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ABSTRACT 

This report describes an interface between an IBM 1800 computer 

and a DEC POP-7 computer. It has the following features: 1) it 

allows the transfer of blocks of data directly from the memory of 

one computer to the memory of the other, at up to 125,000 words per 

second, in parallel with program execution; 2) it allows a program 

running on one machine to interact asynchronously with one running 

on the other through a system of "attention" interrupts; 3) it is 

relatively simple to control, being symmetric to both computers; 

4) it compensates automatically, in either of two modes, for the 

difference in word length between the PDP-7 and the 1800. 
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PREFACE 

The work described here was conducted at the Logic of Computers 

Group, a research unit within the Department of Computer and Communication 

Sciences of The University of Michigan, under the direction of 

Professors A. W. Burks and J. H. Holland. In addition to individual 

dissertation projects, two major, long-range projects are being developed 

on the computer facilities located at Logic. 

The first is a simulation system for investigation of cellular, or 

iterative array, models. Members of the Group have designed and imple- 

mented a computer language and programming system specifically oriented 

toward this class of models. Two investigations currently under way 

on the system are a neural network simulation and a simulation of a 

biological cell population. Additional work is planned to explore models 

exhibiting adaptive or learning behavior. 

The second project, under the direction of Professor M. H. O'Malley 

of the Phonetics Laboratory of the Department, is implementing an on-line 

speech analysis and synthesis system for both teaching and research. 

The special equipment for this work is interfaced to the IBM 1800. 

Capabilities are being created to input, store, analyze, edit, and 

synthesize speech and/or coded speech data. 

The hardware facilities present a number of awkward problems not 

often found elsewhere. With its display, the PDP-7 has the greater 

potential for interactive control and, of course, for graphic presentation 

of the speech analysis. On the other hand, the 1800 has the bulk storage, more 



core storage, and in general a aore elaborate operating tyatea (i.e., a 

full batch monitor); hence program developaent tends to be easier on the 1800. 

The general result is that aost large progress tend to be divided functionally 

between the two computers with the PDP-7/display used for nan-Machine 

interaction and the 1800 serving as the priaary conputation or sinulation 

processor. 

A slow interface (about 8000 baud) has been available since 1967 

but certainly was tor slow for «any of our projected uses. A block-transfer 

interface was set as an objective to achieve high data rates. 

It was an unfortunate fact that the bulk storage device was on the 

computer with the smaller-sized word (1800 word has 16 bits; PDP-7 word 

has 18 bits). Had it been the other way, the data path could have provided 

word-fur-word transfers and the overhead of unused bits on the disk would 

probably have been accepted without mach protest. However, the larger word 

machine was at the end of the chain and we definitely wanted to load programs 

into the PDP-7 from the 1800 disk. Ne also anticipated that auch of our simu- 

lation data would be integer valued and should be movable from one machine 

to t^e other on a word-for-word basis. We rejected a scheme for storing 

one PDP-7 word in two 1800 words as being excessively wasteful of storage 

space. This eventually led to the data path currently used. 

We also felt it was very important that the Interface be easy to set 

up and control, ehe small core memory available being too valuable to consume 

with elaborate device support programs. It was also thought desirable that 

either computer be able to control the Interface by itself. 

In setting forth these requirements, we were quite aware that their 

reasonableness depends on the fact that we regularly use our computers 
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M a tinglt tytfm,    Nt wanttd Mxiwa fltiibllity rathtr than protection 

fro« trrort in tho mhtr coaputer. 

This Intorfac« has fillfiHad thoit goals. It provides what we 

believe to be the aost tightly coupled two-coaputer systea possible 

without shared aeaory. 

The functional design was developed by R. F. Brender and J. L. Foy, Jr. 

The Interface was built by Logic, Inc., of Detroit, Michigan. J. Miller, 

of that coapany» did the logic design in close cooperation with Poy. 

Acknowledgpent is also due G. Cooper for helpful advice. Brender and 

Poy developed the diagnostic software; Poy and D. R. Prants designed 

and iapleaented the device support software. 

