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SECTION 1 

GENERAL DESCRIPTION 

The Distributed Input/Output (I/O) System provides a multiport interface control . 
system for the LSI Family of computers. The Distributed I/O System is programmed ·with 
standard instructions, and when operating with either Auto I/O or Direct Memory Access 
(DMA), allows the mainline program to continue executing while data is transferred at 
the rate required by the peripheral. The Distributed I/O System allows attachment of 
any mix of Intelligent Cables. 

The hardware used to implement the Distributed I/O System consists of two main parts, 
the I/O Distributors and the Intelligent Cables. Two I/O Distributors are available. 
The first is designed to handle data transfers using interrupts and the Auto I/O 
feature of the LSI Family. The second uses Direct Memory Access to handle the re
quired data transfers. Either I/O Distributor can also transfer data under direct 
program control. Any Intelligent Cable can be attached to either of these I/O Dis
tributors. 

This manual describes the overall operation and programming of the Distributed I/O 
System. Section 1 is a general description of the Distributed I/O System. The system 
operation and general programming requirements are described in Section 2. The Intel
ligent Cables are individually described in Section 3. These descriptions include the 
applicable special programming requirements and any special installation instructions. 
The overall Distributed I/O System installation instructions are provided in Section 4. 

For purposes of clarity, the following names are used for the Distributed I/O System 
hardware: 

• I/O Distributor(s) - Family or collective name used to refer to any model I/O 
Distributor. 

• Standard I/O Distributor - Refers to the I/O Distributor without Direct Memory 
~ Access capabilities. 

• DMA I/O Distributor - Refers to the I/O Distributor with Direct Memory Access 
capabilities. 

• Intelligent Cable(s) - Family or collective name used to refer to any or all 
models of the Intelligent Cables. The model name (e.g., Magnetic Tape Intel
ligent Cable) is used to refer to a specific Intelligent Cable. The device 
normally interfaced bY the Intelligent Cable is considered included when the 
name, Intelligent Cable, is used in this manual. 
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• Cha.nnel - The Distributed I/O System components that constitute a complete' intE'r
face controller. More th~n one channel may operate c.oncurrently through an r/o 
Distributor. 

1.1 DISTRIBUTED I/O SYSTEM CONCEPT 

The Distributed I/O System is designed to replace the conventional single devic(> 
interface controller. An I/O Distributor complete with up to four or eight Intel
ligent Cables can replace the same number of independent interface controllers. Th~ 
physical configuration of the Distributed I/O System contributes to the packaging 
efficiency and the system flexibility. 

The need for an interface controller usually arises when a specific peripheral must be 
attached to a computer. For example, the Maxi-Bus of the LSI Family of computers can 
interface directly with a peripheral if the peripheral observes the interface disci
pline of the Maxi-Bus. Very few peripheral devices, unless specifically designed to 
do so, will actually interface directly with the Maxi-Bus. 

The interface controller resolves the interface problems by observing the Maxi-Bus 
interface discipline on one side, the peripherals interface discipline on the other 
side and internally translating one into the other. 

In the Distributed I/O Sys·tem, the interface controller is physically divided into two 
separate units. One unit, the I/O Distributor, contains the logic used to observe the 
Maxi-Bus interface discipline. The second unit, the Intelligent Cable, contains the 
logic used to observe the peripheral device interface discipline. T.he separation 
between the I/O Distributor logic and the Intelligent Cable logic exists physically, 
but is transparent to the computer software (see Figure 1-1). 

The physical division of the interface controller logic into separate units allows the 
I/O Distributor logic to be used on a time-shared basis. The I/O Distributor thus 
expands the capabilities of an interface port to the Maxi-Bus. 
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c Standard 4-Channel I/O Distributors Use Channels 4 Through 7 
DMA I/O Distributor Uses Either Channels 4 Through 7 or Channels a Through 3 
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I Figure 1-1. Block Diagram, Distributed I/O System 
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1.2 I/O DISTRIBUTORS 

The central component of the Distributed I/O System is the I/O Distributor. Con
structed on a Computer Automation half-card size printed Circuit Board. th!' 1/0 
Distributor can be installed in any standard chassis. The various mod('J rio Dis
tributors are grouped into two operational classes: The standard m~]els that use 
interrupts and the Auto I/O instruction to handle datil transfen;, and the DMA moo<>l 
that uses Direct Memory Access to handle data transfers. F.ither I/O Distributor can 
a.lso transfer data under direct program control. 

The two standard I/O Distributor models can operate with any mix of up to four (maxi-: 
mum) or up to eight (maximum) Intelligent Cables. 

The DMA I/O Distributor is available in a single model that operates with any mix of 
up to four Intelligent Cables. 

Each I/O Distributor develops 
attached Intelligent Cables. 
through the I/O Distributor. 
selectable baud clock rates, 
Detection. 

a system clock for internal use and for use by all 
Operating power for the Intelligent Cables is provided 
The I/O Distributor also provides strapping options for 

Parity Bit Standardization, and Special Character 

~The standard I/O Distributor multiplexes the Intelligent Cables to a single port on 

-

, the Maxi-Bus. It assigns priorities to the data service and End-of-Block requests 
from the Intelligent Cables and then, in priority order, transfers these requests to 
the Maxi-Buq in the form of interrupts. The standard I/O Distributor is also res
ponsible for providing the correct interrupt address when the Intelligent Cable's 
interrupt request ~s honored. 

The DMA I/O Distributor includes sufficient processing capabilities to execute the 
equivalent of the LSI Family Auto I/O instruction. It assigns priorities to the data 
service requests from the Intelligent Cables and then, in priority order, makes the 
necessary data transfers. Since thi~is performed by the I/O Distributor, the main
line program is not interrupted and data transfers are made at the memory cycle rate. 
The End-of-Block service requests from the Intelligent Cables are assigned an inter
rupt priority and then, in priority orde~, the DMA I/O Distributor transfers these 
requests to the Maxi-Bus a.s an interrupt when there are no pending data service 

. requests. 

A micro-diagnostic is provided for test purposes as part of the DMA I/O Distributor 
Cprocessing capabilities. The micro-diagnostic tests the data loop for any attached 

Intelligent Cable. 'l'he micro-diagnostic is selected and initiated by software commalld 
from the computer. Successful completion is indicated by an interrupt to the End-of
Block subroutine. 
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1.3 INTELLIGENT CABLES - FUNCTIONAL DESCRIPTION 

P(1ripiwral devices interfaced to the computer through the Distributed T/O System Clre 
connected to an I/O Distributor by an Intelligent Cable. 

Each Intelligent Cable is physically constructed 'as two separate cables, both connected 
toa PICOPROCESSOR. (Figure 1-2). One cable is used to connect the T/O Distributor to 
the PICOPROCESSOR .. This cable is a standard flat ribbon cable. The olh0r cable' 'is 
used to connect the peripheral device to the PICOPROCESSOR. This cable is usually .:1 

short, special cable. When the Intelligent Cable is desiqnated for usc with ~l SPI-'Ci.

fie peripheral device, the special cable is supplied with the appropriate devicl' 
mating connector. Detail specifications on the Intelligent Cables is pt"ovidl'd in 
Section 3. 

Each PICOPROCESSOR is a small, special-purpose processor designed to control th0 
transfer of data between the peripheral device and the I/O Distribut:or. The FICO
PROCESSOR receives both power and timing control (clock) from the I/O Distributor. 

The operation of the PICOPROCESSOR is sequenced and controlled by the microprogrammed 
firmware instructions. The firmware instructions are arranged into one or more func
tion progr;:U11S that are tailored to the specific needs of the peripheral device. 

The PICOPROCESSOR operates semi-independent of the_ I/O Distributor and the computer. 
The PICOPROCESSOR cannot initiate any of the firmware sequences. All functiolls are 
initiated by direct command from the computer software. The function initiation 
command takes the form of a branch command to the appropriate allowed PICOPROCESSOR 
firmware address. Once the function is initiated, the firmware takes control of ti1e 
I/O operation, freeing the computer for other processing. 

Ullder firmware control, the PICOPROCESSOR is able to: 

• Control peripheral operation. 
• Request service from the I/O Distributor. 
• Modify the firmware sequence in response to detected events. 

The individual descriptions of the Intelligent Cables are located in Section 3 of this 
manual. 'fhese include descriptions of the firmware sequences, allowed entry points to 
the sequences, and other special programming requirements. 
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Figure 1-2. PICOPROCESSOR (Cover Removed) 
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1.4 SPECIFICATIONS 

.,/ 1.4.1 I/O Distributors Available .. 

Standard I/O Distributors 

14629-14 - 4-channel, serial or parallel data format peripherals 
14629-18 - a-channel, serial or parallel data format peripherals 

DMA I/O Distributor 

14674-01 ..; 4-channel, serial or parallel data format peripherals. 

1.4.2 Device Data Formats 

Bit serial (asynchronous and synchronous) 
Parallel (a-bits output and 8- or l6-bits input) 

o 1. 4.3 Device Control Configurations. 

Simplex 
Half duplex ! 
Full duplex using two Intelligent Cables (requir~s two I/O Distributor channels). I 

I 

i. 
1.4.4 Clocks i 

Distributed I/O System Clock 

250 ns - Used by I/O Distributor and all attached Intelligent Cables. 

BAUD Clocks 

10 baud clock rates (16 times baud rate) are listed as follows: 

19,200 
9,600 
4,800 
2,400 
1,200 

600 
300 
150 
110 

75 

Each channel on the DMA I/O Distributor can be set to any baud rate independent 
of the other channels. The 75 baud, 600 baud, and 19,200 baud rates on the 
standard I/O Distributor are not directly available for selection. One of these 
three baud rates can be included with the seven remaining baud rates as a set of 
.eight baud rates available for selection. Each channel on the standard I/O 
Distributor can then be set to any of the eight available baud rates independent 
of the other channels. 
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1.4 .. 5 Environmental 

j All components of the Distributed I/O System operate at an ambient tempE'rat.ure 0 to 50 I 

degroes Celsius at 5 to 90 percent relative humidity (non-condensing). I 

1.4.6 Power Requirements 

All components of the Distributed I/O System (except for the peripheral device) re
ceive DC power from the Computer Automation LSI Family computer power supply. ThE' 
maximum power requirements are as follows: 

I/O Distributor 14629-14 
I/O Distributor 14629-18 
I/O Distributor 14674-01 
Parallel Format Intelligent Cables 
IEEE Intelligent Cable 
Serial Format Intelligent Cables 

Refer to the appropriate computer handbook for 
Be sure the total power demand does not exceed 

1.4.7 Bandwidth 

the 
the 

+5V at 1. 68 A 
+5V at 2.18 A 
+5V at 4.0 A 
+5V at 0.85 A 
+5V at 1.0 A 
+5V at 0.70 A 
+l2V at 0.05 A 
-12V at 0.065 A 

various power supply capacities. 
rate power supply capacity. 

Table 1-1 contains listings of the maximum transfer rate bandwidths for various 
combinations of processors, memories, and I/O Distributors. The listed maximums apply 
to a single Intelligent Cable transferring data. All other peripherals must be in 
Idle, and the software in a minimum time wait loop. 

'rable 1-1. Maximum Bandwidth in Kilobytes 

Memory 

('PU Type I/O Distributor Core 1600 Core 1200 Core 980 Type 

LSr..,2/60 Standard 60 80 86 
LSI-2/20 Standard 60 80 86 
LSI-2/10 'Standard 30 40 43 
LSI-3/05 Standard 32 32 32 . 
LSI Family DMA 198 215 225 

I 
I 
I 

I 
i 
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Each Intelligent Cable/peripheral has a maximum data transfer bandwicith that is davie!' 
dependent. For peripheral devices that use the full handshake disd plinc for data 
transfer this bandwidth is a range from zero up to the maximum possible for the per
ipheral device. For peripheral devices that use the strobed discipline for data 
transfer this bandwidth is a specific value corresponding to the determining factor in 
the peripheral (e.g. magnetic tape movement speed and recording density). 

Few precautions are required if only handshake discipline peripherals are used. Under 
'worst case circumstances, the peripheral may be slowed temporarily but data is not 
lost. With a strobed discipline peripheral device, care must be taken to assure 'data 

is not lost. 

The resulting system throughput is a function of the computer's capabilities, the 
number and kind of I/O Distributors, the number and kind of Intelligent Cables, and 
the number and kind of other peripheral controllers attached to the computer. 
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SECTION 2 

OPERATION AND PROGRAMMING 

This section first presents the overall description of the Distributed I/O System 
operation. The .manner and sequence in which control is passed from one part of the 
system to another is included in the description. The second part of the section is a 
description of the various instructions and conunand words. Standard formats are 
provided along with the basic progranuning parameters of the Distributed I/O System. 

2.1 SYSTEM OPERATION 

The overall Distributed I/O System operation is divided among several pieces of hard
ware. Control of the Distributed I/O System is shifted between the system components 
as part of the operation sequence. The progranuning requirements presented later in 
this Section can be more easily understood with·a good knowledge of the operational 
sequence. 

The Distributed I/O System is a multi-channel system. The operational sequences of a 
standa.rd I/O Distributed channel using interrupts to perform data transfers and a DMA 
I/O Distributor channel using Direct Memory Access to perform data transfers are 
described in this section. The operational sequences presented are typical of the 
operation of each respective channel. The transfer of data under direct program 
control is dependent on the software and the Intelligent Cable involved and is not 
described. Refer to t.he Intelligent Cable descriptions in Section 3. 

'rhe differences in operation between the standard and the DMA I/O Distributors are 
virtually transparent from a software standpoint. However, a good knowledge of the 
operational differences will help the programmer design software that will operate on 
both types of I/O Distributors with maximum efficiency. 

2.1.1 Preparation 

Prior to initiating any I/O operation with the Distributed I/O System, the computer 
software performs several "housekeeping" functions. The first of these is to deter
mine the availability of the peripheral device for an I/O operation. Usually, the 
software checks the channel status character to make this determination. The actual 
content of the status character varies with each Intelligent Cable/peripheral pair and 
the computer software must take these differences into consideration. 
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If the channel is available, the computer can prepare for the I/O operation. ~he 

first part of the preparation is to load the channel's hardware assigned data servicE' 
and End-of-Block interrupt locations. The information required in the data servic~ 
inte.rrupt location is the Auto I/O Op Code and channel address, the byte count for thc 
data transfer, and the memory buffer address pointer. The information normally stored 
in the End-of-Block interrupt location is a jump and store instruction used to branch 
the mainline program to the End~of-Block subroutine. 

The computer then loads a command word into either A or X register. The command word 
is not part of the computer's instruction set. It is a word constructed by the com
puter and used to control channel operation. 

2.1. 2 Operation Initiation 

The initiation of a channel operation with either the standard or DMA I/O Distributor 
is a two-stage function. Refer to Figure 2-1, the operation initiation sequence chart 
for both the standard and DMA I/O Distributors. 

STANDARD I/O DISTRIBUTOR 

After loading the A or X register with a required command word, the computer issues 
the c.:ommand word using the appropriate output A or X register instruction. The 
address and function code portion of the instruction is used to address the specific 
I/O Distributor and I/O Distributor channel. The function code specifies the output 
word is control information. 

The command word contains control codes retained by the I/O Distributor for use with 

I 

I· 

the addressed chdnnel and the PICOPROCESSOR firmware branch address. This branch
address is output to the addressed channel PICOPROCESSOR along with the branch (begin) 
control signal. The branch address supplied must be to an allowed entry point to the 
PI COPROCESSOR firmware. 

Once this PICOPROCESSOR branch command is issued, control of the I/O sequence for the 
channel passes to the PICOPROCESSOR. If the branch is to an I/O firmware sequence, 
the PICOPROCESSOR signals the peripheral that an I/O operation was requested. Depend
ing on the type of I/O operation, the PICOPROCESSOR then waits until the peripheral is 
ready to receive data or has data available for transfer to the computer. 

~ DMA I/O DISTRIBUTOR 

As "hown in Figure 2--1, operation initiation with the DMA I/O Distributor is similar 
to standard I/O Distributor operation i.nitiation. The difference occurs when the 
conmland ~ord is received by the DMA I/O Distributor. The control codes for the 
addressed channel are set as described before but the branch address is held by the 
DMA I/O Distributor and not issued immediately to the PICOPROCESSOR. The DMA I/O 
Distributor then checks the conunand word to see if DMA is disabled. If DMA 1S dis
abled, the DMA I/O Dish- ibutor does not fetch the Auto I/O instruction and this phase 
of the operation is performed similar to the standard I/O Distributor. If DMA is 
enabled, the DMA I/O Distributor accesses the Auto I/O instruction stored in memory at 
the assigned data service interrupt location for the addressed channel. The DMA I/O 
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Distributor stores in registers for the addressed channel, the Auto I/O 01' Cod,·, the 
byte count, and the memory buffer address pointer. After the fetch oper,ltioni" 
completed, the DMA I/O Distributor then outputs the branch addrec:;s to the PlC'Of'H()CI'~~;-

R0R and the remainder of this phase of the operation is similar to the standcnd T " 

Djstributor operation. 

2.1.3 Data Transfers 

Refer to Figure 2-2, the data transfer sequence chart for both the standard and "\1]\ 

I/O Distributors. 

STANDARD I/O DISTRIBUTOR 

'rhe need for a data transfer is usually sensed first by the peripheral and the ap
propriate signal is passed to the PICOPROCESSOR. The PICOPROCESSOR in turn sends a 
data service request to the I/O Distributor. When this request becomes the priority 
data service request to the I/O Distributor, the request is sent to the computer as Lill 

interrupt. The computer completes the instruction in progress and then recognizes the 
interrupt. A recognition signal is sent to the I/O Distributor. The I/O Distributor 
respond~3 by providing the address of the first word of the data service interrupt area 
(interrupt vector). The computer then executes the channel Auto I/O instruction 
stored at the data service interrupt location. 

The Auto I/O instruction is part of the computers instruction set (refer to the 
applicable computer handbook). It is a three-word instruction that has the effect of 
an I/O subroutine. The following operations are performed as part of the Auto I/O 
ins truction,: 

'l'he first word of the Auto I/O instruction is used to address t_he peripheral 
desired and the I/O Distributor to which the peripheral is connected. The first 
word also specifies the type of function. 

The data transfer byte count is updated and, if required, a byte count 
sent to the PICOPROCESSOR, via the I/O Distributor. 

o signal 

The memory buffer address pointer is updated and u!;cd to addn'~~~; t-hC' T/l~ J l'C.' t- ion 
in memory. 

A. _. When the' Auto I/O instruction is completed, the computer continuC'~; the m.linli 11(' l're'-
V grmn. The computer must execute at least one mainline program instruct ion betw('c'n 

interrupts. The Distributed I/O channel components drop the respective dat.a serv i CC' 

request and interrupt after the data transfer is completed. Additional data service 
reque~ts are handled in a similar manner. 

DMA I/O DISTRIBUTOR 

Unlike the standard I/O Distributor data transfer sequence previously described, the 
DMA I/O Distributor does not interrupt the computer Mainline Program when a data 
transfer is required. 

2-4 

III 

'dpm ii. 



f: 

, 

" 

bind 

,-' 

o 

!f5 'M t"t ret 'r ,r t 
h et'.nWW" t 'd" ht$W N 'to W-emE't"· , 

: p(,r,r r.T' .!! 10 ~ , l.1 MEMORY A OR X REGISTrR STANDARD I/O OI~TRIRUHIR 

[".,t.rlll 11IJfl In 

"'Iqr l"" r.nfnfJ''''erJ t-----------------~~----------~ 
:.,r"rr'1I1Jt rl"'lfjhi",{!t-

j------------l_ 
Ih'I/UP', t 1;(,( O'in 111'0 

In Prloritv Order t-o----t 
Inh'rrupt h'1ul!ri 

(lUI n III) 
I,,'>tr'u' t rell', 
r'F:'rIIHnr",j 

Interrupt Vrr tor 
Addrpss Prov Idp.cl 

,~,,~.I ~,.""' ~ 
Program , _~ J Oatd TriHis(er 

P(>rfonned 

Mainline Progrdm 
Cont in,.f ~ 

Uninterrupted 

r---'------, 

Ddta Trans.fpr 
P('rfonne<i 

\Irol' "tl"11 ui'l 

~'''IU\'' t 

Standard I/O Distributor Operation 

MEMORY A DR X REGISTER lIMA I/O DISTRIBUTOR 

Reques t Recog" lzed 
ill Priority Order 

Perfonn OMA 

! OPp."dtion 

~Iat ,1 Y,'ansfer 
Oatil Channpl(td VIa 110 (listnbutor" 

pprfnnnpd 

nr-1A I/O Distributor Operation 

Figure 2-2. Data Transfer 

2-5 

I N11 II 11;1 NI fA11i1 

J""'" ~"", II t' 
I~I'IJU In'l1 

, 1'1"" I '~f'llU' • t 

D.tfrl 1''01/1''_,''" 
1't'rfI1nu"a! 

flrnp Il.lte' 
')j'I'V iet' 'Rt'IjIH''i.t 

Continue f1""",re 
Sequence 

INTELLIGENT CABLE 

nata Servjce 
r.t'qui,'pd 

SiQnal Rpf1uP~ t 

1 
Cata TI·.dn~fpr 

Perf('nltpd 

OrOl1 U.lta 
St·i"v i ce :"f»~ut. 'S f 

I 
Continue Firmware 

Sequence 

'tlf 



,i' 

. 'b,.tdt trttH'btW wItHe.· in hE ',I",M 'Hri' rtf b"W Itw,. f 'b fit" t 1 .! it tI' . tt·tdrtNdt_· r±¥t'Wftt WtOOIre 'kwH 

ComputerAutornation 

As with the standard I/O Distributor ,the need for a data transfer is usually scns(:,d 
by the peripheral and is passed by the PICOPROCESSOR to the DMA I/O Distr ibutot:" il~~ a 
data service request. When this request becomes· the priority data service re4U('~;t. t<' 

the DMA I/O Distributor, the I/O Distributor proceeds to ~'ervicr. the r<'Qt1l'!; t. Tl1P 
following operations are performed by the DMA I/O Distributor: 

• The Auto I/O OJ? Code held by the I/O Distributor specifies the type of ddt ,l 
transfer, input or output. 

• The data transfer byte count held by the I/O Distributor is updated and a byt,· 
count = 0 signal sent to the PICOPROCESSOR if required. 

• The memory address pointer held by the I/O Distributor is updated and used to 
address the I/O location in memory. 

I I The PICOPROCESSOR drops the data service request after the data transfer is completed. 
Additional data service requests are handled in a similar manner. 

I 
02.1.4 End-of-Block Sequence 

I 
I 

Following the data transfer when the byte count goes to zero or when other ending 
conditions are detected the I/O Distributor signals' the PICOPROCESSOR to inhibit any 
further data service requests. No further response to PICOPROCESSOR operation is 
required until the PICOPROCBSSOR detects ending conditions and the firmware steps to 
an instruction that sends and holds the End-of-Block service request to the I/O 
Distributor. Refer to Figure 2-3, the End-of-Block sequence chart for both the 
standard and DMA I/O Distributors. 

STANDARD I/O DISTRIBU'rOR 

The End-of-Block service request is considered a lower priority request than a data 
service request. When the End-of-Block service request does become the priority 
request to the I/O Distributor, the request is sent to the computer as an interrupt. 
The computer completes the instruction in progress and then recognizes the interrupt 
by sending a recognition signal to the I/O Distributor. The I/O Distributor responds 
by providing the interrupt vector address for the first word of the r~nd-of-Block 

, int<.>rrupt area. The computer t.hen f!xecutes the instruct.ion stored at the End-of-Block 
int('rrupt location. The computer performs only one interrupt vectored instruction 
before continuing with t.he P counter sequence so the instruction normally stored at. 
the Ery.d-of-Block interrupt location is a Jump and Store instruction. This instruction 
stores, for future use, the interrupted P count and jumps to the address stored in the 
second word at the Bnd-of-'Block interrupt location. The recognition of the interrupt 
by the .computer is acknowledged by the I/O Distributor and the PICOPROCESSOR respec
tively dropping the interrupt and the End-of-Block service request. The PICOPROCESSOR 
firmware steps to idle completing the PICOPROCESSOR controlled I/O sequence. This 
passes full control back to the computer. At the same time, the computer is continu
ing the End-of-Block SUbroutine. 
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Figure 2-3. End-of-Block Service 

2-7 



~' I 

ji. 

~ I 

, 
r' 
1 
" 

"bH' ( "th'#, S' , , .yt g' 't N' tHt:1t .., * d't nM b Mtf we bt sdtttMMS r t t tb ewi*1ffl"Wd .... t.t 

ComputarAutomation ~ -. 
The <lctual instructions involved for the remainder of the End-of-Block subrout inC' 
depend on the Intelligent Cable involved and specific software needs. Normally, 
status is requested as part of the End-of-Block,subroutine for a data transfer oper
ation. The input A or X instruction is used for this operation. The address and 
function portion of the instruction addresses the I/O Distributor and the I/O Dis
tributor channel. The function code specifies the input word is an 8-bit channel 
status byte. The input A or X instruction causes the PICOPROCESSOR to input the 
contents of the status register to A or X register. The computer can then examine or 
store for use later, the contents of l\. or X register. 

The final instruction in the End-af-Block subroutine normally restores the interruptf'u 
P count to the P counter. The mainline program picks up processing at the instruction 
following the interrupt. 

DMA I/O DISTRIBUTOR 

When an End-of-Block service request becomes 'the priority request, the DMA I/O Dis
tributor first determines whether the channel operation was performed with Direct 
Memory Access disabled. If OM1\. was disabled, the End-of-Block service request is 

Ohandled the same as with the standard I/O Distributor. 

If Direct Memory Access was enabled during the channel function, the DMA Distributor 
does not immediately issue the interrupt. Prior to' issuing the interrupt, the DMA I/O 
Distributor performs some ar'lditional housekeeping. 

The OM1\. I/O Distributor first restores the final byte count and final memory buffer 
add:ress pointer to the, corresponding locations within the channel data service inter-
rupt location. The DMA I/O Distributor then signals acceptance of the End-of-Block '-
service request to the PICOPROCESSOR. This allows the firmware to step to idle and, 
drop the service request. 

The DMA I/O Distributor then issues the interrupt and the remainder of the operation 
is the, same as with the st;mdard I/O Distributor. 
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2.2 PROGRAMMING· .1 
0" .) •. j 

The Distributed I/O System is programmed using standard LSI Family instructions. ThE' 
instructions used for communication with the Distributed I/O System and for programmed 
T/u are: Input to A Register (INA), Input to X Register (INX), Output A Register 
(OTl\), and Output X Register (OTX). The automatic I/O instructions used by tIl(' 

Oi ~;tributed 1/0 System are: Automatic Input Byte (AlB) and Automatic Output Byte 
(AC)B). The specific use of these instructions in conjunction with the Distributed 1/0 
System is described in this section. For further information on these instructions, 
refer to the applicable computer reference manuaL 

In addition to the standard instructions, a 
control the operation of the PICOPROCESSOR. 
described in this section. 

2.2.1 Input and Ouput Instructions 

special command word is used to directly 
The use of the command word is also 

The computer uses the input and output instructions to: 

'. Output the command word to the addressed PICOPROCESSOR 
• To request channel status from the addressed PICOPROCESSOR 
• For data transfer under direct program control 

These instruction words consist of three parts: an Op Code, a device address, and a 
function code. The format of these instruction words, as used with the I/O Distri
butor, is shown in Figure 2-4. 

-- n}(~ Op Code f;pecif ies the function to be performed. In this case, the contents of A 
or X rcqister is output to the addressed PICOPROCESSOR or a word of information from 
the addressed peripheral is entered into A or X register. 

-' 

The eight least significant bits of instruction word make up the device address and 
the function code. The devic(~ address is further separated into the I/O Distributer 
address (Bits 4 through 7) and the channel address (Bits 1 through 3). 

\I '4 13 12 11 10 • • 7 • I 4 :I 2 0 

[ Up :-('0110 1 1 
I f-

LFunction INA Code 
INX Channel Address 
OTA I/O Distributor Address 
O'J'X 

Figure 2-4. I/O Instruction Format 
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The I/O Distributor requires that Bits 6 and 7 must be "1" to select any I/O Dis
tributor. This restricts the number of I/O Distributor selections to four. These 
arc: 

• I/O Distributor 0, Address :C 
• I/O Distributor 1, Address :D 
• I/O Distributor 2, Address :E 
• I/O Distributor 3, Address :F 

'rlle I/O Distributors are shipped, factory wired, to accept :F as thl' T /0 Distr ihutor 
address. Refer the Section 4 of this manual for information on changinq thedddrC'Bs. 
of an I/O Distributor. 

'I'he three bits of the channel address field, taken by themselves, correspond to the 
channel numbers of the I/O Distributor. The channel numbers are permanently assigned 
to the Intelligent Cable connectors on the I/O Distributor. The Intelligent Cable 
thus assumes the channel number of the connector when it is attached to the I/O Dis
tributor. 

'['h(~ function code is the least significant bit in the instruction word and is used to 
s~lect either control or da1ca information transfers. The logical 1 function code 
selects the transfer of control infqrmation (command word output and channel status 
input). The logical a function code selects the transfer of data and is used only 
wi t.h program controlled data transfers. 

For programming purposes, the channel address and the function code are taken together 
as a single hexadecimal character. Table 2-1 lists the hexadecimal characters used tc 
address each of the I/O Distributor's channel numbers for both control and data 
transfers. 

Table 2-1. Channel Address/Function Code List 

Channel Control Data * 
Number Transfers (LSB=l) Transfers (LSB=O) 

a : 1 :0 

1. : 3 :2 
2 :5 :4 
3 : 7 :6 
4 :9 : 8 
5 :B :A 
6 :D :C 
7 :F :E 

-
*Programmed I/O Ouly 
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.:. ,~.:~ fl i f; tr i.hu ted I/O Sy:; t.l!m Command Word 

'f'hr.' <:[)I11nldnc1 word ii> used by the computer to· control the operation on a. Di:;tr·i.butc'c1 r:n 

':')'i:\'CITI channel. '!'hc various configurations of the command word used for this PUrl".l!:!' 

dn' not. I'i.lrt of ttl(' computer's instruction set. The corrunanc1 words must be const.rllct.l.'d 
i'ldividually and then output to the appropriate Distribut.ed I/O System channel. 'l'h(' 

()TA qr O'1'X instruction (LSB = 1) is used to .output (issue) the corrunand word. 

This sectir:m includes a description of the control signifi;ance of each command word 
bit followed by the descriptions of the various corrunand configurations of the command 
word.. Not all conf igurations arc used with each Intellgent Cable. Refer t.o th(' . 
illdividual Intelligent Cable descriptions in Section 3 to determirH' thl~ ~~l't>cj fic 
subset. of conunand word configurations used. 

COMMAND WORD FORMAT 

The format of the conunand word is shown in Figure 2-5. 

The eight most significant bits of the command word are the individual control bits 
and the eight least significant bits make up the various fields used in conjunction 
with specific control bits. 

f 
11 14 13 12 11 10 • • 7 • 1 • 3 2 1 0 

I I I I I I I I I I 1 I I I I 
I " " 

I 
I 

J , 

Fields (Branch Address, etc.) 
Reset 
Branch (Beg in) 
Set Mode 
Character Detect 
Parity Bit Standardization 
Special Character Detect 
Initiate Micro Diagnostic 
Disable DMA Operation 
or Set Special Character 

FiLfuri.~ 2-5. Distributed I/O System Conunand Word Format 
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MODE FIELD 

The mode field is used in two different configurations, 4-bi t and 8-bi t. When limi te';.' 

to four bits (command word Bits 0 through 3), the mode field can share the least 
significant eight bits with the branch address field. The bits of the mode field arp 
used to provide static control lines to the peripheral or control special features 
within the PICOPROCESSOR. Not all Intelligent Cables require mode bits and when usee, 
trle functions controlled vary depending on the type and operation of the Intelligent 
Cable. Refer to Section 3. 

BRANCH ADDRESS FIELD 

The branch address field, Bits 4 through 7 of the comamnd word, provides the PICO
PROCESSOR firmware entry point address. The PICOPROCESSOR firmware must be in idle, 
firmware address :0, before the branch address is output and the branch address must 
be an allowed entry point to the firmware. 

SPECIAL CHARACTER FIELD (DMA I/O DISTRIBUTORS ONLY) 

ThE' special character field uses Bits 0 through 7 to load a special character into the 
channel character-detect register. 

RESET 

A logical 1 in Bit 8 of the command word initiates a reset operation on the addresser. 
channel. In the PICOPROCESSOR, the reset initializes the PICOPROCESSOR logic and, 
when applicable, issues a reset to the attached device. 

BRANCH (BEGIN) 

A logical 1 in Bit 9 of the command word signals the PI COPROCESSOR to branch to the 
address provided in the branch field. At the same time, the I/O Distributor stores 
the configuration of command word Bits 11, 12, and 13 for use with the computer -:lC' 
dressed Distributed I/O System channel. 

SET MODE 

A log~cal 1 in Bit 10 of the command word signals the PICOPROCESSOR to load the mode 
field bits into its mode register. A logical 0 allows the mode register configuration 
to remain unchanged. 

CHARACTER DETECT 

I A logical 1 in bit. 11 of the command word causes the I/O Distributor to scan the 
channel data during the subsequent input data transfer for a predetermined character. 
When the character is detected, the I/O Distributor issues a byte count = 0 to the 
channel's PICOPROCESSOR to terminate the data transfer. A logical 0 disables char
acter detection. 

2-12 
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NOTE 

Chardcter detection in the standard I/O Distributor can dct~ct 
only the 7-bits of the ASCII carriage return character (:01). 

PARITY BIT STl\NlJARDI7,ATION 

T, loqical 1 in Bit 12 of the command word causes the I/O Distributor to rcplace t~c 
most significant data bit (Bit 7) of all channel input data charact~~rs during the sub
sequunt data transfer. The replacement occurs independent of the actual received bit 
value. The DMA I/O Distributor can be strapped to use either a logical I or logical 0 
as the r8placcment bit. The standard I/O Distributor is restricted to a logicdl 1 as 
the replacement bit. A logical 0 in Bit 12 disables parity bit standardization. 

SPECIAL CHARACTER DETEC'I' (DMA I/O Distributor Only) 

A logical 1 in Bit 13 of the command word causes the DMA I/O Distributor to scan the 
channel data during the subsequent data transfer using the stored special character 
fur the channel. Character detect, Bit 11, must be a logical 1 to enable any char
acter detection. A logical 0 in Bit 13 (Bit 11 = 1) causes the DMA I/O Distributor to 
scan for the 7-bits of the ASCII carriage return character (:OD). 

INITIATE MICRO DIAGNOSTIC (DMA I/O Distributor Only) 

1\ logical 1 in Bit 14 of the command word causes the DMA 
the internal micro diagnostic on the addressed channel. 
diagnostic should be restricted and not included as part 

I/O Distributor to perform 
Use of the internal micro 
of any system programs. 

DISABLE DMA OPERATION OR SET SPECIAL CHARACTER (DMA I/O Distributors Only) 

A 10gicJl 1 in Bit 15 of the command word is used for two different operations. If 
the branch bit (Bit 9) is a logical 0, the I/O Distributor stores the configuration of 
the special character field (command word Bits 0 through 7) as the channel special 
charactcr. If the branch bit is a logical 1, the addressed channel is restricted from 

el; D1v1A operation. 1\ logical 0 in Bit 15 allows normal operation. 
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COMMAND WORD SET 

The 18 permissible configurations of the eight ,most significant commalld word hi t~; milk" 
up the command word set of the Distributed I/O System. The operations conI rol ) I.d by 
these 18 command words are described in this section. The full 16-bit confiqurL,holl 
of each command word is shown along with ,the corresponding hexidecima1 skeleton. 
(Hyphens in the skeleton represent field contents that must be provided). 

RESET COMMAND WORD 

The reset command word (Figure 2-6) is used to initiaJize the PICOPROCE5S0R ~nct 
peripheral on the addressed channel. In addition, any pending service requc~t:.=; are 
cancelled. Interrupts should be disabled When a reset command word is issued to ,}Void 
cancelling an interrupt in the process of being serviced. Since the reset command 
preempts any other operation in progress, it should be used only when necessary. 

'I ,. 13 12 11 10 • • 7 • I 4 3 2 1 0 

0 0 a 0 a 0 0 1 0 0 0 0; 0 0 '0 oj :0100 
I I I I I I I I 

Figure 2-6. Reset Command Word 

BRANCH COMMAND WORD 

The branch command is used to initi.ate all PICOPROCESSOR firmware sequences. The 
configuration shown in Figure 2-7 is the basic form of the branch command word. Of 
the 18 permissible command words, 14 are in 'combination with the branch command. 

11 ,. 13 12 11 10 • • 7 • 1 • 3 2 1 0 

[ 0, 0 0 0 0 a 1 0 0 0 0 01 
I I I , :02-0 

Branch 
Address 
Field 

Figure 2-7. Branch Command Word 

2-14 



I 

J" f . 
:'t' 
ti 

. , MMHt )! * "e W) t?t#tH MdtUM ... ttU)'rtMt rtf 1, \'r rtf tt *1r!h'#" t#'t'tmt e ttl 'i' 0' 'j" "0" .... (1.,.1 iH'· . t OJ '$"" t!! Itt' r t 

e~--------------------~ ComputerAutomation ~ -'---, 

0 

-

SE'li MOnE COMMAND WORDS 

Th(> set mode commands are used to load the contents of the mode field into the PICO
l-'l{OCESSOR mode register. Figure 2-8 shows the basic forms of the set mode commancl word 
and the set mode command combined with the branch command. The form of the set mode 
command word llst-'d depends on the Intelligent Cable for the channel.' If the Intelligent 
Cable's PICOPROCESSOR requires up to four mode bits, the four bit mode field must be 
used. If the PICOPROCESSOR requires more than four mode bits, the eight bit mode field 
must be used. The combining of the set mode command with any other command is 
restricted to those Intelligent Cables that require a maximum of four mode bits . 

.. , .. 13 12 11 

[ 0 0 0 0 0 

I 

IS I. 13 12 11 

[ 0 0 0 0 0 

I 

15 , .. 13 12 11 

0 0 0 0 0 
1 I 

10 • • 
1 0 0 

I 

10 • • 
1 0 0 

I 

10 • • 
1 1 0; 

., • • .. 3 2 1 0 

0 0 0 0 
I I I I I 

Mode Field 
(4-Bit Max. ) 

., • I .. 3 2 1 0 

Mode Field 
(8-Hit Max.) 

., • • 

Branch 
Address 
Field 

4 :I 210 

4--Bit 
Mode 
Field 

Figure 2-8. Set Mode Command Word 
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15 14 13 12 11 10 It • 7 • 5 4 3 2 0 

,0 0 0 0 1 0 1 0 0 0 0 01 I L .1 I I 
:OA-O 

Branch 
Address 
Field 

,I 
15 , .. 13 12 11 10 It • 7 • IS 4 J 2 0 

La, a a 0 1 1 1 0 

I I 
:OE--

Branch Mode 
Address Field 
Field 

ASCII Carriage Return Detect 

'I ,. 13 12 11 10 • • 7 • 15 .. 3 2 1 0 

a a 1 a 1 0 1 0, 0 a a 01 
I I I 1 

:2A-O 

Branch 
Address 
Field 

o Ut 14 13 12 11 10 • • 7 • 5 .. 3 2 0 

~O: 1 a 1 1 1 0 :2E--
I I 

~ 

Branch Mode 
Address Field 
Field 

Special Character Detect (DMA I/O Distrihutor Only) 

Figure 2-9. Chdtclcter Det(!ct Corrunand Words 

! '-
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CHARAC'l'EH. DETEC'l' COMMAND WORDS 

The character detect corrunand words are used to enable the character detect ion for ttl(' 
addressed channel. The character detect corrunand words (Figure 2-9) are all combined 
words since the branch control bit (Bit 9) is required to effect the enabling of the 
fe·a lure. The mode control bit (Bit 10) can also be combined wi th character detect. 
The ::itanuard I/O Distributor is limited to the detection of the ASCII carriage return 
ChartH.:t.er (N,abled by Bit 11) while the DMA I/O Distributor can detect eith(~r the 
J\SCTI c'lrriaqe return character or the stored channel special character (enabled by 
Alt l3). 

NOTE 

The DMA I/O Distributor character detection does not scan for both 
characters at the same time. 

LOAD SPECIAL CHARACTER COMMAND WORD 

The load special character command word (Figure 2-10) is used to load the configura
tion of the eight least significant bits into the special character register for the 
addressed DMA I/O Distributor channel. This command must not be combined with any 
other command word. 

11 1. 

f 1 I 
0 

13 12 11 10 I • 7 • II .. 3 2 , 0 

0 0 0 0 0 0 :80--
I I t 

Special Character 

Fiqurv 2-10. Load Special Character Corrunand Word (DMA I/O Distributor Only) 

t 
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:12-0 

----
Branch 
Address 
Field 

15 14 13 12 11 10 • • J I 15 " 3 2 1 0 

(0 0 0 1 a 1 1 0 
I l ~ I 

'-
:16--

Branch Mode 
Address Field 
Field 

Parity Standardization Only 

\15 ,. 13 '2 11 10 I • '7 I 15 " 3 2 1 0 

[0 0 0 1 1 0 1 a 0 0 0 0 . I I I 
:lA-O 

..... -
Branch 
Address 
Field 

11 ,,, 13 12 11 10 • • 1 I 15 " 3 2 1 0 

10: a : 0 1 < 1 1: a 
J 

:lE--
I ! l !: 

Branch Mode 
Address Field 
Field 

Par"l ty Standacdization Combined wi th ASCII Carriage Return Detect 

15 14 13 12 11 10 9 8 '7 6 6 .. 3 2 1 0 

0 0 1 1 ; 1 I ~=i~ 0 0 0 a 0] I I I I I I 
~ 

:3A-O 

Branch 
Address 
Field 

15 , .. 13 12 11 10 • " 7 • IS .. 3 2 1 0 

I a I a I 1 I 1 ;< ~l : 1 a 
I _I. ..... 

:3E--

Branch Mode 
Address Field 
Field 

Parity Standacdization Combined with Special Character Detect 

(DMA I/O Distributor Only) 

FilJurc 2-11. Pdrity Standardization Command Words 
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P1\HI'rv STANDAkDIZA'l'ION COMMAND WORDS 

'I'he parity standardization command words (Figure 2-l1) are used to enable the parity 
!it<:lndardi,mtion for the addressed channel. Bit 12 is used to enabl(' parity stanc'1.1rdi
Z;lt:lr)ll. The parity standardizat.ion command words are all combined words ~jlnc(' the 
hrCtrJcit contrpl bit is required to effect the enabling of the feature. 

DISABLE DMA COMM1\ND WORDS 

The disable DMA command words are used to inhibit the DM1\ operation on the addr('~,sed 
channel. The disable DMA command words (Figure 2-12) are all combined words si nee thE:' 
branch control bit is required to effect the disabling of DMA. The disable DMA must 
not be combined with character detect or parity standardization. The disable DMA is 
used in the following types of operation: 

• When program controlled data transfer is to be performed. 

• When interrupts are to be disabled as for example, during AutoLoad. 

• For program efficiency. If a data transfer will not occur (e.g. sense ready with 
the Magnetic Tape Intelligent Cable), the disable DMA eliminates the I/O Dis
t.ributor overhead required to fetch the Auto I/O instruction from the computer 
memory. 

To disable all DMA froin an I/O Distributor, a separate disable DMA command word must 
be issued to each channel. Though issued separately, the disable DMA command for a 
channel is not totally independent. If a data service request occurs on a channel 
wit.h DMA disabled, this data service request will mask any data service request on all 
lower priori.ty channels, regardless of whetherDMA is disabled for those channels. 

'5 14 13 12 " 10 • • 7 • I .. 3 2 1 0 

1 0 0 0 0 0 1 a a a a 0) , 
-t l 

:82-0 

Branch 
Address 
Field 

15 ,ot 13 12 11 10 • • 7 • I .. 3 2 0 

1 a a a 0 1 1 a :86--
L I I 

Branch Mode 
Address Field 
Field 

Figure 2-12. Disable DMA Conunand Words 
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INI'rIATE MICRO DIAGNOSTIC COMMAND WORD 

The initiate micro diagnostic command word (F'i gurc 2-13 jU] used to ini t i ute the DMA 
I/O Distributor's micro diagnostic for the addressed channel. An Enci-of-}llock inter
rupt indicates successful completion of the diagnostic. Use of this command should hf> 

restricted. 

15 14 

o 1 
I 

13 12 11 10 

o 

9 • 7 6 5 4 3 

a 0 
I 

2 0 

Figure 2-13. Initiate Micro Diagnostic 

2.2.3. Auto I/O Instruction 

; 400() 

Th., Auto I/O instruction is part of the computers standard instruction set. It is a 
single instruction that is three words in length. The three words that make up the 
Auto I/O instruction must be stored in consecutive memory locations. 

The first word of the Auto I/O instruction is the instruction proper. The format of 
tlds word is shown in Figure 2-14. The format of this word of the Auto I/O instruc
tion is the same as the format of the input and output instructions described pre
viously. The Op Code specifies the direct t.ransfer of a data byte between memory and 
the addressed I/O Distributor channel. The I/O Distributor address, channel address 
and function code are the same as described previously; however., the fUIlction code -, 
must. be set to zero. The Auto I/O instruction is not used to transfer control infor
mation. 

•• 71,4 3210 

------------~,----------~~----~----------------

ALB 
AOE '----Function Code 

,-----_Channel Address 
'--___________ 1/0 Distributor' Address 

I 

.1 
I 
I 
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0·'" . , 

-

'1'1,(' ~;{:c:olld word contains the two':'; complement of 
Tlw thinl word contains the byte address pointer 
(1 ()w(~r-()rder memory) location in the memory data 

the byte count 
specifying one 
buffer. 

les:; than tilL? fin~t 

'I'll • .! standard I/O Dist:ributor requires the next con~;ecutive memory location followIng 
the Auto I/O instruction be all zeros. 

The standard I/O Distributor doe~; not directly use the Auto I/O instruction but rather 
interrupts the computer and addresses the location of the Auto I/O instruction for the 
i. nterrupting channel. The DMA l/U Distributor actually uses the Auto I/O instruction 
uS the r::hannel programming for the data transfer. This way the instruct.ion setup 'for 

both the standard and DMA I/O Distributors remains the same. 

2.2.4 Interrupt Vectoring 

Both the standard and the DMA I/O Distributors generate interrupts to the computer. 
Once the interrupt is recognized, the I/O Distributor must then provide a memory ad
dress t.O the computer for use as the next instruction address. This process is call 
interrupt vectoring . 

Each channel of the standard I/O Distributor is able to provide two different inter
rupt vector addresses. One address is provided whenever data service is required and 
d second address is provided when the End-of-Block is encountered. The DMA I/O Dis
tributor interrupts only when the End-of-Block is encountered and provides only the 
corr'cspond ing address. • 

1'ho actual addresses provided by the I/O Distributor are controlled by the I/O Dis-
tor ibutor hardware. The following conventions determine the hardware assignment of the 
interrupt vector address: 

• The interrupt vector addresses are assigned within a block of 64 consecutive 
memory addresses. 

• Each channel is allocated eight consecutive memory addresses. 

• An interrupt for data service is vectored to the channel low order memory 
address. 

• An interrupt for End-of-Block service is vectored t.o the channpl low order memory 
address plU!; four. 

'. The locat ion of the 64 address block is selectable (in increments of h4 address(~s) 
by strapping on the I/O Distributor. 
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Figure 2-15 shows all the interrupt vector addr~sses 
by the standard (factory) I/O Distributor strapping. 
address :CO and goes through address :FF. 

for the 64 address block selected 
This block starts at memory 

Figure 2-15 also shows the format of the eight consecutive memory addresses for 
channel O. The format for the remaining channels is the same. If the I/O Distributor 
is strapped for a different 64 address block (refer t.o Section 4 of this manual for 
details on strapping), the vector addresses would be changed. Each Vt'ctor address 1n 
the new block would have the same relationship to the new low order I11pmory address as 
the relationship shown in Figure 2-15. 

The Distributed I/O System requires that an Auto I/O instruction be s t t~red ll1 the datil 
service area as shown. The End-of-Block subroutine is not restricted in the same 
manner. Normally, the form shown in Figure 2-15 is used to store tlw cxi":ting P 
count, :iump to the End-of-Block subroutine, perform the subroutine, and then return to 
the mainline program at the stored P count address. 

Channel 0 1. 2 3 4 5 6 7 

Data Serv ice Vector Address :co :C8 :00 :D8 :EO :E8 :1"0 :F8 

Fnd-of-Block Vector Address :C4 :CC :04 :DC :E4 :EC :F4 :FC 

:co Auto I/O Op Code & Address I 
:Cl Byte Count Data 
: C 2 I-:M::::.:!..elTl"'::'::o:"'r":y::':::'B;:":u:';f~f:-e-r-:::p-o"'l-n-t:-e--:r----t S erv i ce 

:C3 All Zeros 
:C4 aump and Storp(aST * $+ 1) I 
:C5 EOB Subroutine Address EOB 
: C 6 t=~u~n~u~s~e~d~~~~~~~~~~=~~~~~~:~====~ S erv ice 

L-__ ~:~C~7~~U~n~u~s~e~d~ __________________ ~ 

Figure 2-15. Interrupt Vector Addresses 
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2.2.5 status 

'rhe status character (s) is a series of bits that are input to the computer, upon 
request of the computer, from a selected Distributed I/O channel. The software uses 
the configuration of the status bits to determine the present operational conditions 
of the channel. The number of status bits and the meaning of the status bits varies 
with each Intelligent Cable/peripheral pair. Refer to Section 3 for a detailed des
cription of the individual status bits for each Intelligent Cable. Most Intelligent 
Cable/peripheral pairs input a maximum of eight status bits which is the maximum 
number of status bits transferred into the computer with a single status request. 
When more than eight status bits are used, multiple status requests must be issued to 
input all the status bits. 

Status is requested by the computer using the input A or X instructions described 
previously. The I/O Distributor address and the channel address select the speci,fic 
Intelligent Cable/peripheral pair and the function code (LSB = 1) specifies the input 
status request. Up to eight status bits are input to the corresponding bit locations, 
o through 7 of A or X register. When multiple status request are required, each group 
of eight status bits is input as a separate status byte. 

Status is normally requested as part of the End-of-Block subroutine. 
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2.3 NON-INTERRUPT/NON-DMA OPERATION 

operation of the Distributed I/O System in a non-interrupt/non-DMA programming 
environment is PQssible when sufficient care is taken in preparing the software. 
The main problem in attempting non-interrupt/non-DMA I/O is bypassing or simulating 
the functions normally performed by the I/O distributor. Since the functions that 
must be bypassed or simulated are dependent on the specific intelligent cable in 
use, very few general rules can be listed. 

A function that must be bypassed with most Intelligent Cables is the timing of the 
data transfer. Under Auto I/O or DMA, data transfers occur whenever the intelligent 
cable request service by the I/O distributor. Under non-interrupt/non-DMA I/O, the 

.1 software must continuously request channel status waiting for the specific configura
tion that indicates a data transfer is required. This configuration varies with 
each different intelligent cable. Refer to section 3 for further details on the 
Intelligent Cable status characters. 

~I 
~I 
~ 

~:.! 
., 
~ .. ,. 
tl 
~.! 

A function that must be simulated with most Intelligent Cables is the acknowledgement 
of a data service request made by the Intelligent Cable. Since the Intelligent 
Cable gen.erates the data service request, disabling interrupts or DMA does not 
suppress the data service requests. Since a pending data service request halts 
further PICOPROCESSOR firmware sequencing, the software must artificially acknowledge 
any requests that occur. with most Intelligent Caples, this can be accomplished by 
issuing a branch command word to the Intelligent Cable. The PICOPROCESSOR firmware 
ignores the branch address field and uses the Branch command word as an acknowledge
ment of the data service request. 

The Intelligent Cable falls into three categories as regards non-interrupt, non-DMA 
operation: 

• Those cables where frequent use of non-interrupt/non-DMA operation was 
anticipated. These cables provide a means for suppressing service requests 
upon specific command. 

• Those cables where occasional non-interrupt/non-DMA operation was anticipated. 
These cables require that software perform many of the I/O distributors 
functions. 

• Those cables where operation speed or other considerations make non-interrupti 
non-DMAoperation impractical. 

In all cases, careful study of the Intelligent Cable descriptions in Section 3 of 
this manual is required before attempting non-interrupt/non-DMA operation program
ming. 
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SECTION 3 

STANDARD INTELLIGENT CABLES 

3.1 INTRODUCTION 

Standard Intelligent Cables are available with PICOPROCESSORS microprogrammed for 
operation with common peripheral devices and usually with the appropriate device 
mating connectors installed. Some of the devices interfaced with standard Intelligent 
Cables include a line printer, card reader, high speed paper tape punch, high speed 
paper tape reader, etc. In addition, General PurpOse Intelligent Cables for both 
positive true and negative true interface logic are available. These have a PICO
PROCESSOR with two general-purpose operating modes and are supplied without a device 
connector. User's Microcoded versions of the General Purpose Intelligent Cables are 
available to meet unique interface requirements. 

This section describes each standard Intelligent Cable including its firmware sequence, 
device interface lines and the mechanical detai'ls. 

3.2 INTERFACE LOGIC 

The interface logic used in several of the Intelligent Cables is common logic as 
described here. Interface logic that differs from the common logic is described under 
the specific Intelligent Cable description. 

3.2.1. Output Logic 

Intelli.gent Cable interface lines use standard TTL logic levels. Data lines are 
positive-true. Device control lines are either positive-true and/or negative-true 
dependi.ng on requirements of the particular device. Output drivers for the data and 
control lines are open-collector TTL buffers capable of sinking up to 32 rna at 5 
volts. 

+5v 

R=lK (data line) 
R=2K (control lines) 

r--'>--~-
or equiv.) 

PicoProcl'ssor Output 

, 3-1 

+5V 

Optional 

Typical Device Input 
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3.2.2 Input Logic 

Input l'cceiVCl'S usc standard TTL logic levels. 0 to +5 volts. Hnd present one TTL load 
with n 2Kpull-up to +5 volts. 

+5V +5V 1 Optional 

) - - - )---4-~ 

7417 or equiv. equiv. 

Typical Device OUtput PicoProcessor Input 

~ :3, J STANDARD INTELLIGENT CABLE DESCRIPTIONS 

3 . 3, 1 Line Printer 

I 

3.3, 1 ,1 Dcscription 

Intelligent Cable 14631--01 controls the transfer of eight-bit positive-true parallel datn to a 
Centronics Modell 01, 306 or equivalent Line Printer. The PicoProccssor accepts a start 
command from the IOn. checks the status of the Line Printer then issues 11 data interrupt to 
start the data transfer. When all data is transferred or an error is encountcred. the P ico
Processor generates an end-of-block interrupt and terminates the transfer operation. 

3.3. I, 2 Physical Details 

Cable Length 
IOD to Pico P 1'Oee8S01', 10 1/2 feet 
PicoP1'oeessol'to Line Printer. 1-1/2 fect 

Standard (,h:II111PI Nlimbpl', 7 (D('vi(~(' AdclrcAR Field :- : FE) 

Datil S(!rvk!(~ Intcl'rlJpt Vedol' Addl'PSS, : 1"8 
EOB IntOl'l'upt AddreHs, : Fe 

3.3.1.3 Line Printer Status Word 

To control the transfer of data to the Line Printer. the PicoProcessor sequences through 
a series of operations based, in part, on the state of individual bits of the Linl:' Printer 
Status Word. The Status Word. shown in figure 3-1. indicates certain operat iOlltll and 
error conditions in the Line Printer. When the PicoProccssor receives :til input instl'ud ion 
requesting device status (function control bit set to "1") ,. it immediatdy transfers the 
Status Word to the CPU on bits 0 through 5 of the data bus (all other bits al'(' 7.cl'o). Input 
status can be requested at any time, but it is usually clone after an End-of-Block int0r1'upt 
to determine the reason for termination. Individual bits of the Status Word nre <ipseribpd 
in'1" '.".'2. 

-
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1);111' bit 4 2 1 o 

1--__ Busy = 1 

'-----,.....Powcr = 1 

L------Acknowledge = 0 

'----------Scnsc Interrupt = 

'-----------Papcr Low = 1 

L-----------~---'Printer Connected :0·0 

Figure 3-1. Line Printer Status Word 

3. ~ .1. 4 Oper'ating Sequence 

The Picoi'rocessor has 16 unique sequence addresses (: 0 through: F) . 

When the PicoProcessor receives a Command Word with the Begin bit set to "1" • it immedi
ntely begins operation at the sequence address specified by the Branch Address field 
of the Command Word. Sta.ndard software enters the sequence at one of the following 
sequence nddJ'esses: 

Sequence 
Address 

: 1 
: 2 

Operation 

Check Paper Low status; Start a Print Data operation 
Start a Print Data operation (Skip Paper Low status cheek) 

Tlw PieoPl'oc('ssor tel'minates the operating sequence on any of the following conditions: 

1. Papl!r Luw 
2. Data transfer completed 

,lit, 3. Line Printt!r power off 
~. 4. Line Printer cable disconnected 

Ddails of the PicoProcessor operating sequence are shown in the flow chart (figure 3-2). 
Th(' interface lines are described in 3.3.1.5. Following is a sequence description with 
each segment of the operation identified by name and sequence address (: 0-: F). The 
yes/no decisions refer to the true/false state of a particular line as defined in 3.3.1.5. 
regardless of its logic level. 

IDLE (: 0) 

lnitially. the PicoProcessor is in the Idle state as a result of a Reset command or because 
of the (.'omplction of an end-of--block interrupt. A Begin command specifying a starting 
sequence addresl:; takes the PicoProeessor out of Idle State and the specified operation 
h(~gins . 

. , 

3-3 
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IDLE 
( : 0) 
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IDLE 
Wait 

for Cormnand 

Go tr) 

Sped fif·d 
;.>tarting Sequence 

St-art 8'1'1:01\1<; 

Finish 
STROBE 

COMPUTER AUTOMATION. INC. ~ 

START ( : 1) 

STAH'f 

NO 

Dat_a Service 
Interrupt 

Transfer Data 
Drive -DREADY 

INTERHUP'f (: 3) 

NO 

L/\ST 
UII'I'I'II'r 

(: n) 

start STROBE 

EOB INTERRUPT 
( : F) , 

YES 

Generate 
EOB Interrupt 

Figure 3-2. Firmware Sequence - Line Printcr Intelligent CHble 
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Tlw PicoProc(!ssor begins the S'l'ART sequence by first clwcking device status. P:lper 
Low iR chucknd first. If' this line iR true. the PicoProcessor g"(merates an end -of--lJlod< 
interrupt to terminat.e the operation. 

It is possible to start the sequence here if it is desired to skip the Paper Low status cheek. 
Propel' device cabling is checked first. This status line indicates if the device is propcl'1y 
connccted. If not. al1 end-of-block interrupt is generated. Otherwise. th(' PicoPt'()(>(,!"~tll' 
advances to the Data Interrupt sequence. 

The Power status line is checked to verify that powcr is applied to the device. If this 
status is false. an end-of-bloek interrupt is generated. Otherwise. the Acknowledge 
status line is monitored for a false state to indicate that the Printer is not processing n 
character. If this line is true. the Pic,pProcessor rechecks Power and thcn monitors the 
Acknowledge line again. It repeats this until the Acknowledge line is false. 

The PicoProcessor then generates a Data Service interrupt causing the automatic output 
instruction at the data interrupt vector location to be executed. The CPU places data 
on the data bus and increments the byte count and memory buffer address. 

When the PicoProcessor generates a Data Service Interrupt. it also drives the DREADY 
(data ready) control line which is directly tied to bit 3 of the device status word (Sense 
interrupt). This status line is used during Programmed I/O transfers to inform the CPU 
that the device is ready to transfer data. . 

The PicoProccssor activates the 500 ns Strobe line to enter the data into the Line Printer. 
When the Printer acknowledges the data transfer (Acknowledge line true). the PicoPro
cessor repeats the Data Interrupt operation starting with the Power check. 

The Data 11ltl~rrllpt segment of the sequence is repeated until all data is transferred. The 
PicoProcessor thcn enters the Last Output operation. 

LAST OUTPUT (: D) -I: 

. 
The PicoProccssor generates a 500--nanosecond Strobe signal to transfer the last byte 
of data to the Printer, then waits for the Printer to acknowledge the data. When the data 
is acknowledged, the PicoProcessor generates an EOB Interrupt. 

