEIVED 
01133 1 17 01676 662 LDX =-13**0177777 Vl 

0 
01134 o 0 21 01241 663 EXU RDIS DISCONNECT READE~ CHANNEL Vl 

01135 o 02 0 02641 664 TYP 0.1.4 '-0 
0 

01136 1 30 01635 665 MIS ERMSGJ+13.X 0 
0-. 

01137 1 57 01136 666 BRX $-1 ex> 
t11 

01140 o 0 01 00412 667 BRU GftTOP () 

668 .. 
669 * PARITY ERROR SUBR~UTINE 

670 * 
01141 a 22 4 0004 671 PARERR BPT 4 ERRoR STOP PERMITTED? 
01142 o 0 41 01055 672 BRR CHECK NO 
01143 o 0 21 01241 673 EXU ROts YES. DISCONNECT READER CHANNEL 
01144 o 02 0 02641 674 TYP 0.1.4 
01145 1 17 01714 675 LOX =-9**0177777 
01146 1 30 01627 676 MIB ERMSGP+9.X OUTPUT PARITY ERROR MESSAGE 
01147 1 57 01146 677 BRX $-1 
01150 o 02 14000 678 TOP 0 
01151 o 20 14000 679 CAT 0 
01152 o 0 01 01151 680 BRU $-1 
01153 o 0 01 011)2 681 8RU CHECK? RETURN TO CHECK NuMBERS 

682 * 
683 * PIN ADDRESS ERROR SUBROUTINE 
684 * 

01154 o 22 4 0004 685 PINERR BPT 4 ERROR STOP PERMITTED 
01155 o 0 01 011)2 686 8RU CHECK2 NO 
01156 o 0 16 01444 687 LDA Tl YES 
01157 o 0 03 00537 688 8RM MKf'CT EXPAND ACTUAL T~ dCD 

~ 01160 o 0 76 006)5 689 STA OTPNM2 SAVE 
I 

01161 o 0 74 006)6 690 ST8 OTPNM2+1 tTl 



~ 
Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 16 of 20) I 

01 

'" 
01162 a a 16 014145 691 LDA Tl+l EXPAND EXPECTED TJ aCD 
011·63 n a 03 00537 692 BRM MK6CT 
01164 a a 76 00577 693 STA OTPNI11 SAVE 
01165 a 0 741 006)(1 694 ST8 OTPNMl+1 
01166 a a 21 01241 69:) EXIJ RDIS DISCt1NNECf READER 
01167 a 02 0 02641 696 TYP 0.1.4 
01170 1 17 01672 697 LDX =-15**0177777 
01171 1 30 00574 098 MIS 6TPNM+15.X OuTPUT GENERAL ME$SAGE 
01172 1 57 01171 t>99 BRX $-1 
01173 a 30 01624 700 MIB ERMSGO+4 6UTPUT BLOCK NO. 
01174 P 30 01625 701 MIB ERMSGO+5 
01175 o 30 01626 702 MIS ERMSGO+6 
01176 o '0 01 00533 703 BRU OTPIN2 G~ OUTPUT RECEIVtu AND EXPECTED 

704 * 
705 * START TAPE READER SUBROUTINE 
706 * 

01177 o 0 00 000)0 707 STARTP P1E 
01200 1 17 01660 70·9 LDX =-64**0177777 
01201 o 40 37711 709 CLR 
01202 o 1 76 01444 710 STA BUFFER+64.X CLEA~ BUFFER Vl 

01203 1 57 01202 711 BRX $-1 0 
Vl 

01204 o 0 21 01240 712 EXU RPT START TAPE -.0 

01205 o 0 41 01177 713 BRR STARTP EXIT 
0 
0 

714 PAGE 
0-
00 
01 

715 * () 

715 * 1/0 CHANNEL COMMANDS 
717 * 

R 01206 002 146 0 )0 718 PIOSP I6SP IMAGE.64 
01207 0100 01244 

R 01210 002 142 0 )0 119 PIOSD .IOSl) IMAGE.54 
01211 .0100 01244 

720 * 
R 01212 002 142 0 )0 721 RIOSD IOS[J BUFFER.64 

01213 (HOO 01344 
R 01214 002 145 0 )0 722 RIOSP I6SP BUFFER.55 

81215 0101 01344 
R 01216 002 146 a JC 723 RIOSPI IOSP BUFFER.32 

01217 0040 01344 
R 01220 002 1~4 0 )0 724 RIltRP IORP BUFFER+32.3J 

01221 0041 01404 
R 01222 002 140 a JC 725 RIORD lORD BUFFE~.56 

01223 0070 013441 Vl 

726 * 
CD 

""0 
-+-

727 * CD 
3 

728 • 1/6 CHANNEl INSTRUCTIBNS. 0-
CD 

129 * .., 
01224 a 2f) 14000 730 PCAT CAT 0 ~ 
01225 o 20 12000 731 pelT elT 0 

0-
01 



~ 
I 

01 
W 

I 

',,--/ 

01226 

01227 
01:?30 
01231 
01232 
01233 

01234 
01235 
01:?36 
01?37 

01240 
01241 
01242 
01243 

01244 
01344 

01444 
01461 
01462 

01463 
01464 
01465 
01406 
01467 
01470 
01471 
01472 
01473 
OJ474 
01475 
01476 
01477 

o 20 11000 

o 02 0 02044 
o 02 0 00044 
o 02 00000 
o ]2 12000 
a J? 50000 

o ~o 14000 
o 20 12'l.on 
o 20 11000 
o :?O 104)11 

o 02 0 020)4 
o 02 00000 
o 02 12000 
o 02 50000 

522J3021 
45452543 
12255151 
45514664 
624J7012 
24316223 
46454525 
:l3632524 
12222526 
46512512 
23130073 
12246451 
31·452712 

Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 17 of 20) 

732 PCEl 
733 * 
734 PPT 
735 PlL 
736 POlS 
737 PASC 
738 PALC 
739 * 
7.~ 0 * 
741 RCAl 
74.2 RCZT 
743 ReEl 
74' prIT 
745 * 
746 RPT 
"147 RDIS 
748 RASC 
749 RALC 
750 • 
751 * 

CET 

PPT 
PTL 
DSC 
ASC 
ALC 

CAT 
elT 
CEl 
CIT 

RPT 
DSC 
ASC 
ALC 

0 

0,1.1 
0,1.1 
0 
0 
0 

0 
0 
0 
0 

0,1.1 
0 
0 
0 

752 * BUTPUl IMAGE AREA, INPUT BUFFeR A~EA 

753 * 
754 IMAGE RES 64 
755 BUFFER RES 64 
756 * 
~57 * 
758 • 
759 * 
760 Tl 
761 SPF 
762 PRF 
763 
764 * 
165 * 
Z66 * 

TEMPBRARY STBRAGE AND FLAGS 

RES 13 
RES 1 
RES 1 
PAGE 

ERR6R AND STATUS MESSAGES. 

IOSP INPUT FLAG 
PUNCH REPEAT FLAG 

767 DISMSG BCD 52.1CHANNEL ERR~ROUSlY DJSC~NNECTED BEF6RE CsO. DURING 

",--,' 

Vl 
(I) 

-0 
ro 
3 
0-
(I) 

""' 
-.0 
0-
01 

Vl 

o 
Vl 

-.0 
o o 
0-
00 
01 
(") 



..j:::... 
I 

11l 
..j:::... 

01500 
01501 
01502 
01503 
0150' 
01505 
01506 
01507 
01510 
01511 
01512 
01513 
01514 
01515 
01516 
01517 
01520 
01521 
01522 
01523 
01524 
01525 
01526 
01527 
01530 
01531 
01532 
01533 
01534 
01535 
01536 
01537 
01540 
01541 
01542 
01543 
01544 
01545 
01546 
01547 
01550 
01551 
01552 
01553 
01554 
01555 
01556 
01557 
01560 

31466247 
73124664 
634764()3 
33125252 
31466224 
73124664 
~3476463 
33125252 
52233.021 
'5452543 
1224312' 
12454663 
12243162 
23464545 
25236312 
06 302545 
12231300 
12464512 
3t466224 
12314547 
64635212 
J1466224 
73123145 
47646352 
52233021 
45452543 
12243162 
:!3464545 
~5236325 

~4122464 

51314527 
12314662 
47123145 
47646373 
12233163 
12452565 
25511212 
eJ516425 
33125212 
52246451 
31452712 
31466247 
12314547 
64631223 
13001231 
45243123 
21633145 
~7122546 

511 ~~ 7.21 

Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 18 of 20) 

768 ERHSlil BCD 16.16SP. 8UTPUT. 'I 

769 ERMS(;2 BCD 16,I~SD. 8UTPUT. 'I 

170 ERHSi»4 BCD 52.1CHANNEL DID N~T DlSC~NNECT ~HEN C~Q ~N I~SD INPUTI 

771 ERMSG5 BCD 12.I~SD. INPUT1 

772 ERHSG6 BCD 52.ICHANNEL DISCB~NECTED DURING IeSp INPUT. CIT NEVER 

773 BCD 8.TRUE. 1 

774 ERHSG7 BCD 48.IDURING IBSP INPUT C=Q INDICATING E6R PAST BUT C 

Vl 
o 
Vl 

-0 

8 
~ 
ex> 
11l 
() 

Vl 
CD 

""0 
""t
CD 
3 
0-
CD 

-0 
~ 
11l 



.J:>.. 
I 

Ul 
Ul 

01561 
01562 
01563 
01564 
01565 
01566 
01567 
01570 . 
01571 
01572 
01573 
01574 
01575 
01576 
01577 
.'600 
_0160'-
01602 
01603 

J:U604 
01605 
01606 
01607 
01610 
01611 
01612 
01613 
01614 
01615 
01616 
01617 
01620 
01621 
01622 
01623 
01624 
01625 
01626 
Ot627 
01630 
01631 
01632 
01633 
01634 

62531222 
64631223 
31631266 
21621245 
25652551 
12635164 
25331252 
31466247 
7312J145 
47646352 
52314651 
24124645 
1231454.7 
64631224 
3124,245 
~66312Jl 
27454651 
25126330 
25124321 
62631210 
12233021 
51212363 
25516273 
12226463 
12512521 
24126330 
a5122646 
.343.'66 
Jl~527~2 
~2524721 
~1316370 
52314547 
64631225 
51514651 
12314512 
22434623 
42124546 
J312~$.5~_ 
!56747!S 
23632514 
12242452 
51252325 
31652524 
12242452 

01635 0 30 00000 

Tabl e 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 19 of 20) 

775 BCD 

776 ERMS~8 BCD 

777 r::R~S\;9 8Cr 

778 BCD 

77~ ERf1S~P BCD 

780 ERMSGO BCD 

781 

782 • 
783 Milk 
784 * 
7P.5 • 

BCD 

MIS 

20.IT ~AS N~VER TKUE. 1 

12.!jSP. INPUT1 

52.1IjRD ~N INPUT ~ID NBT IGN~RE THE LAST P CHARACTERS. 

24. BUT REA~ THE F6LL6UINGl 

8.11PARITY 

40.1INPUT ERR~R IN BL6CK N~. N1EXPECTED DD1 

12.RECEIVED DOl 

o BuTPUT INSTRUCTI~N 

VI 
ro 
-0 

m 
3 
0-
ro 
~ 

-.0 
0-
VI 

VI 
o 
VI 

-.0 
o o 
0-
00 
Ul 
() 



~ 
I 

01 
0-

00000200 
01636 00000077 
01637 00606047 
01640 00606051 
01641 00606062 
01642 00000070 
01643 00177774 
01644 ~0277677 
01645 00177775 
01646 ?7737677 
01647 'i0277777 
01650 77777776 
01651 00002000 
01652 00177766 
01653 70277777 
01654 00000004 
01655 00000003 
01656 OOO~OOOO 
016~7 . 80000001 
01660 00177700 
01661 01000000 
01662 00001500 
01663 52121225 
01664 ~151.651 
01665 12246451 
01666 31452712 
01667 00001504 
01670 77777777 
01671 00001344 
01672 00177761 
01673 00177764 
01674 00177770 
01675 00000000 
01676 00177763 
01677 00001525 
01700 33120152 
01701 00001444 
0'1702 00177757 
01703 33120252-
01704 00001570 
01705 33120352 
01706 33120452 
01707 00001434 
01710 00000707 
01711 i2120000 
01712 00177755 
Q1713 120000~2 
01714 00177767 

Table 4-6. 9300 Computer, Extended Mode I/o Test Program (Sheet 20 of 20) 

78t> END BEGIN 

Vl 
o 
Vl 

'-0 
o o 
0-
00 
01 
() 

Vl 
CD 

"0 
-to 
CD 
3 
0-
CD ., 
'-0 
0-
01 
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September 1965 S OS 9006 85.C Paragraphs 5. 1 to 5. 12 

SECTION V 
TROUBLESHOOTING 

5.1 GENERAL 

5.2 This section contains information useful when 
troubleshooting the Model 932XX series TMCCs. 

5.3 Troubl eshooting information contained herein is 
based on the test programs given in Section 4 of this 
manual. When an error is indicated during performance 
of the tests given in Section 4, reference shoul d first be 
made to the Programming Flow C harts ill ustrated in 
figure 5-1 and then to the appl icable referenced data. 

5.4 TEST PROGRAM FLOW CHART 

5.5 Figure 5-1 ill ustrates the programming flow data 
for the extended mode test programs given in Section 4. 
An example of the usage of the flow charts is given in 
the following paragraphs. 

5.6 FLOW CHART EXAMPLE 

5.7 In presenting the example of usage of the flow 
charts, the following points will be assumed: 

a. Paper tape reader connected to one of the 
interlaced channel s. 

b. Breakpoint 1 switch reset. 

c. Breakpo int 2 switch reset. 

d. Breakpoint 3 switch set. 

e. Breakpoint 4 switch reset. 

f. An error exists in block 4. 