The authors of various sections of this report are: 

Preface Brender 

2. Functional Description      Brender and Poy 

'  Engineering Description     Poy and Miller 

4. Programing Support Frantz and Poy 

5. Evaluation and Conclusion    Brender 

Appendix A. Interface Control Panel     Poy 

Appendix B. 0——i Susaaries Poy 

Appendix C. Teat Prograas Brender and F .y 



1. IKTROOUCTION 

Hilt report describes interface equipaent specially designed for the 

Logic of Coaputers Group of the Cooputer and CoMunication Sciences Department 

at The University of Michigan. 

The Group's coaputer facilities support, two aajor research projects: one 

involves an interactive siaulation systta oriented toward cellular models, 

the other is concerned with on-line analysis and synthesis of speech. The 

hardware consists of an IM 1800 system with l.S million words of disk storage, 

to which the speech analysis and synthesis equipment is attached, and a DEC 

POP-7 equipped with a modified 338 display  (see Pigusasl.l - 1.3). The two 

central processors are interconnected by a low-speed interface capable of trans- 

ferring data one word at a time under program control; thus each machine appears 

to the other as a medium-speed I/O device. The shortcomings of this arrangement 

spurred the design of the interface described herein, which has the following 

features: 1) it allows the transfer of blocks of data directly from the memory 

of one computer to the memory of the other, at up to 125,000 words per second, 

in parallel with program execution; 2) it allows a program running on one 

machine to interact asynchronously with one running on the other through a system 

of "attention" interrupts; 3) it is relatively simple to control, being 

symmetric to both computers; 4) it compensates automatically, in either of 

two modes, for the difference in word length between the PDP-7 and the 1800. 
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II 
CPU (1801C2) 

16K of 2\i sec cor« 

16 bits/word ♦ parity and stongo protoetion 

priority interrupt syttM (12 lovtli) 

3 index registers 

1- and 2-iford instruction fozaats 

6 data channels 

Keyboard-Printer (1816) 

IS characters/second ♦hardware tabbing 

Card Read-Punch (1442) 

read 300 cards/ainute 

punch 60 cards/aiaute 

* 

Disk (1810AS) 

3 independent drives 

aovable heads 

interchangeable cartridges (ISIS) 

312,000 words per cartridge 

Figure 1.2  Logic of Computers Group 1300 Systea 
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CPU 

8K of 1.75ysec core 

18 bits/word 

hardware interrupt 

Teleprinter (33KSR) 

10 characters per second 

Paper Tape Reader 

8-channel 

300 characters per second 

Paper Tape Punch 

8-channel 

63 characters pex second 

CRT Display (Modified 338) 

A display consisting of a DEC 338, less the PDP-8 

portion of the 338, is interfaced to the PDP-7. This 

is locally known as a 337 and is the prototype for 

the DEC 339. The display operates asynchronously from 

instruction files in the PDP-7 memory. It provides 

point, increment, short vector, vector, and 

character plotting modes, and is capable of branches and 

subroutining as well as conditional branches, 

depending on the state of user-controlled switches. 

Figure 1.3   Logic of Computers Group PDP-7 System 
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2.   FUNCTIONAL DESCRIPTION 

The structure of the Interface is the result of two major design deci- 

sions: the basic data path would consist of a circular shift register 

providing variable frame or word sizes, and the major control registers 

would be fully accessible to both computers making it possible for either 

computer to initiate a data transfer without cooperation of the other. 

In addition, the Interface has carefully been kept as symmetric as 

possible with respect to the control capabilities of the two contputers. 

2.1 Functional Organization 

This section discusses the functional organization of the Interface. 

The later parts of this chapter will present the commands available 

to the two computers. It may be useful to refer to Figure 2.1 during 

the discussion. 

2.1.1 Control Registers 

The Interface consists of seven major registers: 

1. Data Register 

2. 1800 Shift Counter 

3. PDF-7 Shift Counter 

4. 1800 Address Register 

5. PDF-7 Address Register 

6. Unit Count Register 

7. Status Register 

Ü 

I 
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The first three registers are not directly addressable by the pro- 

granuner; they are used by the Interface itself during block transfers 

of data. The Data Register communicates directly with the core storage 

of each computer by means of the direct memory access facilities, known 

as "data break" on the PDP-7 and as "cycle steal" on the 1800. The 

Shift Counters control the special functions which compensate for the 

difference in memory word size between the PDP-7 and 1800  (see 

Section 2.1.2.). 