EOB INTERRUPT (: F) 

The PicoProcessor generates an end-of-block interrupt to terminate operations when all 
data has been transferred or when a status error is detected at any point in the sequence. 
When the interrupt op(~ration is completed. the IOD commands the PicoProcessor to return 
to the IDLE stale and wait for the next Begin command. 

h· 
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:l . 3.1 ,5 Interface Description 

Interface lines include one control line to the Lirw Prink}' alld five status lilws 1'1'0111 t1w 
Line Printer to the PicoProcessor. In uddition. one control line (DREADY) is t if'd diJ'pdly 
to the Sense Interrupt status line (fjg-llr(~ 3-3), 

IOD I Pico1'roces80r 
Bus Pico Processor 

\)ata hits 0 'j 

(Hit 7 is I\1SB) 

.} 
-----~ (pos Hi ve-Lruc) 

f-'----... Strobl' (neg-atiVl!" tl'ud 

Busy (positive-trup) 

POWf>I' (positive- tI'll<') 

Acknowledge (negntive-tl'\lc) 

Paper Low (positive-true) 

4\------ Printer Connected (neg-ative-true) 

~ ] I)afa Ready (positive--true) 

1-+---- Sense Interrupt (positive-true) 

Figurp 3-3. Line Printer Interface 

1 _ Strobe. A 500'nanos'~c()nd ncp;ative-trUl~ si~{nal generated by the Picui>rocessor tll 
el:;tel~data into the Lille Printer, 

2. QutaJ~ea~!y (positivf!·tl'tW). Thh line if-, driven by the PicoProcessor when a Data 
Service interrupt is f';Pllel'ntcd. It is COllrwcted to the Sense Interrupt stntus line. 
Sec SQnse Interrupt status d(~scrjpti()n (paragraph 4 of "Status Line") . 

Ie 
I 
I 

:1. Heset (nq~ntiv(,tJ'l1(,), This line is clriven by Hw CPORESET switch or L1ndol' softW:ll'P, 
cl)ntr';)l. Under softwnn~ contl'ol, it is n 250 ns pulse. It is not used by tlte Line 
Printer. 

:J.:J.l .5,2 StHtus Lines (I rom Lino Printer . • __ " __ "0_-- "'_,.~.,_, __ .. ,' ',_,_ 

1. ~~~ (positive -trlle) Tl\(~ Busy lillc remains trlle while the Line Printer is proeessing 
dHta from the pl'l'violl8 data transfer. Aclmowlpdv,e (negative true) will not be iSSUl'd 

by the Line Printer Uli! il n few microseconds aftcr Busy goes false. (Busy is not 
checked by the PicoProccssor during normal sequ(!ncing but is available for CPl1 
status check,) [I' Pl'illter is de-soleded (off-line). the Busy line goes true until the 
Pl'inter is seleded. 

2. Power (positive tl'llI!). This status line is true wlwnever power is applied to the 
1Jrlc-PrilltC'r. 'I'll!' PicoProcessor checks the statll8 of this linehefol'e every data 
tl'cmsfr:r to 011' d,"'.ri(;p. 
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:L :\ck11C!~l~dg~ (negativwtrue). This line signifies that transferred data has been 
accepted hy the Line Printer. Its relationship to the Strobe control line is shown 
in figure :! -4. 

. 1 & '\1&' .. ' ' .. $ 

4. §"~I~C:}!.!.!~~I:!:_,-!£! (positive-true). This line is tnw when the PicoProenssol' gcnel'at('S 
a I>nta Service interrupt. It is used when operating in a non-interrupt I/O mode 
to inform the CPU that the device is ready to accept data. The device cable ties I)atl 
H(~ady and Sense Interrupt together at the device end of the cable. 

;). Pnper Low (positive-true). This line signifies that the paper supply ill the Lirw 
Pr;"iirterls-}ow or nearly empty. The PicoProcessor checks the status of this line 
only once for every block of data transferred, The user can skip this status dwck 
if desired, 

6. Printer Connected (negative-true). This line is true when Line Printer cabling b 
In'o"perly connected. This line is checked once for every block of data transferred. 

Figurt) :l 4 shows the interface timing involved in transferring data to the printer. For 
i'urther details, see the Centronics Line Printer instruction manual. 

Acknowleclge 

NOTE 1: Minimum time equal to the instruction time of the Auto I/O byte instruction 
plus 4 ~sec. For instruction time, see the Appendix of the appropriate 
Computer Handbook. 

Fiv;urp 3-4. Interface Timing - Line Printer PicoProcessor 

:1.:1.1.5.:1 »:lt1l Linns. Thp eight dllta lin(~s to the Lirw Printer' 1lI'(~ positive tJ'U(~. Bit 
o is tI)(' Icast sigll(f'icant bit; bit 7 is tile l1l()Ht-sigl\ifi(~llnt. Dlltll is tJ'llllsf'Pl'l'ed in stall(\:II'd 
n-ight-blt ASCII characters. 

3.3.1. G Strapping' Rl)quircments - None Required 

3.3.1.7 Dev ice Ca hIe Description 

The Device Cable is 18 inches long and terminated on the PicoProcessor end with two 
I6-pin DIP plugs (1'4 and P5; PG is not used). The Line Printer end of the cable is termi
nated with n :l(;-pin conn(~ctor that mates with J 1 on the Line Printer. 

Figurc 3-6 lists all intprfnce lin('s in the device cable nnd identifies the connectors used. 
TIw location of the mating connectors in the PicoProcessor is shown in figure 3-5. 
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Tal) .. 
*,T(-, not USL'd by 

Line l'cinter 

Fig-ure 3-5. Connector Locations. Line Prillter PicoPl'ocessor 

,.----

Pi coProcessor Line PieoProcessor Line' 
D0seription Printer Description Prink r 

Conn Pin Jl pin Conn Pin J 1 pin 

P4 

t 
P4 

1 
2 
3 
4 
5 
() 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Sense Interrupt * 
Acknowledgc 
Power 
Busy 
Reset (not used) 
Strobe 
Control line (not used 
Datu Ready* 
Data bit 06. return 
Data bit 07 return 
Strobe return 
Ground (not used) 
Busy return 
Data bit 04 return 
Datli bit 05 return 
Input Prime return 

36 
10 
18 
11 
--

1 
) _.0'-

36 
26 
27 
19 
--

29 
24 
25 
30 

L-. 

"---- -_._----,._-, 

P5 1 Not used 
2 Data bit 02 return 
:l Data bit Of) 
4 Dnt11 bit 04 
5 Data bit 02 
6 Data bit 00 
7 Printer conncctcd 
8 Papcr Low' 
9 Data bit 00 l'c~turn 

10 Data bit 01 !'cturn 
11 Data bit 01 
12 Data bit 03 
D Data bit 05 
14 Data bit 07 (MSB) 
15 Data bit 03 rc~turn 

P5 16 Not used 

*P4-1 and P4-8 are tied toqether; Jl-36 is not used by the Printer. 

P4 

P5 

Hi-pin DIP pl ugs 
32-conductor flat ribbon cable 
conductors arc 26 AWG 

Jl 

Figure 3-6. Cable Description- Line Printer 
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:~ . :J . 1 .8 Programming Example 

The AS8(~mbler Llmguage statements shown in Table 3 -1 demonstrate one method for using 
the Distributed I/O System. The technique is based on the progranuning in sectioll 2. 

The demonstration code falls into three distinct parts: Interrupt Locations. I/O Initiation 
and End-of- Block Scrvice. 

1. Interrupt Locations 

2. 

'l'he first. part of the code defines and fills the standard locations associated 
wi th IOD channel t.o which the device's PICOPROCESSOR is connected. There are. 
six locations involved of which two -- the Byte Count and the Ruffer Loc.:1tion -
are dynamic for each I/O Initiation, while the remaining words Cdn be fixed at 
program load time. 

I/O Initiation 

The second part of the code accomplishes the' transfer of one physicnl record each 
time the user's main-line program executes this instruction: 

CALL LPRINT 

It is assumed that the calling program has previously set up these two words: 

BYTCNT 
BUFADD 

Number of bytes to be transferred 
Word address of record buffer 

The demonstration code converts this information into the form required by an Auto
matic I/O instruction: negative byte count and byte address of the buffer minus one. 
Once these computations have been stored into the interrupt locations. the PicoPro" 
cessor is sent a command specifying: 

Begin at Branch Address: 1 

Notice that the Device Address used in this sequence is coded with the same Device 
Address used in the interrupt location. plus one. The assembled object code will 
indicate the transfer of a command. rather than of data. as shown in figure 2-3. 

No attempt is made in the demonstration code to overlap record transfer with CPU 
activity. Instead. a dead loop is issued -- JMP $ -- until the PicoProcessor interrupts 
not to the Data Service interrupt location, but to the End-of-Block location. At this 
point control passes to the subroutine labelled EOB. 

3. End-of- Block Service 

The End- of- Block subroutine could perform error analysis, retry. etc. The demonstra-l 
tion code simply obtains device status from the PicoProcessor and passes status back 1 

to the main-line program through the A register. 
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Tubll) 3· 1. J>rogramming Example - Line Printer 

Lt'INT lI'JLJ 
l PDl VA lr~U 

~f'.\C l 
AH~) 

AOU 
DAI!\ 
liAr" 
.)o\IA 

* 
JSI 
1)"11\ 

L ... 1< 1 ~J 1 l ~ I 
LIlA 
I'~ A~: 

:n A 
l () A 

fUR 

• 

LL A 
SAl 
~TA 
LI"IA 
UTA 
JH" 

:rn 
: r i
t 
U· II~T 
U'()lVA. 
$ .. $ 
~-$ 

~ 

It:j,+l 
[UtI 

~\ Y T L ~Il 

U' ll~ T + t 
8ufAno 
I 
1 
LPINT+2 
::vtf!'''' 
l.PlIlV""l 
$ 

~rANOAJ..lD LlriE-Pt<l~llR Tj\jTr.r·~HUI)' 
SIANDARD DEVILl AUDHF~S 

.INfLRlwpr fLP~ I)ATA L'Il,AIIlJN 
AUTO OUTPUT ~H r( 

TO Ur F1LLEu ftllH 8YTl Ln0~r 
TiJ tiE F'llLrD fill H BUFfn~ AI)tH~f 5;3-1 

JNTUHWP~ fUR t.i'lD-Of-tjLUCK 
CALL [NlJ ... OF-~LOCK ROIll I,'lE 

[N1RY POINT FUR lP DIHV[R 
W1 T teO U N IFf) i< t1 [ S S Ar. E 
AUH JNS1RUCrIUN~[EDS NlGArlv( 
pur !~ ~Oti I~ST~UCTlnN 
ADDHfSS (~OHD) uF 8u~rlH 
lOB JNSfHUClIUN "ff.EDS RtH. I\r)lJiH.S~ 
3tAHTS AT -1 
PUT IN Allb r"'STRULTi')N 
WORU TO stART PICOPHOL[SSUH 
9LNU COM~ANU 10 PICU 
WAIT fOH [NU-Of-HLU~~ 

. ENO-Or-BLUCt\ 1 N I EHRUP r SlhHhlli I r!\lE 
l.I'U[VA+l INPut SI'AIU!) 
U'HINT HlTUHN TO CAL.LU~ ,..1111 

S TAT U ~ 1 N A. R ( b 1 S I fi< 
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:.l. :l. 2 Card Reader 

:1. :l. 2 . 1 lJeseri ptio n 

Intelligent Cable 14631- 02 controls the input of l2-bit positive-true parallel data from 
:1 Doeumation M-200, M-600, M-lOOO or M-1200 Card Reader. The cable's PicoProcessor 
accepts an input command from the rOD, checks the status of the Card Reader, gcn(,l'atcs 

, t' 

n command to start the card through the Reader, then generates two Oatn Scrvicc interrupts 
pur column to transfer data to the CPU, one byte at a time. When all. datn is transferred 
or an crror is detected, the PicoProeessor generates an End-of· Block interrupt to terminate 
the operation. 

3.3.2.2 Physical Details 

Cable Lengths: 

IOD to PicoProeessor. 10-1/2 feet 
PicoProcessor to Card Reader. 1-1/2 feet 

Standard Channel Number, 0 (Device Address field = : FO) 
Standard Data Service Interrupt Address, : CO 
Standard End-of-Block Interrupt Address, : C4 . 

3.3.2.3 Card Reader Status Word 

To control the transfer of data from the Card Reader, the PicoProcessor sequences through 
. .,/ a series of operations based, in part, on the state of individual bits of the Card Reader 

Status Word. The Status Word, shown in figure 3-7, indicates certain operational and 
error conditions in the Card Reader. When the PicoProcessor receives an input instruction 
requesting device status (function control bit set to If 1"). it immediately transfers the 
entire Status Word to the CPU on bits 0 through 5 of the data bus. Input status can be 
requested at any time, but it is usually done after an End-of-Block interrupt to determine 
the reason for termination. Individual status bits are described in 3.3.2.5.2. 

Certain status bits are not checked by PieoProcessor firmware but are available for status 
checking by software. These include Error, Sense Interrupt and Hopper Check. 

Data bits 5 4 3 2 1 o 

L=BUSY~l 
Ready = 1 

'-------- Error = 1 

'---..,......----- Sense Interrupt = 1 

1.-_________ Hopper Check = 1 

'---------------- Index Mnrk = 1 

Figure 3-7. Card Reader Status Word 
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3.3.2,4 Operating Sequence 

The PicoPr'o('!cssOl' hus 16 unique sequence addresses (: () thl'U : F), When Ow PicoPl'OeeSSOl 
l'e:!eivps /I Cumnwnd Word with the Begin bit set to "1", it immediately heg-ins 0P(~l':lti(\1l 
at the sequence address sp(~cified by the Branch Address field of the Command Word, 
Standard f-Ioftwarc enters the sequence at the following address: 

Spquence 
Address 

: 1 Read one card; generate EOB interrupt if an error exists or when 
all data transferred. . 

Details of the PicoProcessol' operating sequence arc shown in the flow chlJrt (figure 3-8) , 
AIl interface lines are described in .3.3.2,5. Following is a sequence description with 
eaeh segment of the operation identified by name and sequence address (: 0 thru : F) , 
Tlw yes/no decisions refer to the true/false state of a particular line as defined in 3,3.2,5 • 

. ['('g'ard1 ess of its logic level. 

IDLE (:0) 

Initially, the PicoProcessor is in the Idle state as a result of a Reset command or because 
of the completion of an End-of--Bloek interrupt. A Begin Command specifying a start 
address takes the PicoProcessor out of the Idle State '. 

The PicoProcessor waits for the Busy line to go false indicating that the Card Reader 
is not processing a card, It then generates a Pick command to start the next card through 
the Reader and checks the Ready status line. If Rendy is true, it indicates that Card 
Reader is ready to read data, If false, the PicoProcessor generates an immediate End-
01'- RIock interrupt to terminate the operation. 

The PicoProcessor again checks the Busy line. It waits for the line to go true indicating 
thllt the Reader has stat'ted looking for data. 

The PicoProces~oI' continues to monitor the Busy line. rf the line is false, -the PieoProeessOl 
generates an immediate End-of-Bloek interrupt. If the Busy line remains true, it indicates 
that the Reader has begun to read data from the card, 

The PicoP"ocessor detects the presells\.? of a column index mark and generates two Datu 
Sm'vice interrupts to the CPU. It detects the Index Mark by first checking for a true 
level, then a false level on the Index Mark status line, 

When the Index Mark is detected, the PicoProcessor generates a Data Service interrupt 
causing the Automatic Illpnt instruction at the interrlipt location to be executed. One 
Lyte of data (MSB) is transferred to the CPU and the byte count and memory buffer arc 
illcremented, 

When the !'icoProcessor' 1T,l'nerates H Data Service inter'I'upt, it also drives the DREADY 
(data ,'(!ady) contl'ol line. The sig-l1al is tied to the Sense Intcrrupt status line (bit 3 
of the device status word). This status line informs the CPU, when opernting in non
interrupt I/O modt'. I Itnt dllin can be input from the Curd Reader. 
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( : 0) 

START 
( : 1) 

YES 

NO 

IDLE 
WArI' FOR 

COMMAND 

COMMAND 

NO 

GENEPATE 
rICK 
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COMPUTER AUTOMATION. INC. ~. ----, 

NO 

Generate 
Data Service 

Interrupt Transfer 
Byte #1 

Gen. DREADY 

C;ener.:.tt(~ 

Data Service 
Interrupt Transfer 

Byte #2 

NO 

NO 

YES 

YES 

YES 

EOH INTERRUPT 
( : F) 

GC'nerate 
EOB 

Interrupt 

Figure 3- 8. Firmware Sequence - Card Reader Intelligent Cable 
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If the data transfer did not increment the byte count to zero, a second Data Serv ice inter' 
r'upt is generated to transfer the second byte (LSD) of data to the CPU. Since the (':It'd 
Rcadnr is n 12-bit device. the upper four bits of the first byte are filled with ,'.('ros. 

When the second byte is transferred, thcPicoProeessor again checks fol' byte count-=O. 
If byte count does equal zero, the PicoProcessor generates an End 01'- Blot'!\. int<'l'J'upt. 
If the byte count does not equal zero, the PicoProcessor returns to the Nt'xl COIUIllII 
sequence where it checks Busy stutus, waits for the Index Mark and th011 g"CJ1<'I'at('SIIlOI'(' 
Data Service interrupts. This continues until all data has bccn transf('r"'(~d. 

~OB INTERRUPT (: F) 

The PicoProcessor generates an EOn interrupt to terminate the data trallf-;f('I' operat ion 
when all data has been transferred or when n status error is detected at allY point in 
the sequence. When the EOS interrupt is serviced, the 101) commands the PicoProccssol' 
to return to the Idle state and await the next Begin command. 

3.3.2.5 Interface Description 

Interface lines between the PicoProcessor and the Card Reader include 16 data lines, 
one control line to the Card Reader and 5 status lines from the Card Header (figure 3-9) . 
In addition. one control line (DREADY) is tied directly to the Sense Interrupt status 
line. All lines are positive-true. Since the Card Reader is a 12 -bit dev ice, the four 
most-significant data bits are tied to ground. 

IOD / PicoProeessor 
Bus .. 

"" 

• 
• 
• 

PieoProeessor""---

Data bits 0-15 
(bit 15 is MSB) 

Busy 

Ready 

Error 

Hopper Check 

of Index Mark 
. ...-.---- ] Sense Interrupt 
._-......... Du ta Ready 

Pick 

Note: All lines are positive-true 

Figure 3-9. Card Reader Interface 

1. Data Rendy. This line is driven by the PicoProccssor when a Data Service interrupt 
is generated. It is connected to the Sense Interrupt status line. Sec Sense Interrupt 
status line description (paragraph 4 of "Status Lines") . 

2. Pick. The PICK command from the PicoProcessor starts a card moving through the 
Card Reader. 

-
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:J. I{(l~d. This n(!gntive-true line is driven by the CPU RESET sw iteh 01' unc,lI-l' software 
(~olltr;)I. Under software control. it is a 250 ns pulse. This line is lIot lIsed by the 
Cnrrl H(~ader . 

:3. :J. 2.5.2 Status Lines (From Card Reader). 
-~-~----, 

I. !?usy. This line is true when the Card Reader is reading or processing data llnd 
cannot accept a PICK command. 

2. Readl' This line is true to indicate that the Card Reader is clear of errors and l'e'udy 
to accept a PICK command. This line is checked only once for every block of data 
transferred. 

3. Error. This line is true to indicate that an error condition exists in the Card Reader. 
Ii is not checked by PicoProc(~ssor firmware, but is available for software interrogation. 

4. ~ense Inte!'I~2.!. Sense Interrupt is true (driven by DREADY) when the Picol'rocessor 
generates a Data Service interrupt. It is used when operating in a non-interrupt 
mode to inform the CPU that data in the Card Reader is ready to be transferred. 

5. !=l0l~er Check. This line is true when the card hopper is empty of cards. It is not 
checked by PicoProcessor firmware. but is available for software interrogation. 

(.i. Index Mark. An Index Mark is generated by the Card Reader once for each column 
Offlata as the card moves through the Reader. 

pick 

Ind(~x Mark 

Data 

~----------------------------~~.'----------~----------------

L---------------------~t~,---------------------------

"SOOns I I 
-~ min .. 750 ns ....... ..--

mlll 
NOTE 1 ~I 

I L-------------~t'~,'~--------------~· 

_ ~,._,..n_. -----.',' ,1.-,' -I 
I-+- NOTE 1 -1 
..---------.',' ~(' ------------. 

L 

Sense In ter rupIOot __________________ .J 

(Not Ilunnilily used 
by llcvi c:e) NOTE 1: Minimum time equal to twice the instruction time 

of the Auto I/O byte instruction plus 8 ~sec. 
For instruction time,· see tht~, Appendix of the 
appropriate Computer handbook. 

Figur(l 3-10. Interface Timing' - Card Reader Intelligent Cable 
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3.3.2.5.3 Data-.!:ines .. The 12 duta lines to the Card Reader arc positive-true. The 
dnta is transferred in two bytes, most-significant byte first. The 12 data columns of' 
the card are right-justified into the memory wor.d with the upper (unused) four bits 7,('1'0: 

Data Bit 15 14 13 12 11 10 9 8 7 6 5. 4 3 2 o 

Card Data Column zero 112111 1 0 11 12 13 14 1 5 1 6 17 1 R 1 9 1 

Figure 3-10 shows the interface timing. For additional details. see the Documation 
Card Reader instruction manual. 

3.3.2.6 Strapping Requirements 

The Sequence Select factory-installed jumper is installed in connector 
J 3 across pins 5 and 12. The location of J3 is shown in figure 3-11. 

(~L_ 
J2 0 '1'0 To 

Device 0 roo 
J3 Jl 
Cl 

Figure 3-1]. Connector Locations, Card Reader PicoProcessor 

3.3.2.7 Device Cable Description 

The device cable is 18-inches long and terminated on the PicoProcessor end with three 
16-pin DIP plugs (P4, P5 and P6). The Card Header end of the cable is terminated with 
a 38-pin connector that mates with Card Reader connector J1. 

Figure 3'-12 lists all interface lines in the device cable and identifies the connectors used. 
The location of the mating connectors on the PicoProcessor is shown in figure 3-11. 
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2 Error 
:~ R(~ady 

4 Busy 
5 Reset (not used) 
G Pick 
7 Control bit 1 (not used) 

P4 
1'5 

I 
P~ 

*Pins 

P4 

P5 

P6 

8 Data Ready* 
9 Row 0 Data return 

10 Row 1 Dnta return 
11 Pick return 
12 Row 8 Data return 
13 Busy return 
14 Ready return 
15 Error return 
16 Index Mark return 

1 Row 9 Data 
2 Row 12 Data return 
3 

thru }Not used 
6 
7 Index Mark 
8 Hopper Cheek 

1 and 8 of P4 are tied together. 

16-pin 
DIP plugs 
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C[\I~d PieOPl~oeessor C;ll'(\ 

Reader Descl'iptioll H(':t(kl' 

Jl pin Conn Pin .J 1 pill 

P5 9 Hopper Check return pp 

HH 

I 
10 Motion Cheek return HH 

BB 11 
}Not uRed MM thru 

14 
LL 

I 
15 Row 1 1 Data I'dlll'n F 

P5 16 Row R Data y 

P6 
I 

1 Row () )):It:l returll \V 
H 2 Row 4 Data retul'll ~ 

J I 3 Row 2 Data return \' 

SS 4 Row 11 Data B 
CC 

I 
5 Row 1 Dat:l D 

TT. 6 Row 3 Data L 
FF 7 Row 5 Data N 
NN 8 Row 7 Data V 
EE 9 Row 6 Data U 
Z 10 Row 4 Data M 
E 11 Row 2 Data K 

12 Row o Data C 
13 Row 12 Data A 
14 Row 3 Data return R 

AA 15 Row 5 Data return T 
JJ P6 16 Row 7 Data return X 

Jl 

ELCO 00-8016-038-217-704 

Card Reader Connector: 
ELCO 00-8016-038-750-707 

48-conductor ribbon cable. 
Conductors are 26 AWG stranded 

Figure 3-12. Device Cuble - Card Reader 
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3.3.2.8 Programming Example 

The Assemblcr Language Btatemcnts shown in Table J-2 demonstrate one owtho(i for lI<.;illg 
the Distributed I/O System. The technique is based on the proqr<.tmmi 1\(1 i nt"nnn.lt i (III 

in Section 2. 

The demonstration code falls into thrco distinct partR: Intel'l'lIpt Locatiolls. I/() I tl iti:tt iOIl 
and End-of- Block Servicc. 

2. 

The first part of the code defines and fills the st:mdat'd locations .. ssoL'iated with lOll 
channel to which the device's PicoProcessor is connected. As showl1 in t'igul'(' ~- -t. 
there arc six locations involved of which two -- the Byte Count and th" Buffel' Lucntioll 
-- are dynamic for each I/O Initiation, while the remaining words can 1)(' fixcd at 
program load time. 

I/O Initiation 

The second part of the eode ae(~omplishcs the transfer of one physical rccord each 
time the user's main-line program executes this instruction: 

CALL CAHD 

It is assumed that the calling program has previously set up these two words: 

COLe NT 
BUFADD 

Number of bytes to be transferred 
Word address of record buffer 

The demonstration code converts this information into the form required by nn A uto
matie I/O instruction: negative byte count and byte address of the buffer minus one. 
Once these computations have been stored into the interrupt locations, the PieoPro
cessor is sent a command specifying: 

Begin at Branch Address : 1 

Notice that the Device Address used in this scquence is coded with the same Device 
Address used in the interrupt location. plus one. The assembled object code will 
indicate thc transfer of a command, rather than of data. 

No attempt is made in the demonstration code to overlap record transfer with CPU 
activity.· Instead. a dead loop is issued -- JMP $ -- until the PicoProcessor interrupts 
not to the Data Service interrupt location, but to the End-of- Block location. At this 
point control passes to the subroutine labelled EOB. 

3. End-of- Block Service 

The! End-of- Block subroutine could perform error analysis, retry. etc. The demon
strution code simply obtains dcvice stutus from the PicoProccssor and passes status 
back to the main-line program through the A register. 
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Table :~ -2. Pr'og'rarnming Example .. Card Reader' 

fkT'JT LOu 
(,-'l'LVI\, Llhl ,. 

• 
CAPU 

• r LJM 

* 

lin::, 
., I u 
D " r 1\ 

J!jr 

II A f " 

L N I 
d)A 
LI. j\ 

'j~.~' 
5TA 
Lf'lA 
i..lA 
SAl 
:nA 
Lf'lA 
UT~ 

JMP 

L ~J r 
1t~A 
k'rh 

:C~ . 
: F ~I 

C;;HH 
(f~l>E.VA 
q:-~ 

SIANDARD CARD HCADEH INrE~Rur, 
5 TAN 0 A l'? f) C A H D r{ f. A D E 1< Ll E 'v ICE'. A I) D H E ::i S 

I N I UH< I J P f fUR 0 A r J>. L () l. A I T J N 

HHU lNP!JI bY H 
TU llE F!LLELl wI.'"' COUNT 

I;~n:'hWPT fuq fNP-OF-bLOCt<, 
.$+1 tt·LL E~I1.J UF ~LULK RUIJITNl 
l u Ii 

CULCNl , 
(HINT+l 
HiJ~AJ)O 

I 
1 
CkINTi'? 
=:vl~!1~ 

CRlJlVl\+1 
$ 

ENTHV POINT FOR CARD-~EAOlH DHfVfH 
4t n f COL Ij ~H I S ~ A/"~ r f. D 
l;lf) ~YTl~/COLUMI''4 

,AIH INSfRUCTIUN NLfDS NE&~TIV[ 
PlJl II~ t\Iu P-J::iTRUCT.lON 
ADDHfSS (~ORD) ur BUFfER 
AlB JNnrRUCfrON NEEO~ AvTf ADORES::i 
STAHT:> 'd -" 
P L.I T Ir.. ,,! b 1 \I S HW C T 1 n N 
WOPO TO Sl.IH PICOPRocESSuR 
SLNO ra PIC!) 

l ·HI-Of ';'BLUl t< 1 NI omur i Sl.luno! J I I NE 
C~ULVA.l INPUT SfA1U9 
C 1\ ~ j) n [ T lJ R N f n CAL L lie ,.;f I H 

STATUS HI 4 Rt,f,lSfEI{ 

3-19 

I 
I 
I 



o 

e" 'Mt± r ott M'dttf'f 5 t ftWwtP'M!rictdhw'tlmtlbr!!Mr!J$lst MtiP !"!wHY t· It> . Ht'lltC Hj It f' 'V" t'tn~ . ttt t '1 t ft)" 1 r "] t'"., j' t "t " ... 

3.3.3 High-Spee9 Paper Tape Reader 

3 .3. :~ . 1 Description 

Intelligent Cable 14631-03 controls the transfer of eight-bit positive-true parallel data 
from a Remex RAB6375BAl/661/551/UOOO Reader (sec 3.3.4.1) to the computer 

'. 

at the rate of 300 characters per second. The PicoProccssor accepts a start command 
from the 100. ch(!cks device status. then issues H Data Service interrupt to start 0)(' data 
transfer. When the transfer is complete or an error detected. the PicoP,'ocessor generat<'s 
an end-of-block interrupt to terminate the transfer. 

3.3.3.2 Physical Details 

Cable Lengths: 
100 to PicoProcessor, 4 feet 
Pica Processor to Reader • 1-1/2 feet. 

Standard Channel Number. 5 (Device Address field=: FA) 
Standard Data Service Interrupt Address, : E8 
Standard EOB Interrupt Address, : EC 

~ . 3.3.3 Paper Tape Reader Status Word 

'fo control the transfer of data from the Paper Tape Reader, the PicoProcessor sequences 
through a series of operations based in part, on the state of individual bits of the Paper 
Tape Reader Status Word. The Status Word, shown in figure 3-13, indicates certain 
operational conditions in the Paper Tape Reader. When the PicoProcessor receives an 
input instruction requesting device status (function control bit set to "1"). it immediately 
transfers the entire Status Word to the CPU on bits 0 through 5 of the data bus. Input 
status can be requested at any time, but it is usually done after an End-of-Block interrupt 
to detcrmine the reason for termination. Individual bits of the Status Word are described 
in 3. 3 . :L 5 .2. 

Data bit 5 4 3 2 1 o 

L-.-------Data Ready = 1 

L-.-----..:.----(unused) = 1 

L-.-----------(unused) = 1 

Figure 3-13. Paper Tape Reader Status Word 

·3.3.3.4 Operating Sequence 

The PicoProcessor has 16 unique sequence addresses (: 0 thru : F). When thc PicoProcessor 
receivcs a Commnnd Word with the Begin bit set to "1", it immediately begins operation _. 
at the sequence address specified by the Branch Address field of the Command Word. 
Standard software enters the sequence at one of the following sequence addresses. 
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S('qw!nee 
J\ddr'eHS 

: I 
:A 

Itc:ad T:I(W. J.dt to Hight 
!{0.ad TIlJw. Hight to Left 

Ih~t:Jj Is of the PieoPr()(!essoJ' opernting sequence are shown in the flow ehar't (fig'ure 3 14), 
Illtcl'fac(! lineH are de1:>eribed in :J, 3,3,5, Following is a sequence description w itll (~Ill!h 
s(!g'ment of the operation identified by name and sequence address (: 0 thru : F), Thc 
yes/no decisions refer to the true/false state of Ii particulnr line as defined in :3,3,3, ~, 
r(!g'nrdless of the logic level. 

Jl)LE (: 0) 
.. - -- ~-~. -.~- ...... _-

Ttl!' PieoProcessor is in the Idle state as a result of a Reset command or Ih'CHlIse of Ow 
completion of an end-of-block interrupt, A Begin command selects :1 Start sequence for 
either a Drive Right or Drive Left operation, Since the operation scquenee is the same 
in both tape directions, they are combined in the flow chart to Start Rig'ht/ Ld't, 

START RIGHT/LEFT (: 1/: A) ------_._. 
A Drive Right or Drive Left command is issued to start tape motion and D:1ta Ready status 
is monitored, When thc Data Ready lIne goes false, the reader head is moving' and "between 
characters" on the tape, System Ready status is then checked, This line is true if power 
is applied to the Headel' system and the Reader RUN/LOAD switch is in the RUN position, 
If false. the PieoProcessor immediately generates an end-of-block interrupt to terminate 
the operation, Otherwise, the PicoProcessor monitors the Data Ready status line again, 
this time looking for a true level on the line to indicate that the Reader head is "on chnl'
Heter", When a positive response is obtained, the PicoProcessor generates n Data Service 
interrupt causing the Automatic input instruction at the data interrupt location to be 
executed, Data from the Reader is transferred into the CPU and the bytc count and memory 
buffer m'e incremented, A line from the CPU is activated if the byte count increments 
to zero to signal the PieoProcessor (via the laD) that all data has been transferred (end, 
of.-bloek) , 

If the byte count does not increment to zero, the PicoProcessor again generatcs Right/Left 
Drive, ('lwei,s the status of Data Hcady, checks System Ready and geJl(~rates another 
Datn S('}'vicp Intp)'rupt, This opPI'ation is repeated until all data has lWC'Il transf(~rred, 
Thl' Pi".,I"'(l/·,'ss",' IllI'lI 1't1I('r'H thi' EOB SPqlJPI1Pl', 

1':(11\ IN'I'I,:HIWI''I' (I,') 

Tl)(~ l'it'IlPr'Oel~1:>S(lI' g'('lwrates an EOB intnrrup-tto terminate opl'rations when all data hili" 
l"leen transferred or when a status error is detected at any point in the sequence, When 
the EOB interrupt is serviced, the CPU commands the PicoProcessor (via the 100) to 
return to the [dIe state and wait for the next command, 

:.1,3, :J ,5 Interface fksel'iption 

lnterfnce lines bC'tween the PicoProcessor and the HSPT Reader consist of eight data lines. 
two control lilll'S to the Hendel' and two status lines from the Reader to the PicoProcessor 
(figUl'(' :{-15) , 
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IDLE 
( : 0) 

rt '1 rr 

;"-' . 

COMPUTER AUTOMATION, INC. ~ -e 
".1 
I 

Dr-ivu Right (: 1) or 
Drive Left (:A) 

~~------~4+------------~ 

Idle 
wait for 

Command 

YES 

Start at 
specified 

Sequence Address 

NO 

(;eneratf' 
kiqht/Lp.ft 

Drive 

YES 

Genel'ate Int.errupt 
for Datu Service 

(1 byte) 

YES 

NO 

Generate EOB 
Interrupt 

Figure a-14. Firmware Sequence - HSPT Reader Intelligent Cable 
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ComputerAutomation ~ 

Datn bits () 7 
(bit 7 = MSB) 

Syst0m Ready (negativc--true) 

Data Ready (positive-true) 

Drive Right (negHtivl~--true) 

Drive Left (ncgntivetruf') 

Figure 3-1'J. Paper Tape Reader Interface 

3.3.3.5.1 Control Lines (to Device). 

1. Drive Right. This line (negative-true) is driven by the Intelligent Cable to 
start the tape moving in the reader in the right-hand direction. 

2. Drive Left. This line (negative-true) is driven by the Intel1iLJent Cable to 
start the tape moving in the reader in the left-hand direction. 

3. Reset. This negative-true line is driven by the CPU RESET switch or under 
software control. Under software control, it is a 250 ns pulse. It is not 
used by the Paper Tape Reader. 

3.3.3.5.2 Status Lines (from Device). 

1. Dat~!ea(~y (posi tive-true). This line, when true, indicates that the data 
track outputs arc in the "on character" position. When false, this line 
indicates the "between character" position where data outputs have no 
siqnificance. 

2. System Ready (neqative-true). 'l'his line, when true, indicates that power is 
appliedto--the Reader and it is in the Run mode. It is false when the Reader 
is in the Load mode or if the Reader is out of tape. This line is checked 
before each d~ta transfer. 

C Other status bits are not used by the Paper Tape Reader. 

3.3.3.5.3 Data Input Lines. The eight data input lines (00 through 07) are 
positive-tr~-- Bi t 07 is the most-significant bit. The data is input from the 
R~ader in standard eight-bit ASCII characters. 

Figure 3-16 shows the interface timing. For additional details, see the Remex HSPT 
Reader/Punch instruction manual. 

3.3.3.6 strappinq Hequirements - None Required. 

3.3.3.7 Devic<' (';}ble Description 

The Device caLle is l8-inches long and terminated on the PicoProcessor end with 
three 16-pin DII:' p1 llQS (P4, P5, and P6). The Paper Tape Reader end of the cable 
lS terminated with i\ 2S-pin connector that mates with connector J2 on the Paper 
Tilpe Reader. 
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Fi{4'Ul'(~ 3-18 lists all interface lines i tl the device eabk and identifies the (!ollll(!dol's us(\d , 
The locntion of mating connectors on Uw PicoProcessor is shown in n{.!.'\I1'(!:J 17, 

Drivl? 
Right/Left 

Data 
Ready 

Data 

~ Ons min. 

r---------------~5~----------~ 

'---- 250ns min. 
,......- 500ns max. 

-+i I- 750ns min 

,---'~ 
1+ 500 ns +1..-

(min) 
NOTE 1 

~ 500ns 

ill....--m_i_n _~_ 

NOTE 1: Minimum time equal t.o the instruction time of the Auto I/O byte instruction 
plus 4 Msec. For instruction time, see ,the Appendix of the appropriate 
Computer Handbook. 

Figure 3-16. Interface Timing-HSPT Reader Intelligent Cable 

'fa Paper 
Tape Reader 

J3 
o 

J2 0 

Jl 0 
To 
roo 

Figure 3-17. Connector Locations, HSPT Reader PicoProcessor 

3-24 

-' 



W!IW1 eHtth •• " sr T",rttep't't"P%2HftztftfH1@'tp'm'i .¢st'rw,ltm e'g"""'"h'i:*rlt' Mm it '"b"W'i$i+ ""'fft ""Belt. · .. t" " h .. 
e~ ____________________ _ 

-

o 
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P4 
P5 

') 
0) 

1 
5 
(j 

7 
R 
9 

10 
1 1 
12 
13 
14 
15 
16 

1 
2 

-----. - .- -.,--- -- -- .- --- --_. r- --'--'-

PieoProcessot' 
/)()scription 

Hl!adcr/ 
Punch 
J2 pin 

Description 
~(,ild\'I" 

I'llllvll 
.12 pill Conn Pin 

-----1-.---.--

i):lta R(!:tdy 9 . £>5 7 Status hil :; 
Slat1ll; bit 2 (not used) I ~ Stntus lJi t 4 
Systt!m Heady 14 ;}} 
Status I inc 0 (not used) thru Not used 
Reset (not used) 15 
Drive Hig'ht 16 P5 16 Dnta bit 0 I 
Drive Left 17 P6 1 } 
Control line 0 (not used) thru Not used 
Ground (not used) 5 
Drive Left return 24 6 Data bit 06 
Drive Right return 11 7 Data bit 04 
Ground (not used) 8 Data bit 02 
Ground (not used) 9 Data bit O:l 
System Ready return 13 10 Data bit 05 
Ground (not used) 11 Data bit 07 

Data bit 00 1 thru Not used 
Data Ready return 12 12} 

(nol us('d 
(not IIsed l 

I 
i, 
j 

7 

., 
) 

.j 

G 

t } 
• 15 

thl'u Not used .P6 16 Ground (mode select) 1 U 
P5 6 

-. ____ L. _________ -L-_~--1.I __ ___1 __ ___.JL_... _______ __'_ -------1 

-- P4 

Iti .' 
pi) 

P6 

16-pin DIP plugs 

48-conductor ribbon cable 
Conducters are 26 AWG stranded 

Figure 3-18. Cable Description - HSPT Reader 
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3.3.3.8 Programming Example 

The Assembler Language statements 1::ihown in Table 3 3 demonstrate one method fur l1~"ill~:' 
the Distributed I/O System. The technique is based on the programming j llfolTlkl t.i on 

in Section 2. 

Tho demonstration code falls into three distinct parts: Interrupt Locations, I/O In itiatioll 
and End~of-Block Service. 

1. Interrupt Locations 

The first part of the code defines and fills the standard locations associated wi tl1 IOD ' 
channel to which the device's PicoProcessor is connectcd. There are six loc,1tions 
involved of which two -- the Byte Count and the Buffer Location -- are 
dynamic for each I/O Initiation, while the remaining words can be fixed 
at program load time. 

2. I/O Initiation 

The second part of the code accomplishes the transfer of one physical record each 
time the user's main-line program executes this instruction: 

CALL PREAD 

It is assumed that the calling program has previously set'up these two words: 

BYTCNT 
BUFADD 

Number of bytes to be transferred 
Word address of record b'uffer 

The demonstration code converts this information into the form required by an Auto
matic I/O instruction: negative byte count and byte address of the buffer minus one. 
Once these computations have been stored into the interrupt locations, the PicoPro
cessor is sent a command specifying: 

Begin at Branch Address: 1 

Noticc that the Device Address used in this sequence is coded with the same Device 
Address used in the interrupt location. plus one. TIll' nssembled obiect code will 
indicate the transfer of a command. rather than or data. 

No attempt is made in the demonstration code to overlnp record trallsfer with CPU 
activity. Instead, a dead loop is issued --JMP $ -- until the PicoProcessor interrupts 
not to the Data Service interrupt location, but to the End-of-Block location. At this 
point control passes to the subroutine labelled EOB. 

3. End-of-Block Service 

The End'-of- Block subroutine could perform error analysis. retry. ctc. The demon
stration code simply obtains device status from the Picoi>roeessor and passes status 
bad, to tlw maill I i lie program through the A register. 
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SI.HT~ "1 -1 
PUT IN AI13 I'4~TnUCTI.ON 
WOH~ TO SI.HI ~icaPHULE~SuR 
~ t:. N I) (0 ~ 1 C U 
WAIr fJ~ lND-OF-~Ln~K 

ll~I)-(Jr ~aLUCI< 1 N T [kRLJP r StlBROIJ ( I N[ 
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3.3.4 High-Speed Paper Tape Punch 

3 . 3 . 4 . 1 Description 

Intelligent Cable 14631-,04 controls the transfer of eight-bit positive-true parallel data 
from the computer to a Remex Model RAB6375 High-Speed Paper Tape Punch. The cable's 
PicoProcessor accepts the IOD output command, interrupts the CPU for data, and then 
issues a Punch command to perforate the appropriate track of the tape when a "1" is to 
be entered. When all data has been transferred or when an error is detect cd . the PicoPro
cessor generates an End-of-Block Interrupt to terminate the operation. 

NOTE 

This PicoProcessol' is designed to operate with a Remex Model 6375 Header/ 
Perforator having a specific part number of RAB6375BA1/661/551/UOOO. 
The" 551" indicates an option to the standard" 550" model. When ordering 
a new Reader/Perforator from Remex, order by the above part number. 
If the user has an existing "550" model, it can be modified as explained 
in 3.3.4.8. ' 

3.3,4.2 Physical Details 

Cable Lengths: 
IOD to PicoProcessor, 4 feet 
PicoProcessor to Punch, 1-1/2 feet 

Standard Channel Number, 6 (Device Address field = : FC) 

Standard Data Service Interrupt Address, : FO 

Standard End-of-Block Interrupt Address, : F4 

3.3.4.3 HSPT Punch Status Word 

To control the transfer of data to the Paper Tape Punch, the PicoProcessor sequences 
through a series of operations based, in part, on the state of individual bits of the Paper 
Tape Punch Status Word. The Status Word, shown in figure 3-19, indicates ccrtain opera
tional or error conditions in the Puper Tape Punch. When the PicoProcessor receives 

Data bit 5 4 3 2 1 o 

[ X I X 

L<unuSedJ ~ J 

. System Ready = 0 

L-.------Error = 1 

L-.-------Data Rcady = 1 

L-.----------Tap(! Low··' 

L..--. ___ ,_., ___ ,---( \lnllsl'd) ." 

Fig'III'(';l 1!l, Pupel' Tape PUllett Statlls WOl'd 
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an input instruction requesting device status, it immediately truns\'l'I'S 01(' (~Ilti I'P St:ltus 
Word t(l til(' CPU on bits 0 thru 5 of the Data bus, Input Htatus can be I'pquest('(] at :Illy 

tim(!. but it is uSllally done after an End-or--Block interrllpt to detel'milll' till' l'easoll 1'01' 
tprinillation. Descriptions of the i·ndividual status bits arc givml under ;~.;~.4.!). 

:J, 3; 4.4 Operating Sequence 

The PieoProeessor has 16 unique sequence addresses (: 0 thru : F), WIH:'1l the PieoProcessor . 
I'(!ceiv(~s a Command Word with the Begin hit set to "1", it immediately beg-ins operation 
at the sequence address specified by the Branch Address field of the Command Word. 
Standard software enters the sequence at the following sequence acldresscs: 

Sequence 
Address 
---:-1-

:2 

Qp~ratio.!:J_ 
Check Tape Low status; Start Punch Operation. 
Start Punch Operation (skip Tape Low status check) . 

Details of the PicoProcessor operating sequence are shown in the flow chart (fig'ure 3- 20), 
Intnrfaee lines are described in 3,3,4,5, Following is a sequence description with each 
segment of the operation identified by name and sequence address (: 0 thru : F), The 
yes/no decisions refer to the true/false state of a line, regardless of actual logic level. 

o IDLE .~:il~ 
The PieoProcessor is initially in the Idle state as a result of a Reset command or because 
of ~he completion of an end-of-block interrupt. A Begin commatld with a starting address 
of : 1 or : 2 takes the PicoProcessor out of the Idle state and into the Start sequence. 

~TART (: 1) 

- The PicoProcessor begins the Start at : 1 sequence by checking device status. Tape Low 

CI 

is checked first. If this line is true. the PicoProcessor generates an end-of-block interrupt 
to terminate the operation. 

~.:r AJl T _L_~l 

A Start at : 2 sequence begins at this point if it is desired to skip the Tape Low status 
check. First. error status is checked. The Error status line is true when the tape is 
broken or loose or when the chad box is full. On a true response, the PicoProeessor gener 
ates an end-or-block interrupt. Otherwise t System Ready status is checked next. A false 
response indicates that power is not applied to the Punch or that the internal voltages of the 
Punch have not stabilized. If false, the PicoProcessor generates an end-··of-block interrupt. 
If System Ready is true, the PicoProcessor advances to Data Interrupt. 

DATA INTERRUPT (:~ 

The PicoProcessor generates a data service interrupt causing the automatic output instruc
tion at the interrupt location to be executed. The CPU transfers data to the PicoProcessor 
and increments the byte count and memory buffer pointer. A line from the CPU is activated 
if the byte count increments to zero to signal the PicoProcessor (via the IOD) that all 
data has been transferred (end-of-block). 

While the PicoProcessol' checks if the byte count = 0, the Punch command line is activated. 
If BC=O. the PicoProcessor sustains the Punch command while waiting for the Data Ready 
line to go false and then. still sustaining Punch, checks System Ready. If System Ready 
is false. an end-or-hlock interrupt is generated. Otherwise, data is transferred to the 
HSPT Punch when l>ataReady goes true. The PicoProcessor then generates an end-of
block interrupt. 
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I START (: 1) 

I TOLE ,----'-------. 

" 

(:U) IDLE 

I 
! 

I 
I 
I 

Wait for 
Command 

YES 

$'wNfthf' .......... t 

q"?!t titettMffO c ,t t 't 1 .t'fU¥ 

COMPUTER AUTOMATION, INC. ~ 

YES 

YES 

NO 

YES DATA INTERRUPT (:A) 
I 
c r-----~------~ 

Start at 
Specified 

Sequence Address 

NO 

Generate Data 
Service Interrupt 

YES 

Generate Punch 

Generate Punch 

YES 

NO 

NO 

EOB ~---~--~~----------~ 
TNT 
( : F) 

Gerwrate 
EOB 

Interrupt 

Figure :3-20. Firmware Sequence - HSPT Punch Intelligent Cable 

3-30 



• 
t t±n. tt:CWtft:¥tMr ',nW'#Itt"rllbt¥b't:t'" btlP""ltrtN --",hr' Wi!n' !I:!:!: • t t eW.!::¥' e •• !itt k'WrttM"Gt'rWt" tit t #'W' NeW.,. i ttWt*?«mtt"" '.*"'1&I'h·, .. , .... 'It 

ComputerAutomation ~. 

If thc' byte count is not zero, the PicoProcessor enters t.he Next 01lt ,;('qUC'llCC. 

'1'''<, PicoPruccf;sor sustains the Punch command and checks the Dilta Rei}(ly ~;ti1t"s 1 it",. 
It waits for the Data Ready line t.o go false, and then checks System I\pady, sti 11 
sllstaining the Punch command. If power is still applied to the IISf'T (Sysh>m Rl>iHiy 
true) data is transferred to the funch when Data Ready,<]ops true. The PicoProcessor 
then repeats the Data Interrupt sequence until byte count""' 0 is rec(~ivpd. 

EOB INTERRUP'l' (: F' ) 

The end-of-block interrupt is generated by the PicoProccssor when th·' Last dat.a bytE' 
has been transferred or 011 detection of a stat.us error at any poi nt in tIlt, !;('l)lIenc('. 
When the end-of-block interrupt operation is completed, the..' CPU comma lids I Ill' l'icoPro
cessor (via the laD) to return to the Idle state and wait for the llL'xt Reg j n cl.lmmand. 

3.3.4.5 Interface Description 

Interface lines between PicoProcessor and Paper Tape Punch (figure 3-21) include 
eight data lines, one control line to the Punch and four status lines from the o Punch. 

100 

Bus 

00 

07 
/PicoProcessor 

II • PicoProcessor 
.. 

.. 
'I( 

4( 

Data bits 0-7 (positive-true) 
(bi t 07 MSB) 

Punch {positive-true) 

.System Ready (negative-true) 

Error (positive-true) 

Data Ready (positive-true) 

Tape Low (positive-true) 

Figure 3-21. Paper Tape Punch Interface 

3.3.4.5.1 Control Lines (to Paper Tape Punch) 

1. 

2. 

I 
Punch. 'I'his line, when true (+5V), starts the tape moving and initiates punChin4! 
Reset. This negative-true line is driven by the CPU RESET switch or under 
software control. Under software control, it is a 250 ns pulse. This line is 
not used by the Paper Tape Punch. 

3.3.4.5.2 Status L.ines (from Paper Tape Punch). 

1. System Ready. This line is true (0 volts) when power is applied to the Punch 
and its internal voltages have stabilized. The PicoProcessor checks the status 
of this line before every data transfer. 

Error. This line is true (+5 volts) when the Punch is not in the Run 
paper tape is broken, loose or tight or when the chad drawer is full. 
line is checked only once for every block of data transferred. 
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!?at:I_I~~[~(~2'.' This lirw is true (+5 voLts) when the Punch is ready to nec(~pt :1 I'UII("I 
(,(~ll1m:trld. It is false during the "advance and punch" cycle (npproxim:ltl'ly 1:1 lll~('t' 
Hft('l' " PUllch command). 

I 
4 '.!:.:'F_~' Lo..:~. This line, when h'ue, (+5 volts) indicates that the ta~)(' supply is 11(,:I1'I~' i 

exhausted. It is for informatioll only. Operation of the punch is not affected _ This lillI' I 
is checked once for every block of data transferred, if started at sequellcP add\'('ss : I. : 

Figure :~.A22 shows the interface timing. For additional details, see the Remex Paper 
Tnpe Reader/Punch instruction manual. 

--i f.- 0 ns min 
-----...... 750 ns r-----------4~S>-----

Data Ready min 

Punch ~~ 
500 ns 

min -1 ~ 1 iJ-s min ~I~ NOTE 1 ~I 

Oat,1. J Data 1 jl Datil :? 

NOTE 1: Minimum time equal to the instruction time of the Auto] /0 byte inst-ruct il'll 
plus 4 sec. For instruction time, see the Appendix of the .lppropriatf~ 
Computer Handbook. 

Figure 3-22. Interface Timing - Paper Tape Punch Intelligcnt Cable 

:J. 3.4.5,3 Data Lines. The eight data lines to the Paper Tape Punch (0 through 7) are 
positiVe-true wIThblt7 thp. most-significant. Data is output to the Punch in standard 
(>ig,ht-bit ASCII characters. 

:3.3.4.6 Strapping Requirements 

The Sequence Select factory-installed jumper is inst.alled across pins .5 and 12 

of J3 in the PICOPROCESSOR for the Paper Tape Punch. The location of J3 
is shown in figure 3-2~. 

Punch ..- 0 JG* 

o ~J5 
o .T4 J3 

o 

J2 0 ~ 100 

Jl 0 *,:r6 not USI~d 0)' 
Paper T;lpe Punch 

Figure 3-23. Connector Location - HSPT Punch PicoProcessol' 

:l, 3.4.7 Device Cable Description 

The device cable is IS'-inches long and terminated on the PicoProcessor end with two 
16-pin DIP plugs (P4 and P5). The HSPT Punch end of the cable is terminated with a 
25--pin connector that mates with connector Jl on the Paper Tape Punch. 

Figure 3-24 lists all interface lines in the device cable and identifies the connectors used. 
Location of mating connectors on the PicoProcessor is shown in figure 3- 23. 

3.3.4.8 HSI'T Punch Modification 

The Intl~lligent Cable for the HSPT Punch is desiqlllxl to operate with a Rerncx Mo(h-I 
RAB6375 havinq the following part number: RAB6375BAl/C,C,l/551/UOOO. This model CdI' 

b0 ordered from Rcm0X. 
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* 1\10dcb, havin~ a part number' of RA Bxx75Bxx/fixx/5-pO/UOOO, can he l1Jodified I() till' 

required configuration. Foiowing al'e instructions for modifying' :.1 lTlod('1 to Ill!' ":':11" 
config-uration. 

(;eneral Procedure 

Because of the great number of previous models of Remex R(~ilder/Perforators :\Ild stalld 
alone Perforators. it is not reasonable to give a detailed modification procedure for ('V cry 
possible model. The following general procedure should be sufficient to allow a user 
to modify his own systcm. 

1. Find the Remex Model Number Code brcnkdown for your PerforatOl' or comhinati()11 
Reader/Perforator in the Remex Technical Manual that was provided with your unit. 
This breakdown should be in Section 1 of the manual. 

2. 

Locate the digit which specified "Other Perforator Circuit Options" shown by asterisk 
in the number at the top of this page. 

o = Standard 
1 = Tape Handling Error eondition does not inhibit Punch Ready output 

Using the Model Code as a guide, examine the "Other Perforator Circuit Options" 
digit in the Remex Model Number tag on your unit. 

If the unit has a "111 in this position, no modification to the unit is necessary. If 
the dig-it is a "0", eontinue with this modification procedure. 

3. Find the assembly drawing for the Perforator Control Logic board in Section 7. 

Usually, an arrow will point to a jumper which has a note reading something like: 

Add .J umper 
For XXXXXX-X() 
(No options) 

Remove this jumper. 

"Jumper Added 
For -1 Assy." 

If no jumper is identified on the assembly drawing, go to the schematic for the Per
forator Control Logic board nnd locate the jumper connecting the Tape Handling Error 
logic with the Punch Ready logic. Note the letters at the end points of the jumper 
nnd remove the corresponding jumper on the PC board. 

4. Attach a label next to the old Remex model number on the unit showing the new model 
number. The new model number is the'same as the old model number except that 
a "1" will appear in the "Other Perforator Circuit Options" position. 

* Specific Procedure for Converting from RAB6375BAl/ 661/ 550/UOOO to 
RA136375BA 1; GG 1/ 551/UOOO .---,----------------

1. Check the "Othel' P(~rforator Circuit Options" bit of thc Remex model number shown 
by asterisk (above). The bit position can be found by referring to Page 1-10 of 

___ / Hemex Technical Manunl HSM-304Y-l. 
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If the bit is a "1", the option is already installed and no modification is n~eeHsary. 
If the bit is a "0", continue with this modification procedure. 

2. For units with serial numbers 45261 and higher, refer to page 7-32 of the Technical 
Manual and remove the jumper referred to in the note: 

3. 

"Jumper Added 
For -1 Assy." 

on the Perforator Logic and Driver Card 111031. Change the last digit in the card 
assembly dash number from 1 to 2. Proceed to Step 3. 

Attach a new label next to the old Remex part number label on the unit with the new 
Remex part number. The new part number is the same as the old part number except 
that a "1' will appear in the bit position for "Other Perforator Options" . 
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J)( ~scri pt iOT! 1-1{(:1;d-(-;~ i PUllch 
.J 1 pin 

Dnt:l H(!ady 12 
Enol' 20 
System l{('ndy 13 
Status bit 0 (not used) 
Reset (not used) 
Punch 11 
Contl'olline 1 (not used) 
Control line 0 (not used) 
Ground (not used) 
Ground (not used) 
Ground 
Ground (not used) 
Ground (not used) 
Ground 
Ground 
Ground (not used) 

25 

23 
18 
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--l'iCOI-)I'O~($-~)-r [ ll{(':l<kl'! 
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___ ~_o_n_n_~~ill l--~--" 1 ~)_~_~ 
p;j I 1 INotuscd 

2 Ground (not uscd) 

! 
P5 

:~ Data bit OG 
4 Data bit 04 
5 Data hit 02 
6 Data bit 00 I 

7 Status.bit ~ (not llsed ~ 
Tape Low R 

9 
10 
11 
12 
13 
14 
15 
16 

Ground (not used) 
Ground (not used) 
Data bit 01 
Data bit 0:1 
Datn bit 05 
Data bit 07 
Ground (not used) 
Not used (input datn) 

7 

:~ 

1 

:! 1 

2 
<1 
L; 
8 

---' __________________ -'-____ ---'Il.-__ ---' __ 

16-pin DIP plugs 

32-Conductor ribbon cable 
Conductors are 26 AWG stranded 

Figure 3-24, Cable Description - HSPT Punch 
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3.3.4.9 Programming Example 

~ The Assembler Language statements shown in Table 3--4 demonstrate olle method 1'01' IISill~:
the Distributerl I/O System. The technique is based on the progranuninq inform<lti,)11 

o 
I 

in Section 2. 

The demonstration code falls into three distinct parts: Interrupt Locations, I/O InithJtioll 
and End-of- Block Service. 

1 . ~nte!,I'upt Locations 

2. 

The first part of the code defines and fills the standard locations associated with IOn 
channel to which the device's PicoProccssor is connected. There are six local iUlw 
involved of which two -- the Byte Count and the Buffer Location are dynamic 
for each I/O initiation, while the remaining words can be fixed at proqrilm 
load time. 

I/O Initiation 

The second part. of the code accomplishes the transfer of one physical record each 
time the user's main-line program executes this instruction: 

CALL PUNCH 

It is assumed that the calling program has previously set up these two words: 

BYTCNT 
BUFADD 

Number of bytes to be transferred 
Word address of record buffer 

The demonstration code converts this information into the form required by an Auto
matic I/O instruction: negative byte count and byte address of the buffer minus one. 
Once these computations have becn stored into the intcrrupt locations, the PicoPro-
cessor is sent a command specifying: . 

Begin at Branch Address: 1 

Notice that the Device Address used in this sequence is coded with the same Device 
Address used in the interrupt location, plus one. The assembled object code will 
indicate the transfer of a eornmano. rather than of ont:1. 

No attl--:lmpt is made in the demonstration code to overlap record transfer with CPU 
activity. Instead, a dead loop is issued -- JMP $ -- until the PieoProcessor interrupts 
not to the Data Service interrupt location, but to the End-of-Block location. At this 
point control passes to the subroutine labelled EOB. 

3. End-of- Block Service 

The End-of-- Block subl'outine could perform error analysis, retry, ctc. The demon
stration code simply obtains device status from the PicoProcessor and passes status 
back to the main-line program through thc A register. 

:l :lfi 
_ .. _- ---.~----------------
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STA 
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lNA 
,': Til 

Table 3--4 . Programming Exnmpi<' 

:f'O 31 Aij/)"Pi) P'I~~Cri 1"J I F ,H" LJ fl I 
: r ( srANUM?u P"NCH uf.IITl.r I\DOHr :'i~ 

PI' T ,j T INTlRi~lIp, FlJR (lATA Ul1.411u N 

Pi' I) tV" AdTU ul'IPUT :qTL 
"--:-t. TU uF rlLLEu ~1111.j fhT[ LnJ~.j 

~ .. 'Ii Ttl uF Fu.LE.U ~IJI1 1~IJf.'rLH ~nJi:LS:; - t 

I' 
PI rUHdHJ' Fuq LI~D L1r utuCI\ 

.. ~+, C"LL l:.~U-(JF-I.\L(JCK IW'IT Ir-..E 
rUK 

fNIHV ~OIi'4T FUH ~U"IL: H Dto\I~EK 

.n II ,., 1 HvH. l.DU"J1 f!'lK MF.~SAGE 

AUH INS fRUC HUN NEXOS NE'GI\TIV[ 

PP';~T+l "'LIT 04 M)[; 1 "IS nwc 1 .l Oi~ 
pLJf AI)D Aj)DiH!lS ( ... Oi~D) LIF BUFfE'H 

I AJB PIS ,i RUC nON N£ED~ f3" H. AvDRi:.S~ 

1 Sf A K T:. fd -1 

pt'Jr~T+? PuT Jt~ hOb'I"ISTlWt:l10N 

:: : ~) £ t .1 wuHu Tn ~I,ARl PLCOPHOLESSUR 
PPOlVA+1 Sf;.Nll COMMI\NO 'ilJ Pleu 
~ 'l-J" T I f I)~ t::Nl)-OF-HLO~1< 

r.Nn-flF-I3LUCI\ 1 ~ f n~RvPT S'J~RUuIINf 

P~'IJ~,VA+l l,~PUT STA1US 

t11l'''1. H RE TUI~N fO CALLLH wTrH 
STATU!:) 1 .... ~ Rt.b IS 1 f 1\ 
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:3 0 :1. 5 Teletype 

:3, :3 0 501 Description 

I , 

I ' 
I 
! 
I 

I lntelli'gent cable 14632-01 provides a current loop interface between II modified ASK -:~J 
Teletype and an LSI Series computer 0 This Intelligent Cable provides a Tdetypc motol' 
on/off control and a Reader control for the Paper Tape Reader 0 Therefol'e. t1h~ Tell'typ<' 
should be modified for improved performance of certain remote control functions :IS 

described in Computer Automation document 91-222150 The cnble's PicoPI'Oce:,;:,;ol' Ill't O rOI'lIl:;! 

all f)f the data and control signal conversion (serial-to-parallcl and paraJlel-to -serial) 
required to control Teletype operation and data transfer to and from the cievie(', 

The Teletype PicoProcessol' controls Teletype op.eration in half-duplex mode ill W lIi('h 
data is transmitted to or from the Teletype, but not simultancously 0 Usc of the "Echo 
Incoming Data" feature causes input' from the device to be automatically "echoed" bach 
to thc Teletype for printback without the need for separate software instruetiong to outain 
a printback 0 

The selection of an input or output operation and the selection of the Echo feature arc 
made by setting the appropriate mode control bits of the Command Word. Additiondl 
bits of the Command Word are set to select character detection and parity bit· 
standardization. 