5.8 At the initialization of the test, the channel num
ber has been inserted on the typewriter, the un it number 
being used, and the character" R" for the paper tape 
reader. The program begins at the top of sheet 1 of 
figure 5-1. The program initial izes restart location, 
disconnects all channels, addresses the keyboard and 
reads the character typed. As the character typed is an 
"R", the flow proceeds to the right from CHAR: R to = R 
and is picked up again on sheet 2. The program then 
builds channel and unit mask words, and builds: RPT, 
RCAT, RCET, RCZT, RCIT, RALC, and RDIS (Read 
Paper Tape, Channel Active Test, Channel Error Test, 
Channel Zero Count Test, Channel Inter-Record Test, 
Alert Channel, and Disconnect Channel, respectively). 
The EOM/EOD commands are then constructed and the 
keyboard addressed to determine if the letter "S" has 

been inserted to start the test. The program returns to 
sheet 1, KYBD, where the keyboard is addressed, the 
character "S" is read and Breakpo int Switch 3 is inter
rogated. As Breakpoint Switch 3 is set (paragraph 5.7d) 
the line S is followed to IN. 

5.9 The program proceeds to sheet 8 (circle labeled 
IN), the tape is started, lOS D 64 is loaded (block 1), 
a check is made to determine if the count reaches zero 
and the channel is inactive. As the count has reached 
zero and the channel is not active, the program then 
proceeds to check the data as given on sheet 12. The 
subroutine is then performed to check End Address, 
Parity, and Input Data. The block number is then saved, 
no error exists, the channel address is stored and checked 
against the expected and the input data is compared. 
As the input data does compare, the program exits from 
the subroutine and is picked back up again on sheet 8 
and proceeds to IN 1. 

5. 10 IN 1 continues on sheet 9, the tape is started 
again and IOSP 65 is loaded (block 2). The program 
checks that the word count does not reach zero and the 
inter-record test occurs (CIT). It then proceeds from 
CIT? to IN 2. 

5. 11 The program then checks to determine if an error 
exists (sheet 10) and stops the tape before the data is 
checked. While the tape is stopped, the data check 
subroutine is performed (sheet 12). After comparison of 
the data, block no. 2 is entered and the program exists 
from the subroutine and proceeds (sheet 10) to start the 
tape (sheet 13) and then loads IOSP 32 (block 3). 

5. 12 Subsequent to loading IOSP, the subroutine Wait 
For Count Zero (sheet 6) is again performed. When the 
count equals zero, the program exits from the subroutine 
and returns to the main program (sheet 10). As no error 
existed and the channel is not active, the tape is started 
again (sheet 13) and IORP 33 is loaded, SPF is reset, 
and the inter-record indicator (CIT, sheet 9) is turned 
on at the end of the record. The count should not reach 
zero and the channel should remain active. As no error 
exists (sheet 10), the tape is stopped and SPF is inter
rogated. SPF has been reset and the program then con
tinues to IN 3 (sheet 11). The data is then checked 
(sheet 12) and as it does compare, the program exits 
from the subroutine, block no. 3 is entered, and the tape 
is started again (sheet 11). The program then loads lORD 
56 (block 4), waits for the channel to be inactive and 
checks to determ ine if the channel ignored the last eight 
characters. As the last eight words were not ignored 
(paragraph 5. 7f), an error exists and the program 
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Initialize Re
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Disconnect 
All Channels 

Address 
Keyboard 

READ 
CHAR 

'---.... SAVE CHAR 

S DS 900685.c 

Figure 5-1. Test Program FlowChart (Sheet 1 of 13) 
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Build Channel 
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Mask Words 

Build: RPT, 
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Fix All 
Channel Comm. 
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S DS 900685.C 

Build Channel 
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Words 
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Figure 5-1. Test Program Flow Chart (Sheet 2 of 13) 
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Figure 5-1. Test Program Flow C hart (Sheet 3 of 13) 
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Figure 5-1. r';st Prouram Flow Chart (Sheet 4 of 13) 
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Punch With 
Leader 

Load: 
IOSD 16 

YES 

S(PRF) 

SDS 900685C 

ERROR 

Figure 5-1. Test Program Flow Chart (5 heet 5 of 13) 
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Before c=o 
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Subroutine 

Figure 5-1. Test Program Flow Chart (Sheet 6 of 13) 
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and Received 
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With Expected 
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S DS 900685.C 

YES 

S 

Subroutine to 
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Address From 
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Figure 5-1. Test Program Flow Chart (Sheet 7 of 13) 
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Figure 5-1. Test Progrom Flow Chart (Sheet 8 of 13) 
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Stop Tape 

Type: IOSP 
nput: C = 0 

but no CIT 

SDS 900685C 

Load: 
IOSP 65 

S(SPFJ 

Type: Channel· 
Disconnected 
During IOSP In
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interrogates Breakpoint Switch 4. Breakpoint Switch 4 
is reset (paragraph 5.7e), therefore, the program types 
out: 10 RD on Input did not ignore last two words. 
Reference should then be made to table 5-8 for informa
tion concerning lORD on Input. 

5. 13 TROUBLESHOOTING INFORMATION 

5. 14 The error printout during the test program is deter
mined by the type of device used with the program. If 
the device is an output device, the following type of 
error codes may be printed out: 

a. Typewriter -- Error during 10SD output 

b. Paper Tape -- Error during 10 RD/IOSD output 

c. Cards -- Error during 10SD/IORD output 

d. Printer -- Error during 10SD/IORD output 

e. Magnetic Tape -- Error during 10 RD/IORP 
output. 

5.15 If the device is an input device, the following types 
types of error codes may be printed out: 

a. Typewriter -- Error during 10SD input 

b. Paper Tape -- Error during 10RD/IOSD/IORP 
input 

c. Cards -- Error during 10 RD/IOSD input 

d. Magnetic Tape -- Error during 10 RD/IORP 
input. 

5.16 TROUBLESHOOTING 

5. 17 If a fail ure occurs during performance of the test 
program and an error message is printed out, determina
tion must be made whether the malfunction is in the 
central processor unit (CPU), in the input/output device, 
or in the TMCC. Normally, this can be determined by 
performing a portion of the appl icable test routine for 
the input/output device and check ing for proper opera
tion. 

5. 18 If the determination is made that the malfunction 
is in the TMCC, reference should then be made to the 
appl icable table (tables 5-1 thru 5-10) for that function. 
The table describes the function and references the 
paragraphs in the Theory of Operation section (Section 
3) where a detailed description of that function is 
described. 

5.19 The logic equations pertaining to the particular 
function can be determined from the description in the 
theory of operations. A comparison of the logic equa
tions and terms will indicate the particular terms pecul iar 
to the function which has failed. Reference to the logic 
layout drawings (I isted in Section 1) will indicate the 
module in which the term is used, the physical location 
of the module, and the terminal connections where the 
term can then be found. 

5.20 Normal troubleshooting procedures can be per
formed to pinpoint the malfunction to a particular com
ponent or terminal. 

5.21 Physical location of components and schematics of 
each module can be found in Section 6. 

Table 5-1. 10SP Output Function, W (A) Channel 

Iwg Iwh Iwi Output Function Sec. 3, Par. Ref. 

1 1 1 l. I1w at Iwf if Iwk 3. 152 
thru 

When the channel counts C down to zero (Iwf), the channel generates 
3.157 

a zero word count interrupt (I1w), if armed (Iwk), indicating the pro-
gram should reload the interlace portion of the channel to continue 
writing in the same record. Fail ure to reload the interlace before the 
buffer transmits all of the characters in its registers and before the 
peripheral device requests the next character from the buffer sets the 
channel error indicator. 
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Table 5-2. IORP Output Function, W (A) Channel 

Output Function 

1. 11 w at Iwf if Iwk 

2. At Iwf, reset WO 

3. I2w at Mtgw or Whs Wl1 if Iwj 

4. At Whs Wl1, disconnect 

When the channel interlace counts C down to zero (Iwf), the channel 
generates a zero word count interrupt (Ilw), if armed (Iwk), notify
ing the channel buffer that it has received the last word that is to be 
output. At zero word count (Iwf), the Halt Interlock fl ip-flop, WO, 
is reset to inhibit additional time-share requests. When the device 
receives the last word from the buffer, it sends an End-of-Record 
response (Whs Wl1) back to the buffer. If armed, (Iwj), the buffer 
generates an End-of-Record Interrupt (I2w) and sets the inter-record 
indicator. If the device is magnetic tape, an End-of-Record response 
(tape gap signal, Mtgw,) signal is sent to the buffer but the tape 
continues to move. If the program does not execute an EOM to write 
a new tape before the tape gap signal drops, the channel disconnects 
(W hs W 11) an d the tape stops. 

Table 5-3. IOSD Output Function, W (A) Channel 

Output Function 

1. 11 w at Iwf if Iwk 

2. At Iwf, reset WO 

3. Disconnect at Iwf W11 or Whs 

4. I2w at disconnect, if Iwj 

When the channel interlace counts C down to zero (Iwf), the channel 
generates a zero word count interrupt (I1w), if armed (Iwk), indicat
ing the last character has been transmitted. At zero word count (Iwf), 
the Hal t Interlock fl ip-flop (WO) is reset inhibiting additional time
share requests. For devices other than magnetic tape 0Nll), the Halt 
Detector fl ip-flop (Wh) is set on reaching zero word count (Iwf) when 
the last character has been clocked from the buffer. The Halt Detector 
also sets on occurrence of a Halt Signal (Whs). Setting of the Halt 
Detector initiates a buffer disconnect sequence. The Sigpal Complete 
fl ip-flop (Wcs) is set and if the End-of-Record Interrupt Enable (Iwj) 
has been previousl y armed, an End-of-Record Interrupt (I2w) is 
generated. 

'September 1965 

Sec. 3, Par. Ref. 

3. 144 
thru 

3. 151 

Sec. 3, Par. Ref. 
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Table 5-4. lORD Output Function, W (A) Channel 

Iwg lwh Iwi Output Function Sec. 3, Par. Ref. 

1 0 0 1. Ilw at Iwf if Iwk 3. 134 
thru 

2. At Iwf, reset WO 
3. 139 

3. Disconnect at Whs 

4. 12w at disconnect, if Iwj 

When the channel counts C down to zero (Iwf), the channel generates 
a zero word count interrupt (11 w), if armed (Iwk), indicating that the 
last characters have been transmitted. At zero word count (Iwf), the 
Hal t Interlock fl ip-flop (WO) is reset inh ibiting additional time-share 
requests. If Halt Signal (Whs) is received, the Halt Detector (Wh) is 
set and a disconnect occurs. The Signal Complete fl ip-flop (Wsc) is 
set and, if armed (lwj), an End-of-Record Interrupt (12w) is generated. 

Table 5-5. IOSP Input Function, W (A) Channel 

Iwg Iwh Iwi Input Function Sec. 3, Par. Ref. 

1 1 1 1. I 1 w at I wf if I wk 3. 176 
thru 

2. At Mtgw or Whs Wll, flush and store last character{s) if Iwf 
3.179 

3. 12w at Mtgw or Whs W 11 if Iwj 

4. Disconnect at Whs Wll 

When the channel counts C down to zero (Iwf), the channel generates 
a zero word count interrupt (11 w), if armed (Iwk), indicating the pro-
gram should reload the interlace portion of the channel to continue 
reading the record. If the End-of-Record (Mtg or Whs W 11) occurs 
before zero word count (Iwf), the buffer is fl ushed and the completed 
word is stored in memory. If the End-of- Record Interrupt Enabl e (Iwj) 
has been armed, an End-of-Record interrupt (I2w) is generated when 
a tape gap (Mtgw) or halt signal (Whs) is detected from the device. 
For magnetic tape operation (W1l), a new EOM may be given within 
one millisecond from the occurrence of I2w to permit the tape system 

) to proceed to a new reco rd. Failure to give an EOM results in the 
tape stopping and the buffer disconn~~ting. 
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Table 5-6. IORP Input Function, W (A) Channel 

Input Function 

1. I1w at Iwf if Iwk 

2. Inhibit rate errors if Iwf 

3. At Mtgw or Whs W11, flush and store last character{s) if Iwf 

4. I2w at Mtgw or Whs W11 if Iwj 

5. Disconnect at Whs W11 

When the channel counts C down to zero (Iwf), the channel generates 
a zero word count interrupt (I1w), if armed (Iwk), indicating the pro
gram should reload the interlace portion of the channel to continue 
reading the record. Additional characters entering the channel after 
zero word count are precessed into the W register. Parity and rate 
errors cannot occur after zero word count because of Iwf. Detection 
of magnetic tape gap (Mtgw) or a halt signal (Whs) sets the End-of
Record detector. If the End-of-Record detector is set before zero 
word count has occurred (Iwf), the buffer is flushed and the completed 
word is stored in memory. If the End-of-Record Interrupt Enable (Iwj) 
has been armed, an End-of-Record interrupt (I2w) occurs. Fai I ure to 
reload the interlace within one millisecond of I2w results in the tape 
stopping and the buffer disconnecting. 

Table 5-7. IOSD Input Function, W (A) Channel 

Input Function 

l. Ilw at Iwf if Iwk 

2. At Whs, fl ush and store last character{s) if Iwf 

3. Disconnect at Iwf Wl1 or Whs 

4. I2w at disconnect if Iwj 

When the channel counts C down to zero (Iwf), the channel generates 
a zero word count interrupt (Ilw), if armed (Iwk). Should an End-of-
Record (Whs) occur before zero word count (Iwf) is establ ished, any 
characters remaining in the W register are flushed and stored. The 
Halt Detector is now permitted to set by Iwf W11 or Whs W11 and the 
channel is disconnected. If the End-of-Record Interrupt Enable (Iwj) 
has been armed, an End-of-Record interrupt (I2w) occurs. 