The last four registers are directly controllable by the user 

and may be read and written from either computer. The Interface will 

respond correctly to simulttMOur Reads and/or Writes from both 

computers; it is the programmer's responsibility to ensure that such 

operations make sense, since simultaneous Writes to the same Interface 

register will produce indeterminate results. 

The 1800 address register specifies the 1800 core address from (to) 

which data is obtained (stored). The PDP-7 address register specifies 

the PDP-7 core address from (to) which data is obtained (stored). The 

unit count register counts the number of units1 transferred and causes 

a transfer to terminate when it reaches the value zero. 

Although neither computer currently requires more than 14 bits 

to specify an address, these registers are each 16 bits in size. Thus, 

when not used for data-break transfers, they are readily useable as 

a full-duplex direct-program-controlled data path. When used in this 

manner two of the registers are used for data and the third for control 

flags. 

14 

. 

i. 

1 A "unit" of data will be defined later. For the moment it is sufficient 
to consider a unit as being one word. 
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The Status Register is a 16-bit entity through which the programmer 

may exchange control information both with the Interface itself and with 

the programmer of the opposite computer. The eleven high-order bits 

of this register consist of various flip-flops which indicate and/or 

determine the internal condition of the Interface; all may be read by 

the programmer, and some may be individually set, cleared, or both. 

The function of each bit is detailed below. 

The five low-order bits of the Status Register are actually two 

separate registers: one receives data from the PDP-7 (whenever the PDP-7 

issues a Write addressed to the Status Register) and presents data to 

the 1800 (whenever the 1800 issues a Read addressing the Status Register), 

while the other receives from the 1800 and presents it to the PDP-7. 

In this way, the two computers can simultaneously present status 

information to each other. Because they are used in conjunction with 

the "attention" interrupt facility, these five-bit sections are referred 

to as the "attention codes". 

In order to set up a data transfer, one of the computers seizes 

the Interface for its use according to a convention described below. 

Then it loads the address registers with appropriate addresses, loads 

the Unit Count register with the length of the data block, and sets the bits 

of the Status Register to indicate direction of transmission and handling 

of operation-complete interruption. Then the computer issues a Start 

command and the transfer commences. 

2.1.2 Data Path 

The data path consists of a Data Register (also called the Shift 

Register) and two Shift Counters. The 34-bit Data Register is composed 
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I 
of a 16-bit (A) and an 18-bit (B) section; the 16-bit section can be 

loaded in parallel from the 16-bit output bus of the 1800, and the I 

18-bit section can be loaded in parallel from the 18-bit I/O bus of 

the PDP-7. Similarly, the 16-bit section of the Data Register can be 

gated to the input bus of the 1800 while its 18-bit section can be gated 

to the I/O bus of the PDP-7. The two sections of the Data Register, 

then, are capable of independent, parallel transfers of data to and from 

their associated computers, while the Data Register as a whole can be 

rotated right. Serial and parallel operations are performed alternately: 

data are parallel-transferred from the sending computer to its section 

of the Data Register, the latter then shifts right as necessary to move 

the data into the other section, and then the data are parallel-transferred 

from that section to the receiving computer. 

The following detailed description of the events that take place 

during a transfer from the PDP-7 to the 1800 in the "18/16" mode illustrates 

the functions of the Data Register and the two Shift Counters. Li 

When the Start command is given, the 1800 Shift Counter is set to 

16 and the PDP-7 Shift Counter to 18. A word is loaded from the PDP-7 

into its portion of the Data Register. Shifting is begun, and both shift 

count registers are decremented for each bit position shifted. Shifting 

continues until one of the shift count registers reaches zero. In this 

case, this will occur after 16 shifts, which have moved the low-order 

16 bits of the PDP-7 word into the 1800 portion of the data register. 

Shifting is suspended until the 1800 part of the data register can be 

stored in the 1800 memory; then the 1800 Shift Counter is reloaded 

with 16, and shifting continues. After two more shifts, the PDP-7 
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Shift Counter will go to zero. At this point, the two high-order bits 

of the PDF-7 data word are in the 1800 portion of the data register. 