The Character Detection feature provides automatic detection of the 7-bit ASCII Carriage 
Return character (: 00) 0 The PicoProcessor generates an End-of-Block interrupt when 
Carriage- Return is received to terminate the input operation even though the input buffer 
(specified by the Auto I/O instruction) has not been filled (byte count 1- 0) . 

When the Parity Bit Standardization feature is enabled, the most-significant bit of all 
incoming data characters (bit 7) is set to the same value independent of its actual 
value 0 In this way, all characters can be examined in the same operation, . 
whether they use off or even parity. 

, 

3,3.5.2 Physical Details 

Cable Lengths: 
PicoProcessor to IOD, 4 feet 
PicoProcessor to Teletype, 12 feet 

Standard Channel Number, 4 (device address field=: F8) 
Standard Data Service Interrupt Address, : EO 
Standard End-of-Block Interrupt Address, : E4 
Interface Logic (~ee 303.5.6) 

3.3.503 Teletype Status Word 

'l\) control the transfer of data to and from the Teletype, the PicoProccssor sequences 
through a series of operations based. in part. on the state of individual bits of the Telet~'p(' 
Status Word 0 The Status Word. shown in figure 3-25, indicates certain operntional nnd 
\'1'1'01' conditions in the Teletype 0 When the PicoProcessor receives an input instruction 
l'cquesting device status, it immediately transfers the entire Status Word to the CPU on 
bits 0 through 5 of the datu bus 0 Input status can be requested at any time, but is usually 
requested after an End.cof-Bloek interrupt to determine the reason for termination. 
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An I':OU illtf~I'I'upt eaused by un Ov(!rrun or Parity El;ror will not be indi<:at(~ct hy tile st;Jtu~ 
wor'd. If II) I status hit:-; are in the proper state. the hyte count at the npPI'upri:lte nJ('IlHH'~' 
,I ()(~:tt ion rn II st 1)(' e he(! k(,!d (for byt(! eou nt - 0), If C harader ilcketio/1 is S(') ('d 1-'«. 1 Ill' 
:IPPI'olll'i:lk IIH'1Il0t'Y loealiotl must I>(~ checked 'fof' r'('ceipt or n C:IITi:lg'" 1:"1\11'11 ('11111':1('1"1'. 
If lIl(~ hyl,' ('011111 do(!s lIot <'1111:11 z(~r'() and if' Ch:IJ':Ie\('l' 1J1't('C'lioll is s('If'(''''c\ alld 11(1 l':II'I'I:q~'I' 

,J{I~I Ill'n 1l:IS 1)p('11 r'cepiv(!d, :tn ()v(~r't'IHl OJ' Parity En'or pxists. 

Dat:1 Hit J ,I :~ 

l_~\-

1 I j 

I I I 
L= 

2 0 

(unwwr!) [) 

(unuse'd) -- 0 

(unuscd) ::: 0 

Data Hendy = 1 

Transmitter Empty :::- 1 

Framing 1':1'1'01' -:: 1 

Figurc 3-25, Tclctype Status Word 

Following' is a definition of eaeh status bit. 

~~~:~I!)i_r~.g_!':.!'!'or. This status line is true to indicate that a valid stop bit was not 
presC'nt in the r(!l'cived character or the break key was pushed. This line is reset 
prior to p;lch transfer block und updated for each character transferred, 

Dat~ Rel.Hl.l' This line is true during an input operation to indicate that an ('ntire 
character has been received by the PicoProcessor Receiver, Data is available to 
be transfcrr(~d to the CPU. This line is reset after eaeh data character has been trans-
ferred to the CPU, !' 

}_~!:!!.!!~r.rli_~.t~'r~_l':\1lp.!l.' This lirw is true during an output operation to indicate that 
the Pieoi'I'oeessor Transmitter (buffer) has serially transmitted an entire character 
to I hn Telptype, Another character ean now be transferred from the CPU, It is reset 
pl'jnl' to (':Il'!1 h\t)('k tl'nnsfer. 

('I'I.t:1i11 l'iCO\'I"ll'('S:;OI' :tlld dt'vi('I' opl','aliolls al'(' :-,;('I1'(''''d hv tll(' IIIl11h' hils ~ltil~; II :1) 
r)f thl' ('011111\111111 WOI·d. I\dd it i()II.11 hi t!; III I Ill' (·OIIIlIl.lIld \.,.,,1 d .11,' !;1'1 I,. ::,·1.·.·1 ,·h.II.I,·I,·1 

d"!"..:1 ir'lI --inti I'dt'itv hit :;Landal"(ij~Clt,ion. 

,','\ 

Hit n (T"ldyp(' [\jotor Off). The state of this bit controls operation of the "\'}ntype 
mlltol·. \\'\11'11 t his bit is :I "0", the motor is tur'rwd on; when a "1", the motor is 
111l'lwd off. Tlti:·; Ilit is r'esd to "motor on" condition, AftC!r thc motor' has been off, 
it I'l'(pli}',,::; liun illS to ~Ittain operating speed when it is turned on. This delay must 
bl' :IlTomplislled by software, 

Bit I (!-'('kl't Output). This bit seleds n data output operation. It is set to "1" to 
l;;;l'flll'm :1 d:lta Olltput tl'allsfer, A "0" level selects an input data tl':tllsft'l', The hit 
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is used internally to control the Pi coProcessor operating sequenec to perform l'itlH'I' 
un input or output operation, The bit is reset to the input sequence, 

Bit 2 (Enable Teletype Reader), This bit. when true (:-1), ennblc~ ()p(~l'atioll uj' 

Hie'-'reletype Paper Tape Reader. An input operatioll will then input data {'I'OIll tIlt' 
Teletype Reader, When this hit is false (0), an input operation inputs ollta frolll til\' 
Tcldype keyboard. Th(~ bit is reset to the keyboard input mode, 

Bit 3 (Echo Incoming Onta) .. A "I" in this bit selects the Echo mode of()p'~l'ati(l\1 in 
which the serial input dRta is returned or "echoed" back to the devke as it is l'('l,\,j \,', i 
by the PicoProcessor. It is typically used to obtain a printback of datn input to tIl(' 
PicoProcessor from the Teletype keyboard. but will echo data from tlw Rpaucl' ;I~ 
well. The bit is res(~t to the non-echo mode, This bit is not significant in :tn o\llplIt 
operation. 

3,3.5.5 Operating Sequence 

The PicoPl'oeessor has 16 unique sequence addresses (: 0 through: F). When it recl~iv('s 
n Command Word with the Begin bit set to "1", it immediately begins operation ut the 
sequence address specified by the Branch Address field of the Command Word. StandnJ'd 
software enters Hw seq1J(mce at one of the following sequence addresses. All mode bits 
arc zero unless otherwise specified as "1", Teletype motor is "on" for each operation. 

~~~_~e nee A ctsl.l~~~~~_ 

: 1 
: 1 (mode bit 2 ::.: 1) 
:1 (modebit:{=1) 
: 1 (mode bits 2 a nrl a - 1 ) 
: 1 (mode bit 1 := 1) 

Qp5::.!'~~ti~f!. 
Stnrt Input 
Start Input (Header Ennbled) 
5tH!'t Input in Echo Mode 
Start Input (Reader enabled, Echo Mode) 
Start Output 

3.3.5.5.1 0l::'!l?~_L~~E(~!'~_~~!l' Details of the TTY PicoProcessor operating sequencp for 
an output operat.ioll al'<~ shown in the flow clH:ll't (figure 3-26). The operating RCqUl'lW\' 

(firmware) controls the tnl.llsfer of data from the CPU to the PicoProeess{)I'. 'I'll(' ~ll'tll:tl 
data transfer to the Teldype is perforrnpd by a Serial Transmitter in the l'ieoProc('ssPl' 
which nlso converts th(~ datn from parallel-to--scrial lmd provides buffering. Opel'ation 
of the transmitter docs not apIH~ar 011 the flow ehar!. bllt firmware timillg and g'crH'ratioll 
of interrupts is dnnp on Hw basis of signals from the transmitter. 

Following is a descripti(llluf the flow ehart with each segment of the sequence identified 
by name and sequence address. 

IDLE (: 0) 
'-_>4--._-" 

Th~~ Picoi'rocessor is initilllly in the Idle state with th(' Teletype motor turned all ns a 
result of a R(l8Pt command or because of the generation of an End-or-Bloc\( interrupt. ; 
A Begin eommnnd stnrts operation nt the sequence address specified by the Branch _\ddl'('s,,; I 
field of the Command Word, 
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c' 

T LJ 1.1; 

( :U) 

TDLl': 

YES 

Start at 
Spc,cified 

Sequence Address 

NO 

WAIT 

COMPUTER AUTOMATION. INC. ~ 

S'I'AR'l' (:1) 

YES 

Reset 
Pi coProcessor 
Transmitter 

NEXT OUTPUT 
( : 7) 

NO 

YES 

Generate 
Data Servi.ce 

Interrupt' 

NU 

YES 

YES L-____________________________ ~~ 

EOB INTERRUPT 
( : F) 

Generate 
EOB 

Interrupt 

Figure 3-26. Firmware Sequence - TTY Output 

3-41 



o 

··1 

, , i· ''s± 

'm!' ·"W1t h' \ rIIfflew''W if 'if eJ. *t\Wltt'..... It !,!ttr:I.HI.!W +'ri"" IA'''#' t ..... 1d!t:!tt:' 

-e 

The PicoProcessor monitors 11 status line from thetram;mittm' buffer (TrnllSllIittul' J':llli1tV) 

which is true when all data (previously transferred from the CPU) has 1)('('11 s(~r'i;lIly 
shifted out to the Teletype (previous data transferred). The PicoProcessol' waits fOl' 
this line to go true. then generates a Data Service interrupt. 

The Auto I/O (output) instruction at the interrupt locution is executed :nul 011(' eh:tl':tclp!' 
(,f data is transferred from the CPU to the PicoProcessor. The byte count :lnd Il1Cmfll'V 
a ddress pointer are incremented. If the data was not the last to be transfer'!'( 'Ii. hy it' 
count =: O. The PicoProcessor then checks for a Framing Error and gcncI'atl's all Fnd 01' 
Block interrupt if an error exists. 

The Transmitter Empty line is again monitored, The PicoProcessor waits for this I illl' tn 
go false indicating that the data transferred as a result of the Dllta Service interrupt 
is now in the transmitter. The PicoProcessor then repeats the Next Output Scquence 
where it waits for the transmitter to signal that the entire character has been serially 
transferred to the Teletype. It then generates another Data Service interrupt to output 
another character from the CPU. . 

~~ST OUTPUT (: D) 

When the last data character has been transferred to the PieoProcessor, the PicoPl'ocessor 
monitors the Transmitter Empty status line. It waits; first, for the line to be false 
indicating that the character from the CPU is now in the transmitter. It thun waits f01' 
the line to go true indicating that the entire character has been serially shifted out 
to the Teletype (all data transferred) . 

~QB INTERRUPT (: F) 

After the entire character has been shifted out of the transmitter at the end of the 
Last Output. the PicoProcessor generates an End-of-Block interrupt. The interrupt is 
also generated when a Framing Error is detected. Upon service of the interrupt. tlw 
PieoProcessor returns to the Idle state. 

3.3.5.5.2 Inp~~_9.£~!:~~i<?.!~, Details of the TTY PicoProecssor operating sequence for an 
input operation 18 shown ill the flow chart (figure 3-27) . The firmware sequence e()tltl't)l~ 
the transfer_ of datu from.the_J>icoProeessor to the CPU. The actual transl'('1' of dn tn 1'1'0111 

the TE.~letype to the PicoProcessor is performed by a Sedal Receiver in the PicoPt'(H.'\'~SOl· 
which also converts the input datn from serial to parallel. Operation of the H.eecivt'I' 
docs not appear in thc flow chart. Following is a description of the flow dWl't w ith (~uch 
segment of the sequence identified by tlHine and sequence address. 

n~~E (: 0) 

The PieoProcessor is initiully in the Idle state with the Teletype motor on as a r('sult 
of u Reset command or beeause of the generation of an End -of- Block interrupt. A Begill 
command starts operation nt the sequence address specified by the Branch Address field 
of the Command Word. 

_~TART (: 1) 

PicoProeessor operation starts with the generation of an internal Reset pulse to clear 
the PicoProcessor's Receiver. 
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e,...------------- COMPUTER AUTOMATION; INC. ~ 

-

o 

-

1 [Jl ... P; 
( : () ) 

S'I'AR'I' (: 1) ---.::::.r-
r------, 

IDLE 

YES 

Start at 
SpE-Jcified 

Sequence Address 

RMlet 
Data Ready 

YES 

YES 

Heset PicoProcesf;or 
R.eceiver 

NEXT 
( : 7) 

STEP READER -
Input one character 

NO 

YES 

Generate 
Data Service 

Interrupt 

YES 

Fig'Ul'l' a-27. Fil'mwul'c Sequencc - TTY Input 
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~EXT _!NPUT (:'7) 

The PicoProcessor WHitS for the Receiver to be cleared. Thc PicoPI'()('('s:-;()J' f_~('Ij(')'atl'~. 

IJ signal to step the Teletypc Reader one character position. Data is tlW11 ill!>ll! 1"'OIi1 lilt' 

Teletype in serial form until the Receiver hm; input an <-'ntirl! chal'l/vll-l', This i'-> itldll"I\t"~ 
by the Data Ready status line going true. The Picol'Y'oeessor thull g'cll(!I'al('s :1 1);1\;' :..:, '1'\ '\ ' 

interrupt to transfer the character to the CPU. 

If the character was not the last to be transferred, the input charactcr is ('hc('kl!d lo\' 

• 

an Overrun or Parity error, a Data Ready reset is g'('nerated and then Fr'aming' ErI'Ol' st,lt I" 

is checked, If any error exists, an immediate End-of-Block interrupt is g'(!nerakd, 
Otherwise, the PicoProeessor returns to the Next Input sequence where it waits I'm' till', 
Receiver to clear and then inputs another character. 

EOB INTERRUPT (: FL 
If the Character was the last to be transferred, the PicoProcessor generaks :Ill End-lIt' 
Block interrupt. It also gcnerates an End-of-Block 011 an Overrun. Parity or Fl':l11l ill~': 
Error condition, Upon service of the interrupt, the PicoProcessor returns to t h(' IIIit' slllt-

OJ. 3.5,6 Interface Description 

•... , .... 

PicoProcessor /1 
........ 

OD bus 
-

PicoProees SOl' 

L..--._-

-
-

-

TTY In 

TTY Out 

Motor On 

Motor On RetUl'11 

Reader Step 

Figure 3-28, Teletype Interfuee Lines 

Intcrfuee lines b(·tween nw PicOPl'OeeBf-;Ol' lind the T<>Idypc (fiv,ure a-2R) illclu<il' 0Ih! sl')'iaI 
data output li.ne. olle f;nt'iitl data input line. onc control line to the Td!'!YJl<' motol' and (1I1l' 
control line to tht~ Pap('l' Tap!.) He;t<!<'l'. Illtcl'facp timillg' is slll)wn in figUI'l' :J:JO . 

1. T'I:y_~. This is the serial data input line from the Teletype. Its levds arc 

mark::: 20 ma current flow =, I 
space::::: absense of current == 0 

The PicoProcessor serial data 'input circuit is shown below. The minimum required 
loop voltage supply for 20 ma operation is 30 volts (maximum 70 volts). 

TTY 
In 

1.5K >- .---.MN-----

180n 
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2. TTY Out, This is the serial data output line to the '!'pletYPL'. Tlw l'iCUPl"lh'('~S()I' 
s~:i'T:li ilata output circu it for driving a current loop dev kc is a common-c'm itt •. 'T' ('W'I'l'nt 

switch enpnble or sillking a minimum of 20. m:.l (shown h(')ow). 

1.5K 
TTY Out 

TISIOI or equiv. 

:~. Motor On. This negative-true line is under the control o( mode bit () (ill till' ClIllIl1l:111d 

Word):-rt turns the Tcletypr motor on or off. The lirw uses TTL log'il' Il'V('I~ \V I WI'!, 

true (OV) tllrns the motor OJ) and false (+5V) tUl'llH til<' motol' off (showlI bl'low). 

Motor On 

equiv. 

4. Motor On Return. This line is a signal ground. 

5. Stc:p Reader. This line is pulsed under the control of the PicoProcessor and enabled 
by mode hit 2 (of the Command Word). It uses TTL logic levels where true (OV) 
stl~PS the R(~nder. 

step Reader 

7438 or equiv. 

Fig'ur(~ :3-29 shows the detailed curl'cnt waveform for the eurrent loop intelligent cnblf'. 
Interface timing is shown in figure 3-30. 

Current Waveform for letter "u" (even parity): 

Start 

1 
Bit 

1 2 :3 4 5 
Mark - r---

Bit /parity 

7 R /,- Stop 

_ L.._---' ____ ~ _ ~ -~-~-_2-_-~+s_-e-=ectable) 
1 1 I 1 IU~itl un~ts 

6 

Space 

~_1 I 1 

1 1 

11 units of time 
(time dependent on selectable baud rate) 

Fig-L1t'l' ;; ~!). ('UI'l'Nlt Wavpf'ol'm - Cllrrent Loop Intellig-<'nt Cahle 
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:1.:~. 5.7 Strapping Requirements - See figure 3-31. 

~l. :l.;;. R Device Cable Description 

The Teletype cable is 12-fcet long and terminated on thl~ Picol'roecssor (~IHI witll (Htl' 14 pili 

DIP plUg" (P4) ,The Tcletype end of the cable is terminated with a 15-pin connceiOl' 
that mntes with Teletype connector ,J2, Figure 3-32 lists all illted'ace lirH''' in tlw l'nll/(' 

Ill1d identifies the connectors used, The location of the matin~ conneetor on till' Pi('()\,,'p 

eessor is shown in figure 3- 31, 

INPUT TO DEVICE 

I-+- 30 ms .. , 
Step 

5f 

(Note 1) 
Last 

Start 18 Stop 
Data [ 

(From Device) j 

-.f ~ o ns (min) 

Data Ready 
(Note 2) 

ou'rpUT TO DEVICE 

Transmitt.er 
Hegister Empty 

(Note 2) 
.---------lH 

Last 

Bit 

r-- NOTE 3 

Start Stop Bit St.art 

·~U-. -.. _-_-~===-_=====:H-.-,---I----,----..'----'---Data 
('ro Devi ce) 

NOTES: 
1 - For Reader input only 
2 - status lill(, c1vailable only to Programmer 
3 - Minimum time t'qu .. tl t.O the instruct.ion time of the Auto r/o byt!' in~;trucli()l1 

plll!, 4 sec. For ins truction time, see the Appendix of th(' dpr,)'opria tt· 
Computer Halldbook. 

Figurf' 3 - 30, Interface Timing - Current Loop Intelligent Cable 
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In oJ H~fI 

In In 
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General & Check I'ar i ty 
On .. Stop Bi I 

Wurd I.(~IlLJ til/, 

Word Length I 
Odd Parj ty 

f.~(·nC'r,.lt I.' ,l111J ('IIf"'-)/' l'rlrit'/. · .... "j('Tl IJi:idill,,(1 
III 1 Blt 

(Jdd/.''J' 'n I'elr.i t·, I (lpt'!! j'\.'f·rl ''.It i I 'I 
1 rI I j·l tldr j t,' 

J2 o 
Teletype~ 

Jl o --+- rOD o J4 

Install the required jumpers on the J3 header. Use Number 24 to 28 solid wire. 
Solder all connections. All jumpers go straight across the header. 

Figure 3-31. Connector Locations - Teletype PicoProcessor 

From To From 
Description Description 

, 

1',11 I ty I 
i 

To 

Conn Pin J2 Pin Conn Pin J2 Pin 

P4 

P4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Ground (not used) -- P4 11 Motor On 
Ground (not used) -- t 12 Step Reader 
Ground (not used) -- 13 Ground (not used) 
Ground (not used) -- P4 14 Ground (not used) 
Ground (not used) --
Ground (not used) -- Tied together 
Ground 4 in cable 
TTY In 5 

1+45v TTY Out 7 
I I'.1otor On Return 11 

____ Molex 1375P 

I Iff I 'B.· Teletype Connector: 
L ___ L-______ ~. L-____ ~\~\-. __ ~~ J2 Molex 1375R 

N 

12 
15 

1 
S 
6 

l·~-pin DIT' plug 14-conductor ribbon cable 
Conc1lwton; "n-' '1(, AI-Ie str.ancied 
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ComputerAutornation ~ - -.. e 
3.3,5.9 Programming Example 

The Assembler Language stutements shown in Table 3,5 demonstrate OIH,' llH'thod f(ll' II~ill!, 
the Distrihltted I/O System. The technique is based on the IJrogrdmmi ny j f1 r ")-PI,! t iiI i I 

,'-;('C t: ion 2. 

Tlw demonstration code faIls into three distinct pal't~: IIltel'l'upt LOClitiollS, I/() 11litiilti \I' 

II nd End-of- Block Serviee, 

The first part of the code defines and fills the standnrd locutions aSSOL'iatl'd witll I( ll) 

channel to which the device's PicoProcessor is connected. There .Ul' six l')l'.I: 1, ' 

involved of which two -- the Byte Count and the Buffer Location -- aI'" d\'ll.lll,i,· 

for each rio Initiation, while the reamining words call bE' fixed .It proql',1\'1 ll',l' 

time. 

2. I/O Initiation 

Tlw second part of the code accomplishes the transfer of one physit'nl l'C'l'Ol'd (':It'll 
time the user's main--line program executes this instruction: 

CALL KEYIN 

It is assumed that t}J(' calling- program has previously set up these two words: 

BYTCNT 
BUFADD 

Number of bytes to be transferred 
Word address of record buffer 

The demonstration code converts this information into the form required by :Ill Auto
matic I/O instrUdion: negative byte count and byte address of the buffer milllls one 
Once these computations have been stored into the interrupt locations. the PknPI'O
cessor is sent a command sp(~cifying: 

Begin at Branch Address : 1 

Notice thnt tile i)(~vk(~ t\ddl'f~SS IIsed in this scqlll'lH'(' is ('oded with till' saml' Ik\'i,'I' 
Address us~~d in theilltprrupt )(wation. plus Of\P, Tlw IIs~l'mbl(~d obiI'd eo(\(> will 
indicate the tJ'nnsf(~r of' :l (!(Inlln:lnd. rather thlln of data. 

No attempt is mude in the dl?IlIOIIstl'atioll eode to overlap record tl'lIl1sl'l'l' with ('I'll 
activity. Instoad, n dead loop is iSSiJed -- JMP $ -' until the PieoPl'OC('Ssor il\tel1'llpt~; 
not to the Data Sr:!('vice interrupt location, but to the End-of-Block Joeilt ion. At tlli~
point control passes to the subroutine labelled EOB. 

Elld-of- Bloel{ Serv ie.1' 

The End-of-Blocl( Huul'outine could perfOl'm 1'1'1'01' analysis, retry, etc. TIll'd('moll
stration code simply obtains' dE.wice status from the PicoProcessor and passes ~t<ltu!:' 
back to the main-line program through the A register. 

'--------.-,-,--.-.-,~---.----------------------.......I 
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Table 3- 5. Progrllmming' EXllmple 

: L ~j 
:r~ 

T ~ T r~ T 
TYPt_VA 
'f.-lit 

It 

~IANDARD ITV/l.HI I~'lr~~f~IJPI 
srANDMh) ITYIlRi LlfVlt-L Al)!'H[~)S 

11'4 H. "HHH' T F OR F.i~r .. nF -t:! LuL j< . 

.. :f, + 1 C~. Ll. E ~Jt) - U F - 'H, (I C K R U I J1 r N r 
[Uti 

e:rHRY PUINT FOR KLYt.lOA~1) PH..) II I 
81T~Nl N Of BYlES r~ MES~A~E 

T'(INT+l 
8UfADD , 
1 
TYJNT+~ 

AlB INS'R~CTIUN NEEDS NEGAT(Vt 
IJUT IN Alb l"1~TlWC r .lON 
ADn~f~3 (WORD) uF qUFFCk 
ALB INSI~UCTIUN NE.fDS R~T~ ADURlS~ 
STAHTS 1\1-1 
PUT TN ~Ib l~utRU~T,nN 

-:wot8 WORO Ta SIART PICOPkOCE3SUR 
T~OlvA+l SlMU TO riCU 

WAIT FOR [ND-UF-KLOCK 

f NU .. OF -dLUCi\ r N rEHR~p T ~lJljrwlJr INf 
TYOlV/\+l INPUl SrAIUS 
r. ( V I N ru. r URN I () CAL LUi 1'/ J II-! 

S r A r lJ S HI ARt: G 1 3 I E 1< 
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~l . 3 . 6 CRT or Modem 

:3 , :1 • () ,1 Description 

Int('lligent Cable 14630--01 provides an interface between an nsynchronous EIA -typc' eH'!' . 
sllch flS the ADDS Model 580 or equivalent, and an LSI Series computer. 

I 

Intelligent Cable 14630-02 provides an interface between an asynchrunous Mockm. such 
lie.; till" Bell Model 10~~ or equivalent, and the c9mputer. 

Thl' Cable's PicoProcessor performs all data and control siv,nul conversion (sl~I'i(}I-to 
PHl'llJlel and parallel-to-serial) requil'0.d to control device operation and data trallsf(~l' 
to Hwl from the device. 

I 
.1 

Thl: PicoPl'ocessor controls device operation in half-duplex mode in which data is tr;lI1s
mitted to or from the device. but not simultaneously. Usc of the "Echo Incoming ])ata" 
feature causes input from the device to be automatically "echoed" back to the device for 
display without the need for separate software instructions to obtain a display. 

The sdpction of an input or output operation and the selection of the Echo fentul'e arc 
made hy setting the HPpropriate mode control bits of the Command Word. l\ddi t ionaJ hi l,; 
of tll" Cormn,llld Word are set to select character detection and parity bit 
,; t ,llidd rd i. z i1 tion. 

The Character Detection feature provides automatic detection of the 7-bit ASCII Carriago 
Heturn character (: OD). The PicoProcessor generates an End-of-Block interrupt when 
Cart'ing'e Return is received to terminntc the input operation even though the input buffer 
(specified by the Auto flO instruction) has not been filled. 

When the Parity Bit Standnl'dization feature is enabled, the most-significant bit of all 
incoming' data characters (hit '1) is set to the same value indeoench,n t of its actual va 111P. 

In this way. all data char.acters can be examined in the same operation, whether they 
WlC odd or even par i ty. 

Charaetcr length nnd parity format are selectable as described under 4.3.2.1. The baud 
rate is st~lectable in the JOn as descrihed under 4.3. 1 .2. For additional information on 
deviec operation. rder tIl the device iustruction manual and to the EIA HS232 specificatiolls, 

3.3. f'. 2 Physical Uetails 

Cable Leng'ths: 
PicoProeessoI' to IUD, 4 feet 
PieoP1'oees~or tu j)pviee. 12 feet 

Standard ChHlHlei N!lml)(~t' 
CHI', 4 (Deviee Address fipJd := : 1"8) 
Modem, 2 (Device Address field ::: : F4) 

Standard Dat~ Service Interrupt Address: 
CRT. : I~O 
Modem, : DO 

Standard End-of- Bloc};; Interrupt Address 
CRT. : E4 
Modem, :DoI1 

Interface Line Description (sec :L 3.6.6) 

3,3.6.3 Device Stotw; W(I['() 

To control the transfer of data to Hnd from the device, the PicoProcessol' sequences through 
a series of opcl'utioJls bnsed, in pa 1't, on the state of indi vidual bits of t1H~ device Status 
WOl'd. The Status Word, shown in figul'e 3- 33. indieates certain operational and error 
conditions in the Device. When the PicoProcessor receives an input instrllction requesting 
device status. it imnwdintdy transfers the entire Status Word to the CPU on hits 0 throug'h 

\- so 

I 

. I) tot 
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G of the data bus, An EOB interrupt caused by an Overrun or Parity Error wjJl not be indi
cated by the status word, If all status bits are in the proper state, the byte count at the 
appropriate memory location must be checked (for byte count = 0), If Chm'lIL'tcl' Detection 
iq ~f'I('ded. the appropriate memory location must be checked for reepipt of n (':trl·i:q.!'(' 
Return chllrlwt('r, . If the byte count docs not equal ;1.<'1'0 and if Character D<'tcct iOIl is 
selected and no Carriage Return has been received, an Overrun or Parity EI'I'OI' exists, 

Data Bit 5 4 3 2 1 0 

lxlxl xlxlx Ixl 
II' t Carrier Detect = 0 

Clear to Send = 0 

Data Set Ready = 0 

Data Ready = 1 

Transmitter Empty = 1 

Frnming Error = 1 

Figure 3-33, Device Status Word 

Following is the definition of each status bit: 

I, Carrier Detect, For the Modem Intelligent Cable. this line is driven true during an 
input operation by the Modem (Data Set) to indicate that it is receiving a signal which 
meets its suitability criteria. For the CRT Intelligent Cable this linc is connected to the 
Data Terminal Ready output line of the CRT. The PicoProcessor monitors this line and 
the Data H(~ady linf' to determine when a full character has been received. 

2, Clear to Send. 1"0[, the Modem Intelligent Cable this line is driven true for an output 
opcratioil T>yThe Modem (Data Set) to indicate it is ready to transmit data. For the 
CRT Intelligent Cuble, this line is connected to the Data Terminal Ready output of 
the CRT as is Carrier Detect. The PicoProcessor checks this line to determine if 
drltn can iH! transmitted. 

3, Q~~t..:l_ Set. __ li_~~~!.l' This line is driven by a Modem only during an input or output. 
It indicat('s thc status of the Modem, The true condition indicates that the Modem 
is ennne('t(~d to It communications channel and is not in test. talk or dial mode and 
thnt it has completed any applicable timing functions required to complete call 
establishment. 

4, Data Ready, This line when true during an input operation indicates that an entir(' 
character Tins been received by the PicoProcessor Receiver, Data can now b(' trans
ferrcd to the CPU. This line is reset after each data character has been transferred 
to the CPU. 

5, Transmitter En~~~. This liIH~ when true during an output opel'ation ind icutes that 
the PieoProcessor Transmitter has serially transferred an entire character to the 
device. Anothcl' ('ha1'acter can then be transferred from the CPU. This line is resf'! 
pl'ior to eaeh bloek transfer. 

(i, Framing Error., This status line when true indicates that a valid stop bit was not 
present in the received charadeI' during an input operation or that the Break Key 
has been pushed during an input OJ' output. This line is reset prior to each block 
transferred and updatpd fcw each character input. 
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3.3.6.4 Mode Bit Significance 

Certain PicoProcessor and device operations are selected by the mode bits (bits O--:l) 
of the Command Word. The bits are set at the beqinninq of an input or output 
oppration. Once set, th0Y cannot he chanqed until the ope>ralion is cOll1pl,·t('d. 

1. Bit 0 (DAtu Terminal Not (lcady). This is the Data Terminal Not ({cady line c!r'i v ('11 

by the PicoProcessor indicating that the PicoProcessor is ready. This bit is ]'('sct 
to the Data Terminal Ready condition. 

2. Bit 1 (Request to Send). This is the Request to Send bit. It is set to "1" to se Icc! 
a data output transfer. A "0" level selects an output transfer. The lJit is used intel' 
nally to control the PicoProcessor operating sequence to perform either an input 
or output operation. When reset this bit selects the input sequence. 

3. Bi..!-..?. This bit is not used by the CRT or Modem. 

4. Bit 3 (Echo Incoming Data). A 111" in this bit selects the Echo mode of operatiuJ-: ill 
,.vhich the serial input data is returned or "echoed" back to the device as it is rec(~ived 
by the PicoProcessor. When reset. this bit selects the non-Echo mode. 

3. 3.6.5 Operating Sequence 

The PicoProcessor has 16 unique sequence addresses (: 0 through: F). When it receiv(,s 
a Command Word with the Begin bit set to "1", it immediately begins operation at the 
sequence address specified by the Branch Address field of the Command Word. Stand,lrd 
software enters the sequence at one of the following sequence addresses. All mode bits 
are "0" unless otherwise specified as a 11 1" . 

Sequence Address 

: I 

: 1 (Mode bit 1 :: 1) 

: 1 (Mode bit 3 :: 1) 

:3 

:4 

: 4 (Mode Bit 1 :: 1) 

Operation 

Start Input 

Start Output 

Start Input in Automatic Echo mode 

Ring' <Modem only). Wait for DSR (Data Set Heady); then 
generate EOB interrupt. Answer call and infol'Jl1 CPU. 

Ring In (Modern only). Wnit for DSR, then stn rt input: 
generate EOB interrupt when complete. Answer call and 
start input sequence. 

Ring Out (Modem only): Wait for DSR, then start output 
operation; generate EOB interrupt when completed. Answer 
call and start output sequence. 

3.3.6.5.1 Out~Q£~E.I!tir~m. Details of the CHT/Modem PicoProcessor operating sequence 
for an output operation arf' shown on the flow chart (figure 3-33). The operating sequence 
(firmware) controls the tr.lIl:;fel' of datu from the CPU to the PicoProcessor. The actual 
transfer of data to the d(!Vlc(! is performed by a Serial Transmitter in the PicoProcessor 
which does the parallel-to-serial data conversion. Operation of the Transmitter does 
not appear on the flow chart, but the firmware times the generation of interrupts on the 
basis of signals from the Serial Transmitter. 
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IDLE 
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Specified 

Sequence Address 

<:21:1r<":dk Ke 

Pushc;d 
? 

" NO 

YES 

}{ 1. NG OUT (: 4 ) 

(MODEM ONLY) 

Reset 
PicoProcessor 
Transmitter 

NO 

Generate Data 
Service Tnterrupt 

NO YES 

NO 

LAST 
OUTPUT 

( :D) 

Transfer 
DdL.l to 
f)l'V icp 

rJttttfm. 

Generate EOB EOB 

'$ I) II 

I 
Trdnsfer 

Datil bJ 
Df..~'\' i Ct~ 

Interrupt INTRPT. 
'--______ ~ ( :F) 

FigUl'e 3-34. Firmware Sequence - CRT/Modem Output 
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Following is a description of the flow chart with each seg'ment of the seqlJ('IH'l' idelltiti('d 
by name and sequence' address. 

IDLE (:0) -.---------

The PicoProcessor is initiully in the Idle state :18 a result of :I !{esC't COmlll;lll<\ 01' 1)('\'1IIIS\' 

of an End-or-Block interrupt. A Begin command start~; I'icol'roeessor OP<'I':ltioll :It Uw 
sequence address specified by the Uraneh Address field of' the Cumm:llld Word. 

This starting sequence address is used lJy modems to start an output OP('!':t1iOll only aftt'\' 
Dat:i Set Ready (DSR) is receivud, The PicoProcessor waits for DSH to bCCOllH' tl'lIe l>t'fO!'(' 
proceeding with the output operation. 

START (: 1) --, .~---.,----. 

The output operation is started immediately when the sequence address of : 1 is specified 
in the Branch Address field of the Command Word. The PicoProcessor gcnerates :1 500 
ns Reset pulse to reset the PieoProcessor Transmitter. 

N~J5T OU1~~UT (: 7) 

The PicoProeessor monitors the Transmitter Empty status line and waits for it to beeOIl1l' 
trup indicating that the transmitter is cleared of all data. It then monitors the Clear 
to Send (CTS) line from the device, If this line is true, indicating that the device is 
ready to accept data, the Pic'oProcessor generates a Data Service interrupt to transfrr 
data from the CPU to the Pico Processor Transmitter. If CTS is false, the PicoProeesSt'r 
generates an End -of- Bloc k interrupt. 

If the data transferred (as a result of the Data Service interrupt) was not the last byte 
of data to be transferred. ,the PicoProcessor checks the Framing Error stntus line :lnd 
generates an End-of.- Block interrupt if the line is true (framing error exists). If the 
line is false. tlw PicoProcessor checks the Transmitter Empty line. Tlw PicoProcl'ssor 
waits for this line to go false indicating that the data transferred as a result of the D;ltn 
Service interrupt is now in the transmitter, The PicoProcessor returns to ttll' N('xt Output 
sequence and waits for Transmitter Empty to become true indicating that till' t'nth'(' cl1:11' 
actor has been transferred to the d('vice. The PicoProeessol' then etwel<;s t'TS :md 1·~·(,1H'1· 
ntvs the !l<'xt 1)l1tll S('I'vic'p intl'I'l'Upt. liS hl'fore. 

LAST OUTPUT (: D) 

When the last character has been transferred to the PicoProcessoI', the PicoProcessor 
monitors the Transmitter Empty status line. It waits. first. for the line to become falSI> 
indicating that the charadeI' from the CPU is now in the Transmitter. It then waits for 
the line to become true indicating that the entire data character has been output to the 
device, 

EOB INTERRUPT (: F) 

After Transmitter Empty l)('comes true at the end of U1(' Last Output sequence or upon 
detection of a Fruming' Errol' or if Clear to Send is not received. the PicoPl'ocessor 
generates 1111 End-of- Block interrupt. The PicoProcessor returns to the Idle state 
sl'I'vic(' of the interrupt, 
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Sequence Address 

RING (:3) 
MODEM 

RING IN (:4) 

MODEM 

START (: 1) 
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Reset 
:Data-~ , 
Ready 

NO 

NO 

Input Data 
from Device 

Generate Data 
Service Interrupt 

NO 

NO 

YES EOB INT (:1") 

Generate EOB 
Interrupt 

Figure 3-35. Firmware Sequence - CRT/Modem Input 
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3.3.6.5.2 Input Operatio~. Details of the CRT/Modem PicoProcessor operating' sequ(!lH.!(~ 
for an input operation are shown in a flow chart (figure 3-34). The firmware sequence 
controls the transfer of data from the PicoProcessor to the CPU. The actual transfer of 
data from the device to the PicoProcessor is controlled by a Receiver in the PicoPro('pssOl' 
which does the serial-to-parallel data conversion. Operation of the Receiver does not 
appear in the flow chart but firmware times the generation of interrupts on the basis of 
signals from the Receiver. 

Following is a description of the flow chart with each segment of the sequence identifil'ct 
by name and sequence address. 

IDLE (: 0) 

The PicoProcessor is initially in the Idle state as a result of a Reset command or because' 
of the completion of an End-of- Block interrupt. A Begin command starts operation at 
the sequence address specified by the Branch Address field of the Command Word. 

i RING (: 3) 

o This starting sequence address is used only by modems for a "ring and answer" operation. 
A ring is generated to the modem and it answers by returning DSR (Data Set Ready) . 
Upon receipt of DSR. the PicoProcessor generates an End-of-Block interrupt. Further 
modem operations are then dependent on instructions from the CPU. 

RING IN (:4) 

This starting sequence address is used only by modems. In this case. a ring is generlltl'd 
to the modem and, when answered by DSR, the PicoProcessor immediately starts an input 
operation. 

~:rART (: 1) 

The input operation starts at this point. The PicoProcessor generates a 500 ns Reset 
pulse to reset the PicoProcessor's Receiver. 

The PicoProeessor monitors the Data Ready line and waits for the line to become false 
to indicate that the PicoProcessor Receiver is cleared of all data. It then checks the 
Carrier Detect status line. This line is true while input serial data is being received. 
If false, the PicoProcessor generates an End-of-Block interrupt. If the line is true. 
the PicoProcessor next monitors the Data Ready line which becomes true when an enti l'C 

input character has been input to the PicoProcessor Receiver. If the Data Ready line 
is false (serial data is still being received), the PicoProcessor rechecks Carrier Dctect 
Dnd generates an End-of-Block interrupt if it is false -- since the carrier signal is no 
longer present. 

When the Data Heady line becomes true, the PicoProcessor genertltes a D:lta Service 
interrupt to transfer the received character to the CPU. If the character is not the last 
to be transferred I the r'koProcessor checks the character for Parity or Overrun Error. 
resets Data Ready and then checks for a Framing Error. In each case. the PicoProcessOl' 
gencrntes an End-of -Block interrupt on a positive response. If no errors exist. the Pico
Pl'ocessor returns to be Next Input sequence where it inputs the next character. This 
continues until the byte count = O. 
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I 
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I 

H)II INTEIUUJPT (: I") 

If' !II(' Ilyl(' count () ;lftUI' :1 1>:lta S('I'vi(~(' intel'I'up!. it iIHli(,:lks IIt:1I :tll <I:d:1 Iw:; 1)(;('11 
ilI\1I1t alld tile PicoProC('SSOl' g'(mCI';ltcs an End of~ Block inkr't'lIpt, TI\(' l'i,'oi>I'O('('SSOt' 
:iI:"o lr'~ll('t':ltes :tn End-~()f-Block itlt('I'J'Upt when :lll ()V<'I'l'lIli nt' I':ll'it.v 1':t'I'()I' 01' !;l'arnill!!, 
1:1'1"ll'i:; dpt(~ct('d or' if Cart'jer \)clc'ct status is false. Wholl t11"ildt'1'I'Upt is s'.'l'vic('d. tilt' 
I'icnl'rocc'ssor retUl'ns to tl10 Idle stalf'. 

;.:~ -(). 6 InferL1C(' Description 

l'icol'roc( :ssor I IOJ) 
Hus 

,.-----------1 

PicoProcessor 

-~ nata T('I'min:il HC:ld\ 

Output nata 

1----.- 1{('qU!'f-:t to Send (i'.lmklll (lilly) 

elc<lr to Send 

Input l);]ta 

Data S(·t I{('ady (~I()(kll1 ()l\l:-.') 

Figure 3-:Hi. PicoProcessor Interface 

Inl(!d'nc(! linc;s llCtW(~en the PicoProccssor and thc CRT or Modem (figUl'l' J- :H;) inl.'ludc 
(lllP serial dat:l outpulline. one sprinl data input line. two control1ines to tho device. and 
lJtr'('C status lirH's from the Modcm and two from the CRT. Interfnc(' timin~' for the CHT is 
,11Own ill fi(~'ut'(· :3-<17. Illterface timing for the Modem is shown in figure :3-38 (also S(~C 
I'i~"ur<' 'I t9 1'01' dllla format). 

Tlw output lilH's ;11'(! standard RS232 interface drivers. Logic levels are ;1~ follow's: 

Ilat:l Output: 

COIl/I'olOlitput: 

+12V = Space = 0 
-·-12V ::: Mark = 1 

II 2V IISS(~rtioll 

-12V = non-assertion - 0 

Connector 

Output _'_ '\. '\. I. ______ -l =D i-----~ 

1488L 17 /i 
-_ . L ___ J 

or CqU1V. 

PI coProcessor- Output Typical Device Input 

Input liw's ar(' st:tlld:II'c\ RS232 interface receivers. Logic leveh Ul'e as follows: 

[):ttn Input: -:lV to -25V - Mark 
':IV to 1-25V = Space = 0 

Control Input: +:3V to +25V = assertion = 1 
:lV to - 25V = non-assertion .~- 0 
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INPUT FROM DEVICE 

Last 
start Stop ni t 

I Ir-----.,~~f--I___'--.---Data (from device) 

Data Ready (Se~ NOTE 1) 
------------------~f~----~ 

OU~~UT TO DEVICE 

Tranmitter Register 
El1Ipt.y (see NOTE 1) 

Data (to device) 

NOTE 2 

I'" -I 

NOl'E 1: This line is a status line available only to the Programmer. 
NOTE 2: Minimum time equal to the instruction time of the Auto I/O 

byte instruction plus 4 ~se~. For instruction time, see 
the appropriate Computer Handbook. 

Figurc 3-37. Interface Timing - CRT Intelligent Cable 
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----- --.---.-~$~--------

Last 
Ait 

flata (from devlre) 

start. ,Stop 

---+-----. ---=----=~';:2. -I I-- 750 ns 

(min) j' '--~L _____ _ 
-l 

Data Rpady (Sec NOTE 1) 

INPUT FROM DEVICE 

Start 
Data (from device) ----"1 .---,-

Dil ta Ready (See NOTE l) 
.---------~jS---~ 

PING OUT 

r--------.,..------~H~---
Data Set Ready 

start Last stop Bi~ 
--------~--~ ~----~j5---~-Data (to device) 

Transmitter Register 
f\mpty (S(~C NOTE 1) 

NOTE 2 --I 

OUTPUT TO DEVICE 
Start Last Stop Bit 

----------------~ ~------~ --~--------1lata (to device) 

'rranSl'li ttPI RegistC"r 
Empty (See NOTE 1) 

'-----------}J----' 

NOTE 1: Thir; b; d :;tatus line availdble only to the f'rogl".1mmE'l". 

NOTE 2: r,1 i 11 imum time equal t.o the inst.ruction time of the l\Ut0 
1,'() hyh' instruction plus 4 Ilsec. For instruction timl', 
,~~'\' t hI' Appendix of the appropriat.e Computer Il.mdbook. 

Fig-lIre ;1 :18. Illkd'ace Timing - 1\Iodmn IntelligPllt Cahll' 
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Connector 
r ----"1 

I I 
o-~"~--~I_)~ ~~I ______ ~ __ ~ 

l488L I 1 • _____ J 
eqniv. 

Typical Device Output PicoProcessor Input 

Interface lines are described below: 

}. DTR (Data Terminal Ready). This line is driven positive-true by tlw l'iCOP1'OC't'SSUl' 

to indicate that the PicoProcessor is ready to accept or send device data. 'I'll is lilw 
is reset to the true state indicating the Data Terminal is ready. See sl'etion 3.:~. G. 4. 
Modes, for further definition. 

2. XMIT (Output Data). This line carries serial output data to the device from the Pico
Processor's Transmitter. 

:3. RTS (Request to Send). This line is driven positive-true to the Modem by the Pico
Processor to request an output operation. This lines is not used by the CRT. See 
section 3.3.6.4, Modes, for further definition. 

4. CTS (Clear to Send). This line is driven positive-true by the device to inclicatC' thnt 
the device is ready to accept data. See Device Status Word, section 3.3.6.3. for 
further definition. 

5. CDET (Carrier Detect). This line is driven positive-true by the device to indicate 
thaITt is receiving a suitable signal. See Device Status Word, section 3.3.6.:~. 
for further definition. 

6. REC (lnput Data). This line carries serial input data from the device to the PICO\')'()

cessor's Receiver, 

7. DSR (Data Set Ready). This line is driven positive--true by a Modem and inclicates 
the status of the Modem. See Device Status Word, section 3.3.6.3, for further 
definition. 

3.3.6.7 Strapping Requirements·· SarnA as teletype, see figure 3-31. 

o J5 
o J3 J2 0 

'I () To 
. )p,' i ( " ' Jl 0 TOD 

Figure 3-39. Connector Locations - CRT/Modem PicoProcessor 
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: . :1. 6 .1~ I}(~v lC(~ Cabl!' Des('r'ipt iOI1 

'I'll<' (kviec (':Ihk i~; 12 fed long and I(~rminat('d :It tile Pi('()PI'()('('S~;OI' ('lId witll 0111' 1'1 pill 
DIP pJlll~ (1'5). It is t(!rmirwted on the dev1ee end l,y :l 2:1 pill C(Jllrl(~<'II)J' tll:Jt 1Il:"('S wilh 
(,OIlIH'ctOJ' .11 '>11 the devic(~. Fig-lire :\-40 lists :111 illtl'rf":we lirl(~s if) till' c:Ii)I(' :11Ic! idclltifi(!s 
t hI' ('on!H'dol'S us(~d. Th(~ loc:ltion of' ttw mating' eOJlr)(~et()r Oil ttt(, PieoI'J'oC(!SSOI' is shoWII 
ill fi g-ur'l~ :l :3!) . 

....... -----. ,---.------- .--------"T---------.. -

PicoPl'occssor 
-.----_.- Description 

ConI! Pill 

1 Clca!' to S(!nd 
2 Data 'l'crminnl Ready 
:J Data Set R(~ady (Modem only) 
4 Transmitted Data 
5 Request to Send (Modem only) 
6 Carrier Detect 
7 Received Data 
H Ground 
9 Ground (not used) 

10 Ground (not used) 
11 Ground (not used) 
12 Ground (not used) 
13 Ground (not used) 

CI\T 

COT1lljl'ill -. - - .... _ ..... -

.J 1 ~ () 
.J &. S 

I 3 

20 
2 

1 K ,. 

COIIIl! Pill I 
---.. t-----i 

.1 1 I ;i: 
, I 

:~ (l . 

Ii 
.) 

4 
8 
~l 

7 

-- I 
__ I 

Jl I'S 14 I Ground (not used) 
__ ~. __ .L. __________ l.-..L----.1._---U_--'-_--' 

Jl 

J 
.l4-pin DIP pl.ug 

Cannon DB-255 (Modem) 
Jl / Cannon DB-25P (CRT) 

Device Connecto~: 

Cannon DB-25P (Modem) 
Cannon DB-255 (CRT) 

14-conductor ribbon cabl.e 
Conductors 26 lI.WG str;:lllded 

Figure 3· .. 40. CRT/Modem Cable Description 

a. 3.6.9 Programming Example 

For an ('x:lmpl(~ of pr()f~r:Jmming the CRT/ModC!m. see the Programming' Example for the 
'1\~ldype (Tahle :.15). Only the device address and interrupt address will be diffel'pnt. 
These addresses are listed under 3.3.6.2. 
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3.3.7 General-Purpose Intelligent Cables 

1.3.7.1 General Description 

The General-Purpose Cables 14631-11 (negative tru~ interf~c0 lOlie) and 14631-1:' 
(positive true interface logic) allow a user to interface most low- t{) mcxlium-sJwl'd 
peripheral or special purpose input/output devices to an LSI St.-'r ie!; c·omput'p.r wi t hout 
the need to design and implement special interface logic. Bot h Intclliqcllt, Cdbh'!; 
operate in a similar manner and the same software is used tl) drive ej tiwr cable. 
All modification of signal polarity is handled by the device' ~ PicoProcessor. Tl\I' 
General-Purpose Intelligent Cable is especially designed to operate devices havillg 
simple two-wire "handshake" or strobed I/O discipline--but its expandable illterface 
capability also provides for the control and operation of peripherai devices havinq 
more complex I/O disciplines. 

3.3.7.2 Specifications 

Data Types: 

Operating Modes: 

I/O Disciplines: 

Data Modes: 

Interface Logic: 

OUtput lines: 

Eight-bit parallel output data with storage; Eight or 
l6-bit parallel input data. 

Simplex and half-duplex 

Two types: 
1. Simple two-wire "handshake". 
2. Strobe Data(Pulse Acknowledge; Start Pulse/Data 

Acknowledge. 

Additional lines provided for data mode selection, 
device status, reset and end-of-transfer indicator. 

Four modes selectable by software. 
1. Data output (8 bits) 
2. Data input (8 or 16 bits) 
3. Command output (8 bits) 
4. Extended status input (8 or 16 bits) 

Two types, positive true and negative true: 

1. 

2. 

Intelligent Cable l4§3l-ll, 
Output lines 
Log1cal 0 = +5 to +15 volts 
Logical 1 = 0 volts 

Intelligent Cable 14631-12, 
Output lineSj 
Logical 0 = 0 volts 
Logical 1 ::0 +5 to +15 volts 

negative true: 
Input lines 
Logical 0 
Logical 1 = 

positive ,true: 
Input lines 
Logical 0 = 
Logical 1 = 

+5 volts 
o volts 

o volts 
+5 volts 

Open-collector TTL drivers capable of sinking up to 
32 rna at 15 volts. 

3-62 

e 
l 

! 
I 



tn:t-i 

"'"I 

,I 
" 

-i 

tH't ,,'tt r' 

+sv , r 'J 

':1-----&------7 ~-----
2 

~-o-r----~-~---~ 
equiv. 

Ncqative True 
Cable Output 

Other 
Drivers 

+sv 0 lN4448 

L 

7417 or 
equiv. 

Positive True 
Cable Output 

Other 
Drivers 

< 

/ 
2 
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t "i V ", 'I' V 

~~:v--R* 

---- Ty~)lcal 

DeVIce [nput 

+sv to +lSV 

7.K 

R* 

Typical 
Device Input 

I 
I 

1 I 

*Opt: tonal; recommended for noise immunity if high C\lrrent r('quin~d. 

3-63 



! 

I 

I 
o 
I 
I 

I 
I 
I 
i 

C' 

I 

m ..... t't - 'tid (' .. , 

ComputerAutomation ~ 

Input lines: One TTL load plus a 2K pullup rpsistor to f5V. 

+5V 

* 

equiv. 
7404/7416 or equiv. 

*optiondl 

Typical Device Output G-P Intelligent Cable Input 

PicoProcessor Microcycle Time: 250 ns 

Interface Lines: 

Computer 

Output control (six lines) 
input status (six lines, expandable); see 3.3.7.3 (4) 
Output data (eight lines) 
Input data (16 lines) 
Ground (11 Lines) 

Extern81 V oltflge (1 Line) 

Intelligent Cable --:-.------I .. .-.jl 

6 Control Lines 

6 Status Lines 
G-P 

PicoProcessor 8 Data Device 

16 Data In 

12 Ground _J 
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C.lblc LI:Ii(jLhs: 

[OJ) to l'icoPr:oC('s,;or, If)-]/~) fl'I'1 

J>ic:e,Procl";sor. to i)l'vic'.', 1-1/) I, ",' t 

(no ell'vic(' conIH'l'tor sUPI'] i,'d) 

;~t dlldarcl tl('vicr' l\ddrr;!;:;/ J nt l'rnllt Addr (':;';l";: 

(Non(! ,::u;~3iyned) 

Dependent ()n 100 channel u:;(·'d 

'J. 3.7.3 Software Cunsiderutions 

II:'; ('xpl::inC'd ill ScctiOI; 2, all Of)crations an' bl'CJU1, hy out f'llt t i ill, d i',lmrnafld 1-\\1rd nq 

t()t~h.e s(decLcrl d('VLCe's PICOPEOCf':SSOR. 'Phis is don", by execlltino i'll' (,utl'llt il1"tlllct~\ 
'A'ilh the, control bit (bit 0) set to "1". The formut of the' Command \'lord i,; rL'peatc'(' 
!v,'re' (Figllre 3-41) in order to clarify operations unique to thco G-P Intelligent Celblc. 

I Branch I I 
I-----Address -1.--.- !\lod('-t 

Reset Zero 

'-------Begin ...... ---Ze1'o 

~-----Set Mode L-__ ~ __ Data/ Com mand 

L--______ Input/Output 

Figure 3-41. Command Word - G-P Intelligent Cable 

3.3.7.3.1 Mode Field/Set Mode. The four operating modes are selected by the com-
bination of states of mode bits 2 and 3. In order for these bits to be significant, 
Set Mode, bit 10, must be set to "1". The mode is then selected as follows: 

--~-

Input/Output Data/Command 
flit .3 Bit 2 Mode 

0 0 Output COliuni1l1d 
0 1 Output Data 
1 0 Input Status (extended) 
1 I Input Data 

Operation in each of the modes can be accomplished with Auto I/O instructions or by 
use of conventional Programmed I/O. Following are descriptions of each of the 
modes. 

1. Data/Output (Mode bit 2 = 1, bit 3 = 0). In the Data Output mode, the G-P 
PicoProcessor can transfer eight-bit bytes of parallel data to the peripheral 
device. Data polarity is automatically inverted for negative true interface 
logic and left unchanged for positive true interface logic. 
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2. Data Input (Mode bit 2=1, bit 3=1). In the Data Input mode, the (;-P Picn
Processor can input 8-bit or 16-bit parallel data from the peripheral devic(~. 

3. Conunand Output (Mode bit 2=0, bit 3=0). For operation with p(~ril'hcral dpvirr'·; 
requiring additional corrunands other than normal handshake/strob£, controls, the 
General Purpose PicoProcessol: can send eight bi ts of command information to the 
device. Decoded, this provides up to 256 separate commands. If more than nTh' 

device is connected to a single PicoProcessor, the eight bits of command inform
ation can be divided into two basic fields. For example, four bits could be 
decoded into 16 individual commands. The commands are sent over the data 

4. 

output lines and distinguished from data by the state of the Command/Data 
control line. 

Extended Status Input (Mode bit 2=0, bit 3=1). The G-P PicoProcessor can input 
six lines of device status or, using its extended status capability, it can 
input up to 8 or 16 bits of status on the input data lines. This extended 
capability can be used by complex peripherals requiring additional status 
beyond that normally provided in the six-bit basic status word or when more 
than one device or function is connected to a single Intelligent Cable. Extended 
status is received on the input data lines with and distinguished from data by 
the state of the Co~nand/Data control line. 

3.3.7.3.2 Branch Address Field/Begin. The Branch Address field selects the starting 
address of particular operations in the PicoProcessor's firmware sequence. This 
field is significant only when the Begin bit (bit 9) of the Command Word is set to 
"1". In Auto I/O operations the entire firmware sequence is usually performed. In 
this case, status lines are checked, control lines to the device are asserted and 
interrupts generated for data service and for end-of-block. All of these functions 
are performed automatically. 'l'he user may use or not use particular control lines 
and can supply device status only as required by his particular device. Refer to 
Table 3-6(a) and (b) for the grounding requirements of any unused lines. The entire 
firmware sequence is described in 3.3.7.8. 

When using Progra~ned I/O, the starting firmware address in the Branch Address field 
is generally used to access specific operations within the sequence. This allows 

I the Programmer to assert specific device control lines. Generally, device status 
. is first checked by software and the CPU then. controls the timing of the assertion 

eaf the appropriate control lines. Programmed I/O Operation is describpd in more 
detail in 3.3.7.8.3. 

3.3.7.3.3 Reset 8i t. When this bit (bit 8) is set to "1", the device's PicoPro
cessor is reset to the Idle state, a Reset line to the device is asserted and the 
mode bits are reset to zero (Output Command mode). 

NOTE: 'l'he reset line to t.he device is a negative true signal for both 
the 14631-11 and 14631-12 Intelligent Cables. 

3.3.7.3.4 Device Status Wor.d. The device's PicoProcessor sequences through a series 
of operations based, in part, on the state of individual bits of the device Status 
Word. The Status Word, shown in figure 3-42, indicates certain operational or error 
conditions within the device. When the PicoProcessor receives a status input instruct 
ion, it transfers the entire Status Word to the CPU. The status bits are described in 
detail in 3.3.7.7.2. Status polarity is left unchanged between the CPU and the device 
for negative true interface logic and automatically inverted for positive true 
interface logic.· 
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I'u.'~itivc true 
Nt'qativt) true 

~sp~a~re~ ___ ~t t 
o if not connected 
1 if not connected 

Data Bi l~; 

System POWl'X: 
Power On 
Power Off 

Two Byte a..-----FSA 
Asserted = 0 

o 
1 

Two Byte 0 
One Byte = 1 Not Asserted ,,- 1 

Stop--------------~ 
Asserted 0 

Not Asserted = 1 

h-------------~usy 

Asserted ._- 0 

Not Assertt>d 

Figure 3-42. Device Status Word (CPU) 

1 

The status bits are described briefly below. 
in 3.3.7.7.2. 

They are described in greater detail 

Function Strobe Acknowledge (FSA). The device drives this line (logical one) to 
indicate that it has sampled output data or,has input data ready for transfer. 

Two-Byte. This line indicates to the PicoProcessor that the device is either a one
byte device (logical zero) or a two-byte device (logical one) . 

Sto,e. The device drives this line (logical one) to indicate that, because of device 
end, no data transfer should occur. 

~usy. The device drives this line (logical one) to indicate that it is not leady to 
receive or transfer data. 

System Power. This line is driven (logical one) by the device to indicate that 
device power is turned on, the device cable is connected and the device is operational. 

~J:are. This 1 ine can be used by the device to indicate any desired status. I f not 
used, this line provides a logical zero with positive true interface logic and a 
logical 1 with the negative true interface logic. Refer to Tables 3-6(a) and (b). 