September 1965 
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Table 5-8. lORD Input Function, W (A) Channel 

Iwg Iwh Iwi Input Function Sec. 3, Par. Ref. 
-.-... -

1 0 0 l. 11w at Iwf if Iwk 3. 158 

2. Inhibit rate errors if Iwf 
thru 

3.163 

3. At Mtgw or Whs W11, fl ush and store last character(s) if Iwf 

4. Disconnect at Whs 

5. I2w at disconnect if Iwj 

When the channel counts C down to zero (Iwf), the channel generates 
a zero word count interrupt (Ilw), if armed (Iwk). Parity and rate 
errors (We) are inhibited by Iwf after zero word count is established. 
Should an End-of-Record (Mtgw or Wns W11) occurbeforezeroword count 
is establ ished (Iwf) , the End-of- Record detector is set and any charac-
ters remaining in the W register are flushed and stored. The Halt 
Detector (Wh) is permitted to set by Whs, the buffer is cleared and the 
channel disconnected. If the End-of-Record Interrupt Enable (Iwj) has 
been armed, an End-of-Record interrupt (2w) occurs. 

Table 5-9. Output Functions, Y Channel 

Iyg Iyh Iyi Output Function Sec. 3, Par. Ref. 

1 1 1 IOSP 3.152 
thru 

l. Il y at Iyf if Iyk 3. 157 

1 1 0 IORP 3. 144 

l. 11 y at Iyf if Iyk 
thru 

3.151 
2. At Iyf, reset YO 

3. 12y at Mtgy or Yhs Y11 if Iyj 

4. At Yhs Y11, disconnect 

1 0 1 IOSD 3.140 

l. I 1 y a t I yf if I yk 
thru 

3.143 

2. At Iyf, reset YO 

3. Disconnect at Iyf Y11 or Yhs 

4. 12y at disconnect, if Iyj 

1 0 0 lORD 3.134 

1. 11 Y at Iyf if Iyk 
thru 

3.139 
2. At Iyf, reset YO 

3. Disconnect at Yhs 

4. I2y at disconnect, if Iyj 

The output functions for the Y channel are identical to those of the W 
channel given in tabl es 5-1, 5-2, 5-3, and 5-4. The onl y difference 
is the substitution of the letter "y" for "w" in the logic terms. 
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Table 5-10. Input Functions, Y Channel 

Iyg Iyh Iyi Input Functions Sec. 3, Par. Ref. 

1 1 1 IOSP 3.176 
thru 

1. I 1 y a t I yf if I yk 3. 179 

2. At Mtgy or Yhs Y11, fl ush and store last character{s} if I yf 

3. 12y at Mtgy or Yhs Y11 if Iyj 

4. Disconnect at Yhs Y11 

1 1 0 IORP 3.168 
thru 

1. I 1 y at I yf if I yk 3.175 

2. Inhibit rate errors if Iyf 

3. At Mtgy or Yhs Y11, fl ush and store last character{s} if Iyf 

4. I2y at Mtgy or Yhs Yll if Iyj 

5. Disconnect at Yhs Y11 

1 0 1 IOSD 3.164 
thru 

1. 11 y a t I yf if I yk 3.167 

2. At Yhs, flush and store last character(s} if Iyf 

3. Disconnect at Iyf Yl1 or Yhs 

4. 12y at disconnect if Iyj 

1 0 0 lORD 3.158 
thru 

1. 11 y at I yf if I yk 3.163 

2. Inhibit rate errors if Iyf 

3. At Mtgy or Yhs Yl1, fl ush and store last character{s} if Iyf 

4. Disconnect at Yhs 

5. 12y at disconnect if Iyj 

The input functions for the Y channel are identical to those of the W 
channel given in tables 5-5, 5-6, 5-7, and 5-8. The onl y difference 
is the substitution of the letter "y" for "W" in the logic terms. 
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SECTION VI 
DRAWINGS 

6.1 GENERAL 

6.2 This section contains drawings useful when trouble
shooting and maintaining the TMCC. 

6.3 SCOPE OF SECTION 

6.4 Incl uded in this section are assembl y drawings, 
schematic diagrams, and material I ists for each module. 

6.5 The type and quantity of each module are I isted in 
Section 1, table 1-4. Physical location of each module 
is ill ustrated in Section 4, figure 4-4. 

6.6 Also incl uded in th is section is the Semiconductor 
Cross Reference which provides a cross-reference between 
Scientific Data Systems semiconductor numbers, commer
cial Electronic Industries Association (EIA) numbers, 
specification numbers, and replacements for obsolete 
sem i conducto rs. 
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I" 0-'" f!' I II if I~ I':' I 1':'5 tlo. l Ic:.~ II 11: I 11. g i IU, I IJ. I:l: I~ IJ, I'"; 
01 -CR3-1-0 OCR3-2- -CR3-3 -0 OCR3-4- -CR3-5-Q OCR3-6-

I OCR4-1- -CR4-2-0 OCR4-3- -CR4-4-0 OCR4-5- -CR4-6-0 
_ R2-L _R2-L _ R2-L _R2-4_ J2-~ _R2-L 

01-00
02

-1 00 011-\002-30001-50002-5 00 
Q2-2 U 02-4 01-4 02-6 01-6 

~ _R7-L _R7-2_ 01-2 _R7-3_ _R7-L _R7-5_ _R7-L 

I 
I~ 

_R8-L _RS-L -B8- 3_ _RS-L _RS-5_" RS-L 

..,£.RS-+-O ~R8~ .£.R8-~ ~R8:1... ~R8-~ ~RS:§... 

..,£.R7-l...o o-f.R7:l.. ...£.R7-~ ~7-~ ...£.R7~ o£R7-.§... 
_R3-1_ _R3-2_ _R3-3_ _R3-L ----B3-5_ R3-L 

_R4-_1 _ _R4-2_ _R4-3_ _R4-4_ _R4-5_ R4-L 

--f2-1 ~R2~ _C2-3_ ~2-4_ -Y..R2~ _C2-6_ 

--YR2~ _C2-2_ -LR2-~ ~R2:.i.. _C2-5_ ~R2~ 
...,YRI-'--t> _CI-2_ ..Y,RI-4> <J-YRI-.i... _CI-5_ <rY-RI-2-

_CI-I <J-Y,RI-L _CI-3 CI-4 ~RI-~ _CI-6 

_R9-1_ _R9-L _R9-L _R9-L _R9-L _R9-6_ 
04-1 04-2 04-3 04-4 

10 ~Ol I~" 10 01 
I N I (11 I I 

0~60 II\) I~ O~~O 

_R5-1_ 

I I A] A] 
(11 (11 

I~ I~ 

10 E 01 _RR51~L 
mlO 6£ 

cp 03-6 
(1) RI5 

10 
(1) o 

03-1 6- 03-2 03- 3 66 03- 4 
- RIJ - - RI2 - - RI3 -

03-5 
-RI4- 6 - ---------

-c () -0 

:J a :J 
m:J 

..J::a. :J :J 
'J O-ro n -a -, 

(j': 



i MA"RIAL LilY gO\S Ml ....... ... 
L.1 IVa. TITLI M ...... B.WQ ••• " ••• 

& 104840 
ASSY. P. v. CAP l,~ DRIVER j8 

.:,., .... 
1taD, AB55 06111/2 l1li., 2 "-1 • 

I ITIM ."G. T ITt .• : DVO • .,O, lIO.RIG IIRA_ ... CIT. D.8 ••• 
e 

• ~ 1 ~o~~d, Printed Wiring: '~l 04&12. __ 1 00 

" ~ 

I e Z Handle. Circuit Card 100016 1 
r-4 

3 EVfI!l ... t T"hnl::a..,. . !1 nlAQI._n 11. 1 

~ 4 Strine Marker 100197 1 

5 Contact. ConnUoner 1100097 Z3 

6 (;ontact,Conn Lower 100098 Z4 

7 Transistor. SDS 216 103242 12 Ql,2 

8 Transistor. SDS 217 104389 12 03.4 

9 Diode SDS 103 100091 4;2 CR1 ~CR3 thru eR8 

10 Diode SDS 101 100025 12 VRI 2 

11 I r.:II T\:II ,..;tnT' Sil vp-r M; r::a 100107 ,771 1 ., rl 2 

12 Capacitor. Mvlar 100308-103 3 C4 ; h 

13 Capacitor. Tantalum 100312-156 1 r.7 
14 n~ ... ': .... + __ 1 •.. _++ 1""111 .A~I'\ J. ............ --. ~-Rre-- . 

T -Iri ~ ------ -..... "" 

15 R' 1 eSlstor, 2' watt 100111--151 6 R11. 12. 13. 14. 15. 16 

16 Resistor . .} watt 100111-122 24- ~1 4- 7 A 
\ 

17 Resistor i watt 100111-302 " D7 

18 Resistor. t watt 100111-332 h D1 

19 Re si stor. -l watt 100111-8ZZ 12 ~I; Q 

20 Resistor, t watt 100111-153 6 R6 
21 Wire, Solid Bare 100042-0Z4 15 in. 

22 Tubina. Teflon 1 OO~7A-n2]_ . 15 ;n 

. 

-
. -

••• -I-IV. -



1106.315181 

" 
I--

· · · • IX: 
UIIJ 

I 
-> 

· !<<< · 2:0 · IIJ · x llJ 
U..J 
\J)<D 

0( 
U 

-
i 

· ~~! · ~ 

~ 
}!..!l;± 

j~~ 
- ITT 
: 

II~ I~ · POLARIZING PINS 34 .. 40 i Iltdtl! 
7t" 1.lId. ... 

+2SV oH~ 

-2SV 

::~ 
1 .. ", lc ... lc.·, 1, +IIV 

+1,,1 IC2 Ics-I .. C ... 

GROUND • ~~T T T T T T T T 

+ev +2SV +ev 

RI R2 R3 R4 RS Q3 

Vr~1 9 ~ 

~ 
. 
~ ~ CRI CR2 CR3 CRS R6 

R9 CR6 ":' RII 

-
~ 9 

RIO RII RI2 eR7 ~ 
~ 

-2SV 

0 () 0 0 
CIRCUIT I II 3 4 £; 8 5 

2 14 10 2 9 8 7 
3 23 13 15 17 19 16 
4 12 22 21 20 19 III 
S 37 27 28 30 33 29 
6 26 36 35 34 33 32 
7 39 38 40 41 43 42 

I- .... 
:> :::l 
C1. C1. 

~ .... 
:::l 
0 ... .... .... c ::! \!> 
II: 

i5 



n 
o 
c-

...... -
OCD 
g;o 
...... ""1 ...... <
OCD 

""I 

» 
A 
01 
CAl 

I 

~ _R9-L 

-R9-5-

""C 

:J 

~ ...... 

_R6-~ ~R5-l 
_R7-L .£..R4~ 

- RB-L OCR3-3-

Q O:CRI-3- -CR2-3{) 
o ~R4-!... _CR6-a.o 
~ .J;R3-~ _R2-L 
J,. ~2:.i. R2-1,... 

I o£.R6-~ ..£..RI-.i.Q 

I 

R6-2 CR5-1 
- R7-=L %R4:.!..o 

_ RB-2_ OCR3-1-
-CR2-1-Q 

- R2-1- CR6:!-o 
Qo-§:R4-~ CR3-2 
o ~R6-L otR2-~ 
~~RI:.L ...£.RI-~ 
~ _RI-I_ 

RI-2_ 
-R9-6- -R9-3- _-_R_9_-_4_-_____ --

-RB-5- _RB-3_ RB-L 

n ""C 
0 --

m:J 
:J 

:J :J 
a.. CD 

0 -0 
""I 



~ NATlftlAL LIST I (" lj l DUa. 110. .., 
EHlUEU8V.GPIO eava 0909'0.8 m t-------t--t 

~ OVO. 'ITtl ___ ..--4 106317 £> 
ASSY. P. W. CABLE DRIVER NGl) f) AK53 OAW 2-10 2 

~_) ~ IT"" DUG, T'1'I .• : D"'G.~O. 
~ 

110 0 ~[lQ ~UtAr;m1 @ft CRT e rlIEHI@ft 

1 • 
" :. 
Q 

c 1 30ard, Printed Wiring 106316 
~---~~--~----------~------~----------~------~-------------------- -----~ 

2 ~ :-Iandle, Circuit Card 100016 

3 ~ ~ye1et, Tubular 103896 -0 16 
~ 4 Strip. Marker 100197 

5 t-~ Contact. Conn Upper 100097 

6 f.~nnt=-~t. Conn I -II: 100098 

7 ~ransistor. SDS 216 103242 

8 Transistor 1 SDS 201 100092 

1 

2 

1 

23 

24 

7 01 

7 02 

9 Transistor. SDS 209 100697 14 03,4 

10 'ninnp sns 1 n1 1 nnnql 4~ CRl.Z. 3. 5. 6.7 

11 ninnp. sns 101 100025 7 VR1 

~_12 __ ~Rae_s_i_s_t_or_~.}_w __ a_tt __________ ~ ___ 1_0_0_11_1_-_3_3_0~ ___ 7 RB. 