Shifting is suspended while the next PDP-7 memory word is loaded into 

the PDP-7 portion of the Data Register. Then the PDP-7 Shift Counter is 

reloaded with 18 and shifting resumed. After 14 more shifts, the 1800 

Shift Counter will go to zero. The 1800 portion of the Data Register, 

which now contains two bits of data from one PDP-7 word and 14 bits from 

the next, will be transferred into the 1800*s memory. This process con- 

tinues in the same manner until both Shift Count Registers go to zero 

simultaneously. This will occur when an integral number of words has 

been moved in each machine, and is considered one Unit Operation. The 

Unit Count Register is then decremented. The entire sequence is repeated 

until the Unit Count Register has become zero, which signals the end of 

the transfer operation. 

When the user wants to transmit data from the PDP-7 to the 1800 

for processing, he uses the "16/16" mode. This mode is very similar 

to that described above, except that the PDP-7 Shift Counter is loaded 

with 16, so that after every right-shift of 16 bits the PDP-7 section 

of the Data Register is reloaded with another 18-bit word while the 16-bit 

1800 section is being written into the 1800. Reloading the PDP-7 section 

after a shift of only 16 places destroys the two high-order bits which 

remain there; this information is simply lost. However, it is the purpose 

of this mode to transfer the low-order 16 bits of each word of the PDP-7 

to corresponding words in the 1800, preserving the "word" relationships 

necessary for efficient processing.  (Often the data will fit naturally 

into a 16-bit frame anyway, as when two 8-bit characters are packed 

together, so that no useful data are lost at all by transmitting only 
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16 bits.) 

A:) a consequence of this organ 1 mi my a unit of data is dependent 

on the node used. In the "16/16" aode, one unit corresponda to one 

word in each machine. In the "18/16" aode, one.unit corresponds to 

nine words on the 1800 and eight words on the POP-7. 

The inverse transfers are parfoaad. very siailarly. Bits are shifted 

out of the low-order part of the 1800 section into the high-order part 

of the PDP-7 section. Note that in the "16/16" aode fro« 1800 to PDP-7 

the bits are not shifted into the vary left of the PDP-7 section hut rather 

into a point 16 bits fro« the low end of the word. Thus after 16 shifts 

a word is properly aligned in the low-order, part of the word (right 

justified). 

To simplify exchanges of integer valued data in the 16/16 aode, 

the high-order bit of data entering the PDP-7 is fanned out to the three 

highest order bits in the PDP-7. Siaoa twos ooqplaMat arithaetic is 

used by both uchines, signed integers ace. treated appropriately. On 

16/16 aode transfers to 1800, the three high-orders bits should all be 

the sane to avoid errors introduced by truncation. This is not checked 

by the hardware. 

2.1.3 Special Operations 

The Statue Register oontaina two bite, knom variouely aa the 

"test-and-set"( "seize" or "resolution" bits, which (aaong others) 

cannot be set directly. Their purpose is to allow the resolution of 

contention situations, in which both coaputers atteapt to perfon con- 

flicting operations on the Interface at the sane tine. One bit is assigned 

to mean that the PDP-7 is controlling the Interface, the other that the 
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1800 has control. A coaputtr "stisos" tho Inttrfaco by issuing the 

Test ( Set coaMnd, which turns on the corresponding resolution bit 

if and only if the resolution bit for the other computer is off. The 

Test I Set instruction always resolves unambiguously: one and only one 

bit will be turned on even if the coaund is issued siaultaneously by 

both coeputers. The resolution bits are provided purely for the use of 

the software in each coaputer; they have no effect whatever on the Inter- 

face (except, of course, for the Test I Set co—end). By prograaaing 

convention, each coaputer "seises" the interface before using it and 

releases it by clearing its resolution bit, when finished. "Attention" 

I       signals paased solely through the Status Register constitute the only 

exception to this rule. 
f 

The Test I Set coaaanit has two ferns: iaaediate and pending.   The 

first takes iaaediate effect, and either succeeds or fails depending 

on the state of the other aachine's resolution bit.   The second is 

"rsaeabered" by the Interface and "seises" it as soon as the other 

aachine's resolution bit is zero, causing an interrupt to the issuing 

«*«.«.   n» rxxr^r «. tkmby «^r. . b..y l.t.rf.c. » »<>. 

as it becoaes available without having to wait in a test loop. 

A general reset of the Interface will occur whenever power is turned 

on for the POP-? or ISOO, and also whenever the RESET buttons on the 

Interface console or the 1S00 console are pressed. This sane function 

is available to the prograaaer as the Blast instruction, which clears 
« * 

the interface and resets all control circuits to the idle state. Any 

ongoing data transfer will be halted iaaediately (but not necessarily 

correctly), and any pending "seise" will be cleared. 