3.3.7.4 Use of Interface Lines 

As explained in the previous paragraphs, the General-Purpose PicoProcessor's firmware 
sequence consists of a series of status checks and the automatic sequencing of 
control lines to the device. In order for the PicoProcessor's firmware to function 
properly, all unused status lines must be connected in accordance with Table 3-6(a) 
for negative true interface logic or Table 3-6(b) for positive true interface logic. 

Input/Output transfers to or from a device having a simple two-line "handshaking" 
device I/O discipline require only the use of the Function Strobe control line (FS) 
and the Function Strobe Acknowledge (FSA) status line from the device. (Several 
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* PicoProcessor FS 

* Device FSA 

* PicoProcessor Data 

* Device F'Sl\ 

.. Device Data 

* PicoProcessor FS 
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COMPUTER AUTOMATION. INC. ~ 

~)~. --~-----------
1~ ______ ~_~~y_t_e __ l __ (~8 __ B~i_t_S_) __ ~»~ __ ~ ____ B_y_t_e_._:_~ __ __ 

(a) Output 

l~ m:ts 

-i (b) Input 

'I 
'I 

1 

NOTE 1: Input/OUtput driven by software. 
NOTE 2: For timing details, see figures 3-54(a) 

and 3-56 (a). 
"': Inverted For positive True Intel-face Lugic 

Fiq1.lre 3-43. I/O Transfer - Sironle TVlO-i'lire 
I/O lIandshake Devl.ce Interface (Negative ':'rue Shown) 

3-68 

ei 



1,'" 

, 
:,1 

'~I 
.j;! 

~ 
"I 
'I 

;1 
fl 

t'e:",,'.t. It 

o 

2tp'e'rRWW cent_WM) 'm r 'W tre't¥ItVt"Witr th@'''' lrtttftti ttowmrwt'tr.w'Y"MWS MnMWtp',* ""» r r * nwt'tf t ttt'*Ottwmwf6t" t f' H m tt _WMe_weNt R )'trMM't.e ** t .*11 eftt 1M! C'Htt"!'tt':t,tti::." , 

* Pic:oProcessor Step 

* Device .FSA 

* picoProcessor Dat:a 

* PicoProcessor step 

* Device FSA 

- * Device Data 
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(a) Output 

-------~j 

---------------~$S 
Note 1 ~ 8 or 16 bits W~ 

(b) Input 

NOTE 1: stable for Auto I/O instruction time +4 ~s 
See appropriate CPU Manual for instruction 

times. 
NOTE 2: For timing details, see figures 3-54(b) and 

3-56(b). 
*: Inverted For positive True Interface u)gic 

Figure 3-44. I/O Transfer - Simple Two-Wire 
I/O pulse-type Device Interface (Negative True Shown) 
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lines are mentioned briefly here and described in detail in 3.3.7.7.) This type or 
data transfer is shown in the timing diagram (Figure 3-43). For an output operation, 
Function Strobe is asserted until FSA is returned by the device to indicate that the 
output data lines have been sampled. For an input operation, FSA is driven lJy the 
device to indicate that the device has placed data on the lines. Function Strobe' is' 
drlven by the Intelligent Cable to signal that data has been sampled from the input 
lines. 

Input./olltput delta transfers to or from devices having two-line pulse-type I/O dis
cipline (non-handshake) also require the use of only two lines. The Step line is 
asserted to produce a 500 ns pulse to strobe data into the device in .lTl output. oper
ation. In an input operation, the Step line signals the device to pl.lce data onto 
the data lines. In each case, the device responds with an FSA pulse to ucknowledqc 
that data has been accepted by the device during an output operation; or during an . 
input operation, to indicate that data may be sampled. This type of transfer is 
shown in the timing diagram (Figure 3-44). 

As a summary of interface line usage, Tables 3-6(a) and 3-6(b) list all control and 
status lines and describe their use with devices having either "handshake" or 
pulse-type I/O disciplines. In the table, "opt" indicates that use of the line is 
optional. That is, it can be used to improve performance or capability as required, 
but is not necessary. "Yes" indicates that use of the line is required for that 
operation using the indicated device. The connection notes for unused lines must 
be observed to assure proper sequencing of the PicoProcessor firmware. 

Table 3-6(a) 

Neqative True Interface Line Usage 

.-

I/O Discipline/Operation 

Handshake Pulse 

Status: Output Input Output Input 

FSA yes yes yes yes 
Stop opt opt opt opt 
Busy opt opt opt opt 
Power opt (1) opt opt (1) opt 
Two-Byte not used opt (2) not used opt (2) 
Spare opt opt opt opt 

Control: 

FS yes yes opt opt 
Step opt opt yes yes 
End opt opt opt opt 
Input/Output opt opt opt opt 
Data/Command opt opt opt opt 
Reset opt opt opt opt 

NOTES: 1. Must be grounded if not used. 
2. Ground for two-byte (l6-bit) device. 
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Table 3-h(b) 

Positive True Inter'face Line Usage 

I/O Discipline/Operati.on 

Handshake Pul~~C' 

Status: Output Input Output Input 

FSA yes yes yes yes 

Stop opt ( 1) opt (1) opt (1) ~")pt ( 1) I Busy opt (1) opt ( 1) opt (1) opt (1 ) 

Power opt (2) opt opt ( 2) opt . 
Two-Byte not used opt ( 3) not used opt (3) I 

Spare opt opt opt opt 

o Control: 

FS yes yes opt opt 

Step opt opt yes yes 

End opt opt opt opt 

Input/Output opt opt opt opt 

Data/Command opt opt opt opt 

Reset opt opt opt opt 

NOTES: l. Must be grounded if not used. 
2. Must be open if not used. 
3. Open for two-byte (16-bit) device. 

\ 
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:1.3.7. S Configurations 

,1.3.7.5.1 Sin~~elligmlt Cable. Figures 3-45, 46 and 47 show typical configllratiolls 
using a single Intelligent Cable with single simplex and half-duplex devices and with 
multiple simplex and half-duplex devices. 

G-P Intelligent CablE~ 
-_.-

Control 8-Bit 
Computer 

~, .. "" [ r Data Output 
& rOD I status . 

Device 

(a) Output 

G-P Intelligent Cable 

corn,:uterJ I 
Control .. 8 or 16-Bit 

1 __ Data .. 
Input 

& laD I t.: Status Device 

(b) Input 

Figure 3-45. Simplex Devices 

G-P Intelligent Cable 

l-=~puter 
L&IOD 

I (::ontrol__ 8-Bi t Output 
L ... Data • and 

1L-______ ~I-~s~t~a~t~u~s~----18 or 16-Bit Input 
Device 

Figure 3-46. Half-Duplex Device 
-------------------------.------------------------------ ------------; 

G-P Intelligent Cable 

Computer -J----
& rOD 

----- I 
I 

. 
8-Bit output 

and/or 
8 or l6-Bit Input 

Device #1 

• 
• 
• 
• 

I 8-Bit Cmtput 
I __ and/or 
- ---8 or 16-Bit Input 

Device #8 

Figurp 3-47. Multi-Simplex/Half- Duplex Devices 
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:3.3.7.5. 2 ~~!ipleJ!ltc:Uigent_ Cables. The General-Purpose Intelligent Cables can 
also be opel'nted in D multiple configuration. Multiple Intelligent Cahles can be can 
lH~eted together to operate I1S a single Intelligent CubIc with a wider pal'.J!lel dev ice 
data pnth (figtu'(! 3-48). The data path can he increased in increments 01' pig-ht hits 
of output datil and increments of eight or sixteen bits of input data. Th(~ data (~xpansion 
capability is listed below. Multiple Intelligent Cable operation is not supported by 
Autr) I/O instructions. 

--1--J 
• Computer • & roo • 

c;-p Intelligent Cable #1 

• 

• 

• 
G-P Intelligent Cable #8 

I I 
I I 

Device 
#1 

• 
• 
• 

Device 
#8 

64-Bit Output 
128-Bit Input 

Figure 3- 48. Multiple Intelligent Cables 

Number of 
!!l!~lligent _Cables 

1 
2 
3 
4 
5 
6 
7 
8 

3. :l. 7 . 6 Typical Applications 

Input Bits 

8 or 16 
24 or 32 
40 or 48 
56 or 64 
72 or 80 
88 or 96 

104 or 112 
120 or 128 

9utput Bits 

8 
16 
24 
32 
40 
48 
56 
64 

FigurHs 3- 49 through 3-- 52 illustrate some of the applications in which use of the G - P 
PieoProeessor can be ndvantageous. 

3.3.7.7 Device Interface Line Descriptions 

Intel'fac(' lines between the Ct- P Intelligent Cahle and the device include six control 
lines to the device, six status lines from the device. eight output data lines and 16 
input datil lines. Following are descriptions of each of the lines. 
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Figure 3-49. Typical Line Printer Interfacing 
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Processor 
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Figure 3-50. Cornputer-to-Cornputer Interfacing 
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(;-1' 

special Status 
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(optional) 

ConVl'J t 
(opt i,mal) 

Cl>llVt~ rs iOIl 

Complutt' 

r----.. ----

I.'-Bit 

AIX' 

Figure 3-51. Typical Analog-to-Digital Conversion 

+5\' 

Opt ional 

Input Data Line 0 ~ 

I 

Input Datil Line 15 

G-P 

Intel.1 i\f"llt 

~ switch · - . 
• 
• 
• 

• 
• 
• 
• 

S ..... itch 1" 

I 
I 
I 
I 
I 

l.J·;O or .Llmp (l 

• 

r'~"""------· 
I 

L 

----oJ 
~ 

'-_______ - ...... 1 

Figm'c 3-52. Typical Switch/Display Application 
(:jegativc true shown) 
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3.3.7.7.1 Control Lines (to device) 

1. 

2. 

Data/Command. The Data/Command line is dr ivell by the l'icoPrOl:e[;:>or to i lId i (';lIe 
ei ther a data or command operation to be per formf'(i on the i llpUt or ou t })(II <.li\ 1-.1 

lines. This line is a logical one for a data transf0r and Z"HI to ilid icatl_' i1 

command operation. This line is used in conjuJlction with the Input/outI'ut lille 
(defined next) . 

The Data/Command line must be established (CPU Command Instruction Word, bit 2) 
prior to starting an operation and must not be changed during a sequence. 
Thebata/Command line is _table at least 1 sec before the Step or Function 
Strobe line (described in paragraphs 3 and 5) is asserted (logical one) and 
remains stable for the entire transfer sequence. During Reset, this line i;:; 
reset to the Command state (with, Input/Output reset to Output). 

Input/Output. The Input/Output line is driven by the PicoProcessor and used 
in conjunction with Data/Command to indicate to the device the specific type of 
operation to be performed. This line is a logical zero for an output operation 
and one for an input. Thp. specific operation selected by the states of Data/ 
Command 'and Input/OUtput lines were given in 3.3.7.3.1. 

The Input/Output line must be established (CPU Command Instruction Word, bit 3) 
prior to starting an operation and must not be changed during a sequence. The 
line is stable for at least 1 sec before step or Function Strobe is asserted 
(logical 1) and remains stable for the entire transfer sequence. During Reset, 
this line is reset to the output state (with Data/Comrriand reset to Command). 

Many devices may be only simplex output or input devices and only require simple 
handshake or strobes. These devices do not require commands or input/output 
indicators and therefore it will not be necessary for these types of devices 
to monitor the Input/Output and Data/Command lines. 

3. Function strobe. The Funct.ion Strobe line is driven by the G-P PicoJ;>rocessor 
as a "handshake" line used for both input and output operations. 

For an output operation, this line is asserted until the Function Strobe 
Acknowledge status signal is received from the device. The device can sample 
the data bus whenever the Function Strobe line is a logical one or by clocking 
on the rising or falling edge of this line. 

For an input operation, this line is driven by the PicoProcessor to signal 
the device that data has been sampled from the data lines. This line remains 
at a logical one level until Function Strobe l\cknowledge is non-asserted (logical 
zero) . 

4. Reset. The Reset line is driven by the PicoProcessor under software control 
or as a result of depressing the RESET switch on the computer's control panel. 
This signal is a 250 ns(minimum) pulse which can be used by the peripheral 
device to re~H't: interface (dcctronics to the initialized conditions. 

. 5. 

The reset line 1s a negative true line regardless of the interface polarity. 
The line is norm,~lly high and is driven low when RESET is asserted. 

Step. The step line is a ~;oo nsec (minimum) pulse or strobe generated by the 
PicoProcessor. This line is normally used for devices having strobe or 
non-handshakinq I/O disciplines. 
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During ()utput oporations . this line can be w.wd by lilt' devi(~(' fOl' slt'olling' duLl 
frotH. ttl(' output data hus Hnes. During Input oppr:Jtion~. tlw Sh'p lilll~ is m;(~d 
to sigruil the device to plaee data on the input d~lta lines. 

Ii, !~nd. The End line is gencrated by the PicoProl!I'ssor for both input :lIld output 
opCI':ttiolls to signal the periphet'al device that sequence is being- nbol'tt'd 01' that 
the' byte count is zero (all data has. been transferred). This sign:J! is a 2psec 
(min.) pulse normally driven after the trailing C'dp,-c of Function Strohe for input 
Hnd output operations. 

3,3.7.7.2 Status Lines (from device). The Status Word (shown in fi~lIl'<' :3 42) ind il'at('~ 
certain operational and error conditions in the device. Five of the bits n1'e eilccJ;;(!d 
individually by PicoProcessor firmware when operating in Auto I/O. /!owevv\'. all 
six lines are available for interrogation by the CPU. When the devices' PieOP1'OCl'SSOl' 

receives an input instruction requesting device status. it immediately transfC'rs the 
(~ntire Status Word to the CPU. When extended status is used. status is input on th(' 
data input lines. See 3.3.7,3.1 (4). Following are descriptions of the individual bits 
of the Status Word. 

I 
I 

.1 

I 
i 

1. Function .Strobe .!>cknowledge (FSA) , This line is driven (logical 1) by the peripheral I 
device to handshal<e with the Function Strobe control line for all input and output i 
operations. During an output operation. FSA is driven to indicate that the data 
has been sampled from the output data lines.· During an input operation, thi~ line 
is driven by the device to indicate that data has been placed on the data lilH's. 
it is stable and may be sampled by the PicoProcessor. FQr programmed I/O. thl' 
duration of FSA must be sufficient to allow the CPU to input stntus and check for 
the assertion of FSA. 

For devices with a Strobe I/O discipline. FSA is used in conjunction with the Step 
line and FSA can be a pulse of 251 ns (minimum). 

2. !w~.~ .. The Two Byte status line indicates to the PicoProcessor that the device 
is a one-byte or two-byte device. If the line is a logical one. it is a two-byte 
device; if zero. it is 11 one-byte device. This line is not checked by the PicoProce8sol' 
during output operations. 

3. Stop'. Stop is gcncratpd by the peripheral device to indicate that H device end 
has occurred and that no more data should be transferred. A device end includes 
error conditions that should stop all data transfer. Stop is driven (logical 1) by 
the device with the same timing· as the FSA line. 

:1. Bu~. The Busy line is a Not Ready line generated by the pel'ipll<'l':ll <it'ViCl'. 
This line is an optional line used by devices which have a combination pulse and 
handshake I/O discipline. This line. when logical 1, signifies that the peripheral 
deviee is busy and cannat immediately accept data during an output operation or 
cannot supply datn during a dnta input operation. This line is driven at the same 
time (or timing) ns the FSA line for the Busy or Not Ready state. The device can 
then drive this lillc to the Not Busy or Ready state any time new data ean be accepted 
(output) or data can be supplied (input). During Auto I/O, the PicoProcessor 
will wait indefinitely for the Not Busy condition without indicating an error. 

5. System Power. This line is driven by the device to indicate that device power 
lSturned·on--;-U1l' device connector is installed. and the device is operational. 
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It is at the logical one level when power is on. Refer tq Table 3-6(a) and (b) 
for connection requirements if the peripheral device cannot supply this statu". 
This line is not checked by the PicoProcessor during input operations but- is 
available to the CPU for software interrogation. 

6. Spare. The spare line can be driven by the peripheral device for any purposp 
desired. The PicoProcessor does not examine this line, but the line will be 
available for interrogation by the CPU upon an input status request instruction. 
If this line is not used, refer to Tables 3-6(a) and (b) for connection require
ments. 

3.3.7.7.3 External Voltage Line. An external voltage is supplied on this line by the 
.peripheral device when interfacing output data and control lines to loqic levels 
greater than +SV (see paragraph 3.3.7.2, Output Lines). An external voltage is not 
required when the output lines interface to +SV logic levels. 

3.3.7.7.4 Data Lines. The PicoProcessor has eight parallel output lines (0 through 
7, where bit 7 is the most-significant.). The lines are stable for a minimum of 500 
ns before the Function Strobe and Step lines are asserted. Data is stable for a 
minimum of 500 ns aft.er the trailing edge of the Function Strob,e. 

The PicoProcessor has 16 input data lines (0 through 15, where bit 15 is the most
significant). During input operations, the peripheral device must place data on the 
lines not later than 250 ns after asserting Function Strobe Acknowledge. The data 
must remain stable until the leading edge of Function Strobe. If Function Strobe 
Acknowledge is used as a strobe rather than a handshake line, the data must be 
stable for at least 100 ns sec after the trailing edge of Function Strobe Acknowledge. 

Additional details of interface line timing and sequence information and requirements 
can be obtained from the flow charts and timing diagrams included under "Firmware 
Sequence", next paragraph. 

3.3.7.8 Firmware Sequence 

The General-Purpose Intelligent Cable's PicoProcessor contains two general-purpose 
firmware sequences -- one for input and olle for output operations. The firmware 
automatically contrOl's data transfers by checking device status and asserting control 
lines to the device. The entire sequence is described in this section, but operation 
can begin at any point in the sequence, selected by software. Individual interface 
control lines can be used or not used, depending on the requirements of the peripher~l 
device. 

3.3.7.8.1 ~.s.>.-!L2 Ou.!£~t Sequence. Figure 3-53 is a flow chart of the Auto I/O 
firmware sequence When performing a Command Output or Data Output operation. 
Figure 3-54 shows the timing of the interface lines. Arrows in the timing diagram 
correspond to the sequence of operations indicated by the flow chart. 

Following is a description of the flow chart with each segment of the sequence 
identified by name (function) and sequence address. The yes/no decisions refer to 
the true/false (logical l/logical 0) sfate of a line. 
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NOTE 1: Input/Output and Data/Command lines are not shown, but are stable throughout 
the sequence. 

NOTE 2: Minimum time is equal to the instruction time of the Auto I/O byte instruction 
plus 4 ~sec. For instruction times, see the appropriate Computer Handbook. 

NOTE 3: The PicoProcessor will wait indefinitely for FSA to be asserted. FS will 
remain asserted until FSA is received. 

NOTE 4: If Power is off or Stop is asserted, the sequence will abort and branch to the 
EOB sequence. 

*: Inverte·l For positive True Interface Logic. 

Figure 3-54(a). Auto I/G Output Timing For Handshake Interface Discipline 
(Negative True Shown) 
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Input/output and Data/Command lines are not shown, but are stable throughout 
the sequence. 
Minimum time is equal to the instruction time of the Auto I/O byte instruction 
plus 4 ~sec. For instruction times, see the appropriate Computer Handbook. 
The PicoProcessor will wait indefinitely for FSA to be asserted. FSA (pulse 
width = 251 ns, min.) may be asserted 0 ns after the Logical 0 going edge of step with no 
maximum restriction. FSA may also be asserted after the Logical 1 going edge of step 
if FSA is guaranteed to be at least 500 ns in width. 
If Power is off or Stop is asserted, the sequence will abort and branch to the 
EOB sequence (assert End and generate EOB interrupt). 

Inverted For positive True Interface Logic. 

Figure 3-54Ib). Auto I/O Output TiMing For Non-Ha~dshake Interfa~e Discipline 
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IDLE (:0) 

Initially, the PicoProcessor is in the Idle state as a result of a Reset or because 
of a prior End~of-Block interrupt. A Begin command (with mode bit 3 of the rommnn~ 
Word set to zero to select an output operation) causes the PicoProcessor to start a 
data or command output operation (depending on the setting of mode bit 2) at the 
sequence address specified by the Branch Address field of the Commann Word. 

START AUTO OUT (:5) 

The PicoProcessor first checks System Power. If this status line is a logical 1 
indicating that power is on, the Stop status line is checked. If stop is false, it 
indicates that no device error conditions exist and the device has not reached the 
physical end of its media (tape, card, etc). If an error is indicated by either the 
Power or Stop status checks, the Pi coProcessor immediately generates an End-of-Block 
interrupt to terminate the transfer. Otherwise, the PicoProcessor checks Busy to 
verify that the device is ready to accept data. If Busy is true (device not ready) , 
the PicoProcessor returns to the start of the sequence beginning with the Power 
status check. It repeats the sequence until Busy goes false (device ready). The 
PicoProcessor then checks the Function Strobe Acknowl~dge (FSA) status line and 
waits for the line to go false (logical 0) by repeating the start sequence until it 
becomes false (FSA may be true from a prior data transfer). 

When FSA is false, the PicoProcessor generates a Data Service interrupt. The Auto 
·1/0 instruction at the interrupt location is execut.ed and the PicoProcessor copies 
. the CPU data into·its output register and drives the output data lines. If the data 
is the last to be transferred, the PicoProcessor proceeds to the Last Byte sequence. 

If more data is to be transferred, the PicoProcessor generates a 500 ns Step Pulse. 
Step is usually used by pulse (non-handshaking) devices to strobe data into the 
device. The PicoProcessor then generates Function Strobe (FS). Function Strobe 
enters data into devices having handshaking I/O discipline. 

After the device is strobed by either Step or Function Strobe to enter data into the 
device, the PicoProcessor.waits for the device to signal that it has accepted the 
data by driving t.he FSA status line. When FSA goes true, the Pi coProcessor returns 
to the beginning of the Start Auto Out sequence where it checks status and generates 
another Data Service interrupt to output another byte of data. This continues until 
the CPU signals the PicoProcessor that all data has been transferred. The Pico
Processor then enters the Last Byte sequence. 

LAST BYTE (:D) 

The Last Byte sequence consists of the PicoProcessor strobing data into the device 
by generating Step and Function Strobe as for any other byte. It then waits for the 
device to acknowledge the data (FSA), then enters the EOB sequence. 

EOB (:F) 

This sequence is entered when.a device status (Power or stop) error exists or when 
all data has been transferred from the CPU and to the device. The PicoProcessor 
generates the End Pulse for those devices that need to know that all data has been 
transferred while generating an End-of-Block interrupt. The PicoProcessor then 
returns to the Idle state. 
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1.3.7.8.2 InJ?ut Sequence. Figure 3-55 is a flow chart of the Auto I/O finnw,lre 
sequence when performing a data input or e~tended status input operat ion. I"igure 
3-56 (a and b) shows the timing of the interface lines. Arrows in the timing diaqram 
correspond to the sequence of operations indicated by the flow chart .. 

Following is a description of the input flow chart with each segment of tlw sC'quellces 
identified by name (function) and sequence address. The yes/no decisions in the flow 
chart refer to the true/false (logical l/logical 0) state of a line. 

IDLE (: 0) 

Initially, the PicoProcessor is in the Idle state as the result of a Reset or because 
of an End-of-Block interrupt. A Begin command (with mode bit 3 of the Command Word 
set to "1" to select an input operation) causes the PicoProcessor to start an input 
data or input command (extended. status) operation at the sequence address specified 
by the Branch Address field of the Command Word. 

START AUTO IN (:6) 

The PicoProcessor first checks the Stop status line. If this line is true (logical 
1) indicating a device error, the PicoProcessor generates an End-of-Block interrupt. 
If the line is false (logical 0), the PicoProcessor generates a 500 ns Step pulse to 
signal the device to place data on the input data lines. The PicoProcessor then 
checks the Busy status line to verify that the device is ready to output data. If 
the line is true (device not ready), the PicoProcessor returns to the start of the 
sequence (starting with the Stop status check) and repeats the sequence until Busy is 
false (logical 0) indicating that the device is ready. 

The PicoProcessor then waits for FSA to be asserted and then checks the Two-Byte 
status line. The stat.e of this line determines whether one or two Data Service 
interrupts are to be generated. If this line is true (logical 1) it indicates to the 
PicoProcessor that it is a two-byte (16~bit) device. The PicoProcessor then gener
ates a Data Service Interrupt to transfer the first (most-significant) byte. If the 
transfer was not the last byte to be transferred, the PicoProcessor then generates a 
second Data Service Interrupt to transfer the second byte of data. If all data has 
been transferred after the first transfer, the PicoProcessor generates Function 
Strobe (FS) , waits for FSA t.o go false, and then enters the EOB sequence. If the 
Two-Byte line was false indicating a one-byte (eight-bit) device, only one Data 
Service interrupt is generated. 

If all data was transferred after the second Data Service interrupt, the PicoProcessor 
drives the Function Strobe Line (FS) to indicate to the device that, data has been 
s·ampled from the data bus. Function Strobe is asserted until FSA is dropped (logical 
0), the PicoProcessor then proceeds to the EOB sequence. 

If All data was not transferred after the Data Service interrupt, the PicoProcessor 
asserts the Function Strobe line until FSA is dropped, then returns to th.e start of 
the Start Auto In sequence. 
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Figure 3-56 (b) . Auto I/O Input Timing For ~!on-Handshake Interface Dis::ir=li:.E: 
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The End-of- Block sequence is entered when the FSA line is dropped aftcr the last byt(' 
1S transferred or when the device drives the Stop line to indicate an errol' or stop (~OIl(Ji . 

tion. The PicoProcessor then drives the End line for those devices that require notice 
that all data has been transferred. End-of-Block interrupt is also generated at this time. 
The PicoProcessor then returns to the Idle state after the EOB interrupt is received by 
the CPU. 

3.:J. 7 . 8.3 Programmed I/O. The Programmrir can accomplish any desired data. strobe 
or handshaking sequence or the same sequences Shown on the Auto I/O flow charts by. 
use of conventional CPU input/output instructions. However. devices with Strobe I/O 
disciplines must have strobe widths of sufficient duration to guarantee sampling by till' 
CPU with software routines. The following device control lines andoperntions cun be 
asserted under software control. 

p rogrammed I/O 
Sequence 

Idle or Se lect Least-Significant 
)ut) Byte (lnI 

End--of- BI 
Function S 
Step (500 
Select Mos 

ock Interrupt 
trobe 

ns pulse) 
t-Significant Byte 

End -. 

I 

Mode'and 
Sequence Address 

Input Output 

:0 : 0 
:F :F 
: 4 :3 
: 1 : 1 
: 3 -.- I 

I -- :4 

Each of the above lines can be asserted by use of a Begin Command causing operation 
to begin at the point (sequence address) in the firmware sequence where the particular 
line is asserted. The term "Begin Command" refers to the Begin bit set to'" 1" and the i 
Branch Address field containing the desired sequence address (see 2.2.4). The Input/Out-: 
put and Data Command bits (bits 2 and 3 of the mode field in the Command Word) must 
be set for the desired operation as defined in 3.3.7 .3. 1 . 

Following is a description of each Programmed I/O entry sequence listed above. 

1. [dIe or Select 1$ 1?1te (Normally Input Only) 

This sequence (: 0) selects input data lines 0 through 7 for input. If the Input/Output 
mode bit is set to "1" and Step is asserted, one-byte input devices cause nn a,utomntic 
internal branch to this sequence address. It is also entered by a begin command 
to sequence address: 0, a Reset or after an EOB interrupt. 

2. EOB Interrupt (Input and Output) 

This sequence (: F) is normally used in conjunction with interrupt programming to 
fOJ'ce execution of the EOB routine. This is accomplished by a Begin Command to 
location: F. EOB interrupt remains asserted until the interrupt is recognized by 
the CPU or another Begin Command or Reset is issued. End is also asserted to the , 
device for the duration of the EOB interrupt sequence. The PicoProcessor then returns f 

, , 
, to I dIe (: 0) . ! 
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3. Function Strobes (FS) 

5, 

(a) !..!:.!Eut Operation. FS is asserted by a Begin Command to : 4. It remains (lssertp(\ 
until another Begin Command is issued. 

(b) Qutp_ut O~~tion. FS is asserted by a Begin Command to : :~. It is nlso [lSSPl't(~d 
automatically whenever Step (: 1) is asserted eVen if FS is not required by the 
device. It must be turned off by a Begin Command to another scqu('nc(~ addl'ess. 

(a) Input Operuti~n. Step is selected by a Begin Command to sequence address: 1. 
It is asserted for 500 ns and then returns to the non-asserted state. When input
ting from a one-byte device, after step is asserted, the PicoProccssor auto
matically branches to Idle/ Select LS Byte (: 0). When inputting from a two-
byte device, the PicoProcessor branches to Select MS Byte (: 3) and waits for 
a new Begin Command. 

(b) 9utput 01?er1!tion. Step is asserted for 500 ns by a Begin Command t6 : 1. 
When Step is asserted, the PicoProcessor branches automatically to : 3 where 
FS is asserted (see Function Strobe t Output). 

When inputting from a two-byte device, this sequence is entered by a Begin Command 
to sequence address: 3 or automatically when Step (: 1) is asserted to select data 
lines 8 through 15 for input. 

6. End (Output 9E.!Y2. (Non-EOB Interrupt Sequence) 

End is asserted by a Begin Command to : 4. It may be used to inform the output device 
that an end-or-transfer has occurred. The End line remains asserted until a new 
Begin Command is reeeived. See "EOB Interrupt" for additional usc of the End line. 

The flow charts to be used to describe typical input and output operations generally conform 
to the timing diagrams of tlw simple I/O transfers shown in figures 3-43 and 3-44. 
Actual times given in fif/;ures 3- 54 and 3- 56, however, must be increased by the execution 
times of the instructions required for Programmed I/O operation . Instruction times nrc 
listed in the appendix of the appropl'iatp Computer Handhook. Automatic sequences 
performed by firmware and not requirin~ software im-;trudiol1s occur every 250 ns . 

.. ! 1. TY1~ical OU!J2.~(~l?~'!·0~i_o.n_ U~!_12.rI_!~!,(!.gE~l~!~~n~~] __ !.L(~. For a data or commnnd output 
operation (figure' :J-57), n stutus input instruction can he executed :md the device 
status word intel'l'ogated by the CPU. The CPU can determine if device error conditio1ls 
exist and if the device is ready to accept data. A CPU output instruction can then 
be executed (0 tl'llnsf(~l' datu from the CPIJ to the PicoProeessor's output register. 

The data must now be strobed into the device. A Beg'in Command is iSStH'd to the 
device's PieoProcessor specifying the fjrmwnre seqUPflCC address where Function 
Strohe (: 3) or Step (: 1). whichever tng is approprinte for the particulal' deviee. 
is usserted. Note that jf sequence address: I is accessed to assel't Stcp. Function 
Strobe is usserted automatically. When not required by the deviec. t he Function 
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(depending on device) 

: 3 

Status Input 
Instruction 

Status (CPU) 

ISCl'::!5:_~. __ I DL;-: 
1'ur rJ orf, 

Func t i ()n S trub(' I 
:0 

I 

A~~;,')'t 

I:: lid 

: ; 

Select IPl.I: 

Turn off End 

:0 

Figure 3- 57. Programmed I/O - Typical Output Operation 
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Strob,c line is unused. The CPU CIHl then issue another status input instrllction 
and interrogate the status word to detect when Function Strobe /\ekn()wled~e (FSA) 
is driven by the device (logical 1) to indicate that output data has been ac('cpf<·d. 
When FSA is asserted by the device, the CPU must issue an Idle (: ()) Begin command 
to drop the assertion of Function Strobe. 

C(~rtain devices need to know when the CPU end has occurred or if all data 
transfers are complete. This can be indicated to the device by the assertion of 
End by the device's PicoPr~ocessor. This can be done under softwul't, by issuin~ :l 
Begin Command specifying a sequence address of : 4. End is also as~el'ted when 
the end-of-block sequence (: F) is accessed by a Begin Command. This opPl'ation 
resets the device's PieoProcessor to the Idle state aftcr the interrupt is serviced. 

2. !l,pical Input Operation Using Programmed I/O. For a data input or extended status 
input operation (figure 3-58), a status input instruction can be executed and the 
device status word interrogated by the CPU. The CPU can determine if device errors 
exist and when the device is ready to transfer data. The CPU can then issue a Begin 
Command with the Branch Address field of the Command Word containing the sequence 
address of : 1 to assert Step. 

The PicoProcessor automatically branches to the next operation based on the state 
of the Two Byte status line. If the peripheral device is a two-byte device (16 bits) , 
the Two Byte line is grounded and the PicoProcessor automatically branches to 
sequence address: 3 to select the most-significant byte. The CPU can then detect 
FSA by executing a status input instruction and interrogating the FSA bit. When 
FSA is asserted by the device. and input instruction can transfer the most-significant 
bytp to the CPU. 

To transfer Uw next byte (least-significant). a Begin Command is issued accessing 
sequence address : O. The second byte can be transferred to the CPU by the execution 
of an input instruction. 

When operating with a one-byte device, the first byte transfer (MSB) is skipped 
and only the least-significant byte is transferred .. 

When all bytes (one or two) have been transferred, a CPU Begin Command can be 
issued aecessingsequence address: 4 to assert Function Strobe. The CPU can execute 
a status input instruction to input device status and detect FSA dropping to the non
asserted state. When FSA drops. the transfer is complete. A Begin Command accessing 
sequence address: 0 (Idle) is then executed to return Function Strobe to the non
asserted state. And End-of-Block could then be generated as described for the 

. output sequence . 

-'. .-;. ~ -. 
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NrJt 

Heady 

No 

Input 
StiltU.S 
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Status 
? 

Heddy 

As~·:;crt 

Step 

Yes 

~,'elect 
MS Byte 

Input 
Status 

Word 

F'SA 

:1 

: 3 

,?/ 
TYE'S 

TranSfe;J' 
r.1S Byte 
(DATA) 

St'll'l't 

IS f~~·tt' 

:0 

Status 
Input 
Instruction 

Test Status 
(CPU) 

CPU Begin 
Command 
Branch Address=:l 

l\utomatic 
Decision 
(PicoProcessor) 

Automatic 
Branch 
(PicoProcessor) 

Status Input 
Instruction 

Test Status 
(CPU) 

CPU Input 
Instruction 

CPU Begin Command 
Branch Address=:O 

l\utoma t i.e Branch 
for I-byte 

Status Input 
Instruction 

Test Status 
(CPU) 

CPU Input 
Instruction 

CPU Begin Command 
Branch Address=:4 

Status Input 
Instruction 

Test Status 
(CPU) 

CPU Begin Command 
Branch Address=:O 

Figure 3- 58 , 

SeIpeL 
loS Byte 

(DATA) 

Input 
St.:1tus 

Word 

Transfer 
LS Byte 
(DATA) 

Assert 
Function 
Strobe 

Input 
Status 

Word 

:0 

:4 

Select IDLE 

Turn off 
Function 
Strobe :0 

Programmed I/O - Typical Input Operation 
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Table 3-7, Programming Example - Auto I/O Output, (J-P Device 

('PINl LIJU 
('PDlVA LOU 

( I~ (J I r 1 l 
( I~ II I F." 2 ) 
GI' I,~ T 
(;/1 I) f. V A 

(il.NlRAL Pu~~}r):.H DLv H:'£ I'" I [:hHJP I 
(;. N U~ '". P lJ R p n !) ( I) f v , C I:. 1\ n L rot ~ S 
INTlfHdJPl FuR DATA LI)l.Tl(l,~ An:; 

/I (II) 
[. tl r .\ 
0"1.'\ 
DA'~ 

• 
• 
• 

J~lI 

U 1\1 " ... 

*-~ 
~-1Ii 
111 

-S.+l 
fUM 

AulO U'JlPuT ~Yf[ 
TO Ul F'lLE~ ~IIH ~Y1L LnJNI 
IV UFo F lI.LEO 1"1 111 t~t.JFFr" ADlJi1r S~-l 

INTFHRUfJl F-rIH l"JU-uf-!~L1Jl.K 

CAL L L~W-(Jf -i'1LUC K RulH t ",r 

GPnlNT un r~JHY PUI~' FOR LP ~RIV[~ 
~VTL LOU~I FON ~F~~AGE 

... 

* .. UB 

U)A 
i~ 1\ t': 
:;TA 
LI)A 

LI. " 
:""1 
STA 

LI' A 
UTA 
U'lA 
uTA 
LtN 
J'~~ 

LN. 
.1NA 
kTN 

NOTE 1 : 
NOTE 2 : 
NOTE 3 : 

HVTCNI 

tiP I IH+ 1 
aUf ADI) 
t 
t 
GP 1 d +2 
(NlIlrJ) 
GPDE.VA+' 
(NlI1E41 
GPIJlVA+2 

GPlllVA+l 
"G.AA !.~~ 

AUH JhSIRuC(ON NELOS NlbAIIV[ 
PUT IN ~nb INHfRUCTION 
ADDI((!lS (v.OHD) Uf Bt)FFl~ 

AOA JNSrRUCflON NLED~ R(l~ ~J~RlSJ 
!3fAf(TS "1 -1 
pur HI 111113 l'JSfIWlHf)N 
9El UP MO~E RIT~ 
S~NO lOMMAND 10 ~lCUPHOCE~~uR 
WORD TO SIAHT PICOPKQLE~SuR 
SIAHT CO~MAN~ TU PTCOPRuCt5SUk 
ENAULE {~'fHRUPIS 
WAIT FOH lN~.Uf-~LULK 

END-Of-BLueK 1 '" r E f( RUp-r ~1J~f-.! U'Jt r Nf 
11~PUT r,r"JI.JS 
rH:o TlJPt~ 10 CALLt n ~ [ 1 H S' A rlJs I N ~E.(i ,. 

Depends on 100 channel used; see figure 2-5, page 2-6. 
Depends on 100 channel used; see table 4-1, page 4-5. 
Mode Field: 

Output Data = :4 (:04x4) 
OUtput Command = : 0 (: 04xO) 
Input Data = :C (:04xC) 
Input Extended status = :8 (:04x8) 

NOTE 4: Branch Address Field: 
OUtput = :5 (:025x) 
Input = : 6 (: 026x) 

Mode and Branch commands can be given at the same time if 
the user is not switching between input and output sequences. 
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d 11cdd iOOI) i~-; isslwd -- JMP$ -- until the PicoProc.:(,~;::i()r intc'rn.lj't:; ll'>f ti' il:,' l'dtd 
};(>rvi(:l~ interrupt location, but to the End-of-Block location. 1\t: Chi:..: fl('II!!, .'''1111'.'1 
f'd:"ses to Uw subroutine labeled EOB. 

The' demonstration code falls into three distinct parts: Interrupt Ln,:"t lCI:\!;, l/n 
Initiatiop and End-of-Block Service. 

1. !nterrupt Locations 

The first part of the code defines and fills the standard loca l ions as!~oc iat'C'd 
with IOD channel to which the device's PicoProcessor is conncctt'd. A:; ::howli in 
fiLJUH~ ~;-4, there are six locations involved of which two -- tlw Bytl' Count ann 
the Bufh.'l- Location --are dynamic for each I/O Initi.1tion, whi 1,' till' )','m.lll\.1n(l 
words call be fixed at program load time. 

~. I/O Initiation 

The second part of the code accomaplishes the transfer of one physical record 
each time the user's main-line program executes this instruction: 

CALL GPINT 

It is assumed that the calling program has previously set up these two words: 

BYTCNT 
BUFADD 

Number of bytes to be transferred 
Word address of record buffer 

'I'he demonstration code converts this information into the form required by an 
Automatic I/O instruction: negative byte count and byte address of the buffer 
minus one. Once these computations have been stored into the interrupt locations, 
the PicoProcessor is sent two commands specifying, first, the mode and then the 
starting Branch Address. 

Set mode b.its (See Note 3, Table 3-7) 
Begin at Branch Address :5 

Notice that the D(~vice Address used in this sequence is coded with the same 
Device Address used in the interrupt location, plus one. The assembled object 
code will indicate the transfer of a command, rather than of data, as showri in 
Figure 2-3. 

3. End-ot-Block Service 

The End-of-Block subroutine could perform error analysis, retry, etc. The 
demonstration code simply obtains device status from the PicoProcessor and 
passes status back to the main-line program through the A register. 

3.3.7.10 Device Cable Description 

The device <.'able is made up of a 48-conductor flat ribbon cable. It is 1-1/2 feet 
lonq and sUPI,lied wi t bout. a connector on the device end. Figure 3-59 identifies each 
Lillf~ in the cable. Unused lines must bE' grounded, l('ft open, or tied to +5V through a 
pllllup resistor as specified in tables 3-6(a) or (b). All ground lines should.b(> 
used and grounded if possible. 
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If necessary to remove cable from the PicoProcessor for connector installation, remove 
the four retaining screws and nuts to remove PicoProcessor cover. then disconnect 
cable. When replacing cover, take care that the cable is preformed to the shape required 
to pass under the cover edge without strain. This will assure that firm contact between 
connectors will not be endangered. • 

Wire 
Conn Pin No. 

.J 4 1 15 
2 13 
3 11 
4 9 
5 7 
6 5 
7 3 
8 1 
9 2 

10 4 
11 6 
12 8 
13 10 

I 14 12 
15 14 

J4 16 16 
J5 1 31 

t 
2 29 
3 27 
4 25 

~ 
5 23 
6 21 
7 19 

J5 8 17 

G-P 

Description Conn Pin 

Stop J5 9 
Busy 10 
Function Strobe Acknldg. 11 
System Power 12 
Reset 13 
End 14 
Step 15 
Function Strobe (FS) J5 16 
Ground J6 1 
Ground 2 
Ground 3 
Ground 4 
Ground 5 
Ground 6 
Ground 7 
Ground 8 
Data In 00 9 
External Voltage* 10 
Data auf 06 11 
Data Out 04 12 
Data Out 02 13 
Data Out 00 II 14 
Spare Status Line 15 
Two-Byte J6 16 

-
*See paragraph 3.3.7.7.3. 

PicoProcessor 
Wire 1 (Brown) 

--
J4 

J5 

J6 

Wire 48 

Wire 
No. 

18 
20 
22 
24 
26 
28 
30 
32 
47 
45 
43 
41 
39 
37 
35 
33 
34 
36 
38 
40 
42 
44 
46 
48 

(Grey) . 

~-

Jkscription 

Cl'OUlld 
Ground 
Data Out 01 
Data Out 03 
Data Out 05 
Data Out 07 
Input/Output 
Data In 01 
Ground 
Data In 14 
Data In 12 
Data In 10 
Data In 08 
Data In 06 
Data In 04 
Data In 02 
Data In 03 
Data In 05 
Data In 07 
Data In 09 
Data In 11 
Data In 13 
Data In 15 
Data/Command 

No connector 
supplied 

48-conductor flat ribbon cable 
Conductors are 26 AWG 

Figure 3-59. Device Cable - G-P Intelligent Cable 
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3. 3.8 USER' S ~HCROCODED INTELLIGENT CABLES 

:~. 3. R.1 (;(~neral Description 

The User'~; Microcoded Intelligent Cables (UMIC) provides d g(~ncr;1l !'Ur['()';(' Il.u dWilt c' 

i.Jlterface which can be us~cr microprogrammed to meet individual intt~r LIce l"t._''iui 1 c~
ments. Standard peripherals not supported by other Intelligent Cclbl('~i CclTl lH' cdsi ly 

interfaced wlth an LSI Series Computer using the Distributed T/O Sy~;tl'm. Wi th the' 
User's Microcoded Intelligent Cable, creation of a unique I/O contro11er is dccum
plished by writing a simple microprogram. 

The UMIC is supplied as a G~neral Purpose Intelligent Cable, 14G31-11, for Jevicc~ 
r(~quiring a negative true interface or 14631-12 for devices requirinq .1 J'ositiv(' 
true illterfa-c""c. The user ROM/PROM set replaces the corresponding ~~ tandard C;ellt'rdl 
Purpose Intelligent Cable ROM's. The sequencing of the Intelligent Colb 10 i~; then 
cinder control of the user coded ROM/PROMs. 

3.3.8.2 Speclficaticm!c; 

SLandLlrd 
Specifications: 

Operating ~lodes: 

Software ~·lodes: 

Data Modps: 

:>l1!Jportinq 
Software: 

Supportinq 
Documentation: 

Refer to subsection 3.3.7.2 for the standard specifications 
of the General-Purpose Intelligent Cables. 

Simplex or half duplex, as determined by user micropl.-ogram. 

Programmed I/O or Auto I/O instructions under interrupts, 
as determined by user microprogram and software requirements. 

Four modes selectable by software and under control of u~or 
microprogram. 
1. Data output (8 bits). 
2. Data input (8 or 16 bits). 
3. Command output (8 bits). 
4. Extended status input (16 bits). 

Two software packages are available as part of the UMIC 
Documentation Kit 20631-00, for generation of user RO~1/PROM 
sets: 
1. 

2. 

1\ special set of assembler Macros for assembly of user 
microprogram. 
ROM/PROM Format Generator (ROMGEN) Program for genera
tion of user input patterns for procurement of user 
ROM/PROMs. 

Two user's manuals are available to aid the user in genera
tion of his custom microprogram (UMIC Doc. Kit 20631-00): 
1. User-Microprogrammed Intelligent Cable (UMIC) Reference 

Manual provides information for coding and assembly of 
user microprogram. 

2. Format Generator (ROMGEN) User's ROM/PROM Program 
manual provides information to aid the user in genera
tion of ROM/PROM procurement. 
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3.3.9 Magnetic Tape Intelligent Cable 

3.3.9.1 General Description 

The Magnetic Tape Intelligent Cable (MTIC) 14631-41 controls the tran~fer of rlutu 
between a Pertec (or Pertec plug-compatible) magnetic tape formatter und an LSI Family 
computer. 

The formatter unit, in turn, provides interface capabilities for up to four synchro
nous magnetic tape transports. The various formatters and tape transports available 
from Pertec include .models with combinations of the following capabilities: 

• Standard tape speeds from 6.25 to 75 inches per second (IPS) 

• Standard recording densities from 200 to 1600 bytes/bits per inch (BPI) 

• NRZI or phase-encoded recording formats 

• 7- or 9- track configurations 

• Read-after-write, read/write, read-only or write-only operation 

The MTIC is designed to interface to Pertec formatters that do not have terminating 
resistor networks on the PICOPROCESSOR (controller) to formatter interface signal 
lines. 'fable 3-8 lists several of the Pertec formatters that are compatible with the 
Magnetic Tape Intelligent Cable. Computer Automation does not provide, software support 
for 7-track or write-only formatters. Other formatters and tape transports may be 
used with the MTIC if they are fully compatible with the listed Pertec models. 

Table 3-8. MTIC-Compati.ble Pertec Formatters 

Formatter Number of Tracks Format Compatible 
Model Number PE NRZI Type Capability Pertec Transport 

F829/7 7/9 NRZI Read/Write & 5X60, 6x60, 7X20, 
Read Only 7X30, 6811, 6812 

F849/7 7/9 NRZI Read-After- 5X40, 6X40, 7X40 
Write 8X40, 8840 

F609 9 PE Write Only 5660, 6660, 7620 

F6l9 9 PE Read Only 6611-000 

F629 9 PE Read/Write 5660, 6660, 7620 

F649 9 PE Read-After- 5640, 6640, 7640 
Write 8640 

F6181 9 7/9 PE/NRZI Read ,Only 5612-850, 6612-850 

F6282 9 7/9 PE/NRZI Read/Write 5X60, 6X60, 7X20, 
5560, 6660, 7620 

F6484 9 7/9 PE/NRZI Read-After- 5X40, 6X40, 7X40, 
Write 5640, 6640, 7640 
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L '309.1..1 Mutjl1etic: 'rape system Description 

.~ 

I 

'I'll" maqnctic' tilpC' ~-;ystE'..f(1 _~!lterfaced by :I:1,he M'rrc .1S 21 two-level, mdS~; dill'.! ~;\(II"q\' 
. . p"ripheral sY!,;\:(Jm (Figure 3-60). The individual tape transports provide 11,,·\·,,;;j,· 

tape drive mechard sm and the read/write circuitry. The tape tran!';l'o,'ts (.lIn a I ~;(l 
:sustniri and complete a rewind operation once the operation is initiated. 

'" 
'.flit: tap(' tran:;!,ortH operate under the direction of a formatter. Or' to four tap'.: 
transport!, can be controlled by a formatter, but only one transport may ht-'St'ic.-'ctco "t 

any given time. Remaining transports may be rewinding, awaiting sel (Oct ion, (11~ t\lrnell 
off. The formatter performs the various "housekeeping" functions- Ilecessary to proou<'-' 
a usable tape file. The operations performed by the formatter include: 

• parity generation and checking. 

• Check character generation. 

• Error correction. 

• Inter-record gap timing. 

By relieving the CPU of organizing the data td the specific format requirements,tll(' 
formatter makes possible easier interfacing arId programming. For additional informd
tion on magnetiC tape system operation, refer to the applicable manufacturer's ref-

erence documents for the formatter and tape transport.: 

CPU· 

110 
DISTRI6 

UTOR 

TAPE 
~ ____ ~ TRANSPORT 

MAGNETIC TAPE 

INl ELLIGENT CABLE 

MAGNETIC 

TAPE 

FORMATTER 

;, 
Figure 3-60 t-1agnetic Tape System Configuration 
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3.3.9.2 Specifications 

Cable length (nominal): 6 ft. (1.8 m) 

100 to PICOPROCESSOR, 4 ft. (1.2 m) 
PICOPROCESSOR to formatter, 19 ins (.5 m) 

Formatter connector: 

CAl paddleboard (female, 100 Pin) 

Data types: 8-bit input and output 

Tape Compatibility: IBM compatible binary format (i.e. track a = most significant 
bit) 

Operating mode: H,alf-duplex using Auto I/O instructions 

Command output: Two command format with 8 mode bits 

Status input: Two word l6-bit format 

Standard channel number 1 (Device address field :F8) 
Standard data service interrupt ,address :CB 
Standard end-of-block interrupt address :CC 

Hardware requirements for maximum transfer rates supported: 

- For 75 IPS at 1600 BPI 

DMA I/O Distributor, any LSI family computer, any standard memory.* 

-For 75 IPS at 800 BPI or 37.5 IPS at 1600 BPI 

Standard I/O Distributor, LSI-2/20 or LSI-2/60 with core 980 memory. * 

-Por 25 IPS at 1600 BPI 

Standard I/O Distributor, LSI-2/20 or LSI-2/60 with core 1600 or core 1200 
memory. * 

-For 37.5 IPS at 800 BPI 

Standard I/O Distributor, LSI-2/10 with core 1200 or core 980 memory.* 

_For 25 IPS at 800 BPI 

Standard I/O Distributor, LSI-2/10 with core 1600 memory or LSI-3i05 with 
core 1600, core 1200, or core 980 memory.* 

* The requirements listed assumes the computer operation ~s dedicated to data 
transfer with all other peripherals in standby condition or powered down. Any 
attempt to time share operation at the listed maximum rates may produce transfer 
rate errors. 
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Strapping on I'ICOPROCESSOR: nOlle 

Strapping on paddlcboard: (Fiqure 3-61) 

Select formatter 0 - Standard 
Select formatter 1 - FAD to ground 

Select odd parity - Standard 
Select even parity - PAR to gFound 

Select hiqh OCllL;i j y - Stalldard 
Select high density - DEN to qroulld 

Select low read threshold .- St .. 'lnd.,rd 
Select high rea.d thrc~shold (not recommended) - THRI to qround 
Select low read threshold (not recorrunended) - THR2 to ground 

Figure 3-61 MTIC Paddleboard Strapping!', 
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3.3.9.3 Software Considerations 

The M'I'IC conforms to the general I/O Distributor prograrruning philosophy for Auto I/O 
described in Section 2.2. The MTIC PICOPROCESSOR transfers data in 8-bit parallel 
by+.es for both input and output. 

The processor command words for both data and control transfer are unchanged from 
standard usage. The use of extended format for the transfer of both control informa
tion to the PICOPROCESSOR and device status to the I/O Distributor requires careful 
ordering of the command words. 

The CPU is able to direct five operational functions of the formatter through the 
setting of the applicable mode bits. A sixth function is used to command the selected 
tape transport to offline mode. 

The five operational funct.ions are: 

• REV - Reverse/forward 

• WRT - Write/read 

• WFM - write file mark 

• ERA - Erase 

• EDIT - Edit feature 

These five functions can also be combined to provide more than the five listed func
tions. For example, the read function can be performed with tape moving in either the 
forward or reverse direc1:ion. 

The PI COPROCESSOR firmware sequences are divided into four write sequences and two 
read sequences. The write sequences are: 

• Sense Ready 

• Pulse Go 

• Rewind /Offline 

• Write/Write File Mar."k 

The read sequences are: 

• Sense Ready 

• Read/Skip 

The most significant address bit fo~ the PICOPROCESSORfirmware is derived from the 
mode register's write/read bit. The four least significant bits are issued as part of 
the software branch command. Table 3-9 lists the various combinations of the formatter 
operation functions and firmware sequences used to produce the magnetic tape system 
functions. '--
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i Table 3-9. Maqnetic Tape SYl:; t'cm Functions 
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o 

Function Mode R~<: i.ster Control Bits Firrnwilrp 
REV WRT WFM ERA EDIT OFL Sr>qllcnc p 

Write Data 1 0 1 1 1 1 Write :0') 
Write Data W/Edit 1 0 1 1 0 1 Write :05 
Write File Mark 1 0 0 1 1 1 Write :05 
Read Data 0 or 1 1 1 X 1 1 . Read :13 
Read Data/Edit 0 1 1 X 0 1 Read : 13 
Skip 1 Block a or 1 1 a X 1 1 Read :13 
Skip 1 Block/Edit a 1 0 X .0 1 Read : 11 
Rewind X 0 X X X 1 Rewind :('14 
Offline X 0 X X X 0 Rewind : ('14 
Erase (Fixed Length) • 1. 0 a a X 1 Write : O"i 
Erase (Variable Length) 1 0 1 0 X 1 Write :05 
Sense Ready X X X X X 1 Sense : 01 

or :11 

X == Don't Care 

3.3.9.3.1 CONTROL INFURMATION 

The format used for the transfer of control information separates the transfer of ,"1 

branch address from the transfer of the mode register bits. This is required 'so that 
the eight mode register bits can be-transferred. 

The specific magnetic t.ape operation performed is selected by the configuration of the 
mode register bits at the time a PICOPROCESSOR firmware sequence is i.nitiatC'd by Iht' 
CPU. The modt' bits also provide the second level addressing for the tape transports 
and the fifth ilddress bit for the PICOPROCESSOR finnware sequences. 

'fhe mode bits must be set. before a branch command is issued to start a firmwan~ SL'

quence. The mode bits must not be changed during a fjrmware sequence. 

The mode bit assignments are shown in Figure 3-62. The following describes the func
tional use of the mode bits: 

Bit 0 - Transport Address Select 1 (TADl) 

Bit 1. - Transport Address Select 0 (TAPO) 

Thl~ complementary bineuy confiquration of bits a and 1 addresses up to four tape 
transports att.:lched to the formatter. 

8.i l :~ - Reversl'/Fnl:w.u-d (REV). The loqical 1 selects forward tape movement in the 
Sl'lt'l'h'd t.1pe tr.:ll1Sp0rt. 
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1 I 5 4 3 2 

I 0, o , 

T I 

A or X Reqister 

t '-----------PICOPROCESSOR ROM Branch Address 
~----------------------Resct = 01 

• 
Branch = 10 

BRANCH OR RESET FORMAT 

o 

c 

Mode Bits r-_________ A~ __________ , 
r 

l5 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0 

I 0 I 0 J 0 1° 10 , 
1 o I o I I 

I A or X Register 
L--L __ ~~ __ ~~ __ ~~ __ +-~ __ ~~ __ ~~ __ +I __ ~I~ 

"-.r-' 

1----Tape Transport Select 
Unit 0 = 11 
Unit 1 = 10 
Unit 2 = 01 
Unit 3 = 00 

(TAD 1,0) 

~-------REV (1 = Forward, 0 = Reverse) 
~-----WRT (1 = Read, 0 = Write) 

"-------WFM (See Text) 
~----------------EDIT (0 = Edit, 1 = No Edit) 

~-------------------ERA (0 Erase, 1 = No Erase) 
'---------------- OFL (0 = Transport to Local Mode 

1 = Online Operation) 

SET MODE FORMAT 

Figure 3-62 Control Information Format 
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Bit 3 - Write/Read (WRT). 'rllc' logical 1 selecb, a read operaU,m .ill (1)(' ~;('l,'("t('rl f 1\'(' 

traTwtyort. Bit 3 also provides the most significant addn'~;:-; bit f(ll I.hf' ]'H'()I'ROcr::;snF 

f i.rm\',are. 

Bit 4 - Write File Mark (WFM). For write operations, a loqical () m()diri('~; thL' writ" 
firmware sequence to ·the write file mark operation;· a loqi(.',,] 1 clisal\ lvs the write' 
file mark operation. For read operations, a logical 0 modifies t110 read finnwan' 
sequence to the skip operation; a logical 1 allows the normal read operatio!l. 

Bi t 5 - Edit. 'l'he log ical 0 selects the formatter edit function. 

Bit: f) - Erase (ERA). The logical 0 selects the formatter erase function. 

Bi t 7 - Offline (OFL). The logical 0, along with t.he computer issuing a re,,-ind brallc:l 
conunand, places the selected tape transfer in local mode. The logical 1 allows normal 
online operation. 

::l. 3.9.3.2 S'rATUS INFORMATION 

The Magnetic 'l'ape Intelligent Cable's PICOPROCESSOR provides 16 bits of status infonnLl
tion for the computer. The MTIC status bits are arranged in two separate status byb's 
of eight bits each. A single status request from the CPU causes the PICOPROCFSSOR tl' 
send one status byte (eight bits) to the CPU. The status byte sent may ~e0itllpr 
status byte 1 or status byte 2. When the CPU relea.ses the status rtc'quest, t1w T'TCO

PROCESSOR automatically prepares to send the alternate status byte. A second stat'.l!'> 
request is required to complete the transfer of all 16 st.atus bi t.s. 

The order in which the status bytes are transferred, byte 1 or byte 2 first, is clet:er
mined by the number of status requests made since the most recent reset or mode select 
operation. The PICOPROCESSOR initializes the status byte control to send status byte 
1 anytime a reset or mode select operation is made. The distributed I/O status input 
operation is described in Section 2.2.5. 

The individual ~,tatu~; bits are derived from one of the following three sources in the 
magnetic tape system: 

• PICOPROCESSOR 

• Format.ter 

• Tap" rran~;p()rt 

Stptus bit~; rcportl.'d from tile PICOPROCESSOR or formattC'r r('pl·(':;,'nt 111,' l'rl'~:"lIt ~~t;ltll:; 

of th(~ magw'tic tape system. However, status bits reportt'd ft·om the tdpe transport 
represent the pn~sent status of only the selected tape transport. Sr,11 us fO!: thf' 
remaininqthree (maximum) tape transports is not reported. 

1~e bit assignments for status byte 1 are shown in Figure 3-63. The followinq des
cribes tile magnetic tape system conditions reported by each status bit: 

Bit 0 - Error f\einq Corrected (CER), PE formatters only. 'The logical 0 indicates 
formatter is correcting a read error. The computer must issue a reset or mode select 
to clear a logical 1 on this line. 

Bi t 1 - ricoPn~sent (PRE). The logical 0 indicates the PICOFROCESSOR is electrical 1 \" 
conn~cted to the I/O Distributor. 
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, Bit 2 - Rewinding (RWD). The logical 0 indicates the selected tape transport is 
rewinding tape. 

0. 

Bit 3 - File Mark Indicator (FMK). The logical 0 indicates the formatter deterted a 
filemark. I/O Distributor must assert REST or SELT to clear a logical 1 on this line. 

Bit 4 - Load Point (LPT). The logical 0 indicates the tape on the selected tape 
transport is at the beginning of tape (BOT) marker. 

Bit 5 - End of Tape (EOT). The logical 0 indicates the End-of-Tape marker was detected 
on the selected tape transport. The computer must issue a reset of mode select to 
clear a logical 1 on this line. 

Bit 6 - Check Character Gate (CCG). NRZI formatters only. The logical 0 indicates a 
check character (CReC or LRCC) was encountered. 

Bit 6 - Identification Burst (ID). PE formatters only. The logical 0 indicates an 
identification burst was detected. 

Bit 7 - NRZ. The logical 0 indicates the selected tape transport is an NRZI unit. 

The bit assignments for status byte 2 are shown in Figure 3-63. The following des
cribes the magnetic tape system conditions reported by each status bit. 

Bit 0 - Formatter Busy (FBY). The logical 0 indicates that a formatter operation is 
in progress. 

Bit 1 - Data Busy (DBY). The logical 0 indicates the magnetic tape movement is up to 
speed on the selected tape transport. 

Bit 2 - Ready (ROY). The logical 0 indicates the selected tape transport is available 
for operation. 

Bit 3 - Character Ready (CHR). During read operations, the logical 0 indicates a read 
data character from the formatter is ready for transfer to the I/O Distributor. 
During write operations, the logical 0 indicates the write data buffer can accept 
another data character. 