1,:\ 100111-331 14 R9.RI 

1 .d 1 00 III - 3 9 2 14 R4.1l 5 
~~.~--~------~----------~~~~~~~--~~+-~~&-------------~~--~ 
-l2-.~~ ______ ~ ________ ~ __ ~1~010wl~1~1~-5~'6~.2~ __ 7 __ ~~R~2 ______________ ~ __ ~ 

~_~_~~ ______ ~ ________ ~~~1~0~01~11~1~-~8~2,2~ __ ~7 __ ~_~R3 ____________ ~ ____ ~ 
.. ,.JJ~~~ ______________ -+-_ '., . -" __ .+-__ ~""-__________ ~_-<I 

; 18 ... .r .. ~ .. ~""M,.I. ... 8 .... , Ll .. Q.:r ....... I .... !--...... Vlr4 .... L .... - ... - .. '~·-... ····,·-....... ~:..fa~tA~ .... ,+ :+-: ...... :-~""'~~IZ.lr ...... __ ~--+--~ 4~,H!L .. r---,_._---,------1 
f ~~.~ 9~ ... CW.a .... ~p~,a .... cWli .. to .. r~, .... M.II[Y .... :1i&lai&-r----~....--.;.-1.;.0 - ~.;.;;.;~;..;~--...;;~;..::~;.;3 ..... --7-.... -~-' --2--, 3-,-4-,-5-,-1-,-5---3-. -5---5-,5-_-7-.....t 

20 Capacitor, Tantalum 100312 -156 I Cl 
---~~-------------------.------~----~-----~----------------------~ 
~-'.L Wire. Solid Bare 100042-024 32 i ~ 

~_~2~~2~~T~·u=b~dan .• Q~.T&'~e,fl~o~n~ _________ +-~1~0~0~Z~7~4~-~0=2~2~~32il~ __________ ~ __________ ~ 

23 R e ~; R 1-nor -!- UT =- tt 1 0 0 1 1 1 - 2 2 3 14 RI0.12 

,_24 Resistor. t watt 100111-393 7 Rl1 

~~_ Resistor. t watt 100111-680 IA_ Rh 7 

-----~----------------------'---,--------~------~-----------------------~ 
.----.~----------------------i_----------_+------~-----------------------~ 
.------ ----------------t---------t-----i----------------~ 
.... ~.,---" -_.,----------------- ------t----+---------------.---4 
.. "-~,.,-.- --------------r-------t----+--------------~ 
-~- ---------------r-------1--·~_+-----------------..I 

---~--------------------+------------+------~----------.-------------~ 
----------~~----~-----------------------~ 

~----~-----------------------+----------_1-------+--------------------------J 
f----+------------------- ... ---------1- ---t 
r----t"----------------+--------~t =-t:-.----------~ 
505-':- 106 -- -"-.- - - - ~ 
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-
.( 

-
POLARIZING PINS; 3 , 31 

+2~V 

J" 1" L L -2~V 

+8V 

T T T T 
GROUND 44°~1 l~. 1 l~l ~l l~l l~l l~l ~l l~l I~I 1 

+2~V 

RI 

CIRCUIT I 34 

23 

II 

7 10 12 I~ 16 19 20 24 27 28 31 32 36 39 40 

+IV R2 R3 

+~.6V 

CR9 

R6 R7 
CR4 

-25V CR~ 

CR6 

Q~ 

CR8 

':' + 25V 

RIO 

- 2~V 
RI2 

VR3 

R4 

CRI 

R~ 

+ 2~V -2~V 

CR7 

+ 5.6V 

R8 

VR2 

RII 

- 25v 

+ 6V 

RI3 

36 

25 

14 

':' 

':' 

RI4 

41 

29 

18 

I. 
~ 

42 37 

30 26 

17 13 

9 



Vl 
o 
::r 
3 

...... -
E3~ "" ~. wco 
>~ 

""'t 

» 
A 
tn 
~ 

',~ 

I 
I~ 1 I 1 IrJ 1 1 I I I~ I I 1 I I~ I 

~ ~ ~ I ~9 ~ ~ ~ , ~?c ::u ~ ~ I ::o~ 
0- en = 1- (II 0 -0 en = II\) (II 0 0- en = 101 (II (') 

I I I I I I I I 

I.!. 1- 1- - ~ (, I~ I~ II\) I\) ~ (:, I~ 101 101 01 rJ (, 
o I\) 

~ I I 

I I' ::0 I I' ::0 I II ::0 - m I\) m 01 m 
, , I 

o ::0 
m 

1 1061 CR2-J....

0 

QI-I 
I\) 01 t 
6 CR2-2 QI-2 6 ~R2-3 QI-3 0 
~-O ~-O RI-2 RI-3 

~R3:£ o£R3-~ 

~ UI ~I_I_ 
01 _ 1 

I" I ~R3~ Q3-1 

" _R3-L 0 
R2-L 

- CR4:L Q2-1 

~R5-l.o0 
rLCRS-L 
v-R7- 1_ 

R3-2 Q3-2 R3-3 Q3-3 

-R2-2 0 R2-3 0 

of.R4:£.. Q2-2 ~R4-2. Q2-3 

CR5~0 CR5~0 
o£.RS':S o£.RS2 
_R7-~ _R7-L 

I 

1::0 J I ::0 1 
O
_::O::UCD 0 

en -I' I~ I~ II. ~ ~£ 
I~<f 

t 

o-fR2- 4 QI-4 

_RI-4 0 
o£R3-4 
R3-~ Q3-4 

R2-4 0 
o£R4-4 

.,£.R5-4 OQ2-4 

o£RS~ 
_R7-4 

_R4-_1 _ _R4-L _R4-L R4-L 

o R8-1 R8-2 R8-3 R8-4 
I\)Q5-1 - - Q5-2 - - Q5-3 - - Q5-4 - -

O CRI-I 0 CRI-2 0 CRI-3 0 CRI-4 
I ~~I ~~2 ~~3 ~~4 
QS-OI VR2-4> QS-2

0 
"'y'R2-~ QS-3

0 
..,YR2-2.t> QS-4

0 
"'yR2-~ 

I "y'RI-4> "yRI-~ "'yRI-~ "'y'RI-i.t> 
Q7-1 Q7-2 Q7-0 Q7-4 

~ g 0 0 04- 1 0 0 04-2 0 0 4-3 0 0 04-4 

6 _RI4:L _RI4-,L _ RI3:L _RI4-.i.. 

_ RI3-1_ -RI3-2_ _ RI4-3_ _R 13-i-

-0 () -0 

::J 0 ::J 
m::J 

~ ::J ::J 
0...(1) 

0 

0" 
""'t 

'---



~ -I • al_ MATERIAL LIST ML 
DitAWING NO • REV. 

ee « 
SCleNTI .. IC DATA SY8TeMS 107234 A 

0 Assy, P. W. , 

Z DRAWING SCHMITT TRIGGER AK54 6/12 
SHEET £..OF _2_ TITLE MODEL NO. DATE 

" Z ITEM DRAWING TI TLE DWG. NO. NO.REQ. REMARKS ON CKT. DES. G. - -.:f4 NO. 
~ M 

c( N 
1 Board, Printed Wiring 107233 1 t-

It 0 
a - 100016 2 Handle, Circuit Card 1 

---.J 3 Eve1et. Tubular 1Q~896 -'016." 2 

~ 4 Strip, Marker 100197 1 

5 Contact, Conn. Dpper 100097 23 

6 Contact, Conn. Lower 100098 24 

7 Transistor, (SDS 216) 103242 24 Ql, 3, 4, 5, 6, 7 

8 Transistor (SDS 219) 106378 4 02 

9 Diode (SDS 101) 100025 8 VRl,2 

10 Diode (SDS 103) 100091 36 CR1 thru CR9 

11 Diode lSDS 106) 100323 1 VR3 

12 Resistor. 1/2 Watt 100111- 392 28 R1,2,3,4,6,8,9 

13 Resistor, 1/2 Watt 100111-153 12 R5,10,11 

14 

15 Resistor, 1/2 Watt 100111-821 8 R13,14 

16 Resistor, 1/2 Watt 100111-102 4 R7 

17 Resistor, 1/-2 Watt 100111-222 1 R12 

18 Capacitor. Tanta1uIn 100312-156 1 C1 

19 Canacitor. Mvlar 100308-10 4 C2,3,4,5 

20 Wire ~Solid Bare 100042-02 9 i rl 

21 Tubing ,Teflon 1002. 74-02 ;. 9 i rl 

SDS-E-106B 



II I 7 3~ 

"'r.· .... r.~ 
+ 1(, V 

-16 V 

+~ " 

~7 0 11 
~6 I .,~ " " 

~OLARIZINC. PINS: 3l 4. 4'; 

Co ~ 0 ~ 4 O_~--L-__ --L-__ --L-__ ....J 

22 
Kl.~~~----------~-----~-------r-------'--------~------~------'-------, 

+16V 

~ 
RI 

2, 

'3~ 
1 

II~ 

Io--J 

CR22 

R II 

CRZ4 

-= 

"l I Z 
CR 
3 

I I 

+4V +I&Y 

+1& V 

" 

CR4 CRB 

R2 

\R Ie: IC7R 

1 

+~V 

RIO 

CR23-t-

RI" 

RI5 I 
CR30 

R3 

l: I~~ I~~ 

+4Y 

t C'l21 

CR2'3 

lal 
KI 

CRIZ 

R4 

V +I(,V 

+I"Y ~
4& R47 

+I&V 
CIO + 

VRI 

R5 
CR20 

CRI9 

REo 

- 1(, Y 

CRI7 

CR 
I a 

CR39 

~~ I~~ I~~ I~~ 

-= 

Z!! H. Z7 24 30 32 3,\ :!8 31 33 3& Z9 37 38, 39 40 35 14 13 

:: : 

+I&V 

R3!! 

V 
Kt 

CR40 

R43 ~ 

R42 1 

CR4& 

" 

+ H,V 

+I&V 

, r 17 19 

~ RZ9 r CR3!!, +4V 
CRt I 34 

CR3Eo 

+~~ I 

_I~V 

IZ Z3 

:. 

~3 
CLOCK INPUT 

.. _,,.--
~ ==- '7 

0850-2 

111741 

V~ n 
RlEo 

1 Rl3 33 <?Rl4 ~RZ!! <? RZO 

KZ 

Q8 
Q9 

RZI +4V 

~ ~ 
CFl3Z 

Q7 

KI 

'=' 
~s 

SCHEMATIC. 
SHIFT REGISTER 

Dl 111739 Po 
__ ..... __ 1- ICf I 

It 
1= 

-.J 
UJ 
1.0 

_:I> 



V) 

:r 
~ 
;;::0 

--oct> 
--0 ceo 
--0 VI 

........ -.J:::o..ct> 
--0"" 

coO 
CO 
tTl 
o 
I 
~ 

J 

J 
-

?~~~ ~~~~ 
I I A4 

R46 I I I 
:u :u ~ 
ex> CD 0 

I I I I 

I~OQ20Q3 I~ 
R47 

A2 AI o--£R3~ 

0 04005 I I I I I I III I 1,,1,,9
0 

A6 :::[ 1= 
:u :u:u :u :U:u 01 01 :u CR23---I\ I N - N N N N?, 9,:u :u:u 9

0 
N 01 ~ 

- ---....J 0 N CD 01 ~ (JI 0 (') 001 01 ~:u I 1
0 

o-CR22- R IS - :u I I I I I I ~ ~ 0
1 

ex> 01 01 I 7 I 

- RII - 6~ IN lex> I I ICD A c:!: 

A~5 :::r 1= 

C5 ~ R12_ - - I 06 08

0
09 J:

R41

-o 
_R15 CR24 C6CR2~ ~ hO 0 007_

R42
_ QI5 QI2 A8 n 

0-: - - 6 :u C7 0 0 
R13 __ 

CR26

-o ~ - - I ' R39 n 
- RI4 -CR30-06 R21 - - - R36_ 

-CR27-o CR20 _C8 - QI3 - QIOI R5 - QI 0-: - R43 A9 
- CR2~ 0 o-CRIL 'e! ~ o-CR42-""£ C9~ 0 R27 

O-::R6 '" e! n e! _ R40_ - - R34_ - « 9 1 I 1 'l'X 1 R41_ ...ER4~ -R3L 0-
CI 0 0 "" " R29 CR46 

:u :u 01 N 9~ - - ~ _ C4 
C2 :::i N I I I 1 1 I R31 - 0 _ _ 

I b I), 0 0 £ £ - R37 
RI7 " " e!" '" '" SR3Lo ~ 

Ui c;; 0 I CD I I 1.1 I 36 :u 0 0 R4 - I 6~J'))606o 0u £ ~R _ 010 ~ 
R44 0:uU"""" _ v- CR3~ 
R4L ! 6 6 6 6 6 6 oSR3~ 6 QI6 QI4 

o-CRIS-

R2S 

-

""C () 
:l 0 

m:l 

~ :l :l 

a.~ -0 ..., 

""C 

:l 

I 
:u 
N 
ex> 
I 



II cD CJI=cJIC) MATERIAL LIST 'ML ..... 1 ... "0, IHY., 
"'741 

I-
i ~ ". 

ectllNTt~ DATA .OV1lnu.e f _. . 
0 

Asay, PW Shift Register DBSO-Z DATa ,/e/,s .. DT ..Lo .. .2 Z DIIAWlNG 
IIIOOfIL ~ - TI'ft..S 

• V 'z ITDI DnAWING TITL. CWO,' NO. NO.IllIEQ. • "UlIAIII'. ON ClCT. D •• la • - f' NO. • • - Board.. Printed Wirinll .11740 1 - 1 • -• 2 Handle. Clr cult Card 100016 1 

--I 3 Z,-olet. Tubular 103896-016 2 

~ .. Stri,2. Ma.rker 100197 1 

5 Contact, Conn. Upper 100097 23 

6 Contact. Conn. Lower 100090 Z4 

7 Trmuliator. 50s 216 103Z42 10 Q1. 4.5.6. 9. 10. 1 L 14 .. 15. 16 

8 Tranalator, 80s UO 106781 5 02.3. lZ. 13. 8 

9 Diode, 8DS 103 100091 46 CRl thru CR46 

10 Integrated Cltt. SDS 301 108217 9 AI thru·A9 

11 Roaistor. l Watt 100111-332 5 Rl.2.3.4 ZCJ 

12 ReailStor. l Watt 100111-2ZZ 5 R5.Z6.3127.Z8 

13 Reatator, i Watt 100111-153 Z R6.30 

14 Rasistor. I Watt lOOI.LI-IQz' 8 R7 10 13. 14, 24 25 40 41 

15 Realstor, t "'''att 100111-562 4 RS. 9. 33. 34 

16 Bealstor, -I- Watt 100111-101 5 Rl1.16. 38. 43 .21 

17 Reslstor. i Watt 100111-322 4 R12. 15.39.42 

18 Beslator, i Watt 100111-12Z Z azo, 19 

19 Realstor, I Watt 100111-182 1 !t17 

20 Rosistor, "Watt 100111 ... 691 1 RlS 

21 Ileatator, -l Watt 100111.-103 1 RZ2 -
12 - ' 

23 Realstor. l Watt 100111_3Ql 3 R32 ]S. Zl 

Z4 Realat:»r, -l Watt 100111-470 Z R36.37 

Z5 Realzstor. I- Watt 100111-151 Z It44.45 

26 Capacitor. Tantalum 10031Z-156 2 CliO 

21 Capacitor. Mvlar 100308-101 3 CZ 3 " 
21 Capacitor, Mica 100107-8Z0 " CSt 6, 8.9 

29· Capacitor, Mica 100107-ZZ1 1 C7 

\ 
30 

, 31 !. 
31 I 

SDS-..£-10e.e 
) 



i (:::31:: c >IC) MATeRIAL LIST ML .... w ••• ••• ... 
a) 

"'74-\ ec'&NT!M Mft ..,.,..... 'a 
0 

• _AWlltCI 4.81. EW ~hifll!ltl1!£ DB50-1 DAft t1"/~~ .. ar.Lo._3 - TI'I'L. IIODtD. NO. 