1 
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The Halt command will stop any data transfer at the and of the 

block (1 word or 8/9 words, depending on mode) in which the Halt was 

received by the Interface. The Address, Count, and Status Registers will 

be in the proper states tuch that the transfer may be resumed by issuance 

of the Start command. If these registers are logged out, the Interface 

can be used for any other operations before the registers are reloaded 

and the Start !ssued. This allows high-priority transfers to interrupt 

lower-priority ones whenever desirable. 

2.1.4 Attentions and Errors 

Interrupts from the Interface may be divided into two groups: 

expected and unexpected. Expected interrupts occur at the completion 

of a data transfer or the success of a pending Test ft Set (explained 

in 2.3). Unexpected interrupts result from explicit action of the 

opposite computer or fraa errors detected during data-break transfers. 

In this Interface unexpected interrupts are called "attentions" and 

special provisions are made for handling these events. 

An attention is initiated by one computer loading the attention 

code and setting the attention bit for the opposite computer. When 

the interrupt is serviced by the receiving computer, it reads the 

attention code to determine the action to be taken. When ready to 

accept another attention the computer must clear its attention bit. 

The attention code is useful for providing control information 

between the two computers independent of and even in parallel with 

ongoing data transfers. In addition, it provides a means to initiate 

a "cooperative" data transfer as in. this example: 

The POP-7 has data to be sent to the disk storage device attached 

to the 1800. After seizing the Interface, the PDP-7 loads the PDP-7 

address and count registers and also loads the desired disk memory 
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address into the 1800 address register. It then gives an attention 

command to the 1800. The attention register provides a means to specify 

to the 1800 that a particular interpret ^cion is to be given to the 

content of the 1800 address register. The 1800 must save the 1800 

address content for later use, then load it with the memory address of 

an available buffer region and start the data transfer. The total 

operation is completed by the 1800 writing the data onto the disk at the 

previously designated location. 

The use of a separate register as an attention code register makes 

cooperative initialization such as this quite simple, although the basic 

registers can be used if more elaborate control sequences are employed. 

Such an additional register provides a signal path for synchronizing 

intricate control sequences between the two computers. It also provides 

a separate signal path that can be used in parallel with on-going 

data-transfers. 

The Interface is capable of detecting three kinds of errors during 

data transfers: a parity error or storage-protect violation on the 1800 

(those features are not installed on the PDP-7), or an attempt by either 

computer to alter the Count or Address Registers while a data transfer 

is actually in progress. When an error is detected, the following events 

occur: 

1. The transfer is aborted immediately if the error was parity 
or storage-protect; if an "illegal write", the data transfer 
continues normally but the illegal operation is suppressed. 

2. The code 2 is loaded into the attention codes of both computers -- 
replacing any existing code present at the time. Thus, code 2 
should not be used by the software for communication purposes. 
(Sometimes the hardware loads code 3 instead, so it too should 
be avoided by the software.) 

3. Both attention bits are set, thereby interrupting both computers 
for notification of the error. The error condition within the 
Interface can only be cleared by a Blast command - presumably, 
in most cases the computers should suspend Interface operations 
and await human intervention. 



II 

2.2    Interface Pro£raniming 

The programmer interacts with the Interface through the Status 

Register, whose bits can be variously set, cleared, or tested, and 

through the connand repertoire, which is essentially symmetric to both 

computers with some variations to take advantage of special features. 

The Interface Registers consist of 16 bits, numbered for reference 

0 to 15. These bits correspond in the obvious way to the 16 bits of 

an 1800 word, and correspond to the right-hand 16 bits of the 18-bit 

POP-7 word. (Thus, Interface register bit 0 corresponds to POP-7 bit 

2, bit IS to bit 17.) Interface registers communicate with the 

accumulator on the POP-7, and with both the accumulator and core storage 

on the 1800. The two high-order bits of the accumulator are set to zero 

whenever the PDP-7 reads an Interface register, and are ignored whenever 

it writes one. 