OBit 4 
line. 

On Line (ONL). The logical 0 indicates the selected tape transport is on 

Bit 5 - File Protect (FPT). 'l'he logical 0 indicates the file is protected by the 
removal of the write enable ring on the supply reel of the selected tape transport. 

Bit 6 - Rate Error (RAT). The logical 0 indicates a data service interrupt was not 
acknowledged soon enough to avoid data loss (Read) or character duplication (Write). 

Bit 7 - Hard Error (HER). The logical 0 indicates the formatter detected a non
correctable error. The computer must issue a reset or mode select to clear a logical 
o ·on this line. 
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15 ,. 13 12 11 10 9 8 1 , 5 • 3 2 o 

G I) 0 0 0 000;: 
t I I I I I I I I I I 

I l 1 

--, 

~ CER, 

PRE, 
RWD, 
FMK, 
LOP, 
EOT, 
cCG, 

0 
0 
0 
0 
0 
() 

0 

STATUS HYTl~ 1 

Error Suinq Corrl!ch~d 
PICO[,R()CE:~_'~OR Connect I-d 

Transrort qL'windil1cl 
File H;lry f)etectc(l 
Transport ,It BlVI' nad,L'r 
Trallsport at 1':nJ of 'l\l!'t' 

CRCC or LRC(' Det \'\:t.vd 

(NRZI Form.lt tl'l:) 
10, () = Burst Det.ected (I'E Form,lttl'l') 
NRZ, 0 = Transport is NRZI Unit 

15 14 13 12 11 10 9 8 1 " 5 .. 3 2 o 
(I 0 

L 
o 0 0 0 0 0 

I I I I I I I 
f l~FBY' 0 

DBY, 0 

RDY, 0 

CHR, 0 

ONL, 0 
FPT, 0 
RAT, 0 
HER, 0 

STATUS BYTE 2 

Formatter Busy 
Tape Moving at Data Soc0d 
Transport Ready 
PICOPROCESSOR Ready fot Da.Ll 
Character Transfer 
Transport lS Online 
Tape File is Protected 
Data Lost or written Twice 
Uncorrectable Error Detected 

Figure 3-63 Status Byte Formats 
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3.3.9.3.3 SPECIAL CONSIDERA'rIONS 

The special software considerations consist of the following recommended command 
sequences. 

• Do not issue a set mode instruction unless the PICOPROCESSOR is known to bt~ in 
the idle state . 

• Do not issue a set mode instruction that changes tape movemont direction or til(' 

class of instruction (read to write or write to read) unless the formatter is 
known to be not busy (FBY=O). 

• Always request status, both bytes, following a set mode that changes the tare 
transport selection. 

• Do not issue a branch instruction if the configuration of the mode register is 
not knoWn. 

• Whenever possible, use set mode rather than reset t.o clear the PICOPROCESSOR. 

• Computer Automation recommends that any status request should always be for both 
status bytes. This reduces the risk of an erroneous interpretation of the status 
bits. 

Refer to Section 3.3.9.4 for further details on overall system operation and Section 
3.3.9.5 for a specific programming example. 
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'111(' OI'(·foli.i.Oll 01 Uw mclqnC'tic ti.'lP0. peripheral sy:;tem is ('()nt''roll~'d l.,y :·;oftw,:lTl' dir"c'
t LOll or "lie f\)nTl.1'-ll~r unci tape transport fUTlcti(HI:; l-.ogelher wi th operation :;eC-Ylll'rwi no 
prov i dc·,j by ~;o Ft ware se lect i on of the appropriate PICOPROCESSOR f i rmwar(' :>equencp. 

3 . .1 • (J • 4 . 1 SoL ' .. ware! SI.'quence 

All online op('rations of the magnetic tape peripheral system arc ini tillted by softwilrt' 
issuing a branch corrunand to the PICOPROCESSOR. Prior to the issuancl' of tIlt' ('onul!alld, 
the software must determine the present conditions of both the form,"1t h'l" al1d f;l'lecte<1 
tape transport. 'l'he software must also select the function to be p('l"formcd. 

Figure 3-64 is c:l flow chart of t.he type of software sequence necessary tn rerfonn ."1 
magnetic tap0 I/O operation. The following is a description of that software sequC'r:C't'. 

DETERMINE INITIAL CONDITIONS 

P.rior to initiatinc; a magnetic tC1pe operation, it must be determined that an operation 
is not present 1 y in progress .'~~ 

Tllf:~ I'ICOPROCESSOR firmware is partialiy protected since 
a hram;h address is not accepted as a branch address by 
the f.i. rmware if ,the firmware is not in idle but may be 
acc(;l·ted as the response to a data service interrupt. The 
mode bits are not protected and must not be changed during 
the execution of an operation. 

:'.: 

.~. 

To dct~rmille that un operation is not in progress, the software must. examine the 
status bits transferred from the PICOPROCESS. If status was requested and stored at 
the termination of thp. previous operation, the software can examine the stored stilt·US 
bits. If c1!) EOn interrupt was expected and not received, an operation is in progress. 
Th(! status required to allow initiation of an on-the-fly function is PicoPresent (FRF) 

= 0, Data Busy (DBY) = 1 and Transport Ready (RDY) = O. 

SET THE MOUE BITS 

C 'rill' mouf' bit:s iJn' set. to select the tape transport for operation, and to determine the 
fUllction bcin'l performed. The mode bits must be set prior to execution of a branch 
command that ini llntes a. firmware sequence. Once set for a particular tape, transport 
an.t! func.:tion, add i tional set mode commands are not required or allowed until ei ther .? 

different trallsport ·or function must be selected. 

Wht:,n the next operation involves a change in tape movement direction or changes tll€ 
class of instruction (read to write or write to read), the set mode instruction must 
not b,e lrist1E'd until the formatter is not busy (FBY =' 1) • 

CHECK m:VICI-: STi\'T't1S 

AllY time tht' t r''-lIIGport address modE~ bits (TADO, TADI) are chimged by the set mode 
('01lIln,111<i, ~,t.1l:t1:; nll1:;t l'e interroqatl'd before the branch command is issued. This inter
rml-lt i~'1\ i~; n~'1llirl!d to assure that the newly-selected tape transport is availabl(> for 
()I',-'l·i1t. i.oll. 'l'h.. I'l'qult','<i status iro t,ransport ready (RDY) - O. 
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MAGNETIC TAPE 
OPERATION REQUIRED 

N 

SET THE 
MODE REGISTER 

BITS 

y 

REOUEST 
BOTH STATUS 

BYTES 

N 

y 

ABORT 
MAGNETIC 

TAPE 
OPERATION 

N 

ISSUE SENSE 
READY (:01 OR :11) 

WAIT FOR EOB 
INTERRUPT 

N 

ABORT 
MAGNETIC 

TAPE 
OPERATION 

y 

ComputerAutomation ~ 

ISSUE BRANCH 
ADDRE:SS TO 

PICOPROCESSOR 

r------ -- --...., 
AU TO lill • 

y 

SERVICE 

THE 

INTERRUPT 

SEQU[NC~ 

N 

L _________ .J 

N 

SERIVCETHE 
INTERRUPT. 

REQUEST BOTH 
ST ATUS BYTES 

OPEFMTlON 

TERMINATED 

Figure 3-64 Typical Software Sequence 
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WP I 'I'),: D.) t a or 1".i 1.t ·mark (: () 'i) 

'1'11,' Wr. ito ~;('qU('II"" r irst <.:!H·ck1; fot t I,,· Lill"~ t ransl'orl t",1dy ... lIIei I h,' 1"1'" f'i..:I' 'tI" 

,prnb'c\(Oc1' (wrib' ('11<11>1e tillq illstalll'd). If c·it·h',·r 1-', ~,I r.lil.!;, 1111,' I ; nllt:, H', , ililnl!'rJi 

.lh·ly Ht:<'l'!; t.O 'h(~ 1~t1d-()f-B]ock illh'rrlJl't: .llld h(1]d~; t~l" il)tt'rn,qd, tint i I .1<').:11 ,w!",jo,d. 
If bolh tests pass, tape m'ltioll i.~; i,dt..i.dt.pd. 'J'h.-, linltw.1t'(· tl/l'l\ ch',"'k !·It- Lhl' J:1\.>.{e 

register write filemark bit. If WFM '" 0, thf~ firmw"n' waih; [c,r the r''1'lIl'lt-~Vr 1:0 

complete the write fDemark opcr.)ti.(m. Wdb·· filC'm"rk then picks UI' tIlt: rj'In,,'"':''' 

sequence at the issuing of the la~,t wut.ci t.ag. If WPM '.7 1, tht' fiImWJn~ imInt'diat'"ly 
i~Rues a data service interrupt tor the first data chat.·acter. When the intl'rn,lf't: .i ~:: 
acknowledged, the firmware issues a d,1.ta service interrupt f:)r th,~ sernnd di"lta ,:~h,1"'

acter. When the interrupt j s acknowledged, the PICOPROCESSOR writ e dilLl huf f "l- j~. 

f:i,lled. Subsequ(~nt data service interrupts occur (';'Jell time the form.-:ltt('l" ~,i.i.qr"11s tklt 
a character was written. 'I'h1.;3 continues unt.il the byte count = a Siql121! .i:~ !:"""ivc'd 
from the I/O Distribut.or. Th(' firmware then waits unt,il the :H'Xt to lhf' J.1t'l L'll.lr
acter is written after which i the last data charact('l" is sent to the f,)rnMl-h'r aJ 0lV1 

with the last word signal. The firmware hold the last word siqnal untLi t.ht' formi'\tt ... ~r 
releases the data busy line. The firmware then steps to the End-of-Block interrupt 
and holds the interrupt until acknowledged. 

READ/SKIP (: L3) 

T}w Read/Skip sequence first initiates tape movement, sets a timer (2 seconds nominal), 
and waits for a data block to be encountered. If a data block is encount.ered within 
two seconds, the tim8r is disabled. If the timer expires or the format tl,'r relc'as"~ 
th,:' data bu~,;y line without encountering a data block (file mark detection), th,' firm
ware'stops to the End-of-Block interrupt and holdsthr interrupt until acknowl8dged. 

NOTE 

Tape movement is, not stopped if a data block is not encount(:r<:>d 
within the time allowed. The End-of-Block interrupt is issued 
after two seconds to allow for software intervention. 

Wh<o!n a data block. is encountered, the f irmwar(! checks the mode reg ister \vri te file 
mark bit. If WFM == 0, the operation is a ski.p and data service internwts a':'-e not 
issued. If tVFM ,-= 1, the firmware issues data service interrupts on a per-charact.er 
basis until the entire block is read or the I/O Distributor issues the byte count '" " 
s.iynal. In either case, tlw firmware does not step to the End-of-Block interrupt-

'until the formatt.er relpas~,!s the d;:ta busy line sigr;",' inq the end of th,' data block. 
·rh ... ·, f irmware hold~; t.h(~ End-of-Block in turrupt unt. il acknowledged. 

! .1.<.:!.4. 3 AdditionaJ.,' ,onlroI~:'l 

Th0followillq dre (hiscriptions of the additional magnetic tape system controls avai,l
able to thesoftwaie: " 

'r~')t'" Hf's(~t function is performed hy issuing i'l Reset conunand. Reset initializes all 
T'ICOPROCESSOR logic nnd resets the formatter. This causes any formatter controlled 
tal'" opel'ativn to termi.nate and the transport to stop. Issuing a resc·t COmmi'lllrt is t~ ... ' 
QIl 1 'y' 11i(!thod pi ,terminating a read forward onto ,blank tapeer read reverSe onto the 
beqinJllllq Ofi'-~~~e. 
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WRITE Data or Filemark (:05) 

The Write sequence first checks for thp tape transport ready and the ti'qH' file Ilot 
protected (write enable ring installed). If either test fails, the finnwan' immc'di 
at.ely steps to the End-of-Block interrupt and holds tlw interrupt unt 11 acknow J ,'<"lcwd. 
If both tests pass, tape motion is initiated. The firmware th,:Jl checks for the modl 
register write filemark bit. If WFM = 0, the firmware waits for the lormatt('r to 
complete the writ.e filemark operat.ion. write filemark then picks up tlw firmwar,' 
sequence at the issuing of the last word tag. If WFM == 1, the firmwarp immediately 
issue~ a data service interrupt for the first data character. When the interru~t is 
acknowledged, the firmware issues a data service interrupt for the second data char:" 
aeter. When the interrupt is acknowledged, the PICOPROCESSOR write data buff(!r is 
filled. Subsequent data service interrupts occur each time the formatter signals tll~t 

a ,;haracter was written. This continues until the byte count == 0 siqllal is T('cl'ived 
from the I/O Distributor. The firmware then waits until the next to the last char
acter is written after which, the last data character is sent to the formatter along 
with the last word signal. The firmware hold the last word signal until the formatter 
releases the data busy line. The firmware then steps to the End-of-Block interrupt 
and holds the interrupt until acknowledged. 

READ/SKIP (: 13) 

The Read/Skip sequence first initiates tape movement, sets a timer (2 seconds nominal), 
and waits for a data block to be encountered. Ifa data block is encountered withill 
two second~{, the timer is disabled. If the timer expires or the form<1tter reh'ils,'S 
th" data busy line without encountering a data block (file mark detection), the firm
ware steps to the End-of-Block interrupt and holds the interrupt until acknowledged. 

NOTE 

Tape movement i~ not stopped if a data block is not encountered 
within the time allowed. The End-of-Block interrupt is issued 
after two seconds to allow for software intervention. 

Wht:~n a data block is encountered, the firmware checks the mode register write file 
mark bit. If WFM = 0, the operation is a skip and data service interrupts are not 
is:med. If WFM == 1, the firmware issues data service interrupts on a per-character 
basis until the entire block is read or the I/O Distributor.issues the byte count = 0 
signal. In either case, the firmware does not step to the End-of-Block interrupt 
until the formatter reledses the data busy line signaling the end of the data block. 
The firmware holds the End-of-Block interrupt until acknowledged • 

3.3.9.4.3 Additional Controls 

The following are descriptions of the additional magnetic tape system controls avail
able to the software: 

RESET 

The Reset function is performed by issuing a Reset command. Reset initializes all 
PICOPROCESSOR logic and resets the formatter. This causes any formatter controlled 
taF';! operation to tel·minate and the transport to stop. Issuing a reset command is the 
only method of terminating a read forward onto blank tape or read reverse onto the 
beginning of tape. 
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GO 
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WAIT UNTIL 
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SET LAST 

WORD TAG 

f¥'W'eAMt'Ir" .... '. Hf t'w ..... z¢"'''W'''W' '. 't,'! '" .,ttu~'''' "'$'" 

ComputerAutomation ~ 

N y 

START 

TAP[ 

MOVING 

INTERRUPT 

FOR FIRST 
CHARACTER 

INTERRUPT 

FOR ANOTHER 

CHARACTER 

Figure 3-65a Write Firmware Sequence 
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PADDLE l 

BOARD t 
CONNECTOR 
PIN NUMBER 

, 
;; 

i J 
4 
~ 

" ,. 
8 r 
9 I 

'0 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 
2l 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 
45 

46 
47 

48 
49 
50 

PERTEC 
"IN NUMBER 

,,' .. ~ 
62 
A'l 
83 
A' 
84 
.. 4 

65 
1.5 
aii 
A6 
6T 
Ai 
B8 
AS 

a9 
A9 
alO 
AIO 
811 
All 
812 
A12 
813 
At3 
814 
AI4 
815 
A15 
816 
A16 
817 
A17 

818 
AI8 
819 
A.9 

820 
A20 
821 
A2. 

8.22 
A22 
823 
A21 
824 

A24 

625 
A25 

L 
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i PICO- PADDLE 
PROCESSOR BOARD 

CONNECTION CONNECTOR PERTEe 
DESCRIPTION OTHER PAD NUIo18ER PIN NUMBER PIN NUM8ER DESCRIPTION 

f0~matter AdCre;>5-fFAD; Padllie Eo ... a J~mpet 51 826 
1'''ranSPQrt Aa<1ress I T ADO} 46 52 A26 

53 827 Red<ly ,AOY, 
Signal f":tf0U1ldtSJG G~D~ 23 54 A27 On l,ne fONLl 
Transoot:t J..,ctjI~Zrs.,7AD~. 3? 
tmuate Commaf'!'1 ~GG-t 24 

55 828 Rewmll'flq \AWOI 
56 A28 (,Ie Protect ,FpT\ 

R~lIersa!~a.(wa'tt t REVt 35 
WnrelReaa r\"~JRr, ! 36 

I 
t 

57 829 
58 A29 i 
59 830 Load Parr't tLD~ 

60 AJO EooOI Tape ,Eon 
Wme F';e Mark !if.fFM~ 38 61 83\ 
EDIT 39 62 A31 NRZIiNAZI 
ERASE 4.1 63 832 
Read ThresnCiC Le,;,e. ~ rThR n Paddle Beard: Jumpe~ &l A3.2 

65 Bn 
66 A33 

Read fhresnoto Le~et;;:, fMR21 Pauole Boatd Jucnpe f 61 934 
DensIty Se!ec" rOEN, I Paaa'e 6"a,1l J utr'oe' 
P~'lty 5etec!tP_AP- Pa(!d!e BOdtd .;U:Tlpef 

Load & 0., L,f'lelLOli Hi. PultUptO +5V 

68 A34 Wme StroOf.>.'ISTf" 
69 835 Signal GcOur'lC iSiG GNDi-
7(} A35 S.gna. G'ouna,SIG GNOI 

S.qnai GrcundlSIG GI' .. Ol 29 11 836 Read StroDe ,ASTR' 

72 A36 
Rewind tAEW, 28 73 831 Read Data 0, AOl 
Ott~LmeIOFLi 4' 74 A37 Read O"'a I iRII 
LasIV'loraILWC, 34 75 B38 
Formatter Enaole ,FE!' .. l 31 713 A38 

n 839 Read Data 2 ,A21 
78 A39 Read Data 3 '~:UI 

79 840 Reaa Data 4 ,M4i 

80 A.O Read Oar d 5 (RS. 
'I'fI:f.: O~:'=" C:' ,,~(~ 12 81 841 
Write Oa:a 1 fW', 5 82 ~ A41 

113 842 Re~Oatab,R6' 

84 A42 ~eaaOa~a 71Rl': 

Wnle Data 21W21 6 85 843 
W,.",o3'~')·iW31 7 86 A43 
WOle Data 4 (\~(.l, 11 87 844 

Write Data 'j IW5, .e 88 A44 

89 845 
90 A4S 

Wnte Dafa 6 IWf51 9 91 646 

Wnte :--;t!61 ?"'W:r '6 92 A46 

F'f)ff"':}I'I?" 8'Js" : E'" ! 93 847 

Oatd b .. :, t :"'2" 3 94 ~'7 

95 848 pr.,N~'Gr -,#·!,p'lJHGr~~ 

% A4~ • ~V 

I !eOfl··;~· 'jr'" C~&;~. Crarart/;:' 32 97 849 P{J*~r Grr/urfl,P'/ .. ~ IJ',,:, 

Ga!e ':E"~'" ~~Gi 

Hare Et':"- -,,...~:' ~f..i 

98 A49 • "JV 

99 . B~G Po""e' G",,,,,~ r1· PV .. P r:..~:-- .. 
Cv'ec'~;J E"~"CER, 1'; 'orc A50 .. c,,-, 
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PADDLE 
BOARD 

CONNECTOR 
PIN HUMBER 

1 

2 
3 
4 

5 
6 
1 

8 
q 

10 

11 

12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 
31 

32 
33 
34 
35 
J6 
37 
38 
39 
40 
41 

42 
43 
44 

45 
46 
47 

48 
49 
50 

PERTEC 
PIN NUMBER 

81 I A' 
B2 
A2 
83 
A3 
B4 
A4 

8: 
A5 
86 
A6 
87 
A7 
B8 
A8 
89 
A9 
Bl0 
Ala 
811 
All 

B12 
A12 
813 
A13 
814 
A14 
815 
A15 
816 
A16 
817 
A 17 
818 
A18 
819 
A19 

820 
A20 
821 
A2t 
822 
422 

B23 
A23 
824 

A24 

B2S 
A25 
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Tctble -10 In~erface Cable Signal Assiqnments 

DESCRIPTION OTHER 

Formatter Address (FAD Paddle Geard JiJmper 
Transport Aadress i r AOO) 

Signal Ground ISIG GNDI 
Transport Addre5S {T AD 1. 

lnltlate Commano iGO! 
Rsverse/Forward ,AEV\ 
Wnte/Read (WRr-

I Wrlle File Mark (WFMI 
EDIT 
ERASE 
Read Threshold level 1 (THR11 PaOdle Board Jumper 

Read ThresholCl level 2 (TH R21 Padale Boaro Jumpel 
Dens'ly Select (DENI Paddle Board Jumper 
Partty Select IPAR) Paddle Board Jumper 
load & On Lone (lOLl lK Puil Up to + 5V 
S'9nal Ground ISIG GND! 

ReWind iREW) 
Oil-lone (OFLI 
Last Word ILWDI 
Formatter Enable !FENI 

Wrlle Dale OIWOI 
Write Data 1 (W11 

Wnte Data 2(W21 
Wr""<)31I1~tW31 
Wnte Data 4(W4) 
Write Data 5,W51 

Write Data 6 (WSI 

Vvnte Da!a 7 {W71 

Formatter Bus., (FBY: 

Data Busy ,DBY, 

Idenuflca1lon;Check Character 
Gate ItDENT/CCG) 

Hard Error IHERI 
Corrected Error ICE q~ 
File Mark (FMK) 

PICO· 
PROCESSOR 

CONNECTION 

PADDLE I 
BOARD 

CONNECTOR PERTEC 
PAD NUM8ER PIN NUM8ER PIN NUMBER 

51 B26 
46 52 426 

53 827 
23 54 A2? 
37 55 828 
24 56 A28 
35 57 829 

I 36 56 A29 
59 830 
60 A30 

38 61 831 
39 52 A31 
40 63 832 

64 A32 
65 833 
66 A33 
67 B34 
68 A34 
69 835 
70 A35 

29 71 BJ6 
72 AJ6 

28 73 837 
41 74 A37 
34 75 B38 
31 76 A38 

77 839 
78 A39 
79 B40 
80 A40 

12 81 B4' 
5 82 A41 

83 842 
84 A42 

6 85 843 
7 86 A43 

11 87 844 
10 88 A44 

89 8'S 
90 A4S 

9 91 846 

16 92 A46 

4 93 84' 

3 94 A47 
95 848 
96 A48 

32 97 849 
98 A49 

26 99 8~O 

19 100 A50 

30 

DESCRIPTION OTHER 

I 
Ready IROYI 
On Line (ONL) 
ReWinding IAWOl 
rile Protect jFPT) 

load Po.nt (lOP, I 
End Of Tape lEOn 

NRZlrNRZ) 

Write Strooe ,WSTR: 
Signal Ground (StG GNDI 
Signal Ground ISIG GNOI 
Read Strobe rRSTR) 

Read Da.a 0, RO) 
Read Da.a 1 IR1) 

Reaa Oat a 2 ! R21 
Read Data 3 "Fl.31 

Read Data41f<4, 
Read Data SIRS· 

Read Data 6 ,RSI 
Read Data 7 I R 71 

Power Gr:;w' ! 'PI/JP. GP'.G 
.5V 

POW'=f Grr ... urd fP'/4R GP',.O, 
.5V 

Power Gr'jlJru IPV' .. R GriO 
.5V 

I 
I 
I 
I 
I 
I 

, 

P~O- I PROCESSOR 
CONNECTION 
PAD NUMBER 

1 
14 
2 

20 

I B 

I '8 

33 I 

27 

25 
21 
22 

45 
44 

I 
43 

I .. . 

I 
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I 
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Mode Bit 0 - TAD! PADDLE PERTLe 

Mode Bit! - TADO BOARD PERf:ORMA1TFR 

Morle 811 ,2 - REV. 

Mode Bit ].- WRT 

Moilp Bit 4- WFM 

Mode Bit 5- EDIT 

Mode Bit 6- ERA 

Mode Bit 7 - OFL 

Status Byte 2 Bit 7-- HER 

Status Byte 1 Bit ! - CER 

Status Byte 1 Bit 2 - RWD 

Status Byte 1 Bit 3 - FMK 

Status Byte 1 Bit 4 - LOP 

Status Byte 1 BitS - EOT 0' 

Status Byte 1 Bit 6 - CCGIID 

Status Byte 1 Bit 7 - NRZ 

Status Byte 2 Bit 0 ~ FBY 

Status Byte 2 Bit 1 .,... DBY 

Status Byte 2 Bit 2 - ROY 

Status Byte 2 Bit 4 - ONL 

Status Byte 2 Bit S - FPT 

Read DaiaO 

Read Data 7 t 
Head Data Strobe - RSTA 

Write DataO 

Write Data 7 i 
Write Strobe - WSTA 

Last Word - LWD 

Furma\t{!r Enable - FEN 

Initiate Command - GO 

l1ewind - REW 

Olliine ' ·OFL 

LOL 

THRI 

THR2 

DEN • 
PAR • 
FAD 

Figure 3-66 Interface Overview 
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The interface cable is a 50-conductor flat ribbon cable. The PICOPH.OCESSOH end is 
soldered directly to connector pads on the PICOPROCESSOR printed circuit board. A 

Iloo-Pin female paddleboard connector is attached to the formatter end of the illt ,'rfi1':e 
!CClblc. Table 3-10 lists the signal assigrunents for the interface cable. FiguTl' 1-(,(; I presents an interface overview of the magnetic tape system. 

I Form,ltter outputs are driven by DTL 944, 932, or TTL 7416 open collector devices. The 
signals are pulled up in the PICOPHOCESSOR to +SV through lk OHM resistors and present 

I all equivalent load of not more than one Schottky 74Sxx series load. Refer to Figure 
]--()7, Formatter inputs are DTL 936, 946 and 'l'TL 74xx devices. The PICOPROCESSOR does 
not have power driver outputs and the formatter must not have terminatinq r('sj ~~t-or i vol tage dividers on the input lines. 

0: [> [> » 
I 7404 OR EQUIVALENT VARIES , 

I TYPICAL PICOPROCESSOR OUTPUT 

I 
+5 I 

i 
i 

I 
1K 

I ---{> I ) 

i 

I 7416 OR EQUIVALENT VARIES 

! TYPICAL PICOPROCESSOR INPUT 

C ; 

I 
I 
I 

L' Figure 3-67 Typical Interface Lines 
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The r-1'I'IC pC()(Jramming ex.,mple is includl-~d for illustriltiv(' purpOSN,. 

'l'11<! J\utt) [/0 in~;truction ilnd the EOB Subroutine Locater are stored ill tlw ddtc"l 
:;prv j c:p and EOR serv ice arf~as as shown below. 

* 
* SAMPLE AUTO I/O BLOCK 

* SET UP FOR READ MODE 

* 
MTINT EQU :CB 
MTDEVl\ EQU :F2 

ABS MTINT 
AIB MTDEVA 
DATA $-$ 
DATA $-$ 
DATA 0 
JST *$+1 
DATA EOB 

STANDARD MAG TAPE IN'rERRUPT 
STANDARD MAG TAPE DEVICE ADDRESS 
INTERRUPT FOR DATA LOCATION 
AUTO INPUT BYTE 
TO BE FILLED WITH BYTE COUNT 
TO BE FILLED WITH BUFFER ADDRESS-l 

CALL EOB INTERRUPT HANDLER 
HANDLER ADDRESS 

The Byte count and buffer address locations are filled in by the main section of 
code illustrated on the following page. 
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FBYLP 

RDYLP 
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* 
EOB 
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SAMPLE CODE FOR AUTO I/O READ OPERATION 
WITH STANDARD DEVICE ADDRESS (:F) AND CHANNEL NUMBF.R (1) 
AND TRANSPORT 0 
HALTS ON ANY ERROR CONDITION 

SIN 
INA 
INX 
AND 
JAZ 
HLT 
TXA 
LRA 
JOR 
LDA 

OTA 
SIN 
INX 
INA 
RRA 

JOR 
HLT 
RLA 
JOR 
JMP 
LDA 

STA 
LDA 

STA 
LDA 
OTA 
JMP 

2 
:F3 
:F3 
=:1 
$+2 

1 
FBYLP 
:04FF 

:F3 
2 
:F3 
:F3 
5 
$+2 

2 
$+2 
RDYLP 
XCNT 

:C9 
XADDR 

:CA 
:230 
:F3 
$ 

GET STATUS BYTE ONE 
GET STATUS BYTE TWO 
CHECK FOR PICO PRESENT (PRE=O) 
PRESENT 
NOT THERE-ERROR 

CHECK FOR FORMATTER NOT BUSY 
NOT BUSY-GO ON WITH OPERA'l'ION 
LOAD READ MODE WORD (INCLUDES TRANSPORT 
ADDRESS) 
MAKE SELECTION 

GET STATUS BYTE ONE 
GET STATUS BYTE TWO 
CHECK FOR TRANSPORT ON LINE 

NOT ON LINE-ERROR 
CHECK FOR TRANSPORT READY 

NO'!' READY, LOOP 
SET UP AUTO I/O 

BYTE COUNT (NEGATIVE) 
AND ADDRESS 

WAIT FOR END-OF-BLOCK INTERRUPT 

END-OF-BLOCK INTERRUPT HANDLER 

EN'r 
INX :F3 GET THE STATUS 
INA :F3 
XOR =:C2 CHECK STATUS BYTE 2 FOR 
AND =:D6 ONL AND RDY TRUE; HER, RAT , AND DBY FALSE 
,JAZ $+2 
HLT ERROR IN BYTE TWO 
END 
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3. :3.9.7 Sample MClgnpt: ic Tape Bootstrap Program I 

A uample Milgnpti<.: 'I'ape Bootstrap program usinq the standdrd devir;e numb('r, intcrrllpt· 
addn)s:3es, and stunda:r:d channel number iH shown below. '!'he program n~<.Hl~; I.h0 first" 

Magnetic 'I'ape record (regardleHs of size) into memory, heginning at locat~i(ln :;)00. 
'rile' record is input from tape unit O. Note t.hilt: parameters DRVAD, Dr.VAD, CHNL, 
;md INTAD can be chan qed to accomodate nonstandard addresses and ot IWT tupe unit s. 

TIlt' Bootstrap [.Jt:ogram is configured as a paper tape and can be loaded into memory 

u!~inq Autoload. 

* 
* 
* 
* 
DRVAD 
DEVAD 
CHNL 
INTAD 

START 

r"UDSET. 
BRlINCII 

END 

010 MAGNE'J'IC TAPE BOOTSTEAP 

EQU 
EQU 
EQU 

E~!U 
ORG 
EQU 

LDA 
OTA 
LDA 
OTA 
EIN 
JMP 
ORG 
AlB 
DATA 
DATA 
NOP 
,JST 

DATA 
DATA 
DATA 

START 

3 
:F 
1 
:CB 
INTAD-7 

$ 
MODSEL 

DRIVE ADDRESS 0 (NEGATIVE TRUE LOGIC) 

DEVICE ADDRESS 
CHANNEL # 
INTERRUPT ADDRESS 

PICK UP MODE SELECT WORD 

DEVAD*B+CHNL*2+1 SELECT MODE 
BRANCH PICK UP BRANCH COMMAND WORD 

DEVAD*B+CHNL*2+1 START MTIC 

$ 
INTAD 

ENABLE INTERRUPTS 
WAIT FOR EOB 

DEVAD*8+CHNL*2 AUTO INPUT INSTRUCTION 
o READ COMPLETE RECORD REGARDLESS OF SIZE 

:3FF STORE IT STARTING AT :200 

*$+1 
:lFF 
:4FC+DRYAD 
:0230 

GO TO START OF RECORD WHEN EOB RECEIVED 

POINTER TO STAHT OF 
MODE SELECT WORD - READ FORWARD 
BRANCH COMMAND FOR MTIC TO START READ 
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3.3.10 IEEE Intelligent Cable 

The IEEE Intelligent Cable (IEC), 14676-01, conforms to the requirements for nn IEF.F. 
interface system controller. These requirements are contained in the IEEE nocumellt 
488-1975, "IEEE Standard Digital Interface for Programmable Instrumentation". For 
convenience, this document is hereafter referred to as the IEEE Specification. 

, 'M "tt "t' 

The IEC differs from most other Intelligent Cables in the nature of the PICOPROCESSOH 
to peripheral device interface. Most other Intelligent Cables interface a specific 
peripheral device or class of peripheral devices to the computer via the Distributed' 
I/O System. The IEC interfaces the bus system defined by the IEEE Specification. 
Any device whose interface conforms to the IEEE Specification can be' C"onnE'cted to the 
lEC. Up to 14 such devices can be connected to the bus controlled by the IEC. 

The IEEE Specification uses specific definitions for the following words. To avoid 
confusion, these definitions are adhered to in this section. 

Peripheral - A device that is IEEE 488-1975 Interface Bus compatible, and able 
to transmit and/or receive data over the Interface Bus. A Device with only 
periperal capabilities does not assume control of the Interface Bus. 

Controller - A device that is programmed to have the responsibility of managing 
the flow of information on the IEEE 488-1975 Interface Bus. Since the Con
troller is required to both transmit and receive information, it can also parti
cipate in an information interchange as a Peripheral. 

Talker - Any device that is addressed to place information on the data lines of 
the IEEE 488-1975 Interface Bus. ,--, 

Listener - Any device that is addressed to accept information placed on the data 
lines by the Talker. 

Local Message - Any information communicated between the device's internal 
system and it's interface section. In the Distributed I/O System, this is all 
communication between the Computer's I/O Distributor and the lEC PICOPROCESSOR. 

Remote Message - Any information communicated between the interface section of 
one Peripheral (or Controller) and the interface section of another Peripheral. 
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The lEF.E Tntelligent Cabl(~ (lEe) implement.ation of t.he IEEF. Specification d('finf's i\11 

j ntC'rfilCc bu:; system that consisU; of i1 system Controller (TEe) ilnd ill. h'ast ()IlL! 

Peripheral. lJI' to l4 IEEE compatible P(~ripherals, in <lddit~ion 1.0 th(' Control1t'r 
(lEC), can be attached to a .singl!! IEEF. 488-1975 lnterface Bus. nt.her sy~;t pm }Jrrirh
eX'al!; Lhat are not IREE compatihle can be interfaced to the computer through the' T/O 
Distributor. Sec Figure 3-68. 

The bus consists of 16 signal lines: 

5 cOlltrol lines 
3 handshake lines 
8 data lines 

The bus interconnects the various Peripherals using a series of daisy-chain cables 
with stack connectors. The IEe connects to the bus at one of the stack connectors. 

LINE PRINTER LINE 
INTELLIGENT 

I 
I 
------------ --, 

I 
I 

CABLE 
PRINTER 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

I 
... i 

I/O ... ! TIV .. INTELLIGENT CPU DISTRIBUTOR ~. L _______ -,r 
CABLE 

... 
I 

,., I 
I 

IEEE ... 1 INTELLIGENT 
CABLE I 

I 
__ ~~~~~S':'O~~L~~ ______ . ___ J 

r 

-

1"1'1111'." \-(,11, '!'YI,i(·,,1 f,v~;lpm ("'lIfilllltdt-i('1I 

... TELETYPEWRITER 

.'-

PERIPHERAL 
NUMBER 1 

PERIPHERAL 
NUMBER2 

PERIPHERAL 
NUMBER 14 
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ComputerAutomation ~ -. 
Peripheral connected to the Interface Bus can have the capabilities to operate as 
both a Talker and a Listener or operation may be restricted to Listener only. The 
function of the Controller is to manage the flow of communication on the bus. 

A Peripher.al attached to the Interface Bus cannot be the Talker or a Listener unless 
it is instructed to be so by the controller. Each Peripheral has an individual 
Talker address and Listener address. These addresses are selectable and no two 
Peripherals can have the same address. Only one Peripheral may be addressed as the 
Talker; however, more than one peripheral may be addressed as simultaneous Listeners. 
The Controller may participate in a communication interchange as the TalkC'r or as a 
Listener. The Controller may initiate the communication by designating a Talker and 
one or more Listeners, and then ignore the actual communication interchange. 

A communication interchange consists of the transfer of one or more 
Each Remote Message is coded by the state of one or more bus lines. 
a single bus line are called "uniline messages". Messages coded by 
line are called "multiline messages". Two types of remote messages 
over the IEEE Interface System: 

Interface or command messages 
Device dependent or data messages 

Remote Messages. 
Messages coded by 

more than one bus 
can be communicated 

Interface messages may be uniline or multiline, but device dependent messages must be 
multiline. 

Interface messages affect the operation of the interface portion of a device. Most of 
the interface messages are sent by the Controller to the Peripherals. Examples of 
these messages can be expressed as "every Peripheral clear it's own interface portion" 
or "Peripheral with address A is the next Talker". A few interface messages are sent 
by the Peripheral to the Controller. Examples of these messages can be expressed as 
"Peripheral requests service by the Controller" or "end of message". 

Device dependent messages are used to transfer measurement data and programming in
structions. The programming instructions are usually one or more characters used by 
the Peripheral to select range settings, operation modes, etc. Measurement data is 
usually formatted as a real number including the appropriate sign, one or more digits 
and a floating or fixed decimal point. An exponent or overflow indicator may also be 
included. 

3.3.10.1.1 IEC Functional Description 

The IEC implements a subset of the IEEE Specification interface functions using a 
combination of hardware, PICOPROCESSOR firmware sequences, and computer software. 
This subset, in addition to the basic Peripheral functions, includes all of the 
Controller functions except those related to the .passing of control to another Con
troller. The IEC must be the only Controiler operating on the interface bus. If any 
of the Peripherals include Controller capabilities, these capabilities must be dis
abled and it's operation restricted to that of a Peripheral. 
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The lEC PICOPROCESSOR provides the hardware t,o drive the, IEEE interface bus .1I\d t h<,.' 

r irmware to conduct both the Source Handshake and the Acceptor lIimdshake. 'rht' II:C 
: PICOPROCESSOR also senses the state of the, IEEE Interface Bus. Thi~~ informiltj'~n h; 
used in part to control the firmware sequences and, upon demand, i~ reporlo'd h.1ck l\,) 

the computer as the channel st,atus character. 

The remaining functions that can he implemented through the IEC require thL' USE' of 
'compub,~r 50ftware designed for this purpose. With the computer softw':lre directly in 
control of the IEEE Interface Bus, any other Peripheral interfaced to the computer call 
be used in conjunction with the IEEE Interface Bus. For example, d tch~typewritl'r 

at.tached to the computer through the Distributed I/O System can be used to request 
that certain tests be performed. A line printer can be used to print the results of 
the Lests. 

, IEC Function Subset Description 

The capabilities of a device that is IEEE 48.8-1975 compatible is described in terms of 
;a subset of IEEE Specification functions implemented. The IEEE Specification de
scribes, in detail, all the possible different functions. The following is a summary 
of the subset that describes the lEC. These descriptions include whether the f\lnct,ion 
Ls implement('d in hardware, software, or PICOPROCESSOR finnware. 

SOURCE HANDSHAKE - SHI 

The Source Handshake function is used to guarantee the proper transfer of multiline 
messages. The Source Handshake is combined with one or more Peripheral's Acceptor 

""-' Itandshake(s) and the resulting interlocked handshake sequence iJ? used to asynchro
lIously transf(~r each multiline message. 

o 

The Sourco Handshake in the lEe is controlled by a PlCOPROCESSOR firmware sequence. 
"Tht., scqu~nde iSinitiated,by a Branch command word issued by the computer. 

j\CCEPTOH HANDSHAKE ... AHl 
• ,-"",< 

The Acceptor Handshake function is used to guarantee the proper reception of a 
f.'(-!mote mul til inc message. The Acceptor Handshake may delay a multiline message 
Lranflf(~t: until it is ready to continue with the transfer process. 

'l'Itt-' J\cc'.:pLot ll<1nd:;hakl~ in the IRe is controlled by a PlCOPROCF.SSOH f j rmWill'l' }~l'q\l('nc\'. 

'I')\(' lleql1t'Il'~e h·1 il1iti,'lh,'d by a Branch command word immed by the t'om\lut'l'r. 

<,'The Talker £\1I1cl:ion u; used to send device dependent messages over the interface t,o 
:."I::hc Per ipheral. . Thf!re are two versions of the Talker function: 'l'he T function uses 
)-byt,e addnhlhillg, whereas the TE function uses 2-byte addressing. Otherwise, both 

·.'futlctions:,ilrc :tho same. 

)'!'he 'r;;dkt'r fUllction in the lEe is provided by the output of data from the computer 
,w i til thl' mc PIC\)PROCBBSOR operating in the Source Handshake firmware sequence. 
, ,,' 
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LtSTENER - L2 and LE2 

The Listener function is used to receive device dependent messages over the interfa(;('. 
from a Peripheral. There are two versions of the Listener function: The L function 
uses I-byte addressing, wherea~ the LE function uses 2-byte addressing. Otherwise, 
both functions are the same. 

The Listener fWlction in the IEC is provided by the input of data to the computE'r with 
the IEC PICOPROCESSOR operating in the Acceptor Handshake firmware sequence. 

SERVICE REQUEST - SRO 

The IEC does not generate a service request but has the capability to recognize a 
Service Request input .from any Peripheral with SRI capabilities. The Service Request 
is generated by a Peripheral to signal the lEC that service is required. 

REMOTE LOCAL - RLO 

The IEC has the capability to exercise remote programming control over any Peripheral 
that can accept remote programming (RLI or RL2 capabilities). The IEC does not 
accept remote programming. 

PARALLEL POLL - PPO 

The IEC has the capability to configure any Peripheral with PPI capabilities for a 
parallel poll, and the ability to then conduct a parallel poll of Peripheral with 
both PPI and PP2 capabilities. The IEC cannot be configured for a parallel poll and 
does not respond to a.f,parallel poll. 

DEVICE CLEAR - DCO 

The IEC has the capability to initialize any Peripheral attached to the Interface 
Bus that can accept device clear (DCl or DC2 capabilities). The IEC does not accept 
initialization over the Interface Bus. 

DEVICE TRIGGER - DTO 

The IEC is able to initiate the operation of one or more Peripherals with DTl capa
bi! t.ies by specific command (Group Execute Trigger, GET, remote message). The IEC 
does not accept the GET remote message. 

CONTROLLER - Cl, C2, C3, C4, and C25 

The C6ntroller functions are used to manage the message transfers on the Interface 
Bus. The following are the controller functions of the lEe. 

System Controller - Cl. 
control responsibility 
Controller on the bus, 
the IEC on the bus. 

This function specifies that the IEC has primary 
for the Interface Bus. Since the IEC must be the only 
this function is inherent in the physical presence of 

Take Charge - C2. This function allows the IECto clear and initialize the 
Interface Bus and take charge of the operation. This function is controlled by 
the computer software with the IEC PICOPROCESSOR firmware in source idle (:00). 
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HcmoLp I'rnqrnm Enable - C3. This function tlll6ws the lEC tu p]il('c,~p(it·iph(.'rill 

under remot.e programming con trol. .. 

Hcsl'onri To SRQ - C4. This function allows the IEC Lo respond WiH!n d I'p]·il'hclu.l 
n~que:3ls service from the Controller. This fnnction js controlled hy.:i PICO
Pf{OCf<:SSOH fi.rmware Bcquence. The sequence i~; initiated by a Bran<.:i"lcommand 
word issued by the computer. 

Controll(.'r - C25. This function subset includes sending interface nI('ssaqes 
conducting a parallel poll and taking control synchronously. This subset 
excludes all abilities to pass control to another Controller or t.O receive. 

, control from another Controller. TheIEC must be the only Controller on the 
interface bus. 
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t, 3.3.10.2 Specifications 

I Cable Length (Nominal): 16 Ft. (4.9 m) 

.I , 
I 

I/O Distributor to PICOPROCESSOR, 4 Ft. (1.2 m) 
PICOPROCESSOR to first Peripheral, 12 Ft. (3.7 m) 

Data Types: 8-bit input and output 

IEEE interface system function subsets: 

SHI 
AHl 
T4 
TE4 

Implemented by IEC 

L2 
LE2 
SRO 
RLO 

PPO 
DCO 
DTO 
CI 

Operating Mode, Half-duplex 

C2 
C3 
C4 
C25 

Peripheral Requirements 

CO 
All other functions, 
no restrictions 

o Command Output, Two-command format with 6 mode bits 

I Status Input, 8 bit format 

I 
j 

I 
I" 

I 
o 

Standard I/O Distributor Channel Number, 3 (Device Address Field) :F6 

Standard Data Service Vector Address, :D8 

Standard End-of-Block Service Vector Address, :DC 

Strapping Required, None 

PO"lIIer Requirements, +5V at 1.0 A 

Environmental Requirements 

Temperature, - DoC to +50 0 C operating 
-20 0 C to +100° C non-operating 

Humidity, 5% to 95% relative, non-condensing 

Maximum Transfer Rates (using Auto I/O programming) 

LSI 2 Series 

DMA I/O Distributor, 108 K bytes 

Standard I/O Distributor, 64 K bytes 

LSI 3/05 

i I 
DMA I/O Distributor, 65 K bytes 

Standard I/O Distributor 33 K bytes 

.. 
_e 
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3.3.10.3 Software Considerations 

'I'lw n:c conforms too the general I/O Distributor programming phil()s()I)J.y d('.~'Tj hed in 
:-;ccU.on 2. The lEe PICOPROCESSOR transfers data in 8-bi t paralIc-I bytes 'fur both 
Input and output. 

'I'he computer instructions for bot.h data and control transfer are unchanged [rom 
Ht:andard usage. The two-word format used to transfer control information to the 
PICOPROCESSOR requires careful ordering of the corrunand words output. In general, two 
,<..:ommand worde; are required to start each operation. 

Computer Automation has avai lable an RTX/IOX Software and Documentatioll l\'l.<..:kage (orch.'1 
number 19005-(J;':) too simpl ify programming for the IEC. 

3.3.10.3.1 lEe Command Word Set 

The conunand word set used with the IEC consists of seven of the standard command words 
described in Section 2. The following is a list of the conunand words and applicable 
hexadecimal word skeletons used with the lEC: 

Reset :0100 
Branch :02-- (Svc Branch Address Field Description) 
set Mode :04-- (Sl'C Mode Field Description) , 
A.SCII Ca:rria<je Heturn Detect : OA 
Special Character Detect :2A 
Load Special Character :80 
Disable DMA :82- (See Branch Address Field Description) 

The eight lea~;t significant bits (Bits 0 through 8) in the Branch and Set Mode command 
words are defined in this section for use with the lEC • 

. The Disable DMA corrunand word is not required for use with the standard I/O Distributor 
tllld is treated as a Branch command word by the standard I/O Distributor. 

Th<=! standard I/O Distributor does not provide for special character detection. The 
Load Special Character Corrunand word is ignored by the standard I/O Distributor and the 
SpeCial Character Dete,:t Command word is treated as a branch command by the standard 
1/0 Distributor. Special character detection is a required operation with the lEe, 
ilnd must be provided by software when the IEC is used with the standard I/l1 Distribu
tor. 

3.3.10.3.2 Mode Field Description 

The lEC PICOPROCESSOR requires seven mode bits to control the IEEE Interface Bus. The 
Set Mode command word used with the lEe is the standard form that provides an 8-bit 
mode field. Figure 3-69 shows thL' configuration of the Set Mode command word. The 
functions controlled by each of the mode bits are as. follows: 

IL __________________ ~ __ ------3--1-27-----------------------------
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15 14 13 12 11 10 I 8 7 • 4 3 2 o 

o I 

(MEND) 
'--------- Reset Service Request (MS1~Q) 

...... _________ End or Identify (t-1EOT) 

'------------ Remote Fnable (MREN) 
!...------------- Interface Ch'ar (MIFC) 

,---------------Attention (f'.1ATN) 

Figure 3-69. IEC Set Mode Command Word Format 

Bit 1 - End (MEND). '1'he MEND bit is used by the PICOPROCESSOR during the 
Source Handshake firmware sequence (Auto I/O programming). The logical 1 
causes the PICOPROCESSOR to output the END remote message along with the last 
data byte. This signals the listener the last data byte is on the bus lines. 

Bit 3 --Reset Service Request (MSRQ). The MSRQ bit is used to reset the 
PICOPROCESSOR firmware sequence if a service request is not received over the 
Interface Bus. The logical 1 causes the PICOPROCESSOR to generate a dummy 
service request to step the firmware to the end-of-block service request. The 
resulting interrupt to the computer software should be ignored. 

Bit 4 - End or Identify (MEOI). The MEOI bit = logical 1 along with f'.1ATN = 1 
is used to sl:nd the Identify (lOY) remote message over the Interface Bus. This 
message initiates a parallel poll. The MEOI bit = logical 1 when t1ATN = 0 is 
used to send the End remote message over the interface bus. 

Bit 5 - Remote Enable (MREN). 'The MREN bit is used to send the Remote Enable 
(ru--::N) remote message over the Interface Bus. The logical I signals an addfessed 
Peripheral OIl the bus to accept programming (control settings, etc.) from the 
IEC rather than from their front panel controls. 

Bit 6 - Interface Clear (MIFC). The MIFC bit is used to send the Interface 
Clear {IFC) remote message over the Interface Bus. The logical I signals all 
Peripherals Oil the bus to initialize their interface logic. 

Bit '7 - Attention (f'.1A'I'N). The f'.1ATN bit = logical I is used to send the Attention 
(ATN) remote message over the Interface Bus. The MATN bit is normally set to 
the Logical 1 by a Set Mode command word. During a take control synchronously 
operation, the MATN bit is automatically set to a logical 1 by the PICOPROCESSOR. 

''+;j 
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,1.3.10.3.3 Btanc.:h Address Field Description 

'I'he mCPICUl'l<OCESSOR requires a 5-bit branch addrr~ss plus three adc1itiorvll flac:l 
:.bjtf; t.o control the PICOPROCESSOR finnware alld hardware. The branrhconunalld won.!:; 

used wi.th the lEC are standard command words with Bits 0 through 7 d,'f i m'd !;[>C"ci
fically for the H:C. Figurl' 3-70 shows the confiquration of these ('ol1llnund words. 

function's controlled by Bits 0 through 7 are as follows :,: 

Bi ts 0 through 4 - Branch Address. The configuration of the fivt:, br<lIlch ilddrc:j~~ 
bits is used to brallch the PICOPROCESSOR firmware from idle (: 00 or : 10) , 10 O)\V 

of the allowed entry points to the firmware sequence. 

Bit 5 - Take Control Synchronously (FTCS). The FTCS bit initiates thE' IEEE 
Interface Bus take control synchronously operation. The logical 1 cause!:> the 
PICOPROCESSOR to sense for the time during a handshake cycle when all the 
Peripherals are unable to receive data. When this occurs, the MATN bit is set 
to logical 1 and the IEC assumes control of the Interface Bus. 

15 , .. 

NOTE 

The firmware must be in idle (:00) before take control synchro
nously is issued and take control synchronously must be performed in 
idle:OO. 

13 12 " 10 

:02--
:QA--
:2A--
:82--

t 8 7 6 5 .. 

f 
t 

3 2 0 

L-__________ Branch Address ~ . Take Control Synchronou:;}v 
(FTCS) I 1.-__________ FNT2} 

'-------------------FSUP Suppress Service P.l'q'lf'S:' 

00 = Auto I/O or DHA 
01 = Unconditional 1/0 

with interrupts 
11 = Unconditional I/O 

without interrupts 

Figure 3-70. lEC Branch Command Word(s) 