• + • f' "... D.a ...... TIT". DWCI.NO. MO. .... .. ... A.". 0 .. ClCT.a •• ICI. - MO. • --c - 33 Transl.tor, SDS 217 104389 1 Q1 • D 3. . Tublnl. Teflon 100274-022 8 In. 

-.J 35 Wira SoUd Bare 100042·024 & iDe 

~ 36 . a •• i.tor 100681-161' Z 1H6.47 

37 Diade. (SDS 114) 1017·11 1 VRI 

38 Schematic \\ \.., '3 «7 lit· R.f 
J, 

39 DrawiD. Lilt \\ \ 74 'l. • R.f 
T 

'" 743 40 Te.c epec •• Ref 

.. 

-

~ , 

~ 
)- ...... , --- . 

i 

j 
I .. ,. 

.DS~ E-101Sll --~ -



I' eo 

~ 
£1. 0 0 

) v,~ N 

II 
<;;l'" 

;:£1. 0 
<-
~-J 
Wu.. 
J: 
Uw 
I/}....J 

~ ~ 10 
c: 

0 
III 

~S 
-'> 
W'" 
tlIa: 

'" 
'" 

~m 

POLARIZING PINS: 28 &.H II 
+16V 

"~ - 16V :: ~ I I: II') N '" 
4, 1, 1. " 10 0 

+<lV Il!d,l! CD '" LA... ... 
\) 

GROU", .:~J T T II.lId, i' 
II i 

-t16V -+ 16V 

RI7 Rill 

RI~ RI6 
RI3 RI<1 

Q8 

+ 16V -+ 16V 

~9 
'::' 

R9 RIO 
R7 CR211 CR211 RII 

<II 35 36 "0 31 37 39 38 <13 <12 CIRCUIT 30 32 33 29 3" 27 28 
26 20 22 21 2:1 31 23 2<1 38 "3 42 CIRCUIT 16 32 17 1:1 19 18 13 1<1 
12 7 e " 31 9 10 36 43 "2 CIRCUIT 4 32 5 6 2 3 

0- ~ ~ ~ !: !: z ~ 0-

:l J 

0 0- ~ ~ 0-

~ 
~ S ><: :.: 

0- - 0- ~ Z 
0- 0 

:l SIGNAL :l :l .. , 
0 0 w u u 0 w 0 W 

0-0- V) 0- 0- of! NAME '" >- 0- .- '" \ 
w 

)( 
w w w « w w 3 3 w w 

'" w w w w W 
V) '" '" z '" Z IX v) '" a: '" ~ ~ 

0-
W 

>- 0 u U 0- W 0-
W w 

J ~ « ~ ~ '" ~ l< Z IX IX IX )( 

Z ::!; :l 0 :l 
0 0 « ~ « 
~ u :::I! 
~ 0 
0 u 
u 



Triple FI ip-Flop FB52 
104203D 

Pin 1 

Connector 
End 

Pin 47 



= alNAftRIAL LIST 
• ova. TITLI 

........... ~ASEMBLY,P. w. 
l 

aMlGe .0. u. M ....------e--.. 
104203 D 

iTRIPT.E li'T .T'P li'T ,n'P FB52 DAft 12/4/ 31MI8,. 2 or 2 

o ~'IT"" DV.Q. TIT! .• : DVO.rlO. MO.RiQ JUllIAU ... CIT. D.II •• 
z N~~~----~~~~~~--------~----~~~~~~~~~--~--~----~~~----~--~ 
• ~ 1 . Bo~rd, Printed Wiring 104202 1 
~ ~~--~----~~----------~----~------------~~----~--------------------------~ 
~ 2 FH~;a;n~d~1~e •. ~C_i~r_cui __ t_C~,a_rd ________ ~~1~0~0~0~1~6 ____ ~~1 ____ .-________________________ ~ 
Q .----

___ .... ~3;.. Eve1et. Tubular 103896-016 2 

-.-J 4 Strin.Marker 1001c}7 1 

~ 5 Contact. I.nnn UnDer 100097 23 

6 Contact. Conn. Lower 100098 24 

7 Transistor, SDS 216 103242 21 01 thru 04, 07 thru all 

8 Transistor, SDS 220 106781 6 05,;6 

9 Diode, SDS 103 10009192 CRl thru CR-35, 37,38,41 

10 r.". .... .,.,...;+ ..... _ ""6:' __ . lnn,n.., .,.,,, '7 

11 .. R.esistor, t watt 100111-103 1 all 

12 Capacitor. Mica 100107 -820 6 C6.7 

13 Caoacitor. Mv1ar 100308 -1 03 3 C2. 3. 4 

14 Capacitor. Tantalum. 100312-156 1 C1 

15 Resistor. t watt 100111-102 3 R25 

16 Resistor ~ i .. ~~a~t::.:t;..... _____ ....... _.:..l ~0~0.:..1 :0.,1 ~1 ~-5;:;..:6~2~~6:f-,_06-.;:;,;R:;.;:1;..:,7 .... ~1~8 __________ .... 