2.2.1 Status Register 

OP. ATTENTION 
1 

ENABLE 
I 

RESOLUTION TR. (NOT ATTENTION 

COMP. 1800 PDP7 1800 PDP7 1800 PDP7 RUN 
DIR. M0DEkjSED) CODE 

L>c 1 

Notes: 

* ■ interrupt-causing condition 
S » may be individually set by programmer 
R » may be individually reset by programmer 
C - is reset by Clear Status comnand 

10   11 15 
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Bit 0 - Operation-Complete (*RC) 

Is set by Interface whenever a block transfer terminates normally, 

or whenever a Test 8 Set (Pending) takes effect. Causes an interrupt 

to 1800 and/or PDP-7 if corresponding Enable bit(s) are on. Is not set 

when a block transfer is stopped by the Halt command, or when stopped 

due to parity error or storage-protect violation. 

Bit 1 - Enable 1800 (SRC) 

When set (1), allows the Operation-Complete bit to present an 

interrupt to the 1800; if not set (0), 1800 will not be interrupted 

I        by Operation-Complete. 

i 

i 
I 
I 
I 

Bit 2 - Enable PDP-7 (SRC) 

Allows Operation-Complete to interrupt the PDP-7 (analogous to 

Bit 1). 

Bit 3 - Attention 1800 (*SRC) 

When set, presents an interrupt to the 1800. 

Bit 4 - Attention PDP-7 (*SRC) 

When set, presents an interrupt to the PDP-7. 

Bit 5 - 1800 Resolution (R) 

Is set only by Test § Set command from the 1800, and only if 

Bit 6 is not set. It is a signal to the software that the 1800 has 

"logical control" of the Interface, but has no effect on the Interface 
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other than, if set, to prevent the setting of Bit 6. 

Bit 6 - PDP-7 Resolution (R) 

Signal that the PDP-7 is controlling the Interface; can be set 

only by Test § Set command from the PDP-7, and only if bit S is not set. 

Bit 7 - Run (-) 

Is turned on by the Interface whenever a block transfer is in progress. 

Bit 8 - Transfer Direction (SRC) 

Controls the direction of data movement during block transfers; 

0 =«> PDP-7 to 1800, 1 -> 1800 to PDP-7. 

Bit 9 - Mode (SRC) 

Determines whether block transfers operate in the 16/16 or 18/16 

mode, i.e., whether word-for-word or packed mode is used. 

0 »> 16/16, 1 «> 18/16. 

Bit 10 - Unused (SRC) 

This bit is unassigned. 

Bit 11-15 - Attention Code (SR) 

Each of these "bits" is actually represented by two flip-flops, one 

of which is set by the 1800 and read by the PDP-7, the other set by the 
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PDP-7 and read by the 1800. This section of the Status Register is 

therefore "full-duplex". Each computer can set or reset the bits it 

presents to the other computer, but can only read the bits presented by 

the other computer to it. The Clear Attention Code command resets the 

"outbound" Attention Code bits of the computer issuing said command. 

2.2.2 Commands 

Because of the symmetric design of the Interface, the following 

command descriptions apply to both the 1800 and the PDP-7, except as 

noted. Each command is represented by an JOT instruction on the PDP-7, 

and by the right-hand half of an IGCC on the 1800. READ commands cause 

data to be transferred from the Interface to the accumulator on the PDP-7, 

or to core storage at the address specified in the left-hand half of an 

IOCC on the 1800. WRITE commands are the inverse of READ, i.e., data goes 

to the Interface register(s) from either the PDP-7 accumulator or the 1800 

core storage. The SENSE command exists on the 1800 only; it is identical 

to READ, except that data is routed to the accumulator instead of core 

storage, and the left-hand side of the IOCC is consequently ignored. 

The commands which access the Interface registers are termed 

"programmed transfers", to distinguish them from "block transfers" which, 

once initiated, require no programmed intervention from either computer. 

For compactness, the following abbreviations will be used: 

A - 1800 Address Register 

B - PDP-7 Address Register 

C - Unit Count Register 

D - Status Register 

Y - The accumulator, for commands from the PDP-7; the core 
storage word addressed by the left half of the IOCC, 
for commands from the 1800. 
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CLEAR A 
CLEAR B 
CLEAR C 

The designated register is cleared to zero. 

CLEAR D 

The Status Register is cleared to zero except for bits 5,6, and 7, 

which are unaffected. 

SET A 
SET B 
SET C 

The designated register is logically OR'ed with Y; the result 

appears in the register. 

SET D 

The Status Register is logically OR'ed with Y; the result appears 

in the Status Register, except fey bits 0,5,6, and 7, which are unaffected. 