,~ , 

,.C·" ,,' , •. ~ •• _, .. , ,j 

':~·'~Y"l:·· ~:' ;:~\~~~:.~~,(.;.,/ 

~~~~:~~._.~ ____ ~ __ ~ ____ ~ __________________ ~ _______ 3_-_1_2_9----~--------------__________________________ __ 
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Bi t 6 - Suppress Da ta Service Requests (FNT2). The logical .I i 11 til(' FNT!. hit 
location causes the PICOPROCESSOR to suppres!'; the data servic(' n·q1](.·sb~ to thf' 
I/O Distt ibutor. An End-of-Block service request is issued by till' PTC()PR()CT':~~!::( 11{ 

following the transft'!r of each data byte. FNT2 call be w;ed wi tit both the 
Source and Acceptor Handshake. 

Hi t 7 - Suppress End-of-Block Service Requests (FSUP). Tht! loq i t;a] ] in thE.' 
FS(}Pbit location catlses the PICOPROCESSOR to suppress the f.nri-of-Blol:k sf'rvic,' 
requests to the I/O Distributor. Following each data byte transfer, the I'TCO
PROCESSOR firmware returns to idle (:00). FNT2 must be a logicdl 1 anytime: 
FSUP is a logical 1. 

3.3.10.3.4 status Information 

The IEEE Intelligent Cablc's PICOPROCESSOR provides eight bits of status information 
for the ('omputer. The lEC status bits are arranged in a single status byte. 'fh(' 

i!1dividual.stdtus bits are derived from either the PlCOPROCESSOR hardware or thl' 
1 "'·rface Bus control lines. 

'1'1" .. , bit assignments for the status byte are shown in Figure 3-71. The following 
d,_:scribes the conditions reported by each bit. 

\5'4 13 12 11 10 9 8 7 , 5 .. 3 Z 0 

I 0 I 0 o o o I 0 I 0 I 0 I 

1 l~ ___________ Not Data Accepted (SNDAC) 

- lEC Busy (SBSY) 
'------------Not Ready For Data (SNRf'\ 

'------------- Service RC'quest (SSR~~) 

'-------------End (SEOI) 
'----------------Remote Enable (SRF.N) 

'-----------------Interface Clf'Clr (SlFC) 
..... ----------------- J\ ttent .i on (SATN) 

Figure 3-71. Status Byte Configuration 
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Bit 0 - Not Data Accepted (SNDAC). The SNDAC bit indicates the current value 
of Not Data Accepted (NDAC) on the Inte:rface Bus. This bit is provided for 
diagnostic purposes only. 

Bit 1 - IEC Busy (SBSY). The SBSY bit is a logical 1 anytime the IEC PICa
PROCESSOR is executing a firmware sequen·ce. A command word should not be 
issued by the computer unless SBSY·is a logical O. 

Bit 2 - Not Ready For Data (SNRF). The SNRF bit indicates the currect value of 
Not Ready For Data (NRFD) on the Interface Bus. This bit is provided for 
diagnostic purposes only. 

Bit 3 - Service Request (SSRQ). The SSRQ bit indicates the currect value of 
Service Request (SRQ) on the Interface Bus. This bit is a logical 1 whenever a 
Peripheral is requesting service. The line does not reset to a logical 0 until 
the Controller (IEC) conducts a serial poll and services the request. 

Bit 4 - End Or Identify Indicator (SEOI). The SEOt bit is a logical 1 if an 
END message was received over the Interface Bus during the preceding Acceptor 
Handshake cycle. This indicates the END message was transferred along with the 
most recent data byte. 

Bit 5 - Remote Enable (SREN). The SREN bit indicates the currect value of the 
Remote Enable (REN) on the Interface Bus. This bit is provided for diagnostic 
purposes only. 

Bit 6 - Interface Clear (SIFC). The SIFC bit indicates the current value of 
Interface Clear (IFC) on the Interface Bus. This bit is provided for diag
nostic purposes only. 

Bit 7 - Attention (SATN). The SATN bit indicates the current value of Attention 
(ATN) on the Interface Bus. This bit is provided for diagnostic purposes only. 
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3.3.10.4 Operating Sequence 

The operation of the IEEE Interface is controlled by the computer softwan' tocwthf'Y' 
wit.h operation sequencing provided by the PICOPROCESSOR firmware. Selection of the 
appropriate PICOPROCESSOR firmware sequence is made by thE' computer software. 

3.3.10.4.1 Remote Messages 

The IEEE Specification defines the Interface Bus operation in terms of remote messages 
sent and received. The IEEE Specification defines a list of remote messages and 
requires that no new remot:e messages be defined. Operation using only a subset of t.he 
remote messages is allowed. 

The IEEE Specification divides the remote messages into uniline messages and multiline 
messages. Within the protocol of the Interface Bus, combining of messages--both 
uniline and multiline--is allowed. In many cases, the combining of messages is 
mandatory. 

The IEEE specification provides a table, similar to Table 3-11, listing all the 
relnote messages and the specific coding for each message. Table 3-11 interprets the 
IEEE Specification remote message coding table into the local message coding used 
with the IEC. To aid in relating the listed local message to the corresponding 
Interface Bus remote message, an "L" (for local) is added to the corresponding 
remote message mnemonic. The data bits 0 through 7 correspond to the Interface Bus 
lines 0101 through 0108 respectively. The Mode Bits 4 through 7 correspond to the 
Interface Bus lines EOI, REN, IFC, and ATN. The Interface Bus lines DAV, NRFD, and 
NDAC are controlled and sequenced by the PICOPROCESSOR Source (SH) and Acceptor (AH) 
Handshake firmware sequences. The notes in the IEEE Specification remote message 
coding table referring to the mandatory combining of uniline messages are incor
porated in Table 3-11 as mandatory 1 or 0 bits. 

3.3.10.4.2 Remote Message Sequences 

Thf' Interface Bus protocol established in t.h~ IEEE Specification must be followed 
when preparing programs for use with the IEC. This section describes a few of the 
most common remote message sequences. The sequences shown here concentrate on the 
programming for the IEEE remote messages, and not on the Distributed I/O programming. 

In these descriptions, the IEC is assumed in idle with the lEe in control of the 
Interface Bus at the start of each sequence. The IEC is in control of the Interface 
Bus anytime MATN = 1. 

INITIALI ZA'l'ION 

In itialization is used to prepare Ule Peripherals on the Interface Bus for subsequent 
operation. Full initialization requires two separate remote messages be transferred. 
Figure 3-72 shows the flow chart for initialization. 
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Table 3-11. Message Coding 

,------------ "."-- --- ._ .. _ ... ----- ----- ---r----

I 

I 
I 

I , 

I 
I , 

MODE 
DATA BITS BITS FIRMWARE 

MNEMONIC MESSAr;F. NAME 7 654 3 2 1 0 7 6 5 4 SEOUENCE ---
A I A £ 
T F E 0 
N C N I 

LACC Addressed Corrunand Group X 0 0 0 X X X X 1 0 X 0 SH 
LATN Attention X X X X X X X X 1 0 X 0 None Required 
WAS Data Byte X 0 X X SH,AH 
WAC Data Accepted X X X X X X X X X 0 X X AH 
WAV Data Val id X X X X X X X X X 0 X X SH 
U'CL Device Cl'Mr X 0 0 1 0 1 o 0 1 0 X 0 SH 
LEND End X X X X X X X X 0 0 X 1 SH,AH 
LEOS End of String 0 0 X X SH,AH 
LGET Group Execute Trigger X o 0 0 1 0 o 0 1 X X 0 SH 
LGTL Go to Local X 0 0 0 0 0 0 1 1 0 0 0 SH 
LIDY Identify X X X X X X X X 1 0 X 1 None Required 
LIFC Inter-face Clear X X X X X X X X 0 1 X X None Required 
LLAC Listen Address Group X 0 1 X X X X X 1 0 X 0 SH 
LLLO Local lock Out X 0 0 1 0 0 0 1 1 0 0 0 SH 
LMLA My Listen Address X 0 1 1 O_ X 0 SH 
LMTA My Talk Address X 1 0 1 0 X 0 SH 
LMSA My Secondary Address X 1 1 1 0 X 0 SH 
LNUL Null Byte 0 o 0 0 0 0 0 0 o 0 X 0 SH,AH 
!.PPC Parallel Poll Configure X 0 0 0 0 1 0 1 1 0 X 0 SH 
!.PPE Parallel Poll Enable X 1 1 0 1 0 X 0 SH 
!.PPD Parallel Poll Di sable X 1 1 1 o 0 0 0 1 0 X 0 SH 
lJ>PRl Parallel Poll Response 1 X X X X X X X 1 0 0 X 0 AH 
LPPR2 Parallel Poll Response 2 X X X X X X 1 X 0 0 X 0 AH 
lJ>PRl Par_all .. I Poll Response 1 X X X X X 1 X X 0 0 X 0 AH 
lJ>PR4 Parall"l Poll Response 4 X X X X 1 X X X 0 0 X 0 AH 
lJ>PR5 Parallel Poll Response 5 X X X 1 X X X X o 0 X 0 AH 
lJ>PRI'> Parallel Poll Response I'> X X 1 X X X X X o 0 X 0 IIH 
lJ>PR7 Parallel Poll Response 7 X 1 X X X X X X 0 0 X 0 AH 
lJ>PR8 Parallel Poll Response 8 1 X X X X X X X o 0 X 0 AH 
lJ>PU Parallel Poll lJnconfigure X 0 0 1 0 1 0 1 lOX 0 SH 
LREN Remote Enable X X X X X X X X X 010 None Required 
LRFD Ready for Data X X X X X X X X X 0 X X SH,AH 
LRQS Request service X 1 X X X X X X o 0 X 0 AH 
LSCC Secondary Command Croup X 1 1 X X X X X 1 0 X 0 SH 
LSDC selected Device Clear X o 0 o 0 1 0 0 1 0 X 0 SH 
LSPD Serial 1'011 Disable X 0 0 1 1 0 0 1 1 0 X 0 SH 
LSPE Sl~r ial 1'011 Enable X 0 0 1 1 0 0 0 1 0 X 0 SH 
LSRQ S('rv icr" R,pquest X X X X X X X X 0 0 X 0 SRQ 
LSTB -Status Byte 0 0 X 0 AH 
LTAC- Talk Addr~!;s Group X 1 0 X X X X X 1 0 X 0 SH 
LUeC Universal COlJ1l11and Group X 0 0 1 X X X X 1 0 X 0 SH 
LUNL Unlisten X 0 1 1 1 1 1 1 1 0 X 0 SH 
LUNT lJntalk X 1 0 1 1 1 1 1 1 0 X 0 SH 

don't care. These values may be ignored or treated as a combining of remote 
messages. For example, PPRl through PPR8 are always input as a single remote 
message. 

Mode bits listed are mode register contents for that specific remote message. 

Data blts are output required with source handshake (SIl) and input expected with 
acceptor handshake (AH), 
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Issue the Set Mode conunand word for the Interface Clear (IFC) remote 
message. 

Output the data portion of the Device Clear (DCL) remote message. 

Issue the Set Mode conunand for the DeL remote message. 

Issue a Branch command word to the Source Handshake firmware sequence 
(Unconditional I/O). 

Figure 3-12. Initialization Flow Chart 

~.The first remote message, Interface Clear (IFC), requires only the setting of the 
~ mode register. The IFC message clears the interface portion of all Peripherals on 

the Interface Bus, leaving them ready to accept further messages from the Controller 
(lEC) . 

The second remote message, Device Clear (DCL), is usually sent inunediately after the 
IFC message. The DCL message requires the setting of the mode register and branching 
to the Source Handshake firmware sequence. The flow chart in Figure 3-72 assumes the 
data portion of the DCL message will be output using Unconditional I/O. For Uncondi
tional I/O, the .data must 'be output and stored in the PICOPROCESSOR before the Branch 
command word is issued. 

ADDRESSING 

Each Peripheral on the Interface Bus has a unique address. When the controller wants 
a Peripheral to talk, it sends the remote message My Talk Address (MTA) with the 
Peripheral's device address in data bits 0 through 4 •. Only that Peripheral whose 
address appears in bits 0 t.hrough 4 will accept the MTA message. 

o Simi larly, 
message My 
through 4. 

when the Controller wants a Peripheral to listen, it sends the remote 
Listen Address (MLA) with the Peripheral's device address in data bits 0 

Only that Peripheral whose address appears in bits 0 through 4 will accept 
the M~ message . 

'I'he Controller can address more than one Peripheral as a Listener but. only one Periph
eral can be addressed as the Talker. The Controller can be a Listener, the Talker, or 
neither. Figure 3-73 is the addressing flow chart. 

Unlisten (UNL), Untalk (UNT), My Listen Address (MLA), and My Talk Address (MTA) all 
use the same mode register configuration. The flow chart in Figure 3-73 shows a Set 
Mode command word beinq issued. If MATN is changed from 0 to 1 by this command 
word, the result would be the remote message Take Control Asynchronously. Since 
this is not recommended, a Take Control Synchronously message may be needed before 
starting. this flow. .. 
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1 ssw' th(' sut mode command word for thf' IJnl lljten (UNL) I lllltd I k (NN'I') I 

My Lintcn 1\ddress (MLA) and My Talk Addr(!~;~; (MTA) rcmoh' m(':;:;aqv~;. 

1~;:;1J(! iJ Branch corrunand word to the Source Handshakf> finnWdr" !""IW'!,CI' 

(Auto I/O or DMA). 

Output the (lata portion of the UNL remote message at the f:irst dilta 
service request. 

Output the data portion of the UNT remote message at the second data 
~ervice request. 

Output the data portion of an MLA remote message at the next datu 
service request. 

Are all listeners addressed? 

Is the lEe the talker? 

Output the data portion of an MTA remote message at the last data 
service request. 

Is the lEe a listener? 

Issue a Branch command word to Acceptor Idle :10. 

Issue a Set Mode corrunand word with MATN = O. 

tin brl*, 

1 
I 

I 
I 
I 
I 

I , 
I 

Issue a Branch command word to the Acceptor Handshake firmware sequence. 

Issue a Set Mode command word with MATN = O. 

Is the lEe the talker? 

Issue a branch command word to the Source Handshake firmware sequence. 

Figure 3-73. Addressing Flow Chart 
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The data portion of the remote messages can then be output using u single Auto rio 
instruction. When all the addressing is completed, a Set Mode command word must b(~ 

issued to change MATN from 1 to o. This terminates the addressing sequence and 
allows data transfer to begin. 

If the lEe il;! to act as a listener or the talker, a series of local messages must be 
transferred between the computer and the IEC before .MATN = 0 is issued. These local 
messages are required to initiate the appropriate handshake firmware sequence. For 
the Acceptor Handshake, a special Branch command word from source idle :00 to acceptor 
idle :10 must be issued. The acceptor idle also inhibits data transfer on the Inter
face Bus. The Set Mode command word can now be issued, followed by the Branch command 
word to the acceptor handshake firmware sequence without a risk of losinqdata. 

REMOTE CONTROL 

Some IEEE compatible Peripherals can be programmed remotely via the Interface Bus. 
To operate a Peripheral by remote control, the Controller must continuously send the 
remote message Remote Enable (REN). Anytime the Controller stops sending the REN 
remote message, all Peripherals on the Interface Bus revert to local (front panel) 
control. Figure 3-74 is the flow chart for a remote programming sequence. 

The first part of the flow chart is a simplified addressing sequence based on the 
assumption that a single Peripheral is addressed as listener and the Controller (IEC) 
is the talker. Once the Peripheral is addressed as listener, a Set Mode command word 
is issued to change MATN from 1 to O. The computer then issues a Branch command won" 
to the Source Handshake firmware sequence and transfers the necessary programming 
information. 

The meaning of the programming information, the number of bytes required, and the 
mea.ns of distinguishing progranuning infonnation from data is dependent on the speci
fic Peripheral device. Refer to the applicable Peripheral user's manual. 

Once all the programming information is transferred, the computer sends the unliste!n 
(UNL) remote message to terminate the operation with the addressed Peripheral. This 
frees the Interface Bus for use with another Peripheral. 

3-136 



'! 

:1 

·.11 ;: 

"" .. ,,* $,nn$ "e, mOltS«11f t 1',*,*,"1' 't t tt'ttr erst M"M'TtHrWHM"ttt kfWWW;&'! *t "f6t'MttWrtttt'±t*ttrM:t,trWOti'*M"ttMhHtt itt"'!t',sr 
g i1t*W,ttMtt $'. urn "'tM'f"hfWWCrtt _St" th$ 

o 

- i 

oj 

ComputerAutomation ~ 

Issue the Set Mode command word for the My Listen Addr<.~ss (\1LA) rt'mot l' 
message with MREN = 1. 

uutput the data portion of the MLA remote message. 

Issue a Branch command word to the Source Handshake firmwar~ sequence 
(Unconditional I/O). 

Issue a Set Mode command word for transfer of the programminq bytes 
(MATN 0, MREN = 1). 

Issue a Branch command word to the Source Handshake firmwan~ sequencl' 
(Auto I/O). 

output a byte of programming information. 

Are all programming bytes transferred? 

Output the data portion of the UNL remote message. 

Issue the Set Mode command word for the Unlisten (UNL) remote message 
with MREN = 1. 

Issue a Branch command word to the Source Handshake firmware sequencp 
(Unconditional I/O). 

Figure 3-74. Remote Control Programming Flow Chart 
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SERVICE REQUEST AND SERIAL POLL 

1\fter remote control progranuning or when otherwise instructed by the Controller 
(TEC), ,,,orne IEFE compatible Peripherals can perform a task such as takinq a meas
urement off-line. If this Periphpral is not Clddresscd as tht~ 'I"llker when the uata 
is ready, it is capable of sending a Service Request (SRQ) remote m0~;~;ilg(' to the 
Controller. When the Controller recognizes that a service requf~st i~; pending (seC' 
firmware seq,uence, wait for service reque::;t), it conducts a serial poll to determinp 
which Peripheral is requesting service. Figure 3-75 is the flow chart for a Rerial 
poll sequence. 

The Controller (lEC) prepares for the serial poll by outputting this ~;equence of 
remote messages: Unlisten (UNL), lIntalk (UNT) Serial Poll Enable (SPE), and My Talk 
Address (MTA). These three remot~~ messages can use the same mode register setting 
and' can be output with a single Auto I/O instruction. The UNL and UNT messages 
prepare all Peripherals for control input. The SPE mes'sage signals all Peripherals 
that status input is required. The MTA message addresses one of the Peripherals as 
Talker. Since this can be any of the Peripherals on the Interface Bus, the serial 
poll can be conducted in a priority order or, to conserve time, the Peripheral most 
likely to be requesting service can be polled first. 

Once the Talker is addressed, the Controller prepares to listen to the addressed 
Talker. When the status byte is received, Data Bit 6 is examined for the Request 
Service (RQS) remote message. The remaining bits in the status byte are dependent 
on the specific Peripheral involved. If Bit 6 = 0, the Talker Peripheral is not re
questing service. The Controller then addresses another Peripheral as Talker and 
continues the serial poll. If Bit 6 = 1, the talker Peripheral is requesting 
service. The Controller then terminates the serial poll by sending the Serial Poll 
Disable (SPD) remote message and services the detected service request • 
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Issue the Set Mode conunand word for the Unlisten (UNL), Untalk (UNT) 
Serial Poll Enable (SPE), and My Talk Address (MTA) remote messages. 

Issue a branch command word to the Source Handshake firmware sequ(,lIc(> 
(Auto I/O or Dr-1A) • 

output the data portion of the UNL remote message at the first datu 
service request. 

Output the data portion of the UNT remote message at the second data 
service request. 

Output the data portion of the SPE remote message at the third datu 
service request. 

output the data portion of the MTA remote message at the fourth data 
service request. 

Issue a Branch command word to Acceptor Idle :10. 

Issue a Set Mode command word with MATN o. 

Issue a Branch conunand word to the Acceptor Handshake firmware sequence 
(Unconditional I/O). 

Did the Peripheral send an RQS remote message (bit 6 1)7 

Output the data portion of a MTA remote message. 

Issue the Set Mode command word for the MTA remote message. 

Issue a Branch conunand word to the Source Handshake firmware sequence 
(Unconditional I/O). 

Output the data portion of the Serial Poll Disable (SPD) remote 
message. 

Issue tlw Set Mode command word for the SPO remote message. 

Issue a Branch conunand word to the source handshake firmware sequence 
(Unconditional I/O). 

Figure 3-75. Serial Poll Flow Chart 
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P ARALIJEL POLL 

The alternative to serial polling is parallel polling. Peripherals that ~re .~ble to 
respond to a parallel poll input a single status bit during the parallel poll. The' 
meaning of this one status bit is determined by the Peripheral. Any Peripheral that 
can respond to the parallel poll must be able to transmit its status bit as anyone 
of the eight data bit and as either a positive true (equivalent to ANDing) or negative 
true (equivalent to ORing) signal. More than one. Peripheral can be assigned to the 
same response data line. Figure 3-76 is the flow chart for the parallel poll con
figuration operation. The actual parallel poll is conducted using a single remote 
message at a later time when the status information is required. 

The entire parallel poll configuration operation uses the same setting of the mode 
register and all the remote messages can be transferred using a single Auto I/O 
instruction. The UNL remote message prepares all Peripherals for control input. 
The Parallel Poll Configure (PPC) remote message prepares all Peripherals for a 
parallel poll configuration operation. The MLA remote message selects a specific 
Peripheral for parallel poll configuration. The Peripheral can then be disabled 
from responding to a parallel poll by the Parallel Poll Disable (PPD) remote message, 
or can be enabled to respond to a parallel poll by the Parallel Poll Enable (PPE) 
remote message. In the PPE remote message, Data Bits 0 through 2 provide the binary 
form of the data bit number used by the Peripheral during a parallel poll. Data Bit 
3 specifies the response sense to be used, negative true = 0 and. positive true = 1. 

'l'he Controller need only configure the Peripheral from which a response is required. 
A reconfiguration can involve just one Peripheral, or all of the Peripherals. 
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Issue a Set Mode command word for the parallel poll configuration 
operation. 

Issue a Branch command word to the Source Handshake firmware sequence 
(Auto I/O or DMA). 

Output the data portion of the Unlisten (UNL) remote message at the 
first data service request. 

Output the data portion of the Parallel Poll Configure (PPC) remote 
message at the next service request. 

Output the data portion of a My Listen Address (MLA) remote message at 
the next data service request. 

I 
Output the data portion of a Parallel Poll Enable (PPE) or Disable (PPD) I 

remote message at the next data service request. 

Output the data portion of the Unlisten (UNL) remote message at the next! 
data service request. 

Is the parallel poll configuration operation completed? 

Figure 3-76. Parallel Poll Configure 
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3.3.10.4.3 PICOPROCESSOR Firmware Sequences 

Once initiated, the PICOPROCESSOR firmware sequences assume control of the I/O opera
tion until terminating conditions are sensed. The IEC firmware consists of two nldln 
sequences: the Source Handshake and the Acceptor Handshake plus a Wa i t - f or-Serv iet' 
request sequence. The following describes all the various firmware scqupnces. 
Figure 3-77a and 3-77b are the flow charts for the firmware sequences. 

IDLE (:00 or :10) 

The PICOPROCESSOR firmware loops in Idle whenever a firmware sequence is not being 
performed. The firmware must be in Idle to accept a Branch connnand word to one of th(~ 

sequences. 

Idle :00 is called the Source Idle. Initializing the PICOPROCESSOR logic (Reset 
command word or MRST = 1) resets the firmware to Idle :00. The firmware also returns 
to Idle :00 following a Source Handshake. or a Wait-for-Service request firmware 

O,pquence. The Take Control Synchronously operation takes place with the firmware 
~n Idle :00. The computer can issue a Br~nch Connnand word to change the firmware from 
Idle :10 to Idle :00. 

Idle :10 is called the Acceptor Idle. The firmware returns to Idle :10 following the 
Acceptor Handshake firmware sequence. The computer can also issue a branch conunand 
word to change the firmware from Idle :00 to Idle :10. 

The PICOPROCESSOR operation is the same in e,ither idle state; however, Interface Bus 
contr')l is different. In the Source Idle :00, data transfers on the Interface Bus 
can take place uninhibited. In the Acceptor Idle :10, data transfers on the Interface 
Bus are inhibited. The busy status bit normally::: 0 when the firmware is in Idle; 
However, for 2 ~s following a successful Take Control Synchronously operation, Busy 
=: 1. 

SOURCE HANDSHAKE (:01) 

'1'he ;:nurce Handshake firmware sequence is used any time information is output on the 
CiTnterface Bus data lines. The information output may be data, control information, or 

programming. When the PICOPROCESSOR is in the source handshake firmware sequence, the 
fEC is the Interface Bus talker. 

The Source Handshake firmware sequence first checks whether the operation is Uncondi
tional I/O. If it is (FNT2 ::: 1), the data is assumed. already in the PICOPROCESSOR 
data register. If not, a data character must be requested. When data is available, 
the contents of the data register is loaded onto the Interface Bus data lines and a 
2 sec delay is initiated.' Following the delay, the firmware sequence waits until all 
listeners signal ready for data (NRFD = 0) _ Data valid is output then and the firm
ware sNluencl, again waits until the listeners signal the data is accepted (NDAC == 0). 
The firmware sequence then makes a series of checks: 

II: the operation is Unconditional I/O (FNT2 =: 1), the firmware checks for inter
rupts being suppressed (FSUP == 1). If they are, the firmware returns to Idle 
:00. If not, an End-Of-Block service request is issued to the I/O Distributor. 

-

When the· End-Of-Block is acknowledged, the firmware returns to Idle : 00. --
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J dJ e - firmware loops in : 00 until a branch command is n!<.:e i veri to 
indicate a firmware sequence. 

I::nt..ry point :OE 
Is any device requesting service? 

gntry point : 01 
Is this operation Unconditional I/O? '(FNT2 = 1). 

Issue a data serVice request to the I/O Distributor. 

Was the request acknowledged? 

Load the data output lines, wait for 2 ~sec (IEEE line settling 
requirement) . 

Is the listener device ready? (NRFD = 0). 

Send the data valid signal to the listener. (DAV 1) • 

Was the data accepted? (NDAC = 0). 

Remove the data valid signal to the listener. (DAV 0) 

Is this operation Unconditional I/O? (FNT2 1). 

Is the byte count = O? 

Are' the PICOPROCESSOR End-of-Block service requests suppressed? 
(FSUP = 1). 

Issue an End-of-Block service request to the I/O Distributor. 

Was the request acknowledged? 

Figure 3-77a. Source Firmware Sequence Flow Chart 
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If the operation is Auto I/O or DMA, the byte count = 0 is checked. If it is 
not, the firmware sequence issues a data service request and continues trans
ferring data until byte count = 0 is reached. An End-Of-Block service requL'st 
is then issued to the I/O Distributor. Once the End-of..,..Block is acknowledged, 
the firmware returns to Idle :00. 

WAIT FOR SERVICE REQUEST :OE 

The Wait-far-Service request f'irmware sequence is used when the computE'r has pro
grammed a Peripheral to perform some function (such as taking a measurement) and 
then mUst wait for the Peripheral to complete the function. By sensing when the 
service request occurs and having the firmware issue an End-of-'"Block service request, 
the computer is saved the necessity of requesting status to determine when the 
Peripheral requires service. 

ACCEPTOR HANDSHAKE :11 

o The Acceptor Handshake firmware sequence is used any time the lEe is a listener on 
the Interface Bus. 

I 
I 
1 
I 
C 

l 

The Acceptor Handshake firmware sequence first signals the Interface Bus talker that 
the lEe is ready to accept data. The firmware sequence then waits for a Data Valid 
(DAV) over the Interface Bus. Once received, the data is first stored in the input 
data register. The firmware then checks if the operation is Unconditional I/O. If 
it is, the firmwa:re checks further to see if interrupts are suppressed (FSUP = 1). 
If they are not, the firmware issued an End-of-Block service request to the I/O 
Distributor. Once the End-of-Block is acknowledged, the firmware returns to Idle 
:10. If the operation is Auto I/O or DMA, the firmware issues a data service request 
to the I/O Distributor. When the request is acknowledged, the firmware checks for 
byte count::: 0 and then-for an END remote message input (EOI = 1). If neither 
occurred, the firmware signals the Interface Bus talker to continue transferring 
data. If either ending condition occurred, the firmware issues an End-of-Block 
service request to the I/O Distributor. Once the End-of-Block is acknowledged, the 
firmware returns to Idle :10. 
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Idle - firmware loops in : 10 until a Branch command word i~; H,('(·j vvd 
to initiate a firmware sequence. 

Entry point : 11 
S(:)nd the ready for data signal to the Interface Bus talkcr~ 

Is data available for input? (DAV = 1) 

Signal the Interface Bus talker the data is accepted. 
(NDAC = 0, NRFD = 1) 

Is the data transfer completed? (DAV = 0) 

Acknowledge completion of data transfer. (NDAC = 1) 

Is this operation Unconditional I/O? (FNT2 = 1) 

Issue a data service request to the I/O Distributor. 

Was the request acknowledged? 

Is the data transfer byte count = O? 

(NHYD 

Did the Interface Bus talker transfer the END remote message? 

Issue an end-of-block service request to the I/O Distributor. 

Was the request acknowledged? 

Are the PICOPROCESSOR interrupt requests suppressed? (FSUP = 1) 

Issue an end~o;~plock service request to the I/O Distributor. 

Was the request acknowledged? 

Figure 3-77b.' Acceptor Firmware Sequence Flow Chart 
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3.3.10.5 Interface Description 

The lEC implemented IEEE Interface Bus has two separate interfaces: 

I/O Distributor to PICOPROCESSOR 
INTERFACE BUS originatirg at the PICOPROCESSOR 

The I/O Distributor to PICOPROCESSOR interface is the standard intelligent cable 
interface. 

The Interface Bus, originating at the PICOPROCESSOR conforms to the requirements of . 
the IEEE Specification. Refer to the document "IEEE Std. 488-1975" for a description 
of the Interface Bus. 

The IEC is shipped with a 12 ft. (3.7 m) Interface Bus cable attached to the PICO
PROCESSOR. This cable is equipped with a male connector that conforms to the IEEE 
Specifications. Table 3-12 is the pin list for this cable. 

Table 3-12. Interface Signal Assignments 

PICOPROCESSOR SIGNAL INTERFACE BUS 
CONN PIN NAME DESCRIPTION CONNECTOR PIN 

P/J2 9 0101 DATA BIT 0 1 
P/J2 10 0102 DATA BIT 1 2 
P/J2 11 DI03 DATA BIT 2 3 
P/J2 12 DI04 DATA BIT 3 4 
P/Jl 9 EOI END OR INTERRUPT 5 
P/Jl 11 DAV DATA VALID 6 
P/JI 12 NRFD NOT READY FOR DATA 7 
P/Jl 13 NDAC NOT DATA ACCEPTED 8 
P/Jl 14 IFC INTERFACE CLEAR 9 
P/Jl 1 SQR SERVICE REQUEST 10 
P/JI 4 ATN ATTENTION 11 
P/J2 3 GND SHIELD 12 
P/J2 13 DI05 DATA BIT. 4 13 
P/J2 14 D106 DATA BIT 5 14 
P/JI 7 DI07 DATA BIT 6 15 
P/JI 8 0108 DATA BIT 7 16 
P/JI 10 REN REMoTE ENABLE 17 
P/Jl 6 GND ISOLATER 18 
P/Jl 3 GND ISOLATER 19 
P/Jl 2 GND ISOLATER 20 
p/J2 1 GND ISOLATER 21 
P/J2 7 GND ISOLATER 22 
P/Jl 5 GND ISOLATER 23 
P/.12 5 GND LOGIC GROUND 24 
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J.3.10.3.6 Programming Example 

Th(~ Assembler Language statements shown in the following example demonstrate il ba~;ic 

program for using the IEC with the Distributed I/O System. This example show~; thc' 
various routines necessary to issue a program to a Digital volt Meter (DVM) and to 
request input of a reading from the DVM.' The demonstration code presents effectively 
two different operations with some routines used with both operations. 

The first section of code is the parameter equates that define a series of constants 
used to assemble the various routines. The first five establish the device address 
and interrupt vector locations. The remaining equates select Intelligent Cable or 
Interface Bus operations. 

* 
* PARAMETER EQUATES FOR IEEE INTELLIGENT CABLE 

* 
INTBAS 
CHAN 
IOD 
INTAD 
IECDA 

* 
!';E'l'MOD 
REN 
A'l'N 
BEGIN 
SH 
AIDL 
1\1-1 
NiJINIS 
CD 
PS 

EQU 
EQU 
EQU 
EQU 
EQU 

EQU 
EQU 
EQU 
EQU 
BQU 
EQU 
EQU 
EQU 
EQU 
EQU 

:co 
3 
:F 
CHAN%3+INTBAS 
IOD%3+CHAN%l 

:400 
:20 
: 80 
:200 
:1 
:10 
:11 
:CO 
:800 
:1000 

INTERRUPT VECTOR BASE (STRAPPED ON I/O DISTRIBUTOR) 
IEEE CABLE IS PLUGGED INTO THIS CHANNEL 
ADDRESS BASE (STRAPPED ON I/O DISTRIBUTOR) 
DATA, INTERRUPT VECTOR ADDRESS FOR IEC 
IEC bEVICE ADDRESS 

SET MODE COMMAND WORD BASE 
REN BUS SIGNAL (REMOTE ENABLE) 
ATN BUS SIGNAL (ATTENTION) 
BRANCH COMMAND WORD BASE 
SOURCE HANDSHAKE FIRMWARE SEQUENCE ADDRESS 
ACCEPTOR IDLE FIRMWARE ADDRESS 
ACCEPTOR HANDSHAKE FIRMWARE SEQUENCE ADDRESS 
PROGRAMMED I/O WITHOUT INTERRUPTS OR FLAGS 
CHARACTER DETECTION COMMAND WORD BASE 
PARITY STANDARDIZATION COMMAND WORD BASE 

The following sections of code, interrupt vectored locations (output) and interrupt 
vectored locations (input), defines and fills the memory locations associated with 
the I/O Distdbutor channel to which the IEC is connected. There are six memory 
i<.:)cations involved with each of these sections of code; however, these are the same 
six memory locations for both sections of code since all data service and End-of-Block 
service interrupts for the I/O Distributor channel where the IEC is connected are 
vectored to the same memory addresses. Each time the Automatic I/O operation must be 
switched from input to output or output to input, the interrupt vectored locations 
must be filled with the corresponding instruction information. When repeated input or 
output operations are performed, only the byte count and buffer address must be 
respecified at the start of the operation. 

* 
* INTERRUPT VECTORED LOCATIONS, (OUTPUT) 

* 
ABS INTAD 
AOB IECDA 
DATA -PRGCNT 
BAC PRGBUF-I 
DATA 0 
JST *$+1 
DATA EOBLOC 

INTERRUPT VECTORED LOCATIONS 
AUTOMATIC OUTPUT BYTE INSTRUCTION 
NEGATIVE OF THE PROGRAMMING BYTE COUNT 
ADDRESS OF THE PROGRAMMING BUFFER 
NOT USED 
CALL END-OF-BLOCK ROUTINE 
ADDRESS OF END-OF-BLOCK ROUTINE 
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* * INTERRUPT VECTORED LOCATIONS (INPUT) 
* 

ABS INTAD 
AlB IECDA 
DATA 
BAC 
DATA 
.JST 
DATA 

-RDGCNT 
RDGBUF-l 
o 
*$+1 
EOBLOC 

ComputerAutoma6on ~ 

INTERRUPT VECTORED LOCATIONS 
AUTOMATIC INPUT BYTE INSTUCTION 
NEGATIVE OF THE READING BYTE COUNT 
ADDRESS OF THE READING BUFFER 
NOT USED 
CALL END-oF-BLOCK ROUTINE 
ADDRESS OF END-oF-BLOCK ROUTINE 

The following section of code is a subroutine used to output the contents of A 
reg~ster. A register is loaded prior to calling the subroutine. The subroutine waits 
until the IEC signals not busy before returning to the caller . 

. * 
* SUBROUTINE TO OUTPUT ONE BYTE USING PROGRAMMED I/O WITHOUT INTERRUPTS 
*' 

ABS 
SUBROUTINE 

OTA 
LDA 
OTA 

NOT YET INA 
LRA 
JOS 
RTN 

:400 ONEBYT ENT 

IECDA 
=BEGIN+SH+NOINTS 
IECDA+I 
I ECDA+l 
2 
NOTYET 
ONEBYT 

ENTRY POINT FOR 

STORE OUTPUT BYTE IN IEC 
BRANCH COMMAND WORD TO START IEC 
SEND COMMAND WORD TO I/O DISTRIBUTOR 
INPUT STATUS FROM IEC 
ISOLATE THE BUSY FLAG 
LOOP IF IEC IS BUSY 
RETURN TO CALLER IF IEC IS NOT BUSY 

The following sections of code are a routine that outputs a program to the Digital 
Volt Meter. For use with this routine, the interrupt vectored locations must be 
defined for output. Both Automatic I/O and programmed I/O are used in performing thi~ 
routine. Once the digital volt meter is programmed, the computer halts (see End-of
Block service). 

* ADDRESS THE DIGITAL VOLT METER AS A LISTENER 

* 
DVMLIS EQU $ 

LOA =SETMOD+REN+ATN 
OTA IECDA+I 
LAP : 3F 
JST ONEBYT 
LAP : SF 
JST ONEBYT 
LAP :29 
JST ONEBYT 
LOA =SETMOD+REN 
OTA IECDA+l 

* 
* PROGRAM THE DIGITAL VOLT METER 

* 
LOA 
OTA 
EIN 
JMP 

=BEGIN+SH 
IECDA+l 

$ 

ASSEMBLE SET MODE COMMAND WORD 
SEND SET MODE TO ASSERT REN AND ATN TO IEC 
UNLISTEN INTERFACE MESSAGE 
OUTPUT THE INTERFACE MESSAGE 
UNTALK INTERFACE MESSAGE 
OUTPUT THE INTERFACE MESSAGE 
LISTEN ADDRESS OF THE DVM 
OUTPUT THE MESSAGE 
SET MODE COMMAND WORD TO REMOVE ATTENTION 
SEND SET MODE COMMAND WORD TO IEC 

BRANCH COMMAND WORD TO START IEC 
SEND COMMAND WORD TO I/O DISTRIBUTOR 
ENABLE INTERRUPTS 
WAIT FOR INTERRUPT TO END-oF-BLOCK SERVICE 
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* * AUTOMATIC I/O BYTE COUNT AND BUFFER ADDRESS 

* 
PRGCNT 
PRGBUF 

EQU 
TEXT 

6 
'AFTLO. ' 

LENGTH OF DVM PROGRAM 
DVM PROGRAM IN BUFFER 

The following sections of code are a routine that accepts a reading from the Digital 
Volt Meter. For use with this routine, the interrupt vectored locations must be 
defined for input. Both Automatic I/O and programmed I/O {ire used in performing tb.is 
routine. Once the reading is input by the digital volt meter, the computer halts (s0e 
End-of-Block service). The reading can be displayed or printed out by accessing the 
reading buffer. 

* * ADDRESS THE DIGITAL VOLT METER AS THE TALKER 

* 
DVMTLK EQU $ 

LDA =SETMOD+REN+AIN ASSEMBLE SET MODE COMMAND WORD 
OTA I ECDA+1 SEND SET MODE TO ASSERT REN AND ATN TO IEC 
LAP :3F UNLISTEN INTERFACE MESSAGE 
JST ONEBYT OUTPUT THE INTERFACE MESSAGE 
LAP : SF UNTALK INTERFACE MESSAGE 
JST ONEBYT OUTPUT THE INTERFACE MESSAGE 
LAP :49 TALK ADDRESS OF THE DVM 
JST ONEBYT OUTPUT THE MESSAGE 
LDA =BEGIN+AIDL BRANCH COMMAND WORD TO ASSERT NRFD 
OTA IECDA+I SEND COMMAND WORD TO I/O DISTRIBUTOR 
LDA =SETMOD+REN SET MODE COMMAND WORD TO REMOVE ATTENTION 
OTA I ECDA+1 SEND SET MODE COMMAND WORD TO IEC 

* * ACCEPT A READING FROM THE DIGITAL VOLT METER 

* 

* 
* 

LOA 
OTA 
ElN 
JMP 

=BEGIN+AH+CD+PS 
I ECDAtl 

$ 

BRANCH COMMAND WORD TO START IEC 
SEND COMMAND WORD TO I/O DISTRIBUTOR 
ENABLE INTERRUPTS 
WAIT FOR INTERRUPT TO END-OF-BLOCK SERVICE 

* AUTOMATIC I/O BYTE COUNT AND BUFFER ADDRESS 

* 
RDGeNT 
RDGBUF 

EQU 
RES 

20 
20 

LENGTH OF BUFFER FOR DVM READING 
READING BUFFER 

After all Automatic I/O data transfers are completed, the lEC vectors the last I/O 
interrupt to the End-of-Block service location. The subroutine called by this 
interrupt can be used to initiate processing of data transferred, perform error 
analysis, etc. The demonstration code simply halts. 

* 
* END-OF-BLOCK SERVICE 

* 
EOBLOC ENT 

HLT 
END OF BLOCK ENTRY POINT 
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3.3.11 Line Printer Intelligent Cable (Dataproducts) I 
The Line Printer Intelligent Cable 14631-13 controls the output of data from an LSI 
Family Computer to a Dataproducts Model 2230/2260 (or other plug-compatible) Line 
Printer. 

3.3.11.1 Line Printer System Description 

! 

I 

I 
The Line Printer System is a data output system that displays the data in printed; . I 
hard-copy, form. The Line Printer contains all logic necessary for the actual printing ~ 
of the data characters. In addition, the l.ine Printer performs a limited amount of 
"housekeeping" in controlling the paper supply and limiting line length. All other 
format control for the Line Printer is provided by the computer software. 

Depending on the configuration of the Dataproduct Line printer, three basically 
different sets of system operation characteristics are available. 

Of the Line Printer does not have a vertical Format unit (VFU) and standard Data
products wiring is used, the general characteristics of the Line Printer system are: 

e Data is accepted as 7-bit ASCII with an unused eighth bit. The eighth may be set 
to a 1 or a O. 

• E'ormat control, line termination and paper 
specified format control characters in the 
printer. 

feed, is provided by software embedding I 
data stream transferred to the line I 

i 
Configured in this manner, the Dataproducts Line Printer operates similar to but not 
software compatible with the Centronics Line Printer Intelligent Cable. I 

be I If the Line Printer does not have a Vertical Format Unit (VFU), a wiring option may 
performed on the Dataproducts Line Printer to provide for both carriage return and 
line feed when the Line Printer detects the carriage return character. This option 
provides for full software compatibility with the Centronics Line Printer Intelligent 
Cable. The general characteristics in this configuration are: 

I 
I 

o • Data is accepted as 7-bi t ASCII with an unused eighth bit • 

• Format control is provided by software embedding specified format control charac- I 
ters in the data strerun transferred to the Line Printer. 

If the Line Printer has a Vertical Format Unit (VFU), the general characteristics of 
the Line Printer system are: 

• The data transferred in accepted as a 7-bit ASCII character when the eighth bit is 
a O. 

eThe data transferred is accepted as a 7-bit VFU control character when the eighth 
bit is a 1. 

eFormat control is provided by software embedding format control characters or a 
combination of VE'U control characters and format control characters in the data 
stream transfer'red to the Line Pr inter. 
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For details of 10rmat control and VFU G>peration refer to Section 3.3.11.3.3, Formal 
Considerations in this manual. The Line Printer Intelligent Cable manages the actuill 
transfer of data. r'igure 3-78 shows the Line Printer system configuration. 

3.3.11.2 Specifications 

Cable Length (Nominal), 12.5 ft (3.8m) 

I/O Distributor to PICOPROCESSOR, 10.5 ft (3.2m) 

PICOPROCl:::SSOR to r,ine Printer, 1.5 ft (.46m) 

Data Type, 7-bit output 

Operating Mode, Simplex 

Command Output, Single command format 

o statll~; Input, 6-bi t format 

St,a,ndard Channel Number, 7 (Device Address Field :FE) 

standard Data Service Vector Address, :F8 

Standard End-of-Block Service Vector Address, :FC 

,,./ Strapping Required, None 

c 

3.3.11.3 Software Considerations 

'fhe Line Printer Intelligent Cable conforms to the general I/O Distributor programming 
philosophy described in Section 2. The Line Printer Intelligent Cable outputs data in 
7-bit parallel bytes. The eighth bit specifies the associated character as data (0) or 
vru control (1). The Line Printer Intelligent Cable does not input data to the 
computer. 

'I'he computer instructions for both data and control transfers are unchanged from 
standard usage. 

Line Data-

CPU 110 Printer Products 
Distributor Intelligent line 

Cable Printer . 

Figure 3-78. Dataproducts Line Printer System Configuration 
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3.3.11.3.1 Line Printer Intelligent Cable Command Word Set 

The Command Word Set used with the Line Printer·Intel1igent Cable consists of three of 
the standard command words described in Section 2. The following is a list of the 
command words and applicable hexadecimal word skeletons used with the Line Printer 
Intelligent Cable. The hyphens represent a field that must be specified. 

Reset :0100 
Branch :02-0 
Branch, Disable DMA :82-0 

The Branch, Disable. DMA command word does not affect the operation of the standard I/O 
Distributor and is treated the same as a Branch command word by the standard I/O 
Distributor. 

3.3.11.3.2 Branch Address Field Description 

3.3.11.3.3 Status Byte Description 

The Line Printer Intelligent CaHle's PICOPROCESSOR provides three bits of status 
information for the computer. The status bits are arranged in a single status byte. 
The individual status bits are input to the PICOPROCESSOR. from the line printer or 
derived from the PICOPROCESSOR operation. The status register in the PICOPROCESSOR 
also operates as the sense register for firmware sequencing control. 

The bit assignments for the status byte are shown in Figure 3-79. The following 
describes the conditions reported by each bit. 

Bit 0 and Bit 2 - Demand Data. The Demand Data bit is a logical 1 when the Line. 
. Printer is able to accept data from the PICOPROCESSOR. The Demand Data bit is a 

~lOgiCal 0 while the line printer stores the transferred data and during the print 
operation. Demand Data is also a logical 1 any time the line printer is de-selected 
(off-line) • 

Bit 3 .- Sense Interrupt. The Sense Interrupt bit is a logical 1 whenever the PICO-
"": PROCESSOR is inputting a data service request to the I/O Distributor. 

. , 
! 

Bit 5 - Online. The Online bit is a logical 0 anytime the Line Printer is properly 
cabled to the PICOPROCESSOR, powered, and ready for a print operation . 
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3.3.11.3.4 Format Considerations 

Ttle Line Printer Intelligent Cable controls format and vertical paper movement on th0 
Dataproducts Line Printers by one of two methods: 

• By insertion of format control characters into the data stream. 

• By commands, inserted in the data stream, to the optional vertical Format {lni t 
(VFU) in the Line frinter. 

The format control characters consist of three 7-bit characters recognized by the Line 
Printer as format control characters. 

Paper Feed : OA, This character causes the paper to advance one line vertically. 

,'.,:. 

Forms Feed :OC, This character causes the paper to advance to the top of the next 12'a g e . 

Carriage R.eturn :OD, This character initiates the printing operation. The paIJer is not 
advanced by the Carriage Return character. 

Diltaproducts Line Printers without a vertical format unit can be opElrated with Cen
~ronics Line Printer software provided the Data Products Carriage Return is internally 
Inodified to include a single space paper feed. Refer to the Dataproducts hardware 
user's manual for details on the required modification. 

Tile VFU commands consist of the appropriate' 7-bit character output simul tant~OUs wi th 
the paper control signal. In the Line Printer Intelligent Cable, the paper control 
ignal is determined by the state of data bit 7 of the output data byte. Figure 3-80 

il).ustrates the format of a complete Line Printer data word in the computer before 
output to the line printer. The paper control bits are bits 7 and 15. If the paper 
control bit is a logical 0, the Line Printer accepts the associated character as data 
for printing. If the paper control bit is a logical 1, the Line Printer accepts the 
associated character as a VFU control character. 

Two different types of VFU commands are accepted by the line printer. These commands 
art' : 

• Move paper (slew) for the specified number of lines, a through 16 • 

• Move paper (slew) until' a hole is encountered' in the specified VFU tal;e channel 0 
through 11. 
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TabIr., '1-13 1 i sts the various VFU control characten3. Data bits 5 dnd (, ;HI- iql}on', I I,,' 
t-llP Line Printer when performjng a VFII operation. 

i 
1>.1 ta !)repared [or pr.i. n ting using the VFU control characters cannot h(~ r q" i til (~d un .J I ,: i" I 
PrintE:r without a Vertical Format Unit. Data pro}J<1red for printing usinq the verticil 
;oQtrol charucters can be printed on a Line Printer with the Vertical Fnrm0t IJnit 
provided data bit(s) 7 (and 15) is always set to O. 

Hi ,. 13 12 

C 
11 10 9 • 7 I IS 4 3 2 1 0 

I 

I 7-Bi t ASCII C'haractC'r 
.I---~------------- Paper' Con tro 1 

l--,----------------------7-Bit ASCfl Chclrdct'l o Faper Control 

Figure 3-80. Line Printer Data Word Format 

Table 3-13. Vertical Format Unit Control Characters 

VFI (haract.er Number of VFU C11<.lract l'r VFlJ Ta['C' 

Lines Slewed Chanllel Selected 

:90 0 :80 0 

:91 1 :81 1 

:92 1 :82 2 "-

:9] J :B3 J 

: 94 4 :B4 4 
,- : gr) " , : 1...'5 .' 

:96 () :RG l' 

:97 7 :87 7 

:9B 8 : U.s R 

;99 C) :li9 (\ 

:91'\ ID :8A 10 

:98 1.1 :BR 1] 

:9C ] 'J 
, '-

:9D 13 
:41-: 14 
: OF 1 r .) 
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3.3.11.3.5 Data Transfer Timing Considerations 

The transfer of data to a line printer such ·as the Dataproducts model 2230/2200 is 
typified by long periods when data service requests are not made (['Jr example, ap
proximately 0.2 seconds at 300 lines per minute). This inactive period is followed by 
a burst of up to 136 data requests plus additional data service requests for paper 
control characters. with the Dataproducts Line Printers, this burst of data must be 
transferred within 2.5 ms to maintain the line per minute speed. This requires a 55K 
byte data transfer rate if full 136 character lines are being printed. When intprfaced 
through a DMA I/O Distributor, the rated printing speed is easily maintained. With the 
standard I/O Distributor, the additional variables of interrupt priorities, interrupt 
latency, and interrupt processing time makes it impossible to determine if such a uata 
burst can be transferred in the time allowed. However, the result of failing to make a 
complete burst transfer in the time allowed is not a loss of data but rather a slioht 
slowing of the continuous printing speed. 

3.3.11.4 Operating Sequence 

'fhe operation of the Line Printer system is controlled by software direction of the 
Line Printer with operation sequencing provided by software selection of the appro
priate PICOPROCESSOR firmware sequence. 

3.3.11.4.1 Software Sequence 

All online operations of the Line Printer System are initiated by software issuing a 
'-"'" Branch command word to the PICOPROCESSOR. Prior to the issuance of the command, the 

t,oftware must determine the present condi t ions of the Line Printer. If status was 
requested and stored at the termination of the previous operation, the software Cdn 
examine the stored status bits. If an End-of-Block was expected and not received, an 
operation is in progress. Once the necess,ary housekeeping is completed, the software 
can issue the Branch command word. 

o 
3.3.'11.4.2' Firmware Sequences 

Once initiated, the PICOPROcESSOR'S firmware sequences assumes control of the I/O 
operation until terminating conditions are sensed. The following describes the firm
ware sequenses flow charted in Figure 3-81. 

IDLE (: 0) 

The PICOPROCESSOR loops in Idle anytime a firmware sequence is not being performed. 
The final step of all firmware sequences is a return to Idle. The firmware must be in 
Idle to accept a Branch command word. 

START PRINTING (:1) 

The firmware sequence has a single entry point at : 1. The firmware first makes a: 
system check for the Line Printer being powered and online. Failure of the system 
check results in the printing operation being aborted. 'I'he firmware issues an End-of
Block service request to the I/O Distributor to indicate terminating conditions were 
detected. The End-of-Block service request is held until acknowledged, at which time, 
the firmware returns to Idle. 
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After the system chpck trc' l.ir1l1WC11 ;..:l1E'cks lr1 sc,' if tl\., Linp T'rint"l" 1,; l'l'qu('~:t.il\c.1 1,,1. 
a ,lata character. IE :30, 11w l'irm'lldr. i~;r;tH'~'.) dilt.l :;(,l'vic(' rl:que~;t tel th(' 1 I' 
Distributor. After the request_ is acJ,llowledg(~d, tIlt: datd character provided from 
the computer is outl,ut to the LiJle Printer 'l'he [jrrrl'f!Clt(' then waits for Lhe Lilli! 

Printer to accept: the da L1 cha.ra(~ter. 

If the byte count did not '.)0 1 ,) zero vil.tll that d2!",'\ C!1Cll-;}cter, the firmware then 
returns to the system check in preparation for th~ IlQxt data transfer. When the byte 
count goes to zero, the firmware issues an End-oF-Block service request to the I/O 
Distributor to indicate terminating conditions w(~rr" d(~tC'cted. The End-of-Block sen ice 
request is held until acknowledged, at which time, the firmware returns to Idle. 

IDLE :0 
Was a Branch command received? 

ENTRY POINT:1 
Is the Line Printer powered and online') 

Is the Line Printer requesting data? 

Issue a data service request to the 1/0 Distributor_ 

Was the request acknowledged? 

Outpulthe data character and data strobe to the Line Printer. 

;.]J 
~, 

Did the line Printer accept the data character? 

Did the byte count go to zero with this data transfer? 

Is"ue and End-aI-Block service request to the I/O Distributor. 

Was the request acknowledged? 

Figure ,)' .'11 . innware Seqllcncf'-Line prj nter Intelligent Cable 
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3.3.11.5 Interface Description 

The Line Printer Intelligent cable has two interfaces: 

I/O Distributor to PICOPROCESSOR 

PICOPROCESSOR to Line Printer 

'fhe I/O Distributor to PICOPROCESSOR interface is the standard Intelligent Cable 
interface. 

• ':lie' "a"" " til t '.!I'td*i' 

The PICOPROCESSOR to Line Printer interface is carried over a 48-conductor flat rihhol1 
cable. This device cable is supplied with a Winchester MRAC 50P-JTCH device matinQ 
connector. Figure 3-82 is the PICOPROCESSOR to Line Printer interface overview. 
Table 3-14 lists the signal assignments for the oevice cable. 

PICOPROCESSOR 

'" 
Line 

Data Bits 0 through 6 Printer 

~ 
I Paper Control (Data Bit 7) _. 

Data Strobe 

r--'" 
On Line 

Data Demand 
~ ....... -

Data Ready -
Sense Interrupt ;> 

Figure 3-82. Interface Overview 
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Table 3-14. Interface Signal Assigmnents 

PICOPROCESSOR DEVICE CONNECTOR 
CONNECTOR PIN DESCRIPTION PIN NUMBER 

.J5 6 Data Bit 0 B 

J5 10 Ground C 

J4 3 Ground I D ,14 9 Ground 

J4 2 I Data Demand E 

I 
J4 4 

j5 11 Data Bit 1 F 

J4 10 Ground J o . 
J5 5 Data Bit 2 L 

J4 11 Ground N 

J5 12 Data Bit 3 R 

J4 12 Ground T 

,15 4 Data Bit 4 V 

J4 13 Ground X -J5 13 Data Bit 5 Z 

J4 14 Ground b 

J4 6 Data Strobe j 

J4 15 Ground k 

J4 16 Ground m 

J5 3 Data Bit 6 n 

J5 14 Paper Control (Data Bit 7) P c 
J5 9 Ground s 

J5 7 Online y 

,)6 1 Ground AA 

J4 1 Sense Interrupt I Jumpered 

J4 8 Data Rf:ady Together 

-' 
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output Logic 

~h~ nu~put drivers for the data and control lines are open-collector TTL buffers 
l:apab1c of sinking up to 32 ~.. The termination resistors in the Line Pri.nter arc 
opU.nnLl 1 for high noise immunity and are not provided by Dataproducts if UlH;Pl!cif i <:d 
when the Lint! Printer is ordered. If termination resistors are desired, sp~r i fy th0. 
values ~~hown. 

Input Logic 

+5V 

. 7417 
or Equiv. 

, 

+5V 

- -

The input receivers use standard TTL logic levels, 0 to +5 volts, and present one 'TTL 
load with a 2K OHM pull-up resistor to +5 volts. 

+5V 

-{»-->+-
., ,1lH., 74()4 

or Equiv. 
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3.3.11.6 programminq Example 

The Assembler Language statements shown in Figure 3-83 demonstrate one method for 
using the Distributed I/O System. 

The demonstration code falls into three distinct parts, interrupt vectored locations, 
I/O initiation and End-of-Block service. 

INTERRUPT VECTORED LOCATIONS 

'rhe first part of the code defines and fills the standard locations associated with 
the I/O Distributor channel to which the Line Printer Intelligent Cable is connected. 
There are six locations involved. Two, the byte count and the buffer location, are 
dynamic for each I/O operation. The remaining words could be fixed at program load 
time. 

I/O INITIATION 

The second part of the code is used to transfer one physical record each time the 
O~iinline program executes the instruction, JST LPRINT. 

It is assumed the calling program has previously set up the following two words: 

BYTCNT 
BUFADD 

Number of bytes to be transferred 
Word address of record buffer 

, 

The df'..Illostration code converts this information into the form required by an Automati6 
I/O instruction, a negative byte count and the byte address of the buffer minus one.· 
Once these computations are stored in the interrupt vectored locations, the PICO
PROCESSOR is sent the command word, Begin at Branch Address :1. 

No attempt is made in the demonstration code to overlap record transfer with CPU 
activity. Instead, a dead loop is used, JMP $, until the End-of-Block interrupt 
vector is received. At this point control passes to the subroutine labelled EOB. 

END-OF-BLOCK SERVICE 

The End-of-Block subroutine can be used to perform error analysis, retry, etc. The 
C;lemonstration code simply obtains device status from the Line printer intelligent 

cable and passes the status to the mainline program through the A register. 
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* 
* INTERRUPT VECTORED LOCATIONS 

* 
LPINT 
LPDEVA 

* 

EQU 
EQU 

ABS 
AOB 
RES 
RES 
DA.TA 
JST 
DATA 

* 1/0 INITIATION 

* 
LPRINT 

:F8 
:FE 

LPIN'I' 
LPDEVA 
1,0 
1,0 
a 
*$+1 
EOB 

BYTCNT 

LPINT+1 
BUFADD 
1 
1 
LPINT+2 
=:0210 

STANDARD LINE-PRINTER INTERRUPT 
STANDARD DEVICE ADDRESS 

INTERRTJPT VECTORED LOCATIONS 
AUTO OUTPUT BYTE 
TO BE FILLED WITH BYTE COUNT 
TO BE FILLED WITH BUFFER ADDRESS-l 
NOT USED 
CALL END-OF-BLOCK ROUTINE 
ADDRESS OF END-OF-BLOCK ROUTINE 

ENTRY POINT FOR LP DRIVER 
PHYSICAL RECORD BYTE COUNT 
AOB INSTRUCTION NEEDS NEGATIVE 
NEGATIVE BYTE COUNT IN AOB INSTRUCTION 
ADDRESS (WORD) OF BUFFER 
AOB INSTRUCTION NEEDS BYTE ADDRESS 
STARTS AT -1 
PUT THIS ADDRESS IN AOB INSTRUCTION 
COMMAND WORD TO START PICOPRESSOR 

ENT 
LOA 
NAR 
STA 
LOA 
LLA 
SAl 
STA 
LDA 
OTA 
JMP 

LPDEVA+1 SEND COMMAND WORD TO PICOPROCESSOR 
$ WAIT FOR END-OF-BLOCK . 

* 
* END-OF-BLOCK SERVICE 

* 
EOB EN'!' 

INA 
RTN 

LPOEVA+1 
LPRINT 

END-OF-BIDCK INTERRUPT SUBROUTINE 
INPUT STATUS 
RETURN TO CALLER WITH 
STATUS IN A REGISTER 

Figure 3-83. Programming Example - Line Printer 
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3.3.12 32-Bit General-Purpose Intell.igent Cable 

The 32-fH t. General-Purpose (G-P) Intelligerit Cable allows the interfacinq of most low
to medium-speed peripheral or special purpose input/output devices tnan LSI Family 
Compu~er without the need to design and implement special interface logic. The 32-Rit 
C::-P Intelligent Cable's word size is selectable in 8-bit increments and any opvice 
word size up to 32-bits, input and/or output can be accommodated. 

The 32-Bit G-P Intelligent Cable is designed to transfer data using a two-wire "hand
shake" interface discipline. Other interface disciplines are accommodated using a 
combination of computer software and operational sequencing control. 

3.3.12.1 Typical Interface System Descriptions 

The 32-Bit G-P Intelligent Cable is able to' interface to peripheral devices in a 
number of control configurations. 

Or;· igure 3-84 illustrates both the simplex input and simplex output configuration. This 
type of configuration is used with devices whose operation is restricted to input only 
or output only. 

: When the peripheral device is capable of both input and output, the half-duplex 
configurations shown in Figures 3-85 and 3-86 are used. If simultaneous input and 
output are required, a full-duplex configuration with two 32-BitG-P intelligent 
cables must be .used. 

The 32-Bit G-P Intelligent Cable is able to output a tag signal to specify when a data 
transfer consists of control information or data information. Through the use of this 
capabili·ty, several similar simplex or half-duplex peripheral devices can be bus 
connected to a 'single 32-Bit G-P Intelligent Cable. This type of configuration is 
illustrated in Figure 3-87. 

o 
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CPU 

CPU 

CPU 

CPU 

32-Bit 
I/O G-P 

Distributor - - Intelligent 
Cable 

32-Bit 
I/O - G-P 

Distributor Intelligent 
Cable 

Figure 3-84. Simplex Device System Configuration 

32-Bit 
I/O .. G-P 

Distributor Intelligent -' 
Cable 

Fiqure 3-·85. Half-Duplex Device System Configuration 

-

32-Bit 
I/O G-P --Distributor - Intelligent 1 

Cable I 
I 
I 
I 
I 
1 __ -

Up to 'l2-Hj t I . "utputJ Uc'v J \'(~ 

Up to 32-Bit 
Input 

Device 

Up to 32-Bit 
Input/Output 

Device 

Simplex 
or 

Half-Duplex 
Device 

Number 1 

• • • • 
Simplex 

or 
f-Hal Duplex 

Device 
Number N 

Figu'(' 3-86. ntprface Bus (Multi-Device) System Confi~urL.:ion 
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3.3.12.2 Specifications 

Cablp r.e>nqth (nominal), 12.5 ft (3.8m) 

I/O Distributor to PICOPROCESSOR, 10.5 ft. (3.2m) 

PICOPROCESSOR TO DEVICE 1. 5 ft (0.46m) 

Data types .•.••• Selectable 8, 16, 24, or 32-bit parallel dilt.J wnrd:; 

Output with stornge 
Input without stClrnqt' 

Operating Modes • . . .. . . . . . . .. . . Simplex and half-duplex 

Command Output Single command word format with 4 mode bits 

Status Input (PICOPROCESSOR operational) •• 8-bit format 

I/o Disciplines 
C· Two-wire "handshake" 

Other I/O disciplines are accommodated through a combination 
of computer software and operational sequencing control. 

Data Modes: 

Data output 
Data input 
Command output • 
Device status input 

Interface Logic 

Standard Channel Number • 

standard Data Service Vector Address 

Standard End-of-Block Service Vector Address 

c 

. . . . . . · 8, 16, 24, or 32 ... bits 

· 8, 16, 24, or 32-bits 

· 8, 16, 24, or 32-bits 

· 8, 16, 24, or 32-bits 

• See Section 3.3.12.5 

• None assigned 

None assigned 

None assigned 

- -
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I 
ll.:mdwidth 

'l'clh1" "1 ·15 contains listings of the approximate maximum word transfer r(ltE! hillldwir'lt.l1!;. 
'I'hu 1 isted maximums apply to a single 32-Bit G-P rntelligent Cabl(~ tr"nc:fprrinq (ldl~ol. 
1\11 other peripherals must be in Idle, and the software in a minimum time Wi'lit loop. 

'rable 3-15. Maximum Word Transfer H.ates 

Core 980 Memory 

CPU Type I/O Distributor 8-Bit l6-Bit 24-Bit 32-Bit 
Type Words Words Words Worde; 

LSI-2/60 Standard 86 43 29 21.5 
LSI-2/20 Standard 86 43 29 21. 5 
LSI-2/10 Standard 43 21. 5 14 11 
LSI-23/05 Standard 32 16 11 8 

LSI Family DMA 225 112 75 55 
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3.3.12.3 Software Considerations 

The 32-Ri t G-P Int8lligent Cable conforms to the· general I/O Distributor pn.Kjl-anun Lnq 
philosophy described in Section 2. 

The 12-Bit G-P Intelligent Cable provides storage on the PICOPROCESSOR for a 32-bit 
word during output operations. During input, the device must present the dat.l word 
for the full time required for the input transfers. The input or output word size 
used is software selectable in 8-bit increments at 8, 16, 24, and 32 bits. A sPI'·Arate 
data transfer is required for each eight bits of the input/output word. 

The computer instructions for both data and contrdl transf·ers are unchanged from 
standard usage. Peripheral devices that use the two wire "handshake" interface disci
pline can make use of the Auto I/O progranuning. Pulse and other interface discipline~ 
can be accommodated by direct software driven (programmed) I/O control. 

3.3.12.3.1 32-Bit G-P Intelligent Cable Command Word S~t 

o The command word set used with the 32-Bit G-P Intelligent Cable consists of 11 of the 
standard command words described in Section 2. The following is a list of the command I words and applicable hexadecimal word skeletons used with the 32-Bit G-P Intelligent 

'I Cable. 'rhe command words shown in italics cannot be used with standard I/O Distri
butors Model 14629-14 and Model 14629-18. Each "n" ·represents a field that must be 
specified. 

Reset • • • 
Branch 
Set Mode • • •. 

*Branch, Set Mode •• 
Branch, Detect CR •• 
Branch, Set Mode, Detect CR • 
Branch, Detect Special Character •••. 
Branch, Set Mode, Detect Special Character 
Load Special Character . • • • 
Branch Disable DMA •• 
Branch, set Mode, Disable DMA • 

:0100 
:02nO 
:04 On 
:06nn 
:OAnO 
:OEnn 
:2AnO 
:2Enn 
:80nn 
:82nO 
: 86nn 

~The Branch, Disable DMA and Branch, Set Mode, Disable DMA command words do not affect 
; the operation of the standard I/O Distributor and are treated the same as the corre

sponding Branch or Branch, Set Mode command words by the standard I/O Distributor. 

The character detection feature (Detect CR and Detect Special Character) should be 
used with caution when operating 16-, 24-, or 32-Bit input devices. Each 8-bit 
partial word transferred to the I/O Distributor is scanned and unwanted character 
detection can occur. 

The .parity standardization feature ·command words are not listed and are considered 
unusable. 

*The Branch, Set Mode command word can be used when the operational sequence is in 
Idle :00 or :10; otherwise, separate Branch and Set Mode command words should be used. 
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3.3.12.3.2 Mode Field Description 

TIIC' 12-Bi t G-P Intelligent Cable PICOPROCESSOR accepts four mode bi t~; for cldditiulLli 
('on tJ.ol of the peripheral device and PICOPROCESSOR operation. The ~;l't Modp command 
words used with the 32-Bit G-P Intelligent Cable are the standard forms that provide a 
-i-biL mode field. Figur£' 3-87 shows the configuration of the Set f\~ode conunand w{JnJ~;. 

'l'he fUllctions controlled by edch of the mode bits are clS follows: 

Hi t 0 ;md 1 - Word Size. The Word ,;ize bits are used to select the PICOPROCESSOH' 
input/output word size. Four word sizes are available; 8,16,24 and 32 bits. Rl'[er 

\ a Figure 3-87 for the selection values. Mode bits 0 and 1 are not output to the. 
dcvicr:: . 

Bit 2 - Data/Conunand. Bit 2 is normally defined as the 
more than one type of data is being transferred between 
pheral device(s) via the 32-Bit G-P Intelligent Cable. 
used as follows: 

Data/Conunand bit for use when 
the computer and the peri
r~'he Data/Command bit can be 

eTo output a device address when more than one peripheral device is attached to a 
single 32-Bit G-P Intelligent Cable . 

• To output a program such as control settings for the front panel to a peripheral 
device. 

eTa accept status directly from the peripheral device. 

The standard definitions for Bit 2 are Data = logical 1, Conunand = logical O. Bit 2 
is not used internally by the PICOPROCESSOR and may be redefined to suit the needs of 
'he attached device. 

Bit 3 - Input/Output. 'I'he Input/Output bit is used as the most significant address 
bit for the PICOPROCESSOR firmware. The logical 1 selects the input firmware 
'=iequences and the logical 0 selects the output firmware sequences • Bit 3 is output to 
ihe device alonq with b'"'ing used internally by the PICOPROCESSOR. 

15 14 13 12 

I: 
11 10 9 8 J 6 

1- I: l. --
6 .. 3 2 

t 
0 
0 
1 
1 

o 

t 
0 .. 
1 ... 
_---Select 8-Bi t ~\Tord Size 
_---Select 16-Bit .vord Sizl' 
_---Select 24-Bit Word Size 
_ ---Select 32-Bit \\Tord Size 

0 _ 

1 .. 
L-. _______ Data = 1, Command = 0 

L---------~Input = 1, Output = 0 
L-. _________________________ Branch Address Field 

L--------------·-------------------------Command Word Op Code 

Figure 3-87. Set Mode Command Word Format 
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I 3.3.12.3.3 Status Byte Description 

I The 12-'Bit G-P Intelligent Cable PICOPROCESSOR provides eight bits of status infur
mClt-jftTl for the computer. The status bits are arranged in a single stat1.lS byte. Fiv(~ 

I of the individual status bits are input to the PICOPROCESSOR from the peripheral 
device and the remaining three bits are derived from the PI COPROCESSOR operation. 

I , , 
I 
I 

Bit a - Power. The attached peripheral device asserts Power anytime the peri
pheral device is attached, powered, online, or some combination of these three. 
Power On = 0, Power Off = 1. 

Bit; 1 - Function Strobe Acknowledge (FSA). The attached peripheral device 
asserts Function Strobe Acknowledge to signal acceptance of dCj.ta output from the 
PICOPROCESSOR or the availability of data for input to the computer. FSA = 0, 
Not FSA = 1. 

Bit 2 - Device Busy. The attached peripheral device asserts Device Busy to 
indicate when it cannot immediately accept data during an output operation or 
supply data during an input operation. Device Busy = 0, Device Not Busy = 1. 

Bit 3 - stop. The attached peripheral device asserts Stop to indicate termi
nating conditions were detected in the peripheral device. Normal terminating 
conditions, such as a filled capacity, or abnormal terminating conditions, such 
as error conditions, or both can be reported using stop. Stop = 0, Not stop = 1. 

Bit 4 - Buffer Full. The Buffer Full status bit is derived from PICOPROCESSOR 
operation and indicates when a full output data word is stored in the PICOPRO
CESSOR, or when the input data word is fully transferred to the computer. Buffer 
Full = 0, Buffer Not Full = 1. 

Bit 5 - Spare. The Spare is not sampled by the operation sequence. The attached 
peril'heral device can report a device defined bit of status to the computer using 
Spare. Spare asserted == 0, Spare not asserted = 1. 
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Bit 6 - PICOPROCESSOR Busy •. The PICOPROCESSOR Busy status bit js derived from 
PICOPROCESSOR operation and must be a logical 1 (not busy) before t.hc nCOPRO
CESSOR will accept a Branch (begin) command word. PICOPROCESSOR Busy' 0, 

rrCOPROCESSOR Not Busy = 1. 

Bit 7 - Data Service Request. The Data Service Request status bit is derived 
from PICOPROCESSOR operation and indicates when the PICOPROCESSOR is inputtinq i.1 

data service request to the I/O Distributor. Data Service Request = 0, Datd 

S0rvice Not requested = 1. 

11 14 

o U 
I 

13 12 11 10' 8 

(\ °l~ I I I 

Any Device Status Lines 
Not Connected = 1 

7 

~ ~ 

I 

5 4 3 2 

I 

~ ~ ~ ~ ~ 

I 

o 

I 
~system Power 

Asserted, Power 0n = 0 
Not Asserted, Power Off-= 1 

Function Strobe Acknowledge 
Asserted = a 
Not Asserted = 1 

Device Busy 
Asserted = 0 
Not Asserted 

Stop 
Asserted = 0 

1 

Not Asserted = 1 

·Buffer Full = 0 

~ ________________________ Spare 

Asserted := a 
Not Asserted = 1 

~-------------------------PICOPROCESSOR Busy = 0 

I--_________________________ Da ta Serv i ce Request 0 

Figure 3-8H. Status Byte Configuration 
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3.3.12.3.4 Branch Address Field Description 

The 3/··8i t G-P Intelligent Cable PICOPROCESSOR uses the standard 4-bi t brilnch addrL'~;!; 

fj pi,'. 'l'he sequence entry point addresses for the 32-Bit G-P Int('ll ioent Cable arc 
expressed at two hexadecimal digits. The least significant digit is provided by lIH' 

branch address field. The most significant digit is provided by Mode Bit 3, the 
Input/Output bit. 

The allowed entry points to the 32-Bit G-P Intelligent Cable operation sequences dre 
separated into two categories: 

• The operation sequences intended for use when the I/O operation is performed 
using Auto I/O or interrupt I/O programming in the computer . 

• The operation sequenCt'S intended for use when a non-DMA, non-interrupt (pro
grammed) I/O operation is performed. 

The following are the allowed sequence entry point addresses. The normally intended 
Ils,:tqe for the sequence started at each entry point is included. 

: 00 - Output Idle. 'rhe operation of the 32-Bit G-P Intelligent Cable in programmed 
I/O mode requires the use of Idle as a sequence entry point. The operation sequence 
is restored to Output Idle by the computer issuing a branch command word to sequence 
address :00. Data output using programmed I/O stored in the PICOPROCESSOR with the 
operation sequence in Output Idle :00. 

:01 - step Pulse. This entry point is used in programmed I/O mode to load Bits 0 and 
1 of the mode register into the PICOPROCESSOR's buffer counter and output a Step Pulse 
to the device followed by Function Strobe. 

: 02·- Function Strobe. This entry point is used in programmed I/O mode to output 
Function Strobe to the device. 

: 03 - Output. This entry IJoint lS normally used along with Auto I/O programming in 
the computer. The Output "peration sequence outputs data using automatic implemen
tation of the two wire handshake interface discipline. 

:lU - Input Idle. The operation of the 32-Bit G-P Intelligent Cable in programmed I/O 
mode requires the use of Tille ilS il sequE'nce entry point. The operation sequence is 
restured to Input Idle by the computer issuing a Branch command word to sequence 
address : 10. Data input usicng programmed I/O is performed with the operation sequencE' 
in Input Idle :10. 

"j : 11 - step Pulse. This entry point is used in programmed I/O mode to load Bi ts 0 and 
1 of the mode register into the PICOPROCESSOR's buffer counter and output a Step Pulse 
to the device followed by a return to Input Idle. 

:12 - FUllction Strobe. This entry point is used in programmed I/O mode to output 
Function Strobe to the device. 
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I \.3.12.4 Operating S<'quence 

The opf:'ration of a peripheral device through the 32-Bit G-P Intelligent Cable i~; 

C0T1 hulled by software in one of the following two ways: 

• Auto I/O - If the device interface uses the two wire handshake discipline, t lwn 
control can be exercised by software direction of the peripheral device with 
operation sequencing provided by software selection of the appropriate' PICO
PROCESSOR operation sequence. This method of operation using Auto I/O proqr"m
ming provides software efficiency, both in the amount of software required ;'1nd 1n 
the ability t.o perform other operations concurrent with the I/O operation . 

• Programmed I/O - Tf the device interface uses an interface discipline other them 
two wire handshake or if direct software control of the transfer is desired, then 
control is exercised by software selection of specific parts of the operatioTi 
sequence with a minimum of sequencing provided internally by the PICOPROCESSOR. 
This method of operation, called programmed I/O, provides a high degree of 
operation flexibility but requires constant monitoring of the I/O operation by 
the computer. 

It is possible to use tbe Input or Output Auto I/O operation sequences along with non
interrupt/non-DM1\ I/O programming. Under non-interrupt/non-DMA I/O, the software must 
continuously request status waiting for the data service request status bit 7 = o. 
This indicates the 32-Bit G-P Intelligent Cable operation sequence is ready to trans
fer one byte of data. After the data byte is transferred, the software must simulate 
acknowledgement of the data service request by software outputting the command worn 
:0200. Since status bit. 6, PICOPROCESSOR Busy = 0, the PICOPROCESSOR does not accept 
the branch address ":0" output as part of the command word. 

3.3.12.4.1 Software Sequence (Auto I/O Programming) 

All online operations of the peripheral device, when Auto I/O programming i~, u'ped, are 
initiated by software issuing a Branch command word to the PICOPROCESSOR. Prior to 
the issuance of the command, the software must determine the present conditions of the 
]'eripheral device. If status was requested and stored at the termination of the 
previous operation, the software can examine the stored status bits. If an End-of
Block was expected and not received, an operation is in progress. Once the necessary 
housekeeping is completed, the software can issue the Branch command word. 

3.3.12.4.2 Operation SE'quences (Auto I/O Progrannning) 

Once initiated, the PICOPROCESSOR's operation sequences assume control of the I/O 
operation unt.il terminating conditions are sensed. The following describes the 
operation sequences flow charted in Figures 3-89 and 3-90 . 

IDLE (:00 or :10) 

The PICOPROCESSOR normally loops in Idle whenever the input or output sequence is not 
being performed. The Branch command word used to initiate either the output or input 
sequence is normally issued when the operation sequence is in Idle. 

[ NOTE I 
The PICOPROCESSOR will accept a Branch command word anytime it is 
reporting PICOPROCESSOR Not Busy status. This feature is used mainly 
with programmed I/O. 

, 
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OUTPUT SEQUENCE ( : 03) 

Thp nutput sequence starts with a system check for the device inputting Power On 
statuS. Failure of the system check results in the operation being abo~te(l. If the 
device is powered, the configuration of Mode Bits 0 and 1 is loaded into the buffer 
counter and then a check for the device inputting stop status is made. As with the 
system check, failure results in the operation being aborted. When the opcratiop is 
aborted, the PICOPROCESSOR issues End to the device and an End-of-Block service 
request to the I/O Distributor to indicate terminating conditions were detected. 'l'ht' 
End-of-Block service request is held until acknowledged, at which time the operatit))\ 
sequence returns to Idle. 

~ .:I 

'0; 
" 

I, 
Normally the operation does not abort and the output sequence continues by checkillq 
for the device inputting Busy status or a Function Strobe Acknowledge. If either 
status is present, the sequence keeps looping back to the start of the output sequence 
until the device is fully ready to receive data. Once the -device is ready, the 
PICOPROCESSOR issues a data service request to the I/O Distributor. When the request 
is acknowledged, the data byte output by the I/O Distributor is loaded into the 
appropriate location in the PICOPROCESSOR's buffer register. After the data byte is 

O,:;torcd, the Auto I/O byte count is checked for zero and the sequence skips the Buffer 
Full check if the byte count is zero. If the byte count is not zero, the next check 

j is for the Buffer Full signal which indicates a full output word is stored in the 
; PICOPROCESSOR. If a full output word has not been stored, the buffer counter is 
I incremented and the sequence loops back to the device checks to request another byte 
! of data from the I/O Distributor. This loop is repeated until the Buffer Full 'signal 
, or an Auto I/O byte count of zero is detected. The PICOPROCESSOR then issues Step to 

i 

the device followed by Function Strobe. The Function Strobe is held until the device 
responds with a Function St:obe acknowledge. Once Function Strobe Acknowledge is 
received, the sequence loops back to the start of the Output sequence if more data 
must be transferred. When the Auto I/O byte count does go to zero, the PICOPROCESSOR 
issues End to the device and an End-of-Block service request to the I/O Distributor to 
indicate terminating conditions were detected. The End-of-Block service request is 
held until acknowledged, at which time the operation sequence returns to Idle. 

C 

I 
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Idle ,00 
WaR II S];an<:h comt:1and received? 

Entry Point ,03 
Is the device inputting Power On status? 

Load mode bits 0 and 1 into the buffer counter. 

Is the device inputting stop status? 

IS the device inputting Busy status? 

IS the device inputting Function Strobe Acknowledge? 

o 
Issue a data service request to the I/O Distributor. 

Was the request acknowledged? 

Did the Auto I/O byte count go to zero with this data transfer? 

Is the buffer counter signalling Buffer Full? 

Issue step to the device. 

Issue Function Strobe to the device. 

Is the device inputting Function Strobe Acknowledge? 

Did the Auto ~/O byte count go to zero with this data transfer? 

Issue End to the device. 

ls,aul! an End-of-Block service requeat to the I/O Distributor. 

Was the requeat acknowledged? 

Figure 3-89. Output Sequence 32-Bit G-P Intelligent Cable 
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INPUT SEQUENCE (: 14) 

'rhc input sequence starts with step being issued to the device to si':)fl'll t.h,.t til(' 
P lCOPROCESSOR is ready to accept a data word from the device. A check i~; t hen made 
for the device inputting Stop status. Failure of this check results in the operation 
being aborted. When the operation is aborted, the PICOPROCESSOR issues End to the 
device and an End-of-Block service request to the I/O distributor to indicate 
terminating conditions were detected. The End-of-Block service request is held until 
acknowledged, at which time the operation sequence returns to Idle. 

If the device is not inputting Stop status, the configuration of mode bits 0 and 1 is 
loaded into the buffer counter and then a check is madl' for the device inllutting Busy 
st:atus. If the device is inputting Busy status, the sequence keeps looping back to 
t.he start of the input sequence until the device is fully ready to input dat.a. The 
sequence then checks for a Function Strobe Acknowledge from the device to signal that 
a data word is beinq presented for input. The sequence waits at this point until 
Function Strobe Acknowledqe is rec(~ived . 

o 
• 

I NOTE I 
The device must present the data word and Function Strobe Acknowledge 
until the PICOPROCESSOR issue Function Strobe to the device. 

When the Function St.robe Acknowledge is received, the PICOPROCESSOR issues a data 
service request to the I/O distributor. When the request is acknowledged, the 
appropriate data byte is input to the computer. After the data byte is input, the 

, check for an Auto I/O byte count of zero is made and the Buffer Full check if the byte 
count is zero. If the byte count is not zero, the next check is for the Buffer Full 
signal which indicates the full data word has been input to the computer. If a full 
dat:a word has not been input, the buffer counter is incremented and the sequence loops 
back to the Function Strobe Acknowledge check to request input of another byte of 
data. This loop is repeated until the buffer full signal or an Auto I/O byte count of 
zero is detected. The PICOPHOCESSOR then issues Function Strobe to the device to 
sign'11 acceptance of the input data word. 

C~\he Function Strobe is held ulltil the device drops Function Strobe Acknowledge. The 
sequence loops back to the start of the input sequence if more data must be trans
ferred. When the Auto I/O byte count does go to zero, the PICOPROCESSOR issues End to 
t,he device a.nd an End-of-Block service request to. the I/O distributor to indicate 
terminating conditions were detected. The End-of-Block service request is held until 
acknowledged, at which time the operation sequence returns to Idle. 
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1<11 .. : III 
WIIf" " I\t .ltldl ,;r"ml1'Ult,d recf·'ivl~d? 

ENTRY POINT :14 
Issue step to the device. 

Is the device inputting stop status? 

LOad mode bits 0 and 1 into the buffer counter. 

Is the device inputting Busy status? 

11 the device inputtin,g Function strobe Acknowledge? 

ISBue a data service request to the I/O distributor. 

Was the request acknowledged? 

Did the byte count go to &ero with this data transfer? 

Is the byte counter signalling Buffer Full? 

Issue Function Strobe to the device. 

Is the device inputting Function Strobe Acknowledge? 

Di,d the byte count go to &ero with this .data transfer? 

Issue End to the device. 

Iasue an Erid-of-Block service request to the I/O distributor. 

Was the request acknowledged? 

Tnl11lt Sl'qUl'lIl'C .L~-Hit G-P Intclliqent Cable 
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'3.3.12.4.3 Software Sequence (Progranuned I/O) 

'1'h0 form of any software sequence for programmed I/O with the 3:l-Bit G-P Intelligc'nt 
Cable is dependent 011 the attached device, its application, and its interf,lce disci
pline requirements (refer to Section 3.3.12.6, applications and programminq examJ:.llcs). 
Due to the large total number of possible programmed I/O sequences, description of zmy 
compt"(~hensive selection of programmed I/O sequences j s beyond the scope of this 
document. 'ro give an insight into the programming methods used to implement an 
interface discipline in programmed I/O, flow charts and descriptions of programm(~d I/O 
sf.'quences corresponding to the two wire handshake interface discipline arp provioed in 
this section. Both sequences are shown as subroutines c,1l1cd by the mainline program. 

OUTPU'f 

The output progranuned I/O sequence (Figure 3-91) starts with software issuing a Reset 
command word to clear and initialize the logic of the PICOPROCESSOR. Software then 
j ssues a set l<1ode command word to select output mode and specify the output word size. 
Thi~~ also loads the buffer counter. Software then requests status from the PICO-

O r:RCCESSOR and checks for BuEfer Full status. If the P~COPROCESSOR reports Buffer Not 
, ," l'u11 status, software outputs one byte of data and agaln requests status from the 

PICOPROCESSOR. When the PICOPROCESSOR reports Buffer Full status, software outputs 

i 
C 

Ol1e additional byte of data, requests status from the PICOPROCESSOR and checks the 
status for the device being ready to receive data. Device ready status consists of 
Function Strobe Acknowledge not asserted and the appropriate state for any other 
syst~~ status bits input by the device. If the device is not ready, software con
tinues to request and check status until the device is ready. Software then issues a 
Branr::h command word to firmware entry point : Olto assert Function Strobe and Step to 
the device. Software then requests status from the PICOPROCESSOR and checks for the 
device asserting Function Strobe Acknowledge. If the device is not asserting Function 
Strobe Acknowledge, software continUf~s requesting and checking status until the device 
responds with Function Strobe Acknowledge. Software then issues a Branch command word 