l1 Resistor. i- watt 100111-302 6 R15.16 

19 

~1_8 __ +-R_e_s_i_s_t_o_r~,.t~w_a_t_t __________ ~ ___ 1_0_0_1_1_1_-_4_7.0~~~7 ____ ~_R_1_3_,_1_4 ___ ,2_3 ______________ ~ 
~~~~~~~l~NH~ ___________ ~ ___ +'~n.~n+'+'+-'+'~~~' __ ~L~~~~~+l~l~'~" _____________________ _ 

_ ... ______ I ~ ".".g..... ~vU' ... ~~ · ... -'A.., oA. ..... oA., ..... 

20 Re sistor. t watt 100 III -101 6 R7 , 8 

21 Resistor. i-watt 100111-822 6 R9.10 

~Z_,2--~R __ e-sl-·s-t-o-r •• -~~1~w-a~t~t----------~--~1~0~0~1~1~1_-~1~5~3~~6~ __ I--~R~5.,~6, -________ -____________ ~ 
Z3 Resistor, iwatt 100111-332 13 R1,2,3,4,·27 

24 Resistor, i watt 100111-122 1 R22 

25 Re sistor J t watt 100 III -681 1 R20 

~2~h--~g~.~A~li~a~tnlr~4~-~.a2tw-t--------~--~1~0.O~1-1-1~~~1~a~~ __ ~1 __ -+_.~!1 ____________________ ~ 
2 7 Resistor, t watt 100 III -56.::._-r-~_..:.1 _ __4 __ R--24 ...... -----------__t 
28 Wire, Solid Bare 1 00042 -02~ 35 in 

Z9 Tubing Teflon 100274-022 35 in 

.30 l.~n~~ftnr M;~;:t 100107 -47C 1 C5 

~S~D~S~_~~~_'I~O"16~----------------------------L------------~------~---------------------____ J 
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Q. 

II v ... g 
-"'-.. 

Ii· 
OI(Q. 

~-w~ 
:I: 
Ua 
lIlz 

10 01( 
z 

+IIV 

AI 
POLARIZING PINS: 32 , 38 

A2 II 

I I~ I ~ ", ..,. \:l 
~ '" 

IIH III! 
.... 

"'- I:l 

I.ddl • r 
r! I i 

CA~ CA7 CA8 ':' 

+16V 

.,~ ::~ 
CAl CA2 CA3 CA4 

In 
-16V 

+4V • le, 1, L " - 16V 

GAOUND ',':J T T T CIRCUIT I 23 22 21 2~ 

1 
2 27 26 36 24 
3 " 14 13 17 
4 20 19 18 16 
~ ~ 6 7 12 9 

CIRCUIT 6 2 10 II 4 8 

.... 
~ ~ ~ ~ 

;:) 

~ 0 

101 101 101 ~ ~ c 
~ ~ ~ 0( 0( 

z 
C) C) C) C) C) 

0( 
z 

+16V 

+16V +16V 

+"V +4V 

R5 R8 R9 R26 R27 R30 
CAI6 CA36 

CRI2 CRI8 CR33 CR40 
RII R24 

CR3Z 
CRI7 

CRI .. CRZO CR38 

CRI~ CRZI 
CRZ9 

CR30 CR37 

Q2 Q3 QIO QII 

+ 16V +"V 

R7 ':' ':' ':' ':' 
RIO CR .... RZ~ 

-IGV -16V -16V -16V 
R31 R34 

R32 
CR 

CRS CRIO CRII CR3" CR3~ "II CR4Z CR43 

R33 

-16V 

31 '12 41 33 '10 32 "3 38 39 34 35 30 29 28 37 

I-- .. z 
101 

.. :: ..Q .... 
::l 0 

;:) 

0 ~ ~ :l: ::lz 

" 
:: :: :: :: 0 

0:-
.... .... I--

2 ........ u .... .... .... .... 
~ .... 0 

~1oI g ~ .... .... .... .... .... U '" '" '" '" '" '" 0'" U .... w .... ~ w w w 
0: cr .... ::l ::l 

Q: 

.... 
~ ~ ~ 
~ ~ 

~ ~ 



z » z 
o 
"T1 

o=: 
~-o 
01, 
o."T1 
(,.) -mo 

-0 
"T1 
0;, 
01 
~ 

\, ..... ~ , .. / ',--. 

f I 
10 1::01 1::0 1::0 1::01 1::0 I I I 
o 10 L. I I 0 ~ ::0 (;; N = ::0 ~ I ::0 I 1,.10 I I ::0 I 10 I I ::0 I 10 I I 
~ ::0 ....::tI To I N ~ - IIV 10 N::o.... ::tI::o -;-::0 ::0::0 -;-::0 ::0 

::0 t ~ CD 0::0 I~ I I I 1° ::0 0 U) ~ ~ cr t ~ 0' ~ ~ t ~ ~ ~ ~ t ::0 
I"' I I I I t)!::l of.,R28_ 1 !II I'" I I 1-1- 1- I"') )'''1''' I'" )~ I I'" I'" I'" ,% 

OQI3 o£R23_ R4-L _R4-L _R4-L 

R34 I CII C8 I CS-2_ CS-L _CS-L 

-_R33_ ~ _R22_ .£.R2~ ~ QI-OI QI1--\ Q'H'1-\ Q'N.Q'l-\ 

O 1° CR29O-CR2S- ~ U U U U U 
. I 0 QI2 9;to .:cR25-oQSRI~3 ICR21 _C5-1_ _C5-3_ _C5-L 

~ T~ - CR30-oQ 0Q40~ - _R2-_1 _ _R2-L _R2-L 

~I <;> V '1'0 _c5-L _C5-L _C5-6 __ 
I I~ 0 - R19- -RIS- QII ::0 

~~ 02d9 05 Q7 08 N _R2-2_ _R2-4_ _R2-L 

-- NT 0 Q 000 1°1 ~R8-L ~Ra2 I ~R8-.2-I ::0 CR7-1 CR7-3 ~ CR7-5 
R31 o-CR32- o-C 33- -CR36-Q T cRS-TO CRS-~' CRS-~ 9 o-CRIS - -CRI8--Q -CRI9-o 1- ~R5-1 0cW5-3- I' 0tR5-5 

R7 0 -R9 - -CRI7=O - R2S- CR8-~ CR8-~ CR8-~ 
- - ~ _R17 _ o-CR34- R21 ~R7-:£.£:..Q MR7-4:z.o o£-R7-tD 

I I,",----CRI4 o-CR35- R30 CRS-~ CRS-4- -0 
v- - o-CRI3 - - - ---'\..I - ---u -CRS-S 

I ~ - R5 - -CRI2 -0 _CR3!...o - RI-2_ O:~~~4- _RI-S_ n 

I - RS - o-CR38- (}-C~39 - ~R~-1... 3;CR3~ $? ~R5-~ ~ 
CRIO _ R28 _' ,.;40-0 £R2 La - =-0::0 .£,.R4-.§..o en 

o ~ ~ - CRII CR41 _~i;4¥-o -.£.R3-Lo ....£.R4-~ a; CR3-~ 6¢ In 
0' ~ ~R9 - ~ - -fR4~O .. .£R4--1-o o;R2-i.. q, CR2-~ ~O ~ 
I v- CI2 CR2-~ ~R3-~ CR4-S---...J I rn 

_R35_ - '~R3-£.. ofR4-.i., ~R3-S 6 0 
R3S __ ~. _". <r 

- o-CR4-2-

'"'C () '"'C 

:J 0 :r 
~ 

m:J 
:J :J 
0.. CD 

0 -0 ., 

I I 

"-./ 



'.,-

i htAftlt.AL LilT 

P/b\s ML "Ge 110. IIBV 
UJ OVO • T I TLI .......... 0 •• YO 8t:1t1YQO!tO 

~ ASSEMBLY, P. W. 104563 

NAND. FLiE FLOP NOD , FB54 i)AW1Z}4 IUIIT Z 0.7 2 
~ • 

0 IT,. ... DVQ. T ITt .• : DVG ... O. JeO.Rlq RUIAUI .. CIT, 1111~Jl rJ 
Z ('t'\ r~';j ~ 

• Ln 1 Board, Printed Wirine: ID456z 1 ~ 

" 0 :. ..-4 2 Handle, Circuit Card 100016 1 
Q 

3 Eyelet, Tubular 103896-016 2 

-.J 4 Strip, Marker 100197 1 

~ 5 Contact, Conn Upper 100097 23 

b l:nntoart Conn Lower 100098 24 

7 T r ansi s to r , SDS Z16 103242 16 01 thru Q 3,5, 6, Q8 thru 13 
~. , -

8 T""I.' ...l C'T'lo.C' 1'1\.".'.l.. 1 nnnn.l ....... r-onl "1- r-on..t'£' 
~ .. "" .......... , .... .&.1 .... AV_ A"'''''''''' f~ ..-- ... - _ .. - --.... - ...... -

~ 

9 Capacitor, Silver Mica 100107 -47·0 8 CS, 7,12->- ! -. " .... 

10 : ~ap~citor. Silver Mica 100107-820 2 G8--L 11 
11 Capacitor, Mylar 100308-103 3 C2,3,4 

12 Capacitor, Tantalum 100312-156 1 Cl 

13 Resistor" t watt 100111-470 10 R.2,6,16,19,28 

14 Resistor, t watt 100111-101 2 R14,22 

15 Resistor, t watt 100111-151 4 RB, ,27,35,36 
~ 

16 Resistor, i watt 100111-8Z2 l RIZ, 23' ; 

17 Resistor, i watt 100111-681 1 R32 
~ 

18 Resistor, l watt 100111-102 2 Rl L. 24 

19 Resistor, t watt 100111-222 1 R34 

20 Resistor, t watt 100111-302 2 R17, 18 

21 Resistor, t watt 100111-332 10 Rl , 5, 9, 26, 30, . 

22 Re si stor, t watt 100111-562 2 R13, RZ1 

23 Resistor... !watt 100111-101 1 R33 

24 Re si stor, t watt 100111-223 2 RI0.25 

25 Resistor, i watt 100111-563 8 R3~ 7.29 

26 Wire, Solid Bare 100042-024 18 in" 

27 Tubing. Teflon 100274-022 18 in 

28 Resistor. t watt 100111-121 1 R37 

29 Resistor. i watt 100111-182 1 R31 

30 Transistor. SDS 220 106781 2 Q4,Q7 

31 Diode. SDS 103 100091 72 CR1 thru CR5 • 7 thru 12.14 

CRIll, 16,1:V 18 20 thrn 30 

CR32 thru 38.40 thru 46 

SDS-t: .. J06 --



/ 

POLARIZING PINS: 12 .. 32 

+I6V ~?cr------------------~ 

L 
RI R04 R3 RS 

el2 

R2 R& R? 

T T ~2 ~I ~O 

-t 16V + 16V 

RI? RIB 
R21 R22 

CR2? CRI6 CRI? CR2B CRIB CR20 

R2~ R26 
CRI CR2 CR3 CR4 CR~ CR6 

-16\1 -16V 

CIRCUIT I 3? 39 ~3 18 16 17 I~ I" 

I 
2 36 3~ 3" 
3 32 31 33 Jl "C .... 
~ 29 28 30 g 
~ 12 13 II ~ :: :: :: 
6 9 10 a ~ !oJ !oJ !oJ 

c 
CIRCUIT 7 6 7 2 ~ !< ~ 

z 
-< -< 
<!) <!) <!) <!) z 

.... 
SIGNAL 

~ ~ 
::> 

NAME 0 

~ !oJ 0 

~ 
+16V z 

~ -< 
<!) z 

Rig 

R27 

+ 16V 

R20 
R2~ 

':' 
CR211 CH2~ CR26 

CR7 CR8 CR9 CRIO CRII CRI2 CRI3 CRI~ R2a 

-16V 

2<1 26 2~ 23 20 22 21 19 27 

z 

:: :: :: 0 :: .... .... 
:::E :: :: :> :> 

!oJ !oJ 
:::E .... .... 0 0 

~ 0 ~ / .... u .... ~ a a 
~ ~ « -< « z z <!) .... C> C> <!) 

~ -< 
!< z 
<!) 



-

...,;;.R2S-I... 

_CI-7_ 

JI7-7_ 

J29-L 

J25-L 

JI7-S_ 

J25-L 
JI7-S_ 

NAND Module IB52 
1038840 

_C5-7_ ..cRIS-7~ 
~CRI7-7-

-R21-7- C>CRI5-7- of,.R27-7 
-R29-S-

~I-S _ 
_ C5-S_ _CRIS-SO 

c:rcRI7-6- CR27-6 
-R21-S - C>CRI5-S- 0:.: -

-R29-5- -.£1- 5_ 

-C5-5 - -'RIS~ -f,R I_~ 
o-CRI7-5- ~ 

.£.RI-~ 
£R2-Lo 

.£.RI-~ 

.£.R2-!..Q 
- R21-5 - o-CRI5-5- o£.R27~ 

-R30_ C2 .£.R2~ 

- CS - -CR19 ~ ~R4-o -9RS-o 
_R22o-CR20~CRI8_ o£R2§.. _ CR5-o 

_ R3t"" _ -SR 3~ 

_ C8 _ _ CR25-o _C 4 CR 14-0 

o-CR26- CRI2 CRI3 
- R24 - o--CR24- CR29 -0 CRII ~ 

~ - - -V 

CR30 CRIO 
_R23 _ o£R21_ Q-!:: CR7 - ~ 

o-CR2"! - - -:-0 C R 9-0 
_C7 _ -CR22--Q £..R8 ~ -

C3 
- R31 - -f.R2-~ 

-R21-i- O-CRI5-4- ..£..R27-4- CRI-4~ 
c>-CRI7-4- -V 

_C5-4_ -CRIS-40 CI- 4 £.82-

- R29-4_ ~27-;-
_R21-3_ ~CRI5-3- ~CRI-3 CCRRI_22~ 

o-CRI7-3- - ~ ---v 
- CS-3- -CRlS-30 CI-3 -.:.0 

_R29-3 - -CR2M 
-R21-2- o-CRI5-2. ~ -

o-CRI7-2- CI-2 
-CS-2- -CRIS-2{) - - I 

_R29-2_ ~R2I:!. I' v 
-R21-1- ~CRI5-'- CR1:Lo I N ~ 0::, 

o-CRI7-1- . a:: 
- C5-1-- -CRI6-1<> 0: I I 

I 

Pin 1 

Connector 
End 

~ ......... Pin 47 



I D INATlI"'" LasT ~ Ml 
evo. H. MY 

OWl!: T nLIL . D S GCDI8~91.le 04VA 8"9VOI!".QQ 
D A Y. PRINTED WIRI 103884-

) NAND MODULE NOD , 1B52. DAft 811111r Z CW ~., . 
0 ~ IT"" a co 

DVG. T J Tt .• ~ Dt1G.r60. NO.nIQ RIINU ... CIiT. 11.,1 •• 
co 

1 Board. Printed Wirins;z 103883 1 • f'I"j 

" 0 
:a .-4 2- Handle. Circuit Card 100016 1 Q 

3 Eyelet. Tubular 103896-016 2-

....J 4 Strii:> Marker 1001Q7 1 

~ 5 Contact. r.nnn UnDer 10OOQ7 L3 

6 Contact, Conn. Lower 100098 24 

7 :Tr;tn~d~tor ISDS 216 \ 103242 10 01 2. l 4 
-'t .1"\.':'-..J. ICn.c:! 1 ft'2 \ ... ... -.-~.-.-.--.. - r-···-·19909~ ... .ee-. ..... -. ',f;Rl--··thru-SlUI--·-· ., ... ' .. ., . - --- - \ ..... -.- ---, 
9 Capacitor, Silver Mica 100107 -470 10 CS.6.7.8 

10 

11 C":;:tn;:tritor. Mvla.r 100]08-10] l C":ln 11 1] 

12. r.;:tnarft"r. TanWurn 100]12-15~ 1 £..q 

13 Resistor, t watt 100111-332 10 RI7,18.19,2.0 

14 Resistor.-t watt 100111 -4'Z1l~ 10 R21 22 21 24 

15 Resistor. l watt 1 0011J -Jih] , 10 R25 26 27 2& 

16 Resistor. 1- watt 100111-151 1. R 1 th,.11 4 ~ 7. 8 

17 Wire, Solid Bare 100042.-02.4 LO in. 

18 Tubin2. Teflon 1002.74-022 10 in. 

19 Diode (SDS 103) 100091 56 CRl thru CR14, 16, 17,18, 20,. 
, 

22. 23,25 thru 30 

.. 

) 

" , 

5D5-I-I0. -



Ilo4~~4 Is I 
J!. E-li. 

0 -· · ! ; ~N 
~ 

I 
10 

.... '\ 10 I <0 ~ 

· 2 z .~ I · ~< 
5z I I 
II) 10 1 

f- ~I 
i i 

· ~I~ ~~ · ..... · :~r1;:: ~ ll~ 
- I I I 
: 

II~ I~ 
~ 

~ ~ 

IIH !II! 
III 4t\ 
..... " 
• f~ 

l. 7t"" I ,. II I ~ I • 'f i 

12 1 

POLARIZING PINS: 32 , 36 

T T T 

+ ISY 

RI 

~ R2 ~~ 
+"Y 

II 

CRI CR2 CR3 CR" CRS CRS CRT CRB CRIO C~II 
>R'I 

~ r.. 

~ CRI2 R3 

~ 0 0 0 0 ~ 6 6 
-16 V 6 

CIRCUIT I 16 17 1$ 20 2'1 22 26 'II 

2 9 8 4 5 7 - - 3 2 
3 25 23 14 13 - - - 21 15 
4 29 39 40 38 - - - 35 .34 
5 33 32 31 30 - - - - 27 
S II - - - - - - - 12 
T II - - - - - - - 12 
8 .36 - - - - - - - 37 
9 36 - - - - - - - 37 
10 42 - - - - - - - 43 

CIRCUIT II 6 - - - - - - - 10 

.. n u 't:J C' J: 

:!: :!: :!: :!: :!: = 
'" ~ ~ '" '" '" ~ 

I- .... 
~ <C <C <C <C 

C) C) C) C) C) <.') 



\ 
) 

Pin 1 

Connector 
End 

Pin 47 

NAND No. 2 1856 
l04556E 



~-
MATeRIAL LIS" slD\§.· Ml . DtlCI. .0. ::.::y 

:J lu ova. TITLI 11II.lIlaI9 ...... A .,. • Y fB" 0 II!J. 

ASSEMBLY, P. w. 10'4556 .= 
NAND 1# Z MOO' IB 56 DAn 12/4 IKC"" Z 0' Z 

• 
0 ..0 lTV." IVQ. TITI .• : DVO.MO. 500,110 "UCARI' H CITe DI8IG. Z '" '" 1 BOArd. Prlnt~d Wirlna • l0A5S5 1 • ~ 

" 0 
11 .-4 2 Handle. Circuit Card 100016 1 
Q 

3 Evel et. Tub ular 103896 .. 016 Z 
-.J • Strip. Marker 100197 1 

~ 5 r.n",t ~rt· ~n"" tJnftP-p 1000Cfi 23 

6 Contact. Conn Lower 100098 Z4 
7 Trtnailtnp SDS 216 103242 11 01 

8 Diode. SDS 103 100091 67 CRl thruCR.8. eRIO, H.Il 
q Canarttor Stlvt!r Mica. 100107-410 ·11 C5 

10 Caoat:itor .. Mvla.r 100308-103 3 ~2 ].4 

·11 CaDacitor. Tantalum 10031Z-156 1 ~l 

12 Real_tor. t watt 100111-151 1 R4 

13 R~.ilJtor. l watt 100111-470 11 R2 

14 R~.i.tor, I watt 100111-33Z 11 Rl .. 
15 Re.tator. l watt 100111-563 1 1 'R'\\ 

16 Wire. Solid Bare 100042-024 24/N- -. , 

17 Tubing. Tenon 100274-022 24//'1-

5D5.':.105 --
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e 

!!o .iw 
> 
w 
a: 

POLARIZING PINS: 30 & 0404 

+ 16V 0470-------..., 

-16V 4160--------

+41V 41:1~16117 CI8 

GROUND 41141~ T T T 

+ 16V 

34 33 32 ' 

~ ~ ~ 
w 

~ ~ l-
-< ~ C> 

+16v 

RI7 

CR CR CR 
34 35 36 

25 27 26 

z 
0 
::Ii ~ ~ 
::Ii 

l.. 3 w 

~ ~ w 
I-
-< 
<!> 

CR CR CR 
7 9 10 

29 30 31 43 412 41 

~ ~ ~ ~ = :: 
w 

~ 
w w w w 

I-

~ !:< l- I-
-< -< -< 
C> <!> C> C> 

-+ 16V 

CR CR 
41 42 

24 

~ 

W 

~ 

RZI 
RZZ 

CR44 

CR 
43 

23 

~ 

w 

~ 

+ 16v 

CR CR CR 
48 49 50 

22 21 

~ ~ 
W W 

~ ~ 

+16V 

+ 16V 

38 37 36 

l-
~ 

~ = 0 

c 
z 
;:; 

w W 
l- I-
-< -< 
C> C> 

+ 16V 

R29 

CR CR 
55 :16 

R28 

- 16V 

15 ZO Z8 16 17 

l- S .... 
::;) ::;) 

0 0 0 ~ ~ 

C C C w w 
z z z 

~ ~ -< ~ ~ <!> 'z 

t 16V 

3:1 

I-
~ 
0 

c 
z 
;:; 

~ 

w 

~ 

CR CR 
:17 :18 

18 19 

~ ~ 
w w 

~ < 
<!> 

CR23 CR204 

CR 
22 

+16V 

RI3 

CR CR CR 
27 28 2g 

z 
0 

~ ::z ~ 
:::!i 

w 3 w ~ 
~ w ~ ~ 

I-
-< 
<!> 

R30 

CR60 CR62 

CR 
:19 

10 

z 
0 
:::I! 
::Ii 
0 
u 
W 

~ 
~ 

CR 
641 

.16V 

12 13 14 

~ = ~ 

w w w 

~ ~ !:< 
<!> 

I. 

II 

-+ 16v 

CR26 

RI6 

-16V 

I 
• e 
~z 
~~ 
~I 
We 
:z:z u< 
o./lm 

i I 

I I~ II'> 

III! !II! 
I.ddt 

2 8 

l- I-
~ ~ 
0 0 

C c 
z z 
~ ~ 

+41V 

R 
37 

II 
38 

CD_ 
... 
0 

<.0 
ex:> 
~ 
~ 
Q 

• I 
10 

10 ,.. ~ .... 
~ ... 
- <:I 

f f' 
I ~ 

II 39 40 

S I-
~ 

0 0 

c 0 z z 
-< 
Z ~ 



b CD _C4 -

_ RI6 _ 0 °0 ~ 1 9 1 1 ,.,,~i(;OIO 
_ RI4 _ 5 0: 0: ~ a: 000 ,." 

_R13 

to 1J.1J.10 

- R9 - :gO °0 U U I 
_ RI2 _ o-CR24-

crCR23 -
_ RIO _ crCR26_0-CR25- - RII 

_C14 ,." _R35 _ 

_ R36_ 

_R33_ 

_ R32 

_ CI3 _ °0O-CR70-
o-CR71-

_R34_ _C12 _ 
(\J 

_ CII _ 000- CR62 _ 
(rCR63_ 

o-CR61-

o-CR6CL 
~J,Jal _ R30_ 

C 
10101010 

- 10 _ _ R27 _ 5 5 5 5 

_R28 __ C9 _ °OO-CR53- o-CR52- 6666 
_ R25_ 0- CR54_ (rCR51- -CR50{) 

_ R26_ aI _CR49-Qn 
o - C8 - - R23 - ~ n <j> J 

_ R24_ _ C7 _ 00O-CR46- o-CR45_ 0 n.! (\J ~ CR47 .1.9 T v v 0 
R21 cr - 0-CR44_ 9u .... W 0::: 00: I 

_ _ _R22_ ;;.; ,." 0 
_ C6 _ _ RI9 v 0: 5 I I m _,.,,0 

_ R20_ _ C5 _ °0 cr CR39_ crCR38_ ~ 1 I 

RI7 
o-CR40_ 0- CR37_ 

_ _ _RI8_ 9 
_R2_ _ o-CRIO- _R4_ 9999J", 

_ 0- CR7 _ I 0 5 5 5 I 1 _ R3 00 ~O o-CR9 - Ii: (\J ,." v 0: 5 
_ RI _ crCR8 - 1 I I I 9 
_R6_ Sogo 19 1.9 1 u _CRI~~ 9il11 d -v ~ot- 0: 

_ R8 ~ ~ t: ~ t- - CRI2-o 00:
1 

I ~ I _ I 0::: 0: 0: 0: a: CRII ~ 
CI8 0 0 0 0 I - -0 

_ _ 10 0 I 6 1 _ C2 - CI6 - I 

BAND NAND IB57 
1044880 

_ C17_ a::: 1 - CI5 -{) 

Pin 1 

Connector 
End 

_--,I Pin 47 
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1 Board Prtnt,.ti Wll"tn] 104481 I • • " 0 . -