RESET D 

The Itatus Register is logically AND'ed with ? (the complement of Y); 

the result appears in the Status Register, except for bits 7 and 11 - 15, 

which are unaffected. 

Note that Set D and Reset D are defined in such a way that a single 

mask can be used both to set and to reset bit(s) of the Status Register. 

WRITE A 
WRITE B 
WRITE C 
WRITE D 

These commands are obtained by coding the bits for both Clear and 

Sctiin the same command; they take advantage of the fact that both Clear 

and Set can be performed in one Interface cycle, with the Clear operation 

preceding the Set. 

READ A 
READ B 
READ C 
READ D 
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The contents of the designated Interface register are stored in Y; 

the register is unaffected. 

SENSE A 
SENSE B 
SENSE C 
SENSE D 

(1800 only) The contents of the designated Interface register are 

loaded into the 1800 accumulator. 

CLEAR ATTENTION 

The Attention Code (bits 11-15 of the Status Register) presented to 

the other computer is cleared to zero; the code read by the computer issuing 

the command is not affected.  (Recall the dual nature of the Attention 

Code (see Section 2.1.1.)) 

TEST § SET 

(PDP-7) Sets the PDP-T's resolution bit (bit 6 of the Status Register) 

if and only if the 1800's bit (bit 5) is not 1. If successful, causes the 

PDP-7 to skip the next instruction. 

(1800) Sets the 1800*s resolution bit (bit 5 of the Status Register) 

if and only if the PDP-71s bit (bit 6) is not 1. This command includes 

Sense D, so that the Contents of the Status Register are automatically 

placed in the accumulator immediately after the test/set is performed. 

The programmer can then by shifting or masking determine whether the 

Test ft Set was successful. 

TEST a SET (PENDING) 

(PDP-7) When, subsequent to the execution of this command, the ISOO's 

resolution bit (bit 5 of the Status Register) becomes zero, the following 

bits of the Status Register sre set: bit 0 (Op-Complete), bit 4 (Enable 

PDP-7), and bit 6 (PDP-7 Hssolution). This effectively "seizes" the 
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Interface for the FDP-7 and notifies the latter by an interrupt. If bit 5 

is zero when this command is issued, then bits 0,4, and 6 are set immediately 

and, in addition, the PDP-7 skips the next instruction. 

(1800) When, subsequent*to the execution of this command, the PDP-T's 

resolution bit (bit 6 of the Status Register) becomes zero, the following 

bits of the Status Register are set: bit 0 (Op-Complete), bit 3 (Enable 

1800), and bit 5 (1800 Resolution). This effectively "seizes** the Interface 

for the 1800 and notifies the latter by an interrupt. If bit 6 « zero 

when this command is issued, bits 0,3, and 5 are set immediately. 

START 

Causes block transfers to commence as specified by the contents of 

the fovv Interface control registers. 

HALT 

Causes block transfers to stop the next time the Unit Count Register 

is decremented. The control registers will reflect the status of the 

transfer correctly, so that it may be resumed by a Start. The Operation-Complete 

bit is not set when a transfer is stopped in this way. 

BLAST 

Resets all Interface registers and control circuits to the zero or 

idle state. Any data transfer in progress will be halted immediately 

(and not necessarily correctly), and any Te^t $ Set (Pending) will be 

cleared. 

SET ATTENTION 

This command is obtained by coding the bits for both Clear Attention 

and Set D in the same command. It allows the Attention Code to be set 

independently of the rest of the Status Register.  (Note that the Attention 

bit can be set simultaneously, if desired.) 
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SKIP ON OP-COMPLETE 

(PDP-7 only) Causes the PDP-7 to skip the next Instruction if the 

Op-Complete bit (bit 0 of the Status Register) is set. 

SKIP ON ATTENTION 

(PDP-7 only) Causes the PDP-7 skip the next instruction if the 

Attention PDP-7 bit (bit 2 of the Status Register) is set. 

SENSE INTERRUPT LEVEL 

(1800 only) When issued from interrupt level 1 (recognition of which 

is wired into the Interface), this command causes the Interface to present 

interrupt-identification data to the 1800; this data appears in the accum- 

ulator as part of the Interrupt Level Status Word. The Interface presents 

the constant 400016 if the Attention 1800 bit is on, 2000., if the Op-Complete 

bit is on, 600016 if both are on, and 0000 if neither is on. This data is 

OR'ed by the 1800 with similar data from other devices (if any) on interrupt 

level 1 to form the ILSW. 