to firmware entry point :00 to drop Function strobe. If more data transfers are 
required, software returns to the Set Hode step to out_put the next data word. Hhen 
all data transfers are completed, !30ftware returns to the caller in the mainline 
program. 
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Issue a Reset command word to initialize the PICOPROCESSOR. 

Issue a Set Mode camnand word to select output and to load the buffer cOllnter. 

Request status fran the PICOPROCESSOR. 

Did the PICOPROCESSOR input Buffer Full status? 

Output one byte of data. 

Output the last byte of data. 

Request statuB from the PlCOPROCESSOR. 

Is the device ready to accept data? 

Issue a Branch command word to firmware ent,ry point ,01 to assert Function Strobe 
and pulse Step to the device. 

Request ntatuB from the PlCOPROCESSOR. 

Is the device inputting Function Strobe Acknowledge? 

Issue a Branch command word to firmware entry point ,00 to drop Function Strobe. 

Are more data transfers required? 

Jo'iguro 3-91. Output Proqrammed I/O Sequence 
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INPUT 

The inpllt programmed I/O sequence (Figure 3-92) starts with software jssuiny a Reset 
command word to clear and initialize the logic of the PICOPROCESSOR. Suftware then 
issues a set Mode command word .to select input mode and specify the input word size. 
Software then requests status from the PICOPROCESSOR and checks for the devicf~ ready 
to input data. Device ready consists of the appropriate state of the system status 
bits input by the device. If the device is not ready, software continues to reqUl~st 
and check status until the device is ready. When the device signals ready, software 
issues a Branch command word to firmware entry point :11 to pulse step and load th~ 
buffer counter. Software again requests status and checks for the device asserting 
Function Strobe Acknowledge. If the device is not asserting Function Strobe Acknow
ledge, software continues requesting and checking status until the device responds ' 
with Function Strobe Acknowledge. Software then requests status and checks for Buffer 
Full status. If the PICOPROCESSOR reports Buffer Not Full status, software 'inputs one 
byte of data and again requests status from the PICOPROCESSOR. This continues until 
the PICOPROCESSOR reports Buffer Full status. Software then inputs one additional 
byte of 'data followed by a Branch command word to firmware entry point :12 to assert 
Function Strobe to the device to signal acceptance of the data word. Software then O. requests status and check for the device asserting Function Strobe Acknowledge. If 

• the device is asserting Function Strobe Acknowledge, software continues requesting and 
checking status until the device drops Function Strobe Acknowledge. Software then 
issues a Branch command word to firmware entry point :10 to drop Function strobe to 
the device. If more data transfers are required, software returns to the status 
request to check device ready in preparation for inputting the next data word. When 
all data transfers are completed, software returns to the caller in the mainline 
program. 
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IS8ue a. Reset command word to initialize the PICOPROCESSOR. 

Issue a Set Mode command word to select input and to load the buffer counter. 

Request status from the PlCOPROCESSOR. 

Is the device ready to input data?~ 

I~sue a Branch command word to firmware entry point :11 to pulse step and load 
the buffer counter. 

Request status from the PICOPROCESSOR. 

Is the device inputting Function Strobe Acknowledge? 

Request status from the PICOPROCESSOR. 

Did the device input Buffer Full status? 

Input one byte of data. 

Input the last byte of data. 

Issue a Branch command word to firmware entry point :12 to assert Function Strobe 
to the device. 

Request status from the PICOPROCESSOR. 

Is the device inputting Function Strobe Acknowledge? 

Issue a Branch command word to firmware entry point :10 to drop Function Strobe. 

Are more data transfers required? 

Issue a Branch command word to firmware entry point :13 to assert End to the device. 

Figll}"(' .3-92. InlJut Programmed I/O Sequence 
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Thp 12-Bit G-P Intelligent Cable has two interf~ces: 

I/O Distributor to PICOPROCESSOR 

PICOPROCESSOR to device 

The r/o Distributor to PICOPROCESSOR interface is the standard Intelligent Cable 
interface. 

The PICOPROCESSOR to device interface is carried over two flat ribbon cables. The 
data lines are carried over a 48-conductor cable and the control lines are carried 
over a separate 16-conductor cable. The device cables are not supplied with a device 
mating connector. Figure 3-93 is the PICOPROCESSOR to device interface overview. 
Table 3-16 lists the signal assignments for the 48-conductor cable and Table 3-17 
lists the signal assignments for the 16-conductor cable. 

PICOPROCESSOR K ) Device . . 

I/O Data Bits a Through 31 

Input(Output 
.. 

Data/Command 

step 
t-' 

End 
I--

Reset 

Function Strobe 

Function Strobe Acknowledge 

Power 
Device Busy 

Stop 

Spare 

Figure 3-93. Interface Overview 
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Table 3-16. Data Cable Interface Signal Assignment 

,--" - .---

PICOPROCESSOR Device Cable 
Connector Pin Description Wire NumbE:~r (Color) 

-
P4 8 Data Bit 1 1 (Brown ) 
P4 9 Data Bit 5 2 (Red) 
P4 7 Ground 3 (Orange) 
P4 10 Ground 4 (Yellow) 

I P4 6 Data Bit 6 5 (Groen) 
P4 11 Data Bit 0 6 (Rlue) I 

P4 5 Data Bit 3 7 (Violet) I 
P4 12 Data Bit 2 8 (Gray) 
P4 4 Ground 9 (vJhite) 
P4 13 Ground 10 (Black) 

I 
I 

P4 3 Data Bit 8 11 (Brown) 
P4 14 Data Bit 9 12 (Red) 
P4 2 Data Bit 7 13 (Orange) 
P4 15 Data Bit 4 14 (Yellow) 
P4 1 Ground 15 (Grpen) 
P4 16 Ground 16 (Blue) 
P5 8 Data Bit 11 17 (Violet) 
P5 9 Data Bit 10 18 (Gray) 

i P5 7 Ground 19 (White) 

I 
P5 10 Ground 20 (Bl ack) 
P5 6 Data Bit 18 21 (Brown) 

I 
P5 11 Data Bit 13 22 (Red) 
P5 5 Data Bit 19 23 (Orange) 
P5 12 Data Bit 14 24 (Yellow) 
P5 4 Ground 25 (Green) 
P5 13 Ground 26 (Blue) 

I 
P5 3 Data Bit 17 27 (Violet) 
P5 14 Data Bit 15 28 (Gray) 

I 
P5 2 Data Bit 16 29 (White) 
pS 15 Data Bit 12 30 (Black) 

I PS 1 Ground 31 (Brown) 

I 
P5 16 Ground 32 (Red) 
P6 8 Data Bit 23 33 (Orange) 
P6 9 Data Bit 21 34 (Yellow) 
P6 7 Data Bit 22 35 (Green) 
P6 10 Data Bit 20 36 (Blue) 

.. I 

P6 6 Ground 37 (Violet) 
P6 11 Ground 38 (Gray) 
P6 5 Data Bit 29 39 (White) 
P6 12 Data Bit 25 40 (Black) 
P6 4 Data Bit 28 41 (Brown) 
P6 13 Data Bit 24 42 (Red) 
P6 3 Ground 43 (Orange) 
P6 14 Ground 44 (Yellow) 
P6 2 DLlta Bit 30 45 (Green) 
PG 15 DaLd Bit 27 46 (Blue) 
P6 1 Data Bit 31 47 (Violet) - P6 16 Data Bit 26 48 (Gray) 
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Table 3-17. Control Cable Interface Signal Assignments 

P1COPROCESSOR Device CFlble 
Connector Pin Description Wire Number (Color) 

P3 8 Stop 1 (Brown) 
P3 9 Ground 2 (Red) 
P3 7 Ground 3 (Orange) 
P3 10 Function Strobe Acknowledge 4 (Yellow) 
P3 6 Spare 5 (Green) 
P3 11 Reset 6 (Blue) 
P3 5 Ground 7 (Violet) 
P3 12 Step 8 (Gray) 
P3 4 Power 9 (White) 
P3 13 End 10 (Black) 
P3 3 Ground 11 (Brown) 
P3 14 Input/Output 12 (Red) 
P3 2 Ground 13 (Orange) 
P3 15 Data/Command 14 (Yellow) 
P3 1 Busy 15 (Green) 
P3 16 Function Strobe 16 (Blue) 

3.3.12.5.1 Device Interface Line Description 

The signal interface lines between the PICOPROCESSOR and the device consist of 32 
bidirectional data lines, six output control lines, and 5 input controt/status lines. 
The PICOPROCESSOR to device interface isa negative true interface, that is, a logical 
1 = OV (nominal) and a logical 0 = +5V (nominal). 

DATA LINES 

The 32-Bit G-P Intelligent Cable has 32 parallel, bidirectional, data lines numbered 0 
through 31 with line 31 being the most significant bit. Any number or configuration 
of the data lines may be used by the device. Unused lines need not be terminated. 
All ground lines in the 48-conducto.r cable should be connected to device logic ground 
to provide adequate ground return for the signal lines. 

The 32-Bit G-P Intelligent Cable provides a 32-bit output storage buffer with TTL tri
state output drivers for the 32 data lines. A corresponding set of 32 TTL tri-state 
input receivers are used.for data input. The data line drivers are capable of sinking 
32 rnA and the data line receivers present one TTL load. All data lines are pulled up 
in the PICOPROCESSOR to +5 volts through 10K Ohm resistors. The length of the 48-
conductor data cable should be limited to the 0.46 m (1.5 ft.) provided. Refer to 
Figure 3-94. The device portion of the interface assumes an input/output device and 
shows both drivers and receivers. As an alternate to the interface shown, tri-state 
transceivers could be used in the device. For a simplex device, the unused drivers or 
receivers are not required. 
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,-- ~---- -- -., 
I 'I'd-State', 
, 'l'ransceiver 
I 8835 TypicaJ 

I/O I 

Distributo'r 
I 
I 
I 
I 

I 
I 
I 

+SV 

10 K 
Typical 

+5V 

I 
I 

2 ,K 
(Recommended) 

.---,I,.-----..... -~ - - - - --->---'~------..... 

Buffer 

I 
I 

I 
I 
I 
I 
I 
I 
I 

L _________ J 

PICOPROCESSOR 
Data I/O 

Figure 3-94. PICOPROCESSOR Data Lines Logic 

«±"tt'*'O_ tiM MDt" tteett
' 

7404 nr Equivalent 

Driver 

7417 or Equivalent 

Device 
Data I/O 

A storage buffer is not provided for the input data word. 
storage buffpr or the acceptance of an input data word is 
starting from the most significant bit • 

The loading of the output 
performed in 8-bit bytes 

Data transferred as 32-bit words uses the full buffer capacity of the 32-Bit G-P 
Intelligent Cable. Data ,transferred as 8-, 16-, or 24-bit words use a corresponding 
smaller ambunt of the buffer capacity. Specifically, an 8-bit word is transferred 
over data linE'" 0 through 7: a l6-bit word is transferred over data lines 0 through 
15; and a 24-bit word is transferred over data lines 0 through 23. 
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OUTPUT CONTROL LINES 

The use of the Output control lines by the device is dependent on the type of opera
t.1Ull being performed by the device. For example, if the 32-Bit G-P Iritelligent Cable 
is used to drive a static display panel or similar unsequenced types of operations, 
none of the control lines need be used. When sequencing of the I/O Transfer is 
required, then one or more of the control lines must be used. The Output control 
lines are driven by open collector drivers. capable of sinking 32 rnA with a pull-Up to 
+5 Vdc provided on the PICOPROCESSOR. Refer to Figure 3-95. Unused control lines 
need not be terminated. All growld lines in the l6-conductor cable should be connec- . 
ted to device logic ground to provide adequate ground return for the signal lines. 
The following describes the functions associated with each of the control lines. 

+5V +5V 

2K (Typical) Optional 

- - - l----L----i 

7417 or Equivalent 7404 or Equivdlent 

PICOPROCESSOR Output Typical Device Input 

Figure 3-95. PICOPROCESSOR Output Control Logic 

INPOT/OUTPu'r. The Input.IOutput control line is driven by the Input/Output bit in the 
mode register. This line is a logical 0 for output operations and a logical 1 for 
input. operations. Software determines the state of the Input/Output control line by 
issuing the appropriate Set Mode command word or by issuing a Reset command word. 

O· . Following the Reset command word, the state of the Input/Output control line is 
logical o. 

Use of the Input/OUtput control line by. the device is optional and it is normally used 
by devices capable of both accepting or providing data. 

DATA/COMMAND. The Data/Command line is driven by the Data/Command bit in the mode 
register. This line is a logical '0 for command operations and a logical 1 for data 
operations. Software determines the state of the Input/Output control line by issuing 
the appropriate Set Mode command word or by issuing a Reset command word. Following 
the Reset command word, the state of the Data/Command control line is logical O. 

Use of the Data/Command 1 ine by thedpv ice is optional. Typically this line is used 
by devices that can accept both remote programming and data or devices that can 

il provide.both external (to the PICOPROCESSOR operation) status and data. This line is 
il unused 1.n the PICOPROCESSOR and may be redefined to suit the needs of the device. 

II 
----ioI 

i,~' i 
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;:;1'£:1'. The step contr()l. line is driven by a 500 ns (nominal) single shot and js d('riv(~(_; 

from the oppration s('quences. The resulting step pulse is a sao ns logical 1 rul~;'_. 
Tllp q(~11 pul,w is generated automatically by the operation sequences wh'.~n flutr)ffiat i c 
I/O proqramminq is used and can be generated during programmed I/O by softWdY(' i~: su in'J 
Q. Branch command word to the appropriate sequence entry point. 

An uSl~c1 during the output sequence, the Step pulse signals the device that tlw data 
available is a valid data word. As used during the input sequence, the step pulse 
signals that the PICOPROCESSOR is ready to accept data from the device. Use of the 
Step control line by the device is optional and is normally used by devices that 
require a strobed type of interface discipline. 

END. The End control lirie is derived from the operation sequences and is asserted as 
a loqical 1. The End control line is asserted automatically by the operation sequence~ 
when Automatic I/O programming is used and can be generated during programmed I/O by 
software issuing a Branch command word to the appropriate sequence entry point. As 
used in both the input and output sequences, the End control line is asserted to 
signal the device that terminating conditions were encountered. 

Use of the End control line by the device is optional and its use is not related to 
any particular type of operation. 

RESET. The Reset control line passes on the Reset signal used to initialize the 
PICOPROCESSOR. The Reset control line is asserted as a logical 1. The Reset control 
line is asserted anytime software issues a Reset command word or whenever general 
Reset occurs on the Maxi-Bus. 

Us~ of tIle Reset control line by the device is optional and its use is not related to 
any particular type of operation. 

FUNcrION STROBE. The Function Strobe control line is derived from the operation 
sequences and is asserted as a logical 1. The Function Strobe control line is assertec 
automatically by the operation sequences as part of the two wire handshake when 
Automatic I/O programming is used. Function Strobe can be generated during programmed 
I/O by software issuing a Branch command word to the appropriate sequence entry point. 

Use of the Function Strobe control line by the device is mandatory if Automatic I/O 
programming and the operation sequences are used to perform the data tranfers. Its 
use with programmed I/O is optional. 
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" INPUT CONTROL/STATUS LINES 

o 
I 
I 
I 
I 

c 

The use of the Input Control/Status lines by the device is dependent on the type of 
opetadon being performed by the device. For example, if the 32-Bit C-I' Int.elligent 
Cable is used to poll the switch settings on a control panel or similar unsequenced 
tyPf'5 of operations, none of the control lines need be used. When sequencing of the 
I/O Transfer is required, then one or more of the control lines must be used. The 
input. receivers for the Control/Status lines present one TTL load plus a pull-up to +5 
volts through 2K ohms resister. Refer to Figure 3-96. Unused control lines should be 
attached as noted in the descriptions. All ground lines in the 16-conductor cable 
should be connected to device logic ground to provide adequate ground return for lhe 
signal lines used. The following describes the functions associated with each of the 
control lines. 

I NOTE I 
A logic inversion occurs in the PICOPROCESSOR between the Control/Status 
lines as input to the PICOPROCESSOR and the status as reported to the 
computer. Thus in terms of the PICOPROCESSOR Control/Status lines 
(negalive true), a line is asserted a logical 1 (ground) and not 
asserted as d logical a (+5V). In terms of the status stored when 
software requests status, a line is asserted as a logical 0 and not 
asserted as a logical 1. 

+5V 

Optional (Typical) 

7417 or Equivalent 7404 or Equivalent 

Typical Device Output PICOPROCESSOP Input 

Figure 3-96. PICOPROCESSOR Input Control/Status Logic 
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FUNCTION STROBE ACKNOWLEDGE. The FUllctioll Strobe Acknowledqe control/Btill.us line j !,; 

!Jampled automatically by the input and output sequences as part of the two wi re 
hilnc'l~hnkc. rrtJ(' Function Strobe l\cknowledge control/statu8 line Ciln lit' ~~amJlle(l dUrll1q 
programmed I/O by sofLware requestinq !5tatus from the PICOPROCESSOH. 

Use of the Function Strobe Acknowledge control/status line by the device is mandatory 
if Automatic'I/O prograrraning and the operation sequences are used to perform thE' daL, 
transfers. Its use with prograrraned I/O is optional. 

POWER. The Power control/status line is sampled automatically by the input and output 
sequences as a system check to verify the associated condition in the device. The 
Power control/status line can be sampled during programmed I/O by software requesting 
st.atus from the PICOPROCESSOR. 

Use of and the specific definition for the Power control/status line by the device is 
optional. If Automatic I/O progranuning and the operation sequences are used to 
perform the data transfers, a logical 1 (device ground) signal must be provided on 
this line to assure proper operation sequencing. 

DJ-;VICE BUSY. The Device Busy control/status line is sampled automatically by the 
input and output sequences as a system check to verify the associated condition in the 
device. The Busy control/status line can be sampled during programmed I/O by software 
requesting status from the PICOPROCESSOR. 

Use of and the specific definition for the Busy control/status line by the device is 
optional. If Automatic I/O programming and the operation sequences are used to 
perform the data transfers, a logical 0 signal must be provided on this line (or the 
line left unconnected) to assure proper sequencing of the firmware. 

S~,'OP. The stop control/status line is sampled automatically by the input and output 
s(~queTlces to clH:!ck for the device signaling that terminating conditions were encoun
tered. The ;;top control/status line can be sampled, during programmed I/O by software 
l"E'questing status from the PICOPROCESSOR. 

iJsc' of and the specific definition for the stop control/status line by the device is 
optional. If Automatic 1/0 programming and the operation sequences are used to 
perform the delta transfers, a logical a signal must be provided on this line (ortht' 
line 10ft unconnected) to assure proper sequencing of the firmware. 

Sf'ARE. The Spare control/status line is not sampled by the input and output sequl'l1ces. 
The Spare control/status line can be sampled by software requesting status from the 
PICOPROCESSOR. 

Use of and the specific definition of the Spare control/status line by the device is 
optional. There are no connection requirements for the Spare control/status line. 
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3.3.12.5.2 Interface Timing Requirements 

'rhe timing requirements presented here apply specifically when the input and output 
seqll"'I1CeS are used along with Automatic I/O progrannning to control the transfer of 
data. If the peripheral device is unable to observe the timing requirements shown 
here, the computer software should be designed to operate the PICOPROCESSOR, under 
Proqrammed I/O, in a manner that observes the device's interface discipline. For 
unsequenced operations, such as polling the attached peripheral device's control 
set ~.ings, the timing requirements are eliminated. 

'rhe timir'g diagrams shown j n Figures 3-97 and 3-98 use the following conventions: 

• Sequence "bubbles" not. separated by a time break (-2/-) are sequenced at 
intervals equal to or greater than 250 ns. 

eThe time breaks indicate indeterminate duration computer or peripheral device 
operations. 

• The crosshatched sections of the timing diagrams indicate either a don't know or 
a don't care situation. See the text for additional information. 

• The various signals are shown in the negative true form used on the PICOPROCESSOR 
to device interface. 

OUTPUT TIHING 

The timing diagralll shown in Figure 3-97 is separated into three distinct zones. The 
first zone, initialization shows the effect of a Reset connnand word (or general Maxi
Bus reset) on the 32-Bit G-P Intelligent Cable. The control/status signals input from 
the device mayor may not be reset during initialization. 

The second. zone, data transfers, consists of a closed timing loop started by software 
issuing a Branch comnand word and terminated by either the computer or the device. 
Power and stop are shown normalized prior to the issuance of the command word since an 
improper level detected on ei t.her of these lines would abort the operation. Since 
Device Busy and Function Strobe Acknowledge both provide wait loops if the improper 
level is detected, they are shown as occurring after the issuance of the command word. 
'I'hey also can be used to delay subsequent data transfers until the device is ready to 
accept more data. When Function Strobe Acknowledge is checked successfully, the 
PICOPROCESSOR proceeds to fill the output buffer register. Since up to four data 
transfers may be required to fill the buffer, data is shown on the data lines but it 
is not stable or valid until just before the Step pulse is issued. Step is then 
followed by Function Strobe which is held indefinitely until the device responds with 
Function Strobe Acknowledge. Device Busy is shown as occurring in response to the 
Step pulse. This is the first point at which the device can safely go Busy. Following 
receipt of Function Strobe Acknowledge, the PICOPROCESSOR deops Function Strobe. If 
more data must be transferred, the sequence loops back to the Power check. If this 
was the last data transfer, t.he sequence proceeds to the termination phase. If the 
device wishes to terminate the operation, it must assert Stop which causes the 
operation to abort on the next pass through the sequence. Stop is shown timed to the 
leading edge of Fu'nction Strobe Acknowledge to assure detection on the next pass 
through the sequence. 
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'I'II(~ tirni nq didqram shown in Figure: 3-98 is sepa.rated into three distinct zones. The 

r 1 I ,; L ::':ont!, in i tializa tion shows the efft!ct of a Rr!set conunand wurd (nr (jenera1 
~1,lXi-nu~·; n:s(:t) nn the 37-Bi t G-P Intelliqc>nt cahl(,. The control/status ~;iqnals input 
from tht: devic(! mayor may not bf': reset during initializiiltion. A specific point 
(:ollcerninq initialization, the PTCOPHOCESSOR is enabled for output by Reset and tlw 
data linos ar~ being driven as all zeros. 

The second zone, data transfers, consists of a closed timing loop startt;>d by sof tW(ll"e 

issuing a command word dnd terminated by either the computer or the device. POWL'l' ,mel 
stop are shown normalized prior to the issuance of the conunand word. Power is not 
i.'hecked by thE> input f1 rrnware sequence; however, stop is and an improl-'cr h'vel 
detected on this line would abort the operation. Following the issuance of the 
command word, the PICOPROCESSOR switches from output to input. At this point, th,) 
PICOPROCESSOR stops driving the data lines and the input data is present on the data 
lines. The Step line is pulsed, then stop is checked, followed by Device Busy being 
checked. If the device signals Device Busy, the step pulse is re-triggered and the 
:;top and Busy checks repeated. When Busy is checked successfully, the PICOPROCESSOR 
checks for Funct:ion Strobe Acknowledge and waits indefinitely until it receives 
Function Strobl.' Acknowledge. During input, the device must present valid data within 
?50 ns of the presenting of Funct.ion Strobe Acknowledge and must hold both the data 
"'Ind l;'unction Strobe Acknowledge stable until Function strobe is asserted by the 
PICOPROCESSOR. Once asserted, the PICOPROCESSOR holds Function Strobe asserted 
indefinitely until the device responds by dropping Function Strobe Acknowledge. 
Device Busy is shown occurring in response to the PICOPROCESSOR asserting Function 
Strobe. This is the first point at which the device can safely assert Device Busy. 
rollowing receipt of Function Strobe Acknowledge, the PICOPROCESSOR drops Function 
Strobe. If mun" data must be transferred, the sequence loops back to pulse Step. 
this was the li:lst datCl transfer, the sequence proceeds to the termination phase. If 
the device wishes to terminate the operation, it must assert Stop which causes the 
operation to abort on the next pass through the sequence. Stop is shown timed to the 
Lrailing edge nf Function Strobe Acknowledge to assure detection on the next pass 
through the sequence. 

The termination zone shows End being asserted while the End-of-Block operation is 
being complet(>d. 
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3.3.12.6 Applications and Programming Examples 

Thp Rpplications presented in this section give insight into the methods used to 
imFlement an interface using the 32-Bit G-P Intelligent Cable. The progl.amming 
examples illustrate how software is then designed to work with the interface. 

3.3.12.6.1 Computer to Computer Link 

The computer to computer link presented here is a possible application example 
designed to connect two LSI Family computers together using two cross coupled J2-Rit 
G-P Intelligent Cables. 

Th~ basic computer to computer link is shown in Figure 3-99. The mlnlmum control line 
connections for this type of operation are Function Strobe cross connected with 
Function Strobe Acknowledge and Power connected to ground. Successful operation is 
possible with this minimum control connection. To allow either computer to terminate 
the data transmission, End is cross connected with Stop. This assures that successful 
completion of the data transmission by one computer will force an orderly operation 
te~;nination in the other computer. To provide a means for the two Computers to 
establish a data transmission link in an orderly manner, Request Service (redefinition 
(If Data/Command) is cross connected with Acknowledge (redefinition of Spare). Data/ 
Command and Spare are not used internally by the PICOPROCESSOR so the operation 
sequences are not affected by the redefinition~ however, a software protocol is 
required to determine which computer becomes the sender and which computer is the 
receiver. 

32-Bit G-P 
Intelligent 

Cable 

32 Data Lines 

FS 

FSA 

End 

stop 

Ground 

Power 

Request Service 

Acknowledge 

Ground 

FS 

FSA 

End 

stop 

Ground 

Power 

Request Service 

Acknowledge 

32-Bit G-P 
Intelligent 

Cable 

Figure 3-99. Computer to Computer Link OVerview 
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'I uq[',lmrninq I~xamplc 

Tlw i'\~~cmbler Language statements ~;hown in the following examplf~ dc'mnw;trat.., d basic 
J,,"oqram for using the computer to computer link application. This (~X~mll,lc ~;hnws Ull' 
vdr;,ous routines necessary to init i ate a data trunsmis~;ion. The demonstrat j on corle' 
wO\lld be used 'in both computers. 

Tile first section of code is the parameter equates that define a series of con~~tant~; 
used to assemble the various routines. The first five establish the device addrcc;s 
and interrupt vector locations. The remaining equates select Intelligent Cable 
operations. 

* 
* PARAMETER EQUATES FOR 32-BIT G-P INTELLIGENT CABLE 

* 
TN'I'BAS EQU :CO INTERRUPT VECTOR BASE (STRAPPED ON I/O DISTRIBUTOR) 
CHAN EQU ( specify) INTELLIGENT CABLE IS PLUGGED INTO THIS CHANNEL 
rnD EQU :F ADDRESS BASE (STRAPPED ON I/O DISTRIBUTOR 
HlTAD EQU CHAN%3+ IN'l'BAS DATA INTERRUPT VECTOR ADDRESS FOR INTELLIGENT CABLL 
( ;f'D1\ EQU IOD%3+CHAN%1 INTELLIGENT CABLE DEVICE ADDRESS 

* 
:'ETMOD EQU :400 SET MODE COMMAND WORD BASE 
RYTE 2 EQU : 1 SELECT 16-BIT WORD SIZE 
BYTE 3 EQU : 2 SELECT 24-BIT WORD SIZE 
"YTE 4 EQU : :3 SELECT 32-BIT WORD SIZE 
worm EQU BYTE 4 SELECTS THE WORD SIZE USED 
T\~ST EQU : 4 REQUEST SERVICE SIGNAL 
REGIN EQU :200 BRANCH COMMAND WORD BASE 
OllT EQU :30 OUTPUT 
IN EQU :48 INPUT SEQUENCE ADDRESS 
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The following sections of code, interrupt vectored locations (output) and interrupt 
vectored locations (input), defines and fills the memory locations associated with the 
I/O Distributor channel to which the 32-Bit G-P Intelligent Cable is connected. There 
are six memory locations involved with each of these sections of code; how~ver, these 
are the same six memory locations for both sections of code since all data service and 
End-of-Block service interrupts for the I/O Distributor channel where the 32-Bit G-P 
Intelligent Cable is connected are vectored to the same memory addresses. Each time 
the Automatic I/O operation must be switched from input to output or output to input, 
the interrupt vectored locations must be filled with the corresponding instruction 
·nformation. When repeated input or output operations are performed, only the byte 
count and buffer address must be respecified at the start of the operation. 

* 
* INTERRUPT VECTORED LOCATIONS 
* 

ABS INTAD 
AOB GPDA 
DATA -OUTCNT 

(OUTPUT) 

INTERRUPT VECTORED LOCATIONS 
AUTOMATIC OUTPUT BYTE INSTRUCTION 

0 BAC 
DATA 

OUTBUF'-l 
0 

. NEGATIVE OF THE OUTPUT BYTE COUNT 
ADDRESS OF THE OUTPUT BUFFER 
NOT USED 

JST *$+1 
DATA EOBLOC 

* 
* INTERRUPT VECTORED LOCATIONS 

j * 

c 

ABS 
AlB 
DATA 
BAC 
DATA 
JST 
DATA 

IN'rAD 
GPDA 
-INCNT 
INBUF-I 
o 
*$+1 
EOBLOC 

(INPUT) 

CALL END-OF-BLOCK ROUTINE 
ADDRESS OF END-oF-BLOCK ROUTINE 

INTERRUPT VECTORED LOCATIONS 
AUTOMATIC INPUT BYTE INSTUCTION 
NEGATIVE OF THE INPUT BYTE COUNT 
ADDRESS OF THE INPUT BUFFER 
NOT USED 
CALL END-OF-BLOCK ROUTINE 
ADDRESS OF END-OF-BLOCK ROUTINE 
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The following section of code is il subroutine used to transmit data. The r.·outinc 
first n:'questB service by the other computer and then WiJ. its for a rf-'spons(' Defore 

'-" :;tart- i nq f he data transmission. Once the data transmL·~si0n is star.ted, t.he subrouL ill' .. 
ret.urns to the caller. The actual data trilnsmissioll cuntinues until. l-ermin,ltinq 
conditions arp detected, at which time thc' End-of-Block ~;(:rvice is performed. 

0 1 

c 

* 
* SUBROU'l'TNE '1'0 OUTPUT DATA 
* 

EQU 
()UTDA'l' ENT 

LDA 
O'l'A 

NOTYET INA 
LRA 
JOS 

$ 

==SETMOD+RQST 
GPDA+l 
GPlJA+l 
6 
NOTYET 

ENTRY POINT FOR SUBROUTINE 
ISSUE REQUEST SERVICE TO THE OTHER COf>tPUTER 
SEND COM.t4AND WORD TO I/O DIS'l'RIBU'l'OR 
INPUT S'l'ATUS FROM INTELLIGENT CABLE 
ISOLATE SPARE (ACKNOWLEDGE) FLAG 
LOOP UNTIL ACKNOWLEDGE RECEIVED 

.LDA =SETMOD+BEGIN+OUT+WORD 

OTA GPDA+I 
EIN 
RTN OUTDAT 

ASSEMBLF. COMMAND WORD TO START DATA 
TRANSMISSION 
SEND COMMAND WORD TO I/O DISTRIBUTOl< 
ENABLE INTERRUPTS 
RETURN TO CALLER 

• AUTOMATIC I/O BYTE COUNT AND BUFFER ADDRESS 

* 
OlJTCN'l' 
OUTSUF' 

EQU 
EQT] 

(specify) 
(specify) 

LENGTH OF DATA TRANSMISSION 
ADDRESS OF OUTPUT BUFFER 
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following section of code is a subroutine used to accept data. The routine ~:;hOllld 

be entered periodically to determine if the other computer is requesting to transmit 
data If it is not, the subroutine is aborted and a return is made to the call er. 
If st~rvice is requested, the subroutine must assemble the interrupt v0ctored locations 
for input (code not shown). The subroutine then issues thE"' command word to accept 
dati:! through the 32-Bit G-P Intelligent Cable. This corrunand word jncludes the 
response to the other comput:ers service request. The subroutine then returns to til(' 
caller and data is accepted until terminating conditions are detected, at which timll 
the End-of-Block service is performed. 

* 
* SIlBROUTINE TO INPUT DATA. 

* 
INDl\'r 

EQU 
ENT 

$ 

INA GPDA+l 
LRA (, 
JOR ACKN 

RTN INDAT 

ENTRY POINT FOR SUBROUTINE 
INPUT STATUS FROM INTELLIGENT CABLE 
ISOLATE SPARE (ACKNOWLEDGE) FLAG 
JUMP IF DATA INPUT REQUIRED 
RETURN TO CALLER o l\CKN • • 
ASSEMBLE INTERRUPT VECTORED LOCATIONS • 

• FOR INPUT 

• • 
LOA =SET MOD+BEGIN+IN+WORD+RQST 

ASSEMBLE COMMAND WORD TO ACCEPT DATA 
OTA GPDA.+1 SEND COMMAND WORD TO I/O DISTRIBUTOR 
RTN INDAT RETURN TO CALLER 

* 
* AUTOMATIC I/O BY'l'E COlTNT AND BUFFER ADDRESS 
". 

mCN'f 
INBUF 

EQU 
EQU 

(specify) 
(specify) 

LENGTH OF DATA INPUT 
ADDRESS OF INPUT BUFFER 

After all Automatic I/O data transfers are completed, the 32-Bit G-P Intelligent Cable 
vectors the last 1/0 inteITupt to the End-of-Block service location. The subroutine 
ca 11 eo by this interrupt can be used to ird tiate processing of data transferred, 
perform error analysis, etc. The demonstration code simply halts. 

". 

* END-OF-BLOCK SERVICE 

* 
EORLOC EN'f 

liLT 
END OF' BLOCK ENTRY POINT 
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1.3.12.6.2 Cord Punch 

The 32-8it G-P Intelligent Cable is especially useful for interfacing to periphrrdl 
devic.;cs, such as a card punch, where more than eight bits must be presL!:ltL!d simul
talleously to assure proper device operation. The interface shown in Figure 3-100 .IS 

repr:c!'lf)ntative of a card punch interface and with modification, this basic desiqn 
could be used to connect an LSI Family computer to anyone of several different CCil.cl 

punches. 

'The minimum control line connections for a card punch interfdce are Function Strobe to 

initiate a punch cycle, Function Strobe Acknowledge to initiate reloading the burfel
dnd Power to indicate the card punch is turned on. Successful operati.on is possib.l(~ 
with this minimum control connection. Data/Command can be redefined as thl' pick Card 
signal if a separate signal is rE!quired to initiate the pick operation. End can he 
redefined as the Eject Card signal to clear the card from the punch station after all 
the data is punched in the card. S.top can be redefined as Hopper Empty status to 
abort the operation if a supply of cards for punching is not available. Device Busy 
can be redefined as Card Not Registered status to assure that a card is registered in 
the punch station before a punch cycle is started. Spare can be redefined as Stacker 
Full status to indicate that a punched card can not be successfully stored in the card 
stacker. 

32-Bit G.,..P ) Card Punch 
Intelligent Data Lines 0 Through 11 

Cable 

Power -
Function Strobe (Punch) -Function Strobe Acknowledge (Request Data) 

- Data/Command (Pick Card) 

End (Ej ect Card) 
~ -stop (Hopper Empty) 

Device Busy (Card Not Registered) I 

- Spare (Stacker Full) .-. 

Figure 3-100. Hypothetical Card Punch Interface Overview 
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t, 
~, Programming Example 
!j ,: 
;. 

f·: The Assembler Language statements shown in the following example demonstrate a basic 
~ ~i proyrarn for using the 32-Bit G-P Intelligeht Cable with a card punch. This example 
; shows the various routines necessary to issue punch a card. 

The first section of code is the parameter equates that define a series of constants 
used to assemble the various routines. The first five equates establish the device 
address and interrupt vector locations. The remaining. equates select Intelligent 
Cable operations. 

* 
* PARAMETER EQUATES FOR 32-BIT G-P INTELLIGENT CABLE 

* 
INTBAS 
CHl\N 
IOD 

0' .tN'l'AD 
GPDA 

SE'mOD 
WORD 
PICK 
BEGIN 
OUT 

EQU 
EQU 
EQU 
EQU 
EQU 

EQU 
EQU 
EQU 
eQu 
EQU 

:CO 
(specify) 
:F 
CHAN%3+ INTfBAS 
IOD%3+CHAN%l 

:400 
:1 
: 4 
:200 
:30 

INTERRUPT VECTOR BASE (STRAPPED ON I/O DISTRIBUTOR) 
INTELLIGENT CABLE IS PLUGGED INTO THIS CHANNEL 
ADDRESS BASE (STRAPPED ON I/O DISTRIBUTOR) 
DATA INTERRUPT VECTOR ADDRESS FOR INTELLIGENT CABLE 
INTELLIGENT CABLE DEVICE ADDRESS 

SET MODE COMMAND WORD BASE 
SELECT 16-BIT WORD SIZE 
PICK CARD SIGNAL 
BRANCH COMMAND WORD BASE 
OlJ'fPUT 

The following section of code, interrupt vectored locations (output.), defines and 
fills the memory locations associated with the I/O Distributor channel to which the 
32-Bit G-P Intelligent Cable is connected. There are six memory locations involved 
with each of these sections of code; however, only the byte count and buffer address 
must be respecified at the start of each punch operation. 

• INTERRUPT VECTORED LOCATIONS (OUTPUT) 

* 
ABS INTAD 
AOB GPDA 
DA'rA -OUTCN'r 
BAC OUT13UF-I 
DATA a 
JST *$+1 
DATA EOBLOC 

INTERRUPT VECTORED LOCA'rrONS 
AUTOMATIC OUTPUT BYTE INSTRUCTION 
NEGATIVE OF THE OUTPUT BYTE COUNT 
ADDRESS OF THE OUTPUT BUFFER 
NOT USED 
CALL END-OF-BLOCK ROUTINE 
ADDRESS OF END-OF-BLOCK ROUTINE 
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'The following section of code is a subroutine used to output data to the card punch. 
The routine first requests status and verifies that the card punch is supplied with 
card ~nd ready to punch a card. The routine then initiates the card pjck operation. 
Once the card is registered, the punching operation is started. The subroutine then 
returns to the caller while the punch operation continues until terminating conditions 
are detected and the End-of-Block service is performed. 

* 
* SUBROUTINE TO PUNCH ONE CARD 

* 
PCARD 

ABRT 
NPICK 

NOTYET 

$ 

GPDA+l 
4 
ABRT 
2 
NPICK 

SETMOD+PICK 
GPDA+l 
GPDA+l 
3 
NOTYET 

ENTRY POINT FOR SUBROUTINE 
INPUT STATUS FROM INTELLIGENT CABLE 
ISOLATE STOP (HOPPER EMPTY) FLAG 
JUMP IF HOFPER EMPTY' 
ISOLATE SPARE (STACKER FULL) FLAG 
JUMP IF STACKER NOT FULL 
WAIT UNTIL ERROR IS CLEARED 
ASSEMBLE COMMAND WORD TO PICK CARD 
SEND COMMAND WORD TO I/O DISTRIBUTOR 
INPUT STATUS FROM INTELLIGENT CABLE 
ISOLATE DEVICE BUSY (CARD NOT REGISTERED) F'LAG 
LOOP UNTIL CARD IS REGISTERED 

EQU 
ENT 
INA 
LRA 
JOR 
LRA 
JOS 
HL'l' 
LDA 
OTA 
INA 
LRA 
JOR 
LDA SETMOD+BEGIN+o~r+WORD 

* 

OTA 
EIN 
RTN 

ASSEMBLE COMMAND WORD TO PUNCH CARD 
GPDA+l SEND COMMAND WORD TO I/O DISTRIBUTOR 

ENABLE INTERRUPTS 
PCARD RETURN TO CALLER 

* AUTO~~TIC I/O BYTE COUNT AND BUFFER ADDRESS 

'" 
OUTCNT 
OUTBUF 

EQU 
EQU 

( specify) 
(specify) 

TWO TIMES NUMBER OF CARD COLUMNS 
ADDRESS OF OUTPUT BUFFER 

After all Automatic I/O data transfers are completed, the 32-Bit G-P Intelligent Cable 
vectors the last I/O interrupt to the End-of-Block service location. The subroutine 
called by this interrupt can be used to initiate processing of data transferred, 
perform error analysis, etc. The demonstration code simply halts. 

* 
* END-OF-BLOCK SERVICE 
I< 

EOBLOC ENT 
HLT 

END OF BLOCK ENTRY POINT 
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3.3.12.6.3 Display Panel 

The 32-Bit. G-P Intelligent Cable can be used to inter'face to specialJy designed 
devh:us. The interface and device block diagram shown in Figure 3-101 represents OIJU 

such special design peripheral device. The interface and block diagrilm sh(>wn here if; 

for a 128 character display panel. 'rhe display itsel f is based oil a 4-row by 32-col umn 
miltrix. Additional display panel logic consists mainly of the following: 

• A 32-bit data tranceiver section controlled by the Input/Output control line • 

• 1\ four character row driver-register. The register is loaded by the Step Pulse 
when data is output • 

• A 32 step colUmn locater shift register. The register count is advanced by the 
step Pulse when data is output and loaded by the Step Pulse when command is 
output. 

Both the row-driver register and the column locater shift register are initialized by 
rCf"'!.. Following n~set I t-jw next data output is displayed in the leftmost column of 
tIl<.' display board. l\ssul;,illg a 30 11z refresh rate is used to maintain a stable display, 
co111mn updates must be output at 1 ms intervals. 

Programming Example 

The Assembler Language statements shown in the following example demonstrate a basic 
program for using the display panel application. This example shows the various 
routines necessary to operate the display panel. 

The first section of code is the parameter equates that define a series of constants 
used to assemble the various roub nes. The first four establish the device address. 
The remaining equates select Intelligent Cable operations. 

* PARAMETER EQU1\'rES FOR 32-BIT G-I' INTELLIGENT CABLE 

* 
INTHAS 
CHAN 
100 
GPLJA 

* 
SETMOD 
BYTE2 
BYTE3 
BYTE4 
NORD 
BEGIN 
INI'l' 
DATA 
STEP 

EQU 
EQU 
EQU 
EQU 

EQU 
EQU 
EQU 
EQU 
EQU 
EQll 
EQU 
EQU 
EQU 

:CO 
(specify) 
:F 
IOD%3+CHAN%1 

:400 
: 1 
: 2 
: J 

BY'l'E "l 
:200 
:100 
: 4 
:10 

INTERRUPT VECTOR BASE (STRAPPED ON I/O DISTRIBUTOR) 
INTELI,IGENT CABI,E IS PLUGGED INTO THIS CHANNEL 
ADDRESS Bl\SE (STRAPPED ON I/O DISTRIBUTOR 
IN'fELLIGENT CABLE DEVICE ADDRESS 

SET MODE COMMAND WORD BASE 
SELECT 16-·BIT WORD SIZE 
SELECT 24-BIT WORD SIZE 
SELECT 32-BIT WORD SIZE 
;;gLECTS 'l'HE WORD SIZE USED 
BHl\NCH COMMAND WORD BASE 
RESET COMMAND WORD 
SE[,ECT DATA OUTPUT 
PULSE STEP FOR DJ\TA OUTPUT 
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Da~~_~ Row 
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I'" /-J-
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32 Data Lines ecelvers 
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Display Board 

I' 

Shift -- 32-Step Shift Register 
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- Spare 

Reset 

Figure 3-101. Hypothetical Displav Panel Interfac0 overview 
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'The following section of code. is a routine used to display data on the display panel. 
The routine first initializes the 32-Bit G-P tntelligentCable which dlso resets the 
display panel. The routine then outputs a word to the column locater to cstabliHh a 
starting point for the display of data. In the code shown, the column locater is 
preset to column 32 so the first data displayed is in column 1. Once the column 
locater is preset, the routine proceeds to output data for display. After each word 
is output, the code stores the incremented data buffer address (X register) and 
provision is noted for a software timer (code not shown) to develop the necessary one 
millisecond column update interval tfming. After the timer interval, the code 
retrieves the contents of X register and then checks for the last column of the 
display being reached and if it is not, the next columns data is output. When the 
last column is reached, the code checks the sense switch for a signal to halt before 
returning for the next refresh cycle. 

* 
* ROUTINE TO DISPLAY DATA 
* THE COLUMN LOCATER IS FIRST PRESET TO KNOWN POSITION 

* 

DISPLAY 

N'rFULA 

PS'l'AT 

* 
• ROUTINE 
* 

RFRESH 

N'J'FULB 

REL :200 
LDA =INIT COMMAND WORD TO INITIALIZE THE INTELLIGENT CABLE 
OTA GPDA+l SEND COMMAND WORD TO I/O DISTRIBUTOR 
LDA =SETMOD+BYTE4 ASSEMBLE COMMAND WORD TO ESTABLISH PRESET WORD SIZE 
OTA GPDA+l SEND COMMAND WORD TO I/O DISTRIBUTOR 
LDX =PRESE'r LOAD PRESET BUFFER ADDRESS IN X REGISTER 
LLX 1 CONVERT TO BYTE ADDRESS 
JMP PSTA'I GO TO INITIAL INTELLIGENT CABLE STATUS CHECK 
SBM SET BYTE MODE 
LDAB @O LOAD PRESET BYTE 
SWM SET WORD t10DE 
IXR INCREMENT INDEX 
O'l'A GPDA STORE BYTE IN IN'rELLIGENT CABLE BUFFER 
INA GPDMI REQUEST STATUS FROM INTELLIGENT CABLE 
LRA 5 ISOLATE BUFFER FULL FLAG 
JOS NTFULA RETURN FOR ADDITIONAL BYTES 
SBM SET BYTE MODE 
LDAB @O LOAD LAST PRESET BYTE 
SWM SET WORD MODE 
OTA GPDA STORE BYTE IN INTELLIGENT CABLE BUFFER 
LDA =BEGIN+STEP ASSEMBLE COMMAND WORD TO TRANSFER DATA 
OTA GPDA+l SEND COMMAND WORD TO I/O DISTRIBUTOR 

NOW PREPARES '1'0 DISPLAY DA'rA 

LDA =BEGIN+SETMOD+DATA+WORD 

O'1'A 
LDX 
LLX 
JMP 
SBM 
LDAB 

GPDA+l 
=DATBUF 
1 
DSTAT 

ASSEMBLE COMMAND WORD TO ESTABLISH DATA WORD SIZE 
SEND COl-mAND WORD TO I/O DISTRIBUTOR 
LOAD DISPLAY DATA BUFFER ADDRESS IN X REGISTER 
CONVER'r TO BYTE ADDRESS 
GO TO INITIAL INTELLIGENT CABLE STATUS CHECK 
SET BYTE MODE 
LOAD DISPLAY DATA BYTE 

• 

. .# 
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SWM 
IXR 

..."" OTA 
J )5'1'A'1' INA 

LRl\ 
JOS 
SBM 
LDAB 
SWM 
IXR 
OTA 
LDA 
OTA 
STX 

• 
• 
• 
• 

0 
LDX 
INA 
LRA 
,JOS 
JSR 
HLT 

It 

* PRESET AND DISPLAY 
I< 

PRESET DATA 
,-' DATBUF TEXT 

GPDA 
GPDA+l 
5 
NTl"ULR 

@O 

GPDA 
=BEGIN+STEP 
GPDA+l 
X SAVE 

XSAVE 
GPDA+l 
6 
DSTAT 
RFRESH 

DATA BUFFERS 

: 0,: 1 
(Specify) 

SET WORD MODE 
I NCREMENT INDEX 
STORE BYTE IN INTELLIGENT CABLE HUFFER 
REQUEST STATUS FROM INTELLIGENT CABLE 
ISOLATE BUFFER FULL FLAG 
RETURN FOR ADDItIONAL BYTES 
SET BYTE MODE 
LOAD LAST DISPLAY DATA BYTE 
SET WORD MODE 
INCREMENT INDEX 
STORE BYTE IN INTELLIGENT CABLE BUFFER 
ASSEMBLE COMMAND WORD TO TRANSFER DATA 
SEND COMMAND WORD TO I/O DISTRIBUTOR 
STORE CONTENTS OF X REGISTER 

• 
SOFTWARE TIMER TO PROVIDE ONE MILLISECOND 
COLUMN UPDATE INTERVAL 

• 
RETRIEVE CONTENTS OF X REGISTER 
REQUEST STATUS FROM INTELLIGENT CABLE 
ISOLATE SPARE (COLUMN 32) FLAG 
RETURN FOR NEXT COLUMN UPDATE 
RETURN FOR NEXT DISPLAY PANEL REFRESH 
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SECTION 4 

INSTALLATION 

'rhis section describes the complete installation of the Distributed I/O System for 
both standard and DMA I/O Distributors. All strapping requirements for the I/O Dis
tributors are included. Strapping requirements for the Intelligent Cables are pro
vided along with the individual Intelligent Cable descriptions in Section 3. Refer to 
the manuals provided by the peripheral manufacturer for any special installation 
requirement:s. 

The installation sequence, as presented \.h¢re', is the recommended order for performing 
the various steps. This sequence should be 'followed as closely as possible. 

4.1 PRIORITY AND CHANNEL SELECTION 

Lach Intelligent Cable, when attached to an I/O Distributor, assumes a priority level. 
The location of this priority level, in relation to other peripherals, is determined 
by a combination of the following: 

The type of I/O Distributor, standard I/O Distributor or DMA I/O Distributor, in 
use. 

The priority level of the I/O Distributor channel to which the Intelligent Cable 
is attached, and the number and priority levels of the I/O Distributor's channels 
actually in use. 

The priority level of the I/O Distributor in relation to other interface contl~ol
lers attached to the computer. 

When configuring a system for installation of an I/O Distributor(s), determine the 
desired priority level for each system peripheral device. Then plan the I/O Dis
tributor(s) location within the computer and the channel assjgnments for the Intel
ligent Cables attached to each I/O Distributor. When det.crmining priority levels, 
give special consideration to any special Intelligent Cable bandwidth requirements in 
relation to the bandwidth capabilities of the computer system used. The b.:'l.Ddwidth 
specifications are listed in Section 1 of this manual. 
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4.1.1 I/O Distributor Channel Priority 

The .interrupt priority level of each Intelligent Cable attached to an I/O Distributor 
is dE,termined by the channel number to which it is connected. The lowest numbered 
channel on an I/O Distributor has the highest priority. with the 8-channel standard 
I/O Distributor, the highest priority channel is Channel O. With the 4-channel 
standard I/O Distributor, the highest priority channel is Channel 4. The DMA I/O 
Distributor is limited to four channels, either Channels 0 through 3 or Channels 4 
through 7. Depending on the strapping, the priority channel is either 0 or 4. 

l 'lte I/O Distributor does not scan the channels to service interrupt requests. When 
the I/O Distributor completes the service of an interrupt request, the highest prior
ity interrupt request then present is serviced. All channel data service requests are 
assigned a higher priority by the I/O Distributor than any channel End-of-Block ser
vice request. 

Computer Automation software uses the standard I/O Distributor channel assignments 
shm·;n in Table 4-1. The device address shown assumes an eight-channel standard I/O 
Distributor with standard factory strapping for the I/O Distributor number. This list 
is included for information only and the use of these assignments is not required. 

Table 4-1. Channel Assignments 

I/O Distributor Device Intelligent 
Channel Number Address Cable 

0 :FO Card Reader 
1 :F2 Magnetic Tape 
2 :F4 Modem 
3 :F6 IEEE 
4 :F8 TrY or CRT 
5 :FA HSPT Reader 
6 :FC HSPT Punch 
7 :FE Line Printer 
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4.1.2 Maxi-Bus Interrupt Priority 

The interrupt priority level of each device attached to the computer Maxi-Bus is 
determined by its relative position in the interrupt priority chain. The device 
closest to the processor (in the interrupt priority chain) has the highest priority. 
Each additional device added. to the interrupt priority chain assumes a lower priority 
determined by the total number of devices in the chain between it and the processor. 
With the Distributed I/O System, all four or eight channels of the I/O Distributor 
placed closest to the processor have a higher effective priority than any channel of 
and other I/O Distributor placed further from the processor. The priority level of an 
I/O Distributor is independent of the I/O Distributor address. 

In the half-card chassis, the interrupt priority chain starts at the processor slot 
and each slot position further away from the processor assumes a lower priority. 

In a full-card chassis, each slot is divided into a 100 side and a 200 side. The 
interrupt priority chain in these chassis starts at the half-card processor position, 
the 100 side of the top slot. (Facing the rear of the chassis, the 100 side is the 
right hand side.) The interrupt priority chain then goes to the 200 side of the top 
slot, down to the 200 side of the second slot, across to the 100 side of the second 
slot, down to the '100 side of the third slot etc. As before, each slot position 
further away from the processor assumes a lower priority. 

4.1.3 Maxi-Bus DMA Priority 

, The DMA priority level of each ,DMA device attached to the computer Maxi-Bus is deter
mined by its relative position in the DMA priority chain. As with the interrupt 

/ priority chain, the DMA device closest to the processor (in the DMA priority chain) 
has the highest priority. The DMA priority level of a DMA I/O Distributor is indepen
dent of the DMA I/O Distributor address. 

I 
,,., 

I 

NOTE 

Some DMA controllers have the ability to transfer data in bursts 
of two or more characters. After each character of the burst is 
transferred to memory, a higher priority DMA controller can 
interrupt the burst. Lower priority DMA controllers must wait 
until the burst in completed. 

In the half-card chassis, the DMA priority chain starts at the processor slot and each 
slot position further away from the processor is a lower priority. 

In 'a full-card chassis, the DMA priority chain starts at th,e half-card processor slot, 
the 100 side of the top slot. The DMA priority chain then goes to the 200 side of the 
top slot, down to the 200 side of the second slot, down to the 200 side of the third 
slot, etc. As before, each slot position further away from the processor is a lower 
priority. 

,4-3 
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The DMl\ I/O Distributor assumes a priority level in both the DMA priority chain and 
the interrupt priority chain. SincE~ the int.errupt priority level only applies to End
of-Block service, the placement of the DMA I/O Distributor in the interrupt priority 
chain has a minimum affect on the operation of the DMA I/O Distributor. Howev('r, L1le' 

ol:" .. :.-ation of standard I/O Distributors attached to the same Max-Bus .may be affected. 
Placinq a standard I/O Distributor further from the processor in the interrupt priority 

! chain than a DMA I/O Distributor makes all priority levels assigned to the standard 
I/O Distributor a lower priority level than the DMA I/O Distributor's assigned End-of
Block interupt priority levels. 

o 

4.2 STANDARD I/O DIS'I'RIBUTOR STRAPPING 

ThE: strapping on the standard I/O Distributor is used to assign the I/O Distributor 
number, select the interrupt vector block of addresses, and when the serial feature is 
used, select the baud clock rate for each channel. Figure 4-1 shows the strapping 
locations on the standard I/O Distributor. 

4.2.1 Standard I/O Distributor Number Assignments 

ThrC' decode logic of the slandard I/O Distributor must be set to respond to the I/O 
Di"tributor address provided in Bits 4 through 7 of the instruction word. Refer to 
Figure 4-·2. The ones in Bits 6 and 7 are part of the hardware and not selectable. 
'l'he ·iumpering of Bit.s 4 and 5 complete the assignment of an address to the standard 
I/O Distributor. 

'rhe required jumpers are installed on the header provided at J2 using number 24 to 28 
gauge solid wire and soldered connections. All the jumpers on J2 go straight across 
the header. 

4.2.2 Interrupt Address Block Selection 

The logic of the standard rIo Distributor must be set to provide t.he desired interrupt 
addresses. Refer to Figure 4-3. The interrupt address block consists of 64 con
secutive memory positions. The channel service request provides Bits 3, 4, and 5 so 
thdt each channel is allocated eight consecutive memory locations. Bit 2 is con
trolled by the ty}Jc of interrupt involved, data service or End-of-Block. The strap
ping options provided allows relocating the interrupt address block in increments of 
64 addresses through a total of .512 memory addresses. 

When a 4-channel standdrd I/O Distributor is used, only the 32 most siqnlficant consecu
tive'memory addrem;es of an interrupt address block are used. The remaining 32 least 
siqnificant memory addresses may be used for any other purpose including use by a DMA 
I/O Distributor as an interrupt address block. See Section 4.3 on DMA I/O Distributor 
Strapping for furth(!r information. 

Thl' required jwnpers al~E' installed on the header provided at ,}2 using number 24 to 28 
gauge solid wire and soldered connections. All the jumpers on J2 go straight across 
the header. 
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J2 
Device Address 
Interrupt Address 

Channel 
Connectors 

- ,;;~, , /~,~;:', /'ff4':~,~:·: 
',,~ " :."""\i'F·>,,,,,,.t~(,,,,'""I, • 

'" C ., 

Figure 4-1. Standard I/O Distributor 
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I/O Instruction Word 

• 
1 
1 

I 4 3 2 , 0 

J I 
X X X xJ 

I I l 

t ~ ____________________ J2 Jumper Pins 7 to 10 

Open = 1, Strapped = 0 
~------------------------J2 Jumper Pins 8 to 9 

Open = 1, Strapped = 0 
~-----------------------------Required, Not Se~ectable 

I/O Distributor number assignment 

I/O Distributor 
Number Address 

1 
2 
3 
4 
5 

-&..) 
__ 7_) 

.-..§..,) 

0 :C 
1 
2 
3 

:D 
:E 
:F 

J2 
Configuration 

16 
15 
14 
13 
12 
11 
10 

9 

Bit Bit 
5 <1 

0 0 
0 1 
1 0 
1 1 Standard 

I/O Dist. Address Bit 5 
I/O Dist. Address Bit 4 

Standard I/O Distributor Address Strapping 
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Interrupt Address 
13 12 11 10 9 • 7 • 5 4 3 2 , 0 

L-·...L._.J---'-+--'--'---l'T+r~~=~t~=-:!-~_r:::::::_o = Data Service, 1 ',., End-of-Block 

~---------------Provided by the Channel 
~-----------~-------J2 Jumper Pins 6 to 11 

Open = 1, Strapped = 0 
,-----------------------J2 Jumper Pins 5 to 12 

Open = 1, Strapped = 0 
L---------------------------J2 Jumper Pins 1 to 16 

Interrupt Address Bit 8 

Interrupt Address Bit 7 
Interrupt Address Bit 6 

J2 Configuration 

Open = 0, Strapped = 1 

Interrupt Address Bit 8 

Interrupt Address Bit 7 
Interrupt Address Bit 6 

Figure 4-3. Standard I/O Distributor Interrupt Address 
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4.2.3 Baud Rate Selection 

Baud rate selecti.on is required when one or more serial data [onnat IntelLigent Cables 
are attached to a standard I/O Distributor. Ten separate baud rates are provided. Of 
these, seven are directly available for use by any of the I/O Distributor's channel[;. 
Refer to Figure 4-4. One of the three remaining rates, 75 baud, 600 baud, and 19,200 
baud, can be selected for inclusion with the seven directly available rates. This 
maku3 up a set of eight baud rates. Each channel can then be independently strapped 
to any of the available baud rates. The J3 header is factor wired to select a baud 
rate of 110 for Channel 4. 

The required jumpers are installed on the header provided at J 3 using nLunlwr 24 to :~B 
gauge insulated wire and soldered connections. If the 75 baud, 600 baud, or 1~),2n() 
baud rate is required, a jumper is installed between the "0" pad and thp pad (1\, 13, 01 

,C) corresponding to the desired baud rate. The rate selected is available at pin 10 
on J3. 

Channel 1 
Channel 5 
Chimnel 3 
Channel 4 
Channel 0 
Channel 7 
Channel 2 
Channel 6 

J3 Configuration 

c 16 
15 
14 

9 

1200 
2400 
4800 
9600 

300 
150 
D 
110 

0 A 75 

o 0 0 B 19200 

0 C 600 

Figure 4-4. Standard I/O Distributor Baud Rate Strapping 
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4.3 DMA I/O DISTRIBUTOR STRAPPING 

Till"! strapping on the DMA I/O Distributor is used to assign the I/O Distrihutor munber, 
s(!lect the interrupt vector Block of address~s, select the baud clock rate for each 
channel, and select the parity standardization bit value. Figure 4-5 shows tile strap
ping locations on the nMA I/O Distributor. 

4.3.1 DMA I/O Distributor Number Assignments 

'rhe decode logic of the DMA I/O Distributor must be set to respond to the I/O Distri
butor address provided in Bits 4 through 7 of the instruction word. Refer to Figu're 
4-6. The one~; 1n Bits G and 7 are required and are not selectable. The jumpering of 
Bits 4 and 5 complete the assigrunent of an address to the I/O Distributor. 

''', 
I 

An additional address jumper assigns the four DMA I/O Distributor channels as a through I 

3 or 4 through 7. This feature allows a DMA I/O Distributor to share an interrupt 
address block with a 4-channel standard I/O Distributor or with another DMA I/O Dis
tributor. When two I/O Distributors share an interrupt address block, both I/O Dis
tributorsshould be assigned the same number and address. The two I/O Distributors 
can then be treated as a single, 8-channel I/O Distributor. 

The required jumpers are installed on the header provided at J2 using number 24 to 28 
gauge solid wire and soldered connections. All the jumpers on J2 go straight across 
the header. 

4.3.2 Interrupt Address Block Selection 

'rhe logic of the DMl\ I/O Distributor must be set to provide the desired interrupt 
addresses for End-of-Block service. The addresses that correspond to the data serVlce 
interrupt addresses in the standard I/O Distributor are used by the DHA I/O Distri
l:"ltor when the Auto I/O instruction is fetched or restored. Refer to Figure 4-7. 

'fhe interrupt address block consists of 64 
End-of-Block service request provides Bits 
cated eight consecitive memory locations. 
End-of-Block service so Bit 2 is always a I 
tutch and restore operation. The strapping 
interrupt address block in incrcmc·nts of 64 
addresses. 

consecutive memory positions. The channel 
3, 4, and 5 50 that each channel is allo
The DMA I/O Distributor only interrupts for 

for the interrupt. (Bi t 2 is a a for the 
options provided allows relocating the 
addresses through a total of 512 memol'y 

The DMA I/O Distributor if; limited to four channels and only 32 COIl~;('('lll i V(' nU'llIory 
addresses of the block of 64 are used. If the DMA I/O Distributor is strill~)C'd For 
channel 0 through 3, the 32 least significant memory addresses in tho block are used. 
If the DMA I/O Distributor is strapped for channels 4 through 7, thl' 32 most signifi
cant memory addresses in the block are used. The remaining 32 memory addresses in the 
block may be used for any other purpose including use by another DMA I/O Distributor 
or a 4-channel standard I/O Distributor as an interrupt address block. 

The required jumpers are installed on the header provided at J2 using number 24 to 28 
gauge solid wire and soldered connections. All the jumpers on J2 go straight across 
the header. 
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I/O Instruction Word 

1 • 15 4 3 2 1 0 

fL--------J2 Jumper Pins 4 to 11 
Open = 1, Selects Channels 4 

through 7 
Strapped = 0, Selects Channels 

o t.hrough 3 
~----------------u2 Jumper Pins 6 to 9 

Open = 1, Strapped = 0 
~------------------J2 Jumper Pins 5 to 10 

Open = 1, Strapped = 0 
~-------------------------Required, Not Selectable 

I/O Distributor Number Assignment 

I/o Distributor Bit Bit 
5 to 10 6 to 9 Number Address 5 4 

In In 
In Open 

Open In 
Open Open 

Channel Block Selection Bit 3 
I/O Distributor Address Bit 5 
I/O Distributor Address Bit 4 

0 
I 
2 
3 

:C 
:D 
:E 
:F 

.)2 Configuration 

1 

0 0 
0 I 
I 0 
1 1 Standard 

Channel Block Selection Bit 3 
I/O Distributor Address Bit 5 
I/O Distributor Address Bit 4 

Figure 4-6. DMA I/O Distributor Address Strapping 
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11 10 9 

a 0 0 
I 

Int.errupt Address 

8 7 6 Ii .. 3 2 .0 

1 0 o I 
tf'C=Y= 

I 

Provided by the Channel 
,J2 Jumper Pins 1 to 14 
Open = 1, Strapped = 0 

---------- ,J 2 Jumper Pins 2 to 13 
Open = 1, Strapped = () 

'----------------- ,T2 Jumper Pins 3 to 1:) 
Open = 0, Strapped =- 1 

Interrupt Address Block Selection 

Interrupt Address Block Jumper 
3 to 12 2 to 13 1 to 14 

:00 through :3F Open In In 
:40 through :7F Open In Open 

:BO through :BF Open Open In 
:CO through :FF' Open Open Open Standard 

:100 through :13F In In In 
:140 through :17F In In Open 

:180 through :lBF In Open In 
:lCO t.hrough :lFF In Open Open 

,J2 Configuration 

Address Bj t 6 
Address Bit 7 

Address Bit F3 

14 Address Bit 6 
1 

Interrupt 

12 
Interrupt Address Bit 7 

1 Interrupt Address Bit H 

10 
9 

7 ") B 

Figure 4-7. DMA I/O Distributor Interrupt Address 
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4.3.3 Baud Rate Selection 

Baud rate selection is required when one or more serial duta format Jntelliqent Cable/ 
peripheral pairs arc attached t.O a DMA I/O Distributor. The ten sepilrate billld rates 
provided are a]l direct.ly available for use by any of the DMA J/O Distributors chiln
nel!:;. Refer to F igun' 4-8. 

'rhe required jumpers ilre installed on the header provided at J9 using number 24 to 28 
gauge insulated solid wire, and soldered connections. 

J9 Configuration 

110 
1 (~ 19200 
2 15 

9600 1200 
..1-L 3 600 

3/7 
4 (~ 4800 Channel 
5 12 

Channel 2/6 2400 
6 .c~ 150 300 7 10 

75 
8 9 Channel 0/4 Channel 1/5 

Figure 4-8. DMA I/O Distributor Baud Rate Strapping 

4.3.4 Parity standardization 

Parity standardization selection is available to allow use of either a "1" or a "0" a.s 
the SUbstitution value of the parity. The DMA I/O Distributor is factory strapped for 
a "1" as the substitution value. To select the "0", remove the jumper between El and 
E2. Install a jumper between E2 and £3 using number 24 to 28 gauge solid wire and 
soldered connection. 
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4.4 I/O DISTRIBUTOR INSTALLATION 

The installation of the I/O Distributor invOlves several operations. TI~ type of I/O 
Distributor and the chassis used determines the specific operations required. This 
section describes the installation of both the DMA and standard I/O Distributor into 
the half-card chassis. The procedures for joining two half-cards together and the 
installation of both I/O Di!:;tributors into a full-card chassis is also described. 

4.4.1 Standard I/O Distributor, Half-Card Chassis 

The standard I/O lJistributur installation kit for a half-card chassis includes an 
Int~1ligent Cable retainer/strain relief and the necessary mounting hardware. Refer 
to Figure 4-9. Prepare the standard I/O Distributor for installation as follows: 

1. Install both circuit card ejectors on the I/O Distributor using the split 
pins provided. Position the ejectors so the short arms extend beyond the 
sides of the circuit card. 

2. Install the stiffener so the raised portion is closest to the outer edge of 
t.he circuit card. Attach the stiffener with the hardware provided. 

3. Plug the I/O Distributor end of the Intelligent Cables into the desired 
channel connectors. 

4. Ensure that the ribbon cables on the outer row of Intelligent Cables are 
flat and smooth from the connector to the stiffener and that the ribbon 
cables on the inner row of Intelligent Cables are flat and smooth from the 
connector, across the outer row of connectors to the stiffener. 

5. Place the cable retainer over all the Intelligent Cables so that all five 
holes in the cable retainer align with the mating holes in the mountinrr 
blocks or stiffener. Attach the cable retainer with the hardware provided. 
'1'he standard I/O Distributor is now ready for installation in a half-card 
chassis. 

4.4.2 DMA I/O Distributor, Half-Card Chassis 

The DMA I/O Distributor i.s ~3hipped wi th a hinged cable retainer assembled to the 
circuit card. Refer to Figure 4-10 and prepare the DMA I/O Distributor for instal
lation as follows: 

1. Remove the screw securing the outer edge of the cable retainer. Pivot the 
cable retainer on the hinges to expose the channel connectors. 

2. Install two circuit card ejectors on the I/O Distributor (if required) using 
the split pins provided. Position the ejectors so the short arms extend 
beyond the sides of the circuit card. 

3. Plug the I/O Distributor end of the Intelligent Cables into the desired 
channel connectors. 
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CABLE RETAINER 
INTELLIGENT CABLE CONNECTOR 

RIBBON CABLE 

STIFFENER 

Figure 4-9. Standard I/O Distributor Cable Retainer 

(shown joined to another half-card) 
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CABLE RETAINER INTELLIGENT CABLEGONNECTOR 

Figure 4-10. 

STIFFENER 

DMA I/O Distributor Cahle Retainer 
(shown joined to another half-r.i>.rd) 
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4. Pivot: the cable retainer down over the Intelligent Cable C'onnector~,. H .. ' 

place the scrpw removed in Step 1. The DMA I/O Distri'but or i~; nnw rc·ady for 
installation in a half-card chassis. 

~_4.3 I/O Distributor Location, Full-Card Chassis 

When the I/O Distributor is installed in a full card chassis, the half-card width 1·0 

Distributor must be joined to another half-card device or a filler half-card to prn
duce the required full-card width. 

The decision of chassis location and the mating device for the I/O Distributor is 
controlled primarily by the I/O Distributor's assigned priority level. The chassis 
location and choice of mating device must also conform to the requirements listed here 
and illustrated in Figure 4-11. 

• Any I/O Distributor can be joined, as the 200 side, to a half-card processor. 
The assembled full-card must be installed in slot A of the computer (not ex
pansion) chassis . 

• ~~e standard I/O Distributor can be joined, as the 100 side, to a half-card 
memory, DMA controller, or DMA I/O Distributor. The assembled full-card can be 
installed in any slot except A in the computer chassis or any slot in the ex
pansion chassis . 

• The DMA I/O Distributor can be joined, as the 200 side, t.O a standard I/O Di~:t.n.
butor or filler half-card. The assembled full-card can be installed in any slot 
except slot A in the computer chassis or any slot in the expansion chassis . 

• The standard I/O Distributor can be joined to either side of a filler half-card. 
The assembled full-car? can be installed in any slot except slot A in the com
puter chassis or any slot in the expansion chassis. 

NOTE 

The standard I/O Distributor cannot be joined to another standard 
I/O Distributor. A full-card stiffener bar to join two standard 
I/O Distributors together is not available. 

4.4.4 Standard I/O Distributor, Full-Card Chassis 

TIle standard I/O Distributor installation kit for a full-card chassis is a universal 
kit. It allows assembly of the full-card with the standard I/O Distributor on either 
the 100 or 200 side of the chassis. This kit contains all necessary hardware for 
Joining two half-cards together, including two combination stiffener bars. One end of 
each bar is combined with an Intelligent Cable retainer/strain relief. Prepare the 
standard I/O Distributor for installation as follows: 

1. Determine to which side of the standard I/O Distributor the second half-card 
is to be attached. To this side of the standard I/O Distributor, attach the 
tapped plastic mounting blocks using the nylon screws. Do not fully tighten 
these screws. The mounting blocks must be on the component side of the 
circuit card. 
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100 
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2. Select one of the stiffener bars provided. Attach this stiffener bar t.o I.ho 
component side of the standard I/O Distribut~or at the channel connector end 
with the hardware provided. Do not fully tighten these screws. Tho portiun 
of the stiffener bar attached to the standard I/O Distributor must ho the 
end wi th the Int.elligcnt Cable retainer/:3train re] ief. 'rhe unattached end 
of the stiffener bar mllst be on the same side of the circuit card as t.he 

I 

plastic mounting blocks. 

3. Attach the second half-card to the mounting blocks (nylon screws) and the 
stiffener bar. Fully tighten all screws. 

4. Install the two circtiit card ejectors at the outside edges of the assembled 
full-card using the split pins provided. Position the ejectors so the shOl t 
arms extend beyond the sides of the circuit card. 

5. When the standard I/O Distributor is attached to a half-card processor, 
install the flat ribbon cable jumper (provided with the processor) between 
Jl on the standard I/O Distributor and the adjacent connector on the pro
cessor. 

6. Plug the I/O Distributor end of the Intelligent Cables into the desired 
channel connectors. 

7. Ensure that the ribbon cables on the outer row of Intelligent Cables are 
flat and smooth from the connector to the stiffener and the ribbon cables on 
the inner row of intelligent cables are flat and smooth from the connector, 
across the outer row of connectors, to the stiffener. 

8. Place the cable retainer over all the Intelligent Cables so that all five 
holes in the cable retainer align with the mating holes in the mounting 
blocks or stiffener. Attach the cable retainer with the hardware provided. 
The standard I/O Distributor is not ready for installation in a full-card 
chassis. 

4. ·1. 5 DMA I/O Distributor, Full-Card Chassis 

The DMA I/O Distributor installation kit is the standard kit used to join two half
cards together. 

1. On the DMA I/O Distributor, remove the screw securing the outer edge of the 
cable retainer. Pivot the cable retainer on the hinges to expose the 
channel connectors. 

2. To the right side of the DMA I/O Distributor, attach the tapped plastic 
mounting blocks using the nylon screws. Do not fully tighten these screws. 
The mounting blocks must be on the component side of the circuit card. 

3. Attach the stiffener bar to the component side of the DMA I/O Distributor at 
the channel connector end with the hardware provided. Do not fully bghten 
these screws. The unattached end of the stiffener bar must be on the right 
side of the circuit card. 

4. Attach the second half-card to the mounting blocks (nylon screws) and the 
stiffener bar. Fully tighten 'all\screws. 
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5. 

6. 

Install the two circuit card ejectors at the outside edges of the assembled 
full-card using the split pins provided. Position the ejectors so the short 
arms extend beyond the sides of the circuit card. 

'When the DMA I/O Distributor is attached to a half-card processor, install 
the flat ribbon cable jumper (provided with the processor) between Jl on the 
DMA I/O Distributor and the adjacent connector on the processor. 

7. Plug the I/O Distributor end of the Intelligent Cables into the desired 
channel connectors. 

8. Make sure the Intelligent Cable's ribbon cable is smooth from the connector 
to Over the stiffener bar. 

9. Pivot the cable retainer down over the Intelligent Cable connectors. Re
place the screw removed in Step 1. The DMA I/O Distributor is now ready for 
installation in a full-card chassis. 

4.5 PICOPROCESSOR INSTALLATION o 
The Intelligent Cable is delivered with an adhesive backed Velcro fastener attached to 
the PICOPROCESSOR. Mount the PICOPRQCESSOR on the peripheral device, cabinet, or 

• equipment rack as follows: 

1. separate the outer strip of Velcro from the strip attached to the PICO
PROCESSOR. 

2. Ensure that the desired mounting surface is clean and dry and free of oil 
residue. 

3. Peel the backing sheet off the adhesive on the Velcro strip removed in 
Step 1. 

4. Press the adhesive side of the Velcro to the desired mounting surface. 

5. Complete the installation by pressing the Velcro strip on the PICOPROCESSOR 

~our mounting holes are provided in the PICOPROCESSOR case for hardware mounting if 
~uch a mounting is required. Figure 4-12 shows the mounting hole pattern. 

~--7.0 inches .1 
-+: 

t ~hole9 .125 (typ) 3.25 inches 

'. 
Figure 4-12. Chassis Layout 
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ComputerAutomation (Q)\\ 
User's Manual 
Distributed I/O System 
91-53629-00 
Supplement 1 
september, 1975 

Intelligent Cables 

1.1 INTRODUCTION 

This addendum describes Intelligent Cables not included in section 3 of the Distri
buted I/O System User's Manual. Listed below are the Intelligent Cables described 
and the corresponding peripheral devices. 

Intelligent Cable Peripheral Device 

Trend Paper Tape Reader 
14631-53 Model UDR 350/700 

or equivalent 

Facit Paper Tape Punch 
14631-54 Model 4070 

or equivalent 

2.1 TREND PAPER TAPE READER 

2.1.1 Description 

Intelligent Cable 14631-53 controls the transfer of eight-bit negative-true parallel 
data from a Trend Model UDR 350/700 Paper Tape Reader to the computer at the rate of 
350 or 700 characters per second. The cable employs the same PICOPROCESSORand 
software as Intelligent Cable 14631-03 (described in paragraph 3.3.3 of the Distri
buted I/O System User's Manual) and differs from that cable only at its device end. 
The PICOPROCESSOR accepts a start command from the 100, checks device status, then 
issues a Data Service interrupt to start the data transfer. When the transfer is 
complete or an error detected, the PICOPROCESSOR generates an end-of-block interrupt 
to terminate the transfer. 

2.1.2 Physical Details 

Cable Lengths: 
100 to PICOPROCESSOR, 4 feet 
PICOPROCESSOR to Reader, 1-1/2 feet. 

Standard Channel Number, 5 (Device Address field = :FA) 

Standard Data Service Interrupt Address, :E8 

Standard End-of-Block Interrupt Address, :EC 

SI-1 
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2.1.3 Paper Tape Reader Status Word 

To control the transfer of data from the paper tape reader, the PICOPROCESSOR 
sel]uE'nces through a series of operations based, in part, on the state of indivi.dual 
bi ts of the Paper Tape Reader Status Word. The S,tatus Word, shown in figure 2-1, 
indicates certain operational conditions in the paper tape reader. When the PICO
PROCESSOR receives an input instruction requesting device status (function control 
bit set to "1"), it inunediately transfers the entire status Word to the CPU on bits 0 
through 5 of the data bus. Input status can be requested at any time, but it is 
usually done after an end-of-block interrupt to determine the reason for termination. 
Individual bits of the Status Word are described in paragraph 2.1. 5.2. 

Data bit 

l 

5 4 3 2 o 

(unused) = 1 

1-___ Reader Connected = .0 

'------- (unused) = 1 

----------Data Ready = 

'----------(unused) = 

'------------(unused) = 

Figure 2~1. Trend Paper Tape Reader Status Word 

2 '.1.4 Operating Sequence 

The PICOPROCESSOR has 16 unique sequence addresses (:0 thru :F). When the PICO
PROCESSOR receives a Conunand Word with the Begin bit set to "1", it inunediately 
begins operat.ion at the sequence address specified by the Branch Address field of the 
Command Word. Standard software enters the sequence at one of the following sequence 
addresses. 

Sequence 
,Address 

~1 

Operation 

Read Tape, Right to Left 

Details of the PICOPROCESSOR operating sequence are shown in the flow chart (figure 
2-2). Interface lines are described in paragraph 2.1.5. Following is a sequence 
description with each segment of the operation identified by name and sequence address 
(:0 thru :F). The yes/no decisions refer to the, true/false state of a particular 
line as defined in paragraph 2.1.5, regardless of the logic level. 

IDLE (:0) 

The PICOPROCESSOR is in the Idle state as a result of a Reset conunand or because of 
the completion of ull end-of-block int.errupt. A Begin conunand selects a Start sequence 
for a Drive Left Operation. 

S1-2 
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Drive Left (:1) 

Idle 
Wait for· 

Command 

YES 

Start at 
speci f i ed 

Sequence Address 

NO 
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Getlerate 
Left 
Drive 

YES 

enerate Interrupt 
for Data Service 

(1 byte) 
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YES 

NO 

YES EOB 
INTERRUPT 

(: F) 

Generate EOB 
Interrupt 
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A Drive Left conunand is issued to start tape motion and Data Ready status is monitored. 
Wlwn the Da ta Ready line goes false, the reader head is moving and "betwf'cn characters 11 

on the tape. Reader Connected status is then checked. This line is true if the 
reader is connected. If false, the PICOPROCESSOR immediately generates an end-of
block interrupt to terminate the operation. Otherwise, the PICOPROCESSOR monitors 
the Data Ready status line again, this time looking for a true level on the line to 
indicate that the reader head is "on character". When a positive response is obtained, 
tbr> PICOPROCESSOR generates a Data Service interrupt, causing the Automatic input 
instruction at the data interrupt location to be executed. Data from the reader is 
tXdnsferred into the CPU and the byte count and memory buffer byte address are incr~
mented. A line from the CPO is act-ivated if the byte count increments to zero to sig
nal the PICOPROCESSOR (via the roo) that all data has been transferred (end-of-block). 

If the byte count does not increment to zero, the PICOPROCESSOR again generates Left 
Drive, checks the status of Data Ready, checks Reader Connected, and generates 
another Data Service Interrupt. This operation is repeated until all data has been 
transferred. The PICOPROCESSOR then enters the EOB Sequence. 

EOB INTERRUPT (:F) 

'I'h., PICOPROCESSOR generates an EOB interrupt to terminate operations when all data 
lias been transferred or when a status error is detected at any point in the sequence. 
Wher, the EOB inter:Tupt is serviced, the CPU commands the PICOPROCESSOR (via the 100) 
to return to the Idle state and wait for the next command. 

Int.erface lines between the PICOPROCESSOR and the Trend Reader consist of eight data 
1 ines, one control line t.o the reader and two status lines from the reader to the 
PICOPROCESSOR (figure 2-3). 

100 
Bus 

07 

/PICOPROCESSOR 
PICOPROCESSOR 

-. 

Data bits 0-7 (negative-true) 
(b it 7 = MSB) 

Reader Connected (negative-true) 

Data Ready (negative-true) 

Drive Left (positive-true) 

Figure 2-3. Trend Paper Tape Reader Interface 

S1-4 



~I 

I 

I 

I 
;:1 

~'i 
~I 

i 
tl 
~I 
t 

* it. zt' $" , ' , * ttet .. 'M t'b ... 

2.1.5.1 Control Lines (to Device) 

1. Drive Left. This line (positive-true) is driven by the Intelligent Cable to 
start the tape moving in the reader in' the left-hand direction. 

2. Reset. This negative-true line is driven by the CPU RESET switch or under soft
ware control. Under software control " it is a 250-ns pulse. It is not used by 
the paper tape reader. ~ 

2.1.5.2 Status Lines (from Device) 

1. Data Ready (negative-true). This line, when true, indicates that the data track 
outputs are in the "on character" position. When false, this line indicates the 
"between character" position where data outputs have no significance. 

2. Reader Connected (negative-true). This line is connected to chassis ground and 
indicates that the reader is connected. 

o Other status bits are not used by the paper tape reader. 

0 

2.1.5.3 Data Input Lines 

The eight data input lines (00 through 07) are negative-true. Bit 07 is the most
significant bit. The data is input from the reader in standard eight-bit ASCII 
characters. 

Figure 2-4 shows the interface timing. For additional details, see the Trend Paper 
Tape Reader instruction manual. 

2.1.6 Strapping Requirements 

(None Required. ) 

2.1.7 Device Cable Descri}2tion 

The Device cable is 18 inches long and terminated on the PICOPROCESSOR end with three 
16-pin DIP plugs (P4, PS, and PG). The paper tape reader end of the cable is termi
nated with a paddle board that mates with connector SKTl on the reader. 

Figure 2-6 lists all interface lines in the device cable and identifies the connectors 
used. The location of mating connectors on the PICOPROCESSOR is shown in figure 2-5. 
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~ 1+-0 ns min. 

Dr ive 
Lpft $ 

250 ns min. --I ~ 1)00 ns n'i 11 • 

500 ns max. 
Data 
Ready 

H 

-+f ~ 750 ns min. 

Data ~ s~ 
500 ns~ 

(mi n) 
I-+-- NOTE 1 -+j 

NOTE 1: Minimum time equal to the instruction time of the Auto I/O 
byte instruction plus 4 ~s. For instruction time, see the 
appendix of the appropriate Computer Handbook. 

Figure 2-4. Interface Timing - Trend Paper Tape Reader Intelligent Cable 

To Paper 
Tape Reader 

o J6 

o J5 o J4 J3 
CJ 

J2 0 
Jl 0 

To 
100 

Figure 2-5. Connector Locations, Trend Reader PICOPROCE550R 
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PICOPROCESSOR 

Conn Pin 

P4 1 
2 
3 

l~ 

5 
6 
7 
8 

9 
10 
11 

I 
12 
13 
14 
15 

P4 16 
P5 1 

t 2 
thru 

P5 6 
-

ComputerAutomation ©\\ 

Description 
Paddle :!COPROCESSOR 

Data Ready 
Status bit 2 (not used) 
System Ready (chassis 
ground) 

Board 

E1 

E16 

Status line 0 (not 
Reset {not used} 
Dri ve 

used) --

Dr i ve 

I Can t ro I line 0 (not 
used) 

Ground (not used) 
Ground 
Ground 
Ground (not used) 
Ground (not used) 
Ground (not used) 
Ground (not used) 
Ground 
Data bit 00 

}Not used 

--
E2 
E3 
--
--
E9 
E10 
--
--
--
--
Ell 
E7 

--

Conn 

P5 

1 
P5 
p6 

Pin 

7 
8 
9 

thru 
15 
16 

1 
thru 

5 
6 
7 
8 
9 

10 
11 
12 

thru 
15 

P6 16 

Oeser i pt i on 

Status bit 5 {not 
S tat usb i t 4 { no t 

}Not used 

Data bit 01 

Not used 

Data bit 06 
Data bit 04 
Data bit 02 
Data bit 03 
Data bit 05 
Data bit 07 

}Not used 

Ground (not used) 

! 
IPadd 

Boa r' 
I 

used)1 --
used) I --

--
I 

• i E15 

--

E5 
E4 
E1::' 
E 1 3 
E14 
E6 

--
--

I 
(Note the paddle board at the reader end of the cable; the paddle board contains Jignal 
inversion logic which permits the use of the standard paper tape reader PICOPROCESSOR 
and software with the Trend reader.) 

Figure 2-6. Cable Description - Trend Paper Tape Reader 
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~ (The logic diagram of the device cable (below) indicates the connections between the 
~. paddle board and the reader connector, Pl.) 

P4 

0 [: 

PI 

2.3 
+5V 
~~----~---------+sv 

;:cr 
, 

CI 
.022 

21 
GND 

13 
I~ CHASSIS 
Z 

9' 10 
101 

II q/VO III 
I~ 

016
1 

3 

PS 

20 
CHI DO ( / 

9 CH2 [)I IS 
IG 

p~ 

7 
CIi.:! [)2 12 

8 

t9 'CH4 D3 13 

91 
/~ 

CJ.lS )3 ~e~ ____ ~~ ______ -4J-______________ ~ 
~':'="-----------':'::::..j I, 04 4 ~I 

/ I 

ttJ 

22 

24 

/8 

z 

.3 

7404 

CI-1~ ~~ ______________ s~ ~~~ ____ ~~ ________ ~ 14 OS 

c./o< 7 /1 10 
~~--------------~/ ~~----~---------4 

5 O~ 

7404 

CH8 ~~'----~~-~ ~~------------~~~ 
f)7 6 i 

0 
P4-

SPK.T I 2 
~~~-------------4 )o------~~~------4J--------1 