::a - Z Hanijle. Circuit Card 100016 1 Q 

3 Eyelet. Tubular 103896-016 Z 
--.J 4 St rio Ma l"kcr . 100197 I 

~ 5 ~nnta("t Conn Unnfl!r 100.097 Z] 

6 Contact. Conn Lower 100098 l4 

7 Transistor, 50S 216 103242 13 01 thru a·13 

e , 

9 -, ~ ... _~ ,ft .. lftftftftl '"7t rn I .\. ,..n.., I _ • ..., · .... 1 .......... .......... I • 
. ' -- -.~ ..... ~ ........ " .. 

\ 

10 

11 Ca ..,acitor. Mica 100107-470 5 CS.719.'lLl1 

12 Canacitn,.. Uv12,.. Inn':\nR In1 1 rl~ 17 11l 

1.:1 r.a""l:l rhnl" Tar.fa 111m 1 nn '\ l ~ - 1 r:;" 1 CiS 

14 Resist~r. 1 watt 100111-151 Z R37.38 
15 Resistor, 1 watt 100111-470 5 RI8,22.Z6,30.34 

16 Resistor. l watt 100111-332 9 R 1 .. 5 q I ~ l.. 7_ -'- 1 l§ 2~··:\1 Jl .~ 

I 

17 Resistor, 1 watt 100111·153 -I R3, 8,12.16. 

18 Wire. Solid Bare 100042-024 10 in 

lq Tu'Jin..,. Teflon 100274-022 10 in 

20 Reaistor,' 1 watt 100111-563 5 R20,24.28,32.36 

21 Resistor ___ 1. watt 100111-30Z 4 R2.6. 10. l4 
\ 22 Diode ~ 50S 103 100091 62 CRI thru 7, 9 thru 15 

CRl7 thru 24. 26 thru 2~C! 

CR31 thru 36, 38 thru 44 

CR46 thru 51. 53 thru 60 
CR 62 thru 68, 70, 71 
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<:) 

-16Y 
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L II I i 
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+Ici lC2 

GROUND "" 
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10 

17 

20 

29 

35 

"0 
+16Y 

RI 
CR" CRI CR7 

':' 
R3 C~ 

R2 

CRI CR2 CR3 

-I6Y 

CIRCUIT 5 

6 " 3 13 I" 15 9 

" 12 7 8 II 

5 2" 25 16 

6 27 I" 15 18 

7 23 I" 15 19 

e 22 25 21 

9 26 25 28 

10 31 32 30 
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33 32 3" 

12 37 32 36 

13 3S "3 39 
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I I I I I I I I I I. I I I 
o-CR4-13.. o-CR4-1I- crCR4-9- o-CR4-7- crCR4-5- o-CR4-3- Q-CR4-1 _ 

_ CR5-I3{) _CR5-II<> _m5-9-o _CR5-7~ _CR5-5-o _CR5-3<> _CR5- I--o 
o-CR6-13_ o-CR6-II- o-CR6-9- crCRS-7- o-CR6-5- o-CRS-3- o-CR6-1-

_CR7-13-o _CR7-1I<> _CR7-9~ _CR7-7~ _CR7-5~ -CR7-3-o _CR7-I-o 
_CR4-14-o _CR4-12-o _CR4-I0-o _CR4-S<> _CR4-6~ _CR4-4-o -CR4-2~ 

o-CR5-I4- o-m5-l2- o-CR5-IO- Q-CR5-8- o-CR5-6- o-CR5-4- o-CR5-2-
_CR6-I4{) _CR6-I2-o _m6-I0-Q _CR6-8-o _CR6-6" _CR6-4-o _CR6-2~ 

o-CR7-14. o-CR7-J2- o-CR7-IO- o-CR7-8- Q-CR1-6_ o-CR7-4- o-CR7-2-

n 

000 0 0 0 0 0 0 0 0 0 0 I QI-13 I QI-II I I 01-9 I 01-7 I I 01-5 I 01-3 I 01-1 

~ ~ ~ a ~ l ~ n ~ l ~ I g I 
~ UI N .!.. 0 UI ,CD '{' len UI ~I a N' ~ 
I ..!.. I - I' ...... , , L 

::n I r I ~ i I I I I r I ~ r L' I 
~ ::n::n I I 1:C ::n n l::n ::n' I "" 

I ~ "" (JI Q::n 0 I ""::n ::n "" ""~ N I ' , .... (JI , - , ' ::n I I~ OihN 1: ..!..~6 ::n CD m ~ en __ ~6 ~I£h ::n 
n - I ~ I h £ I 1- ..!.. Cf' I 6 I I I "" (JI:tJ "" N I ..!.. ..!.. uno to I ,N , n6~ (JI ~ ::n I I n _CR3-G-Q o-CR3-3- I r N I 

~ 6 N ~ I ~o-CRI-6- ,Q-CR2-3_ 06 
:i 6 ~h £ ICo o-CRI-7- -CR2-6-o Q-CRI-3_ c', (FCR3-I-
cXrCR3-I3.. -CR3-12~ ~ ~ ~ oo:.CR3-5- _CR2-7 -<> _CR3-4-o ~ Q-cR2-1-8 .6W o-CRI-5- .....cR3-7-o _CR2-4<> Z0-CRI-I-

b _R3-5_ 

! 

-c () 

::J 
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• 00 1 ~oard, Printed Wiring 1048CJ5 1 ~ 
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I~ ~ 2 Handle, Circuit Card 100016 1 
I 3 Eyelet, Tubular 103896-016 2 
I -.J 4 Strip. Mar~er 100197 1 

~ 5 Coni:;trt Cnnn Unnpr InOOc)7 23 

h Ir.nnt~ rt r.nnn T --.-- 1000Q8 24 

7 Transistor, SDS 216 103242 14 01 

8 Diode. SDS 103 100091 7h CRl thru CR'A. 67 

9 :r..n;aritnr Silver Mica 100107-4:7') 14 C5 

10 Capacitor, Mylar 100308-103 3 C2.3.4 

11 .Ca:Dacitor~ Tantalum 10031l-156 1 C1 

12 Re sistor,_ t watt 100111-332 14 R1 

13 Resistor, !- watt 100111-563 14 RZ 

14 Resistor ! ,.,att lOO111-470 14 R3 
15 Wire, Solid Bare 100042-024 ~4 il -
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~..-....--.. ... Tubina. Teflon 100274-022 24 in 
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- 11 II 
· II!I~ · o ~ POLARIZING PINS: 21 , 40 

~ 10 " 

IIH!' t! 
CD .. 
Z () 

I !' .. I ~ddj I i ' ., 
+ 16 V 47 ~ 

-16 V 46 0 
11 1. 

GROUND .:~ 
23 

+18V 

RI 

~ Vr~1 
4 

+16V 
RZ 

CR2 CRI 

~ 
R3 

TO A A

VRZ 

-16 V 

0 Q VR3 0 
CIRCUIT I 5 8 2 

2 5 1 3 
3 S 6 • 
4 :'I 13 II 
5 S 10 12 
6 5 9 I. 
1 S 19 15 
8 5 20 11 
9 35 16 18 
10 35 21 2. 
II 35 22 25 
12 35 21 28 
13 35 26 29 
14 3:1 3<1 30 
15 35 33 32 
16 37 36 43 
11 37 38 40 
18 31 311 42 

CIRCUIT 19 37 31 41 
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t11 
o 

J I 
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N N N 
, I I 

I; ICD I;; 
1:;0 l:u A 1 I 1:;0 1:;0 l:u 1:;0 1:;0 1:;0 
N N 1< < :;0 N N ~ INN N 

I':' I':' I~ t I" I':' Ie:. I'" I I':' I':' I.!. 

QI-1SO:OIO 0 000 0 00 ~O 0 
-VRI-IS-t> QI-I5 QI-13 1< 1 QI-I2 QHO QI-9 QI-7 b 1 QI-6 QI-4 I 1 QI-3 QI-I 

01-1900101 I O~~ 0 O~· ~O ~O 
~ :;0 I 01-l1lt~ 01-11 01-8,.s len 01-5 I~ 01-2 
.J"LVRI-I6- 7~ VRI-14 VRHI VRI:ar.... ~VRI-5 ~VRI-I 
"l"'" VRI-19 _ I - - - ~......,- - ......,--

krVRI-I7 ~ r~ -YRI-.!2t>~RI-!.Q.. -YRI~ <J-YRI-.i. <J-YRI':2 

Q£R2-1i, _RI-I,L _RI-IQ.... _RI-L _RI-L _RI-L 

1:;0 1:;0 l:u 1:;0 
N N N N 

I
I , I I 

~ lUi I:;; 1(;; 

1:;0 1:;0 l:u 1:;0 
N N N N 

I' I' , I N = 10 ICD 

-CR2-1r-Q CR2-3 
OCR 1-19- QCR2-15- -CR2-IOO Q-CR2-7- -CR2-40 ~-

RI-IS -R3-15- -CRl-lo-Q _R3-L _R3-1- J3-L 
CR2-!.2() ~I~ ----B3-!.Q.... Q£RI-L CRI-io ~I-L 
OCR2-18- -BI-IL -BI-I_I_ __RI-L _RI-L _RI-_I_ 

-CRI-IS-Q o£B 2- 14 CR2-..2..0 ~2-.L 
OCR 1-18- -B 3- IL -CR~-II-Q o-CR2-!" R3-5 R3-1 

RI-17 CRI !!....o _R3 ~ - - --- - ofB '-.!.1. R3-11 CRI-8 .,£,B1-5r'\ r&B1-L 
-CRI-I7-Q RI-13 - - ~ - ---v ~ 

R3-18 - - ~I-IL _RI-L _RI-S_ _RI-,L 

-------_-- ofB2-~ £B 2-EQ OCR2-9- -CR2-S-Q o?2~ 
_R3 19_ CR 1-12 R3-9 
_R3-IL OCR~1:13 -R3~ ~1-9- -CRR1:~ _R3-L 

- - - - ~ - - ---v of-RI-~ 
_R3-IL 

-c () -C 

:J 0 3" 
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a.. CD n -0 
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B0!L~d. Printed \Virina 104762 1 • ~ 1· 

" ~ :a 0 2 rlandle. Circuit Card 1DOO16 1 Q ..... 

3 tyelet, Tubular 103896-016 a 
"'"".~ ....J 4 Btrin Ma1"k III 1" JJ}Ol Q7 1 

~ 5 ~nnt"A,..t r.nnn Unn,:..,. J1l00Q7 J.~ 

6 ~ontact, Conn Lower 100098 Z4 

7 rt'ransiator, SDS Z16 103242 19 01 

8 blode, SDS 103 100091 38 CRI ,CRZ 

9 Diode, SDS 115 107063 21 VRI, VRZ, VR3 

10 Capacitor , Mylar 100308-103 a Cl,2 

11 Resistor, t watt 100111-33Z 19 Rl 

lZ Re sistor, t watt 100111-393 19 RZ 

13 Wire. Solid Bare 100042-0~4 18 in. 

14 Tubing, Teflon 100Z74-0ZZ 18 in. 

15 Resistor, i watt 100111-153 19 R3 

16 Resistor. ! watt 100111-471 1 R4 
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- 1~ POLARIZING PINS 34 l 38 -

~ 
f-- I ~ I 

loR 3 IS OMITTED ON .NI~I. : .. 
I I~ I~ '" CD 

" · .~ ~ 

~ ! I II N "0 

'" ~ 

: 11!IPi III ~ 

+Z!lV 410 
~ 

i l;~ II II rr .. ; 
-Z!lV .. ;;] 
+ av 4~ 

+ CI C2 C3 ~C4 

GROUNO 440 T T T 
:~ 

I~ 
+ 8V 

R2 R3 

RI 

,!;l. 
f---' 'L...-

0 
CIRCUIT I 42 43 

2 40 41 

3 38 39 

4 36 37 

:I 34 3:1 

6 32 33 

7 30 31 

8 28 29 

9 26 27 

10 24 25 

II 22 23 

12 20 21 

13 18 19 

14 16 17 

I~ 14 l!l 

16 12 13 

17 10 II 

18 8 9 

19 6 7 

20 4 5 

21 2 3 
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1 1 ~I en' 0
1 ,... ,... 

~ ~ T T - 'l" I I I I 
C\I It) C\I It) C\I It) C\I 
0:

1 
0:, 0:, 0:, 0:

1 
0: 0: , 1 

1 1 1 1 
It) ~ ~ v It) ~ CD 
T I T T T I T 
C\I IQ. C\I It) C\I It) C\I 
0: , 0:, 0:

1 
0:

1 0:, 
0: 

1 1 

\ 1 
J en en Q 0 N 

I I I T T I T 
N It) C\I It) N It) N 

0:, 0:, 0:, 0:, 0:, 0:, 0: 
1 

It) It) CD CD ,... ,... CD 
I I I I I I I 

N It) N It) N It) C\I 
0:, 0: 0: 0: 0: 0: 0: 

1 , 1 1 , , 

- .. N N It) It) ~ 
I I I I I I 

N It) N It) N It) N 

~ 0:, 0:
1 0:, 0:, a:, a:

1 
a: 

1 

) 

_R2-21 

R3-21 -
RI-20 - -

_Ll-20 -
0 1 RI-IS 
C\I -
I 

1Q, _LI-IS -
RI-IG - -

_Ll-IG -
1 

CD RI-14 
T 
It) 

_Ll-14 _ 0: 
1 

_RI-12 _ 

_ Ll-12 -
N _RI-IO_ 
T 
It) 

_LI-IO 0:
1 -

_RI-8_ 

_ Ll-S -
CD 
I 

_RI-G _ 
It) 

_Ll-G 0: -1 
_RI-4 _ 

_ Ll-4 -
~ _RI-2 _ 
I 

It) 
a: _Ll-2 

1 

0- CI 

- C2 

RI-21 -
LI-21 Pin 1 -

_R1-I9 

_L1-I9 -
RI-I7 -

_Ll-17 -
RI-15 -

_L1-I5 _ 

_R1-I3 _ 

_LI-13 -
_RI-II _ 

_Ll-II - Connector 
_RI-9 _ End 
_LI-9 -
_RI-7 _ 

_Ll-7 -
_RI-5_ 

_Ll-5 -
_RI-3 _ 

_LI-3 -
_RI-I_ 

_Ll-I 

C3 Pin 47 - -
_ C4 -

Drive Cable Interface NB52 
104866B 
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ex> 
1 ~o~~d, Printed Wirina: ~M865.- 1 • ~ 

" 0 

I .-t Z Handle. Circuit Card .100016 ~ 1 

3 Ev~1~t Tuhu12l? 'I OlRQI. .. n lit. 2 

~ 4 Strio. Marker 1100197 1 

5 Conta.ct. Conn 'Uoner 1100097 'Zl 

6 Contact, Conn Lower 100098 Z4 

7 Capacitor, Mylar 00308-103 ~ r7 ':t .d. 

8 ~apacitor, Tantalum 00312-156 1 rl 

q ~PA;Atn'r .1 u,::I++ 100111-151 21 Rl 

10 nductor, Molded OOJ42-2L.3 21 T 1 

11 Wire, Solid Bare 10004Z-02.4 5 in 

12 Tubing, Teflon 100Z74-022 5 in 

13 ResistO.-r...L -!- watt 100111-102 42 RZ.3 

-
. 

-
e. -

-ID5-1-IU" 
1· 
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POLARIZING PINS: IZ' .. 0 

AZ A3 A.. A~ A6 A7 A. A9 RIO A" AIZ AI3 RI.. AI~ RI6 RI7 RII RI9 RZO RZI 

o Q 0 6 0 6 0 Q 
Z 3 .. ~ 6 7 8 9 

000 
la 19 ZO ZI 

6 6 
I~ 16 11 10 

~
~ 

~ I 

~I ,- i 
I I Tel 
I---

I 
i 

RU RU AZ.. RZ~ RZ6 RZ7 Rza AZI R30 R3' R31 R33 R3.. R3~ R36 R37 R3e R31 R .. O R .. ' R .. Z R"3 



Termination Module +4 ZB50 
l04016A 

~I 

C4 

_R2 _ 

_ R4 _ 

_ R6 _ 

_ R8 _ 

_ RIO _ 

_ RI2_ 

_ RI4 _ 

_ RI6 _ 

_ RI8 _ 

_ R20 _ 

_ R22_ 

_ R24_ 

_ R26_ 

_ R28_ 

_ R30 _ 

_ R32_ 

_ R34_ 

_ R36_ 

_ R38_ 

_ R40 _ 

_ R42_ 

C2 

I 

Pin 1 

_ R3 _ 

_ R5 _ 

_ R7 _ 

_ R9 _ 

_ RII _ 

_RI3 _ 

_ RI5 _ 

_ RI7 _ 

_ RI9 _ 

_ R21 _ 

_R23 _ Connector 
_R25 _ End 
_R27 _ 

_R29 _ 

_ R31 _ 

_R33 _ 

_R35 _ 

_R37 _ 

_R39 _ 

_ R41 _ 

_R43_ 

Pin 47 
_CI~ 
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IT ... " DtlGl\. TJvt.~: Dt1G o rJO. t30.t1BQ Cl~agB €m ea? OIIRa. z ..... 
0 

• .. 1 Board. Printed ':Virina 104015 1 0 

" ..... 
:II Z Handle. Circuit Card 100016 1 
Q 

3 lEye1et, Tubular .. - - .' 103896-016 2 

....J 4 Strio. Marker 100197 1 

~ 5 Contact. Conn. Un~ar 100097 23 

6 Contact. Conn. Lower 100098 24 

7 Capacitor t Mylar 100308-334- 3 C2,3,4 

8 Capacitor, Tantalum 100312-156 1 C1 

9 Reaiotor, t watt 100111-151 42 RZ thru R43 

10 Wire, Solid Bare 10004Z-0Z5 5 in. 0 

11 Tubinsz.· Teflon 100l74-0Z2 5 in. 
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0-
RI9 

RI6 0-

0-
RI5 

RI2 
0-

) 
0-

RII 

R8 
0-

0-
R7 

R4 0-

0-
R3 

R28 0-
-

- 0-

) 

CI 

CI4 

CI3 

CI2 

CII 
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End 
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~ \.U'HA'nRf.1. LIST '~ lMLI 
IMIG. 10. 1-;·, ',OWO. TITLI. S 0 S •• ,. ....... BAya ." •••• _ 

·.ASSEMBLY~ P, W_ CABLE 19~1ll 
'I'El(NDIA..TIOf.t~~UL&; - .. --. ...-...-

MOfJ , ZB52 DATI 1213 _HIlT 2 CW 2 -• 
0 - IT'-" DVel. TITl .• : D"O."O. "O.RIQ RIMA RI I .. CIT. DIIIG. z ~ 

~ 1 Eoard, ~r!nted Wiring 104330 1 • ~ 

" 0 :» -2 !landle. Circuit Card 100016 1 Q ~-

3 Eyelet, Tubular 103896-016 Z 
--1 4 Stri)). Marker . 100197 1 

~ 5 Contact. Conn. Upper 100097 23 

6 Contact, Conn. Lower 100098 24 
, . 

~. ~ .3.&. ... -, ,I\n.,no 'I\~ 1 A ,...~ L'- _,L . .I .., -.., ....... 

8 Capacitor J Tantalum 100312-156 1'4 Cl,thru Cl.fa 

9 Resistor. Metal FUm 100680-330 Z, . Itl thru RZ.i 

10 Wire J Solid Bare' 1'00042-024 1 in 

11 Tubin.2:.1· Tenon 100274-022 . 1 in 
, .,. ........ .• 9 . . 

_4 W ____ ,- ~'::;CL~".I.I.~ 4UUJr-;, r- '.l 

13 Heatsink (Extruded) 106579 1 

.14 Scre'wlL :F.lat"Hd. Phillina 100 ~ lOOOI2-]O~ 2 

15 Washer, Flat 100018-30( 2 
16 Washer', Lock Int Tooth 1000Z4-30. 2 
17 Nut, Hex Machine 10000S-300 Z 

. 

• 

... 
;.-

; 

SDS-~-10" - :~ ~j' o· t ( 
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NOTES: 
m 

to m to ~ 
I. R3, R5 THRU R9, RII, RI4 THRU R33, ! IIdd! CD 0 

R35, R40, R41 , R42 ARE OMITTED. N , i 
•• 

I f.' .. a , I I 

POLARIZING PINS: 12 & 40 

+<4V/+8V 45 

+11 12' 13 1<4 

GROUND 440 I I I T 
I 10 

R2 ~3 R4 R:\ R6 R7 RS R9 RIO RII RI2 RI3 RI4 RIS RI6 RI7 RI8 Rig RZO RZI 

I- I- f-

a a 0 0 0 0 a ~ 0 a 
Z 3 .. :\ 6 7 8 9 10 II 12 13 14 16 17 Ie 19 ZO 21 

~ ~ RZ5 > > ~ ~ ~ ~R36 > R37 > R3S > R39 > ~ 
RZZ RZ3 RZ" RZE'> RZ7 Rze R29 R30 R31 R.3Z R.3.3 R34 R35 R40 R41 R42 R43 

i-I---

0 0 0 0 0 a 0 0 0 ,0 0 0 b a 0 0 0 
22 23 24 25 26 27 28 29 30 31 32 33 34 3:1 36 37 38 39 40 41 4Z 43 

I l .... _ ... _ 

T 
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~I 

C4 

_R2 _ 

_ R4 _ 

_ R6 _ 

_ R8 _ 

_ RIO _ 

_ RI2_ 

_ RI4 _ 

_ RI6 _ 

_ RI8 _ 

_ R20 _ 

_ R22_ 

_ R24_ 

_ R26_ 

_ R28_ 

_ R30 _ 

_ R32_ 

_ R34_ 

_ R36_ 

_ R38_ 

_ R40 _ 

_ R42_ 

C2 

Pin 1 

_ R3 _ 

_ R5 _ 

_ R7 _ 

_ R9 _ 

_ RII _ 

_RI3 _ 

_ RI5 _ 

_ RI7 _ 

_ RI9 _ 

_ R21 _ 

_R23 _ Connector 
_R25 _ End 
_R27 _ 

_R29 _ 

_ R31 _ 

_R33 _ 

_R35 _ 

_R37 _ 

_R39 _ 

_ R41 _ 

_R43_ 

Pin 47 
_CI ----0 

\. 
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104994 :; 

TERMINATION MODULE .. , ZB55 8Aft 3/2,4 IMII' 2. ., 1. ' - -• 
; ~ ~ IT'-" 8"0. I.TI· •. D"G.ttO. IIO,IIQ a IlIA US • clr. 1'.11. 

I. :~Board. - -'" Wipt",. .'" IftAftl1l I 

i : -~ Handle e' _2 ,~ Boa.rd lQOOl'- 1 

: -.J 
~ 

'. 

, 

1 Eyelet. Tubular 103896-016 Z 

" Strip. Marker 100197 I 

5 C:n~t2rt COftft UDD~r 1000Q7 21 

" Contact. Conn 'Lower 100098 24 

1 Ca~citor. Mylar 100308-334 3 C2. 3." 

8 CaJ)&citor. Tantalum 100312-156 1 Cl 

R~ • la L2 ~ 't 't.4 't11'74~ 

~~~~~~~~------~~~~~~~~~-------------~--~j , 
CI R •• 4 at",. '" ..,. ..... 

10 Wire, 30lid Bare 

1 nn 1 Ll _1.3.1 II 

100042-024 11 in 

11 Tubina • Teflon 100274-022 13 in 

f= I 

J 
j . 

1 --, -.. ~ , 
~ .. -

----.+---------------------~~--------~~-----+--------------------.----
----~--------------------~----------~----~~-------------.----------~ 
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~""""_"'lio.~ 

~ CJIAO~ MATERIAL LIST ML aRAWINQ NO. REY. 

• ~ 
Hi ... ~I .. 'C DATA .Y.T .... 111991 A 

0 Asay, P. W. Cable 
z DR AwtN CI Termination Module MODal. NO. ZB 71 DAr#/1/65 SHEn Lo .. _2_ Tn'LE 
e· 
z - ITaW 

0" HO. ORAWINO TIT LI: awe.NO. NO •• IUI. REWARK. ON CKT. OEaIG. 
I 0" -C - 1 Board. Printed WirinR 104330 1 • -a 

2 109016 1 
.. -~.~ Handle. Circuit Card 

-.J 3 Evelet. Tubular 103896-016 2 

~ 
--it 

4 Strip. Marker 100197 1 

5 Contact. Conn. Upper 100097 21 

it r.--+--t. Conn. Lower 100098 Z4 

7 Capacitor, Tantalum 1003]Z·-156 14 C 1 thru C14 

8 Reaiator. Metal Film Inn680_11(1 28 Rl thru R2a 

9 Wire, Solid Bar. 10004Z-0Z4 lin 

10 Tubina. Teflon 100274-022 lin 

11 Heatsinld Extruded) 106579 1 

._1_2 
1000-

1000IZ-10· 2 Screw. Flat Hd. Phillips 

13 Washer, Flat 100018-10C . 2 

~. Washer. Lock Int. Tooth 100024-10( Z 

IS Nut. Hex Machine 10000S.101 2 

16 Schematic 11'3043 x ref 

17 DwJl List 111044 II ref 

II Test 50ec 113045 x ref 

I 
'j , 

j 
SOS-E-106B 