DIZ.OV ('l 
Ol2lVe 

02IVe 

CU ... FT 

48-cbnductor ribbon cable; 
conductors are 26 AWG stranded 

P6 

P5 

p4 

16-pin DIP plugs 
Figure 2-6. Cable Description'" Trend Paper Tape Reader (Cont'd) 
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2.1.8 Programming Example 

The Assembler Language statements shown in table 2-1 demonstrate one method for usinq 
the Distributed I/O System. The technique is based on the information shown in 
figures 2-4, 2-5 and 2-6 of the Distributed I/O System User's Manual. 

The demonstration code falls into three distinct parts: Interrupt Locations, I/O 
Initiation and End-of-Block Service. 

1. Interrupt Locations 

The first part of the code defines and fills the standard locations associa·ted 
with the 100 channel to which the device's PICOPROCESSOR is connected. As shown 
in figure 2-4 of the manual, there are six locations involved of which two -- tho 

Byte Count and the Buffer Location -- are dynamic for each I/O Initiation, while 
the remaining words can be fixed at program load time. 

2. I/O Initiation 

The second part of the code accomplishes the transfer of one physical record eacL 
~ time the user's main-line program execut~s this instruction: 

-, 

o 

CALL PREAD 

It is assumed that the calling program has previously set up these two words: 

BYTCNT 
BUFADD 

Number of bytes to be transferred 
Word address of record buffer 

The demonstration code converts this information into the form required by an 
Automatic I/O instruction: negative byte count and byte address of the buffer 
minus one. Once these computations have been stored into the interrupt location~; 
the PICOPROCESSOR is sent a command specifying: 

Begin at Branch Address :1 

Notice that the Device Address used in this sequence is coded with the same 
Device Address used in the interrupt location, plus one. The assembled object 
coqe will indicate the transfer of a command, rather than of data, as shown in 
figure 2-3 of the manual. 

No attempt 
activity. 
interrupts 
location. 

is made in the demonstration code to overlap record transfer with CPU 
Instead, a dead loop is issued -- JMP $ -- until the PICOPROCESSOR 
not to the Data Service interrupt location, but to the End-of-Block 
At this 'point control passes to the subroutine labelled EOB. 

3. End-of-Block Service 

The End-of-Block subroutine could perform error analysis,. retry, etc. The demon
stration code simply obtains device status from the PI COPROCESSOR and passes 
status back to the main-line program through the A register. 

NO'!'E 

'I'I\(' pr-oqr-'lInminq pXilmpl.,· (·0111 bt' dw;prnlllpd w;iJlq t'ithl'[· ()Ml·;r;l\ or 

MACRO Assemblers, but mus!; be load(!d u~.iT\g t~ithl:!r T.AMBDA or 

OS:loNK. 
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Table 2-1- Programming Example 

PRINT EQU :E8 STANDARD PAPER TAPE READER INTERRUPT 
PRDEVA EQU . : FA. STANDARD PAPERTAPE READER DEVICE ADDRESS 
~I\ 

ABS PRINT INTERRUPT FOR DATA LOCATION 
AlB PRDEVA AUTO IN BYTE 
DATA $-$ TO BE FILLED WITH COUNT 
DATA $-$ TO BE FILLED WITH BUFFER ADDRESS-l 
DATA ~ 

,~ INTERRUPT FOR END-OF-BLOCK 
JST 1~$+ 1 CALL END-OF-BLOCK ROUTINE 
DATA EOB 

..,,'-: 

PREAD ENT 
LOA BYTCNT # OF BYTES IN RECORD 
NAR AlB INSTRUCTION NEEDS NEGATIVE 
STA PRINT+l PUT IN AlB INSTRUCTION 
LOA BUFADD ADDRESS (WORD) OF BUFFER 
LLA 1 AlB INSTRUCTION NEEDS BYTE ADDRESS 
SAl 1 STARTS AT -1 
STA PRINT+2 PUT IN AlB INSTRUCTION 
LDA =:~21~ WORD TO START PICOPROCESSOR 
OTA PRDEVA+l SEND TOPICO 
JMP $ WAIT FOR END-OF-BLOCK 

,;': 

EOB ENT END-OF-BLOCK INTERRUPT SUBROUTINE 
INA PRDEVA+l INPUT STATUS 
RTN PREAD RETURN TO CALLER WITH 

~': STATUS IN A REGISTER 

S1-10 



• 
"~' ..... ' 

o 

""!.I.''''1'k'' 'y' '. , ".to,*" I.'d,,/' lti' 
f4JH t'i" , 'Nt ibiit"" "it' 'r ':II 't 

ComputerAutomation ~ 

3.1 FACIT PAPER TAPE PUNCH 

3.1.1 Description 

Intelligent Cable 14631-54 controls the transfer of eight-bit positive-true parall~l 
data from the computer to a Facit Model 4070 Paper Tape Punch. The cable employ" th.-' 
same PICOPROCESSOR and software as Intelligent Cable 14631-04 (described in paragr,):,j) 
3 . .3.4 of the Distribut.ed I/O System User's Manual) and differs from thClt cable nl::.V 

in the device connector wiring. The PICOPROCESSOR accepts the 10D output command, 
interrupts the CPU for data, and then issues a Punch conunand to perforate tho a!. '-('
priate track of the tape when a "1" is to be entered. When all data has been trrtm;

fer red or when an error is detected, the PICOPROCESSOR generates an end-of-block 
interrupt to terminate the operation. 

3.1.2 Physical Details 

Cable Lengths: 
100 to PICOPROCESSOR, 4 feet 
PICOPROCESSOR to Punch, 1-1/2 feet 

Standard Channel Number, 6 (Device Address field = :FC) 

Standard Data Service Interrupt Address, :FO 

Standard End-of-Block Interrupt Address, :F4 

3.1.3 Facit Punch status Word 

To control the transfer of data to the paper tape punch, the PICOPROCESSOR sequences 
through a series of operations based, in part, on the state of individual bits 01 th._ 
Paper Tape Punch Status Word. The Status Word, shown in figure 3-1, indicates certai 
operational or error conditions in the paper tape punch. When the PICOPROCESSOR 
receives an input instruction requesting device status, it inunediately transfers the 
entire status Word to the CPU on bits 0 thru 5 of the data bus. Input status can be 
requested at any time, but it is usually done after an end-of-block interr :Jpt to 
determine the reason for termination. Descriptions of the individual status bits arc 
given under 3.1.5. 

Data bit 5 3 2 o 

(unused) = 1 

'-----System Ready = 0 (connected to 0 volts) 

'--------- Error = 1 

'---------- Data Ready = 

~-----~-----------Tape Low = 

'-, (unused) = 

Figure 3-1. Facit Paper Tape Punch status Word 
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3.1.4 Operating Sequence 

The PICOPROCESSOR has 16 unique sequence addresses (:0 thru :F). When thePICO
PROCESSOR receives a Command Word with the Begin bit set to "1", it inunediately begins 
operation at the sequence address specified by the Branch Address field of the Command 
Word. Standard software enters the sequence at the following sequence addresses: 

Sequence 
Address 

:1 
:2 

.QEeration 

Check Tape Low status; Start Punch Operation. 
Start Punch Operation (skip Tape Low status check). 

Details of the PICOPROCESSOR operating sequence are shown in the flow chart (figure 
3-2). Interface lines are described in paragraph 3.1.5. Following is a sequence 
descri.ption with ,each segment of the operation identified by name and sequence address 
(:0 thru :F). The yes/no decisions refer to the true/false state of a line, regard
less of actual logic level. 

IDLE (: 0) 

The PICOPROCESSOR is initially in the Idle state as a result of a Reset command or 
because of the completion of an end-of-block interrupt. A Begin command with a 
starting address of :1 or :2 takes the PICOPROCESSOR out of the Idle state and into 
the Start sequence. 

START (: l) 

The PTCOPROCESSOR begins the Start at the :1 sequence by checking device status. 
Tape Low is checked first. If this line is true, the PICOPROCESSOR generates an end
of-block interrupt to terminate the operation. 

START (:2t 

A Start at the :2 sequence begins at this point if it is desired to skip the Tape Low 
status check. First, error status is checked. The Error status line is true when 
the tape is broken or loose. On a true response, the PICOPROCESSOR generates an end
of-block int~rrupt. Otherwise, System Ready status is checked next. Since this C signal is connected to a volts, the PICOPROCESSOR advances to Data Interrupt. 

DATA INTERRUPT (:A). 

The PICOPROCESSOR generates a'data service interrupt causing the automatic output 
instruction at the interrupt location to be executed. The CPU transfers data to the 
PICOPROCESSOR and increments the byte count and memory buffer pointer. A line from 
the CPU is activated if the byte count increments to zero to signal the PICOPROCESSOR 
(via the laD) that all data has been transferred (end-of-block). 

While the PICOPROCESSOR checks if the byte count equals 0, the Punch command line is 
activated. If the byte count (BC) equals 0, the PICOPROCESSOR sustains the PuncL 
command while waiting for the Data Rpady line to go false and then, still sustaining 
Punch, checks System Ready. If System Ready is false, an end-of-block interrupt is 
generated. Otherwise, data is transferred to the Facit Punch when Data Ready goes 
true. The PICOPROCESSOR then generates an end-of-block interrupt. 

If the byte count is not zero, the PICOPROCESSOR enters the Next Out sequence. 
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START 

START 

NO 

YES 
~--------------------------------

YES 

NO 

DATA INTERRUPT (:A) 
r-----~------~ 

Generate DGita 
Service Interrupt 

YES 

Generate Punch 

EOB 
INT 
( : OF) 

Generate 
EOB 

Interrupt 

Figure 3-2. Firmware Sequence - Facit Punch Intelligent Cable 
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~~XT OU'l' (: 7 ) 

The PICOPROCESSOR sustaim: the Punch cOIlunand and checks the Data Pead'i ~;tatu:, I in' 
It waits for the Data Ready line to go false, and then checks System R~~dy, sill 
sustaining the Punch conunand. Data is transferred to the punch when ;)ata H(',.,dy (I 

true. The PICOPROCESSOR then repeats the Data Interrupt sequence until byte count 
a is received. 

EOB IN'l'ERRUp'r (: F) 

The end-of-block interrupt is generated by the PICOPROCESSOR when thE' la~it de! ""3. L, te 

has been transferred or on detection of a status error at any point in the S(·.:ruen, 'e. 
When the end-of -b lock interrupt operation is completed, the CPU comm,mds the 1'rCO

PROCESSOR (via the rOD) to return to the Idle state and wait for the rwxt Begi. n 
command. 

Interface lines between the PICOPROCESSOR and the paper tape punch (figure 3-3) 
include eight data lines, one control line to the punch and four status lines from 
the punch. 

10D/ 
Bus 

PICOPROCESSOR .. .. PICOPROCESSOR 

00 .. . 
. 

07 

Data bits 0-7 (positive-trl!e) 
(bit 7 = MSB) 

Punch (positive-true) 

System Ready (connected to 0 volts) 

Error (positive-true) 

Data Ready (positive-true) 

Tape Low (positive-true) 

Figure 3-3. Facit Paper Tape Punch Interface 

3.1. 5.1 Control Lines (to Paper Tape Punch) 

1. Punch. This line, when true (+5V), starts the tape moving and initiates punchillq. 

2. Reset." This neqative-true line is driven by the CPU RESET swi tell or under sofl
ware control. Under software control, it is a 250-ns pulse. This lille is not. 
used by the paper tape punch. 
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3.1. 5.2 Status Lines (from Paper Tape Punch) 

~. 1. System Ready. This line is connected to 0 volts. 

2. Erro~. This line is true (+5V) when the punch is not in the Run mode or when tn 
paper tape is broken, loose, or tight. This line is checked only onc'" for every 
block of data transferred. 

3. Data Ready. This line is true (+SV) when the punch is ready to accept a Punch 
command. It is false during the "advance and punch" cycle (approximately 13 ms 
after a Punch command) and when the Error status line is true. 

4. Tape Low. This line, when true (+SV), indicates that the tape supply is ne~rly 
exhausted. It is for information only. Operation of the punch is not affected. 
This line is checked once for every block of data transferred, if started at 
sequence address :1. 

Figure 3-4 shows the interface timing. For additional details, see the Facit Paper 
Tape Punch instruction manual. 

min 
.----------1SS>-----

Data Ready 

Punch ~ 
500 ns --+j ~ 1 !Js min ~14 NOTE 1 ~I min 

Data J D~ta jl. oata 

NOTE 1: Minimum time equal to the instruction time of the Auto I/O 
byte instruction plus 4 !JS. For instruction time, see the 
appendix of the appropriate Computer Handbook. 

Figure 3-4. Interface Timing - Facit Paper Tape Punch Intelligent Cable 

3.1.5.3 Data Lines 

';I 

The eight data lines to the paper tape punch (0 through 7) are positive-true with 
bit 7 the most-significant. Data is output to the punch in standard eight-bit ASCII 
characters. 

3.1.6 StraJ?l?~.E3.. Requirements 

'I'he Sequence Select factory-installed jumper described in paragraph 4.3.2.2 at the 
Distributed I/O System User's Manual is installed across pins 5 and 12 of J3 in the 
PICOPROCESSOR for the paper tape punch. The location of J3 is shown in figure 3-5. 

51-15 



&#' g Ftii_wem+ ..... tei5'tlbH"itII'W'IhIil!:8iwT'S#4#.""".'p ..... II1'i';'fl',.' k'±teiJN"w''''Jy«rM$'WII'ri':S'W \"'"1 '.," ... "1 '\!:("rl't't''ri'lHa!rlN'~f'' "'T' I j ", ''!' 'w "i' 'ri 
"ftt9 '.' r'" 'edt ¥dtH· 

ComputerAutomation ~ 

Punch ~ o J6,'( 0 ~ 10D J2 o J5 
J3 Jl 0 ,', J6 o J4 nol used by 
CJ Paper Tape Punch 

----

Figure 3-5. Connector Location - Facit Punch PICOPROCEssnl{ 

3.1.7 Device Cable Description 

The device cable is 18 inches long and terminated on the PICOPROCESSOR ('nd with two 
16-pin DIP plugs (P4 and P5). The punch end of the cable is terminated with d 25-pin 
connector that mates with connector Jl on the paper tape punch. 

Figure 3-6 lists all interface lines in the device cable and identif if' s the conned ,\]-, 
used. The location of mating connectors on the PICOPROCESSOR is shown in fiqu~~''\ ~_r:, 

--.---------~r-----------------------T----~~------------~-----------------------~-----

e~~OPROC~_~ 
De s c rip t i on Punch 

P1 pin 

PICOPROCESSOR 
Punch Description 

P4 

Conn Pin Conn Pin P 1 Pin 

p4 

I 

I 
I 
+ p4 

1 
2 

3 
4 
5 
6 
7 

8 

9 
10 
11 
12 
13 
14 
15 
16 

Data Ready 
Error 
System Ready (Gnd) 
Status bit 0 {not used 
Reset (not used) 
Punch 
Control line 1 (not 

used) 
Control line 0 (not 

I used) 
G round (not used) 
Ground (Step Dir.) 
G,"ound 
Ground (not ~sed) 
Ground (not used) 
Ground (not used) 
Ground (not used) 
Ground (not used) 

12 
20 
25 

11 

10 
25 

P5 

P5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1 
12 
13 
14 
15 
16 

Not used (input data) 
Ground (not used) 
Data bit 06 (Ch n 
Data bit 04 (Ch 5) 
Data bi t 02 (Ch 3) 
Data bit 00 (Ch 1) 
Status bi t 5 (not used) 
Tape Low 
Ground (not used) 
Ground (not used) 
Data bi t 01 (Ch 2) 
Data bit 03 (Ch 4) 
Data bit 05 (Ch 6) 
Data bit 07 (Ch 8) 
Ground (not used) 
Not used (input data) 

Ch 9 ,', 
+6v ,': 

7 

3 
1 

21 

, 
q 

q 

"~Pins 9 and 24 of Pl (punch connector) are tied together. 

.-_.- ---,,1 
~-+-------- ~ 

I 
16-p i n DIP plugs 32 -Conduc tor ri bboll cilb I c 

Conductors are 26 AWG stranded 

t i 
r-+..£-.&-- -- t- _ P 1 

.... T"""T..-r--(-t:-' 

Cannon DB-25P 

Facit Reader 
connector: 

Cannon 08-25S 

Figure 3-0. Cable DeHcription - Facit Puper Tap<> Punch 
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3.1.8 Programming Example 

The Assembler Language statements shown in table 3-1 demonstrate one method for: Ufi j J.i 

the Distributed I/O System. The technique is based on the inform.).1:ion ~;hown in 
figures 2-4, 2-5 and 2-6 of the Distributed I/O System User's Manual. 

The demonstration code falls into three distinct parts: Interrupt Locations, I/O 
Initiation and End-of-Block Service. 

1. Interrupt Locations 

2. 

The first part of the code defines and fills the standard locations associa"tE'd 
with the IOD channel to which the device's PICOPROCESSOR is connected. As showl". 
in figure 2-4 of the manual, there are six locations involved of which two -- th, 
Byte Count and the Buffer Loc'ation -- are dynamic for each I/O Initiation, whi10 
the remaining words can be fixed at program load time. • 

I/O Initiation 

The second part of the r:ode accomplishes the transfer of one pnysical record eac: 
time the' user's main-line program executes this instruction: 

CALL PUNCH 

It is assumed that the calling program has previously set up these two wo:!:(;.' 

BYTCNT 
BUFADD 

Number of bytes to be transferred 
Word address of record buffer 

The demonstration code converts this information into the form required by an 
Automatic I/O instruction: negative byte count and byte address of the buffer 
minus one. Once these computations have been stored into the interrupt location; 
the PICOPROCESSOR is sent a command specifying: 

Begin at Branch Address :1 

Notice that the Device Address used in this sequence is coded with the same 
Device Address used in the interrupt location, plus one. The assembled object 
code will indicate the transfer of a command, rather than of data, as shown in 
figure 2-3 of the manual. 

No attempt 
activity. 
interrupts 
location. 

is made in the demonstration code to overlap record transfer with CPU 
Instead, a dead loop is issued -- JMP $ -- until the PICOPROCESSOR 
not to the Data Service interrupt location, but to the End-of-Block 
At this point control passes to the subroutine labelled EOB. 

3. End-of-Block Service 

The End-of-Block subroutine could perform error analysis, retry, etc. The demon
stration~code simply obtains device status from the PICOPROCESSOR and passes 
status back to the main-line program through the A register. 

NOTE 
The programming example can be assembled using either OMEGA or 
MACRO Assemblers, but must be loaded using either r~DA or 
09:LNK. 
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PPINT [(JU 
PPDEVA [OU 

AB~; 

AOS 
DtlTA 
DATA 
DATA 

.j S T 
DATA 

PUNCH ENT 

Eoe 

LOA 
NAR 
S'TA 
LOA 
LLA 
SAl 
STA 
Lot, 
(nA 
JrW 

tNT 
INA 
IHN 

:\~.l l' l- t. Progr9.lUminq E.'dmple 

: f 0 
:FC 
PPJrH 
PPDFVA 
$-$ 
$- S 
~ 

*$+1 
EOB 

BYTCNT 

PPINT+l 
BUfl\DD 
1 
1 
PPtNT+2 
"":"21~ 
PPDEVA+l 
$ 

';TAtWAHD PI·~CH J NT!' IUPT 
':.1fI.NOARD PUNCH DEV I d AODHf:~5 

iNT~RRUPT FOR DATA LOCATION 
t ,no OUTPUT BYTE 
: i .. BE FILLEr) W fTH BYTE COUNT 
TO BE FILLED WITH BUFFER ADDRESS -1 

INTERRUPT ~OR END OF BLOCK 
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PUNCH RETURNS TO CALLER WITH 

STATUS IN A REGISTER 

S 1 1.".1 