3. ENGINEERING DESCRIPTION 

This section describes the Interface fro« the logic designer's point 

of view. A general introduction to the function of aost iaportant circuits 

in the Interface, it is intended primarily for aaintentnce personnel. 

However, the detailed execution sequences of soae coMands may occasionally 

be of help to the prograaner. More detailed discussion, specifications, 

and timing inforaation will be found in the Interface Maintenance Manual, 

published separately. 

Logically, the Interface consists of four progrewer-addressable registers 

(1800 Address, PDP-7 Address, Unit Count, Status) and one large Data or Shift 

Register, plus associated control circuits. Physically, the Interface 

contains 12 flip-flop registers: the five Mentioned above, plus four Data 

Buffers (one in each direction for both the 1S00 and PDP-7), one Coaaand 

Buffer (for the 1800), and two Counters (to control the Shift Register). 

Digital Equipment Corporation M Series logic modules are used for these, 

and for all control and timing logic. Some N Series modules are used as 

level converters to the PDP-7; specially fabricated modules using DK 

boards and IBM SLT Series circuits serve as level converters to the 1800. 

Most of the logic is supplied by internal power supplies, but small amounts 

of power are also drawn from each computer. 

3.1 Progranaed Transfers 

Because the Interface, as m 1/0 device, is addressable by both the 1800 

and the PDP-7, special timing problems arise. The two computers run asynchronously 

to each other, and it is not possible for an external device to stop the 

: 

. 

| 
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I 

I 
1 

clock of either uchine. Since there is no way for a progrea running in 

I       either coaputer to detemine whether the Interface is read/ to respond to 

coaaands except by the issuance of a coaaand, it follows that there aust 

be at least one coaaand to which the Interface can respond properly when 

issued by both coaputers siaultaneously or in arbitrary tiae relation. 

This requireaent was aet by designing the Interface co run asynchronously 

to both coaputers, under control of its own internal clock. Data aoveaent 

within the Interface is tiaed by this dock; data flow between the Interface 

and either coaputer is largely tiaed by signals froa the coaputer. Soae 

of the Interface's logic circuit are dedicated to either the 180. or the 

PDP-7, but coaaon circuits are aultiplexed during coaaand execution so that 

they appear to be available to both coaputers siaultaneously. As a result, 

the Interface can respond properly to siaultaneous issuance of not only the 

"ainiaal" coaaand (Read/Sense), but also any other pair of coaaands not in- 

herently contradictory (e.g., two Write coaaands addressing the saae register.) 

3.1.1 Internal Tialng 

The Interface's basic clock is an 8NH|. free-running oscillator, which 

is started by aanual depression of the panel START switch with the clock 

switch in the RUN position. The clock output coapleaents a PHASE flip-flop 

every 12S ns., whose outputs are in turn connected to two pulse aaplifiers. 

Each transition of the PHASE PF triggers one or the other PA, producing 

pulses of 110 ns. duration. These pulses, which stand in coapleaentary 

phase relation to each other, are designated A PHASE and B PHASE. Thus, 

a 110ns A PHASE pulse occurs every 2S0ns.; a siailar B PHASE pulse also occurs 

every 2S0 ns., but delayed 12Sns. froa A PHASE. 

The outputs of the PHASE PP are also connected to two one-shots 

i 

I 
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each of which thereby produces • oOne. pulte every 2S0ns. Thete pultes, 

delayed by SOns. to as to fall squarely within the correfponding PHASE 

puiiet, are detilnated A and • STUOK  (tee Figure s.l)> The A and B 

PiiASC and \ and • STUOK tignalt are distributed throughout the Interface 

through parallel-fed power HAND gates to preserve synchrony, wavefora. and 

drive capability. 

The PHASE and STlOifi pulses are the braic ssiltiplesi'g Mchanisa whereby 

the Interface eaecutes both 1M0 and «»»»7 rwanili siaultaneously. During 

A PHASE, segnents of ItOO conaands are eaecuted, while • PHASE is reserved 

for te^ents of POP-7 cosaands. The overall rate is fast enough that even 

a SMlti-step conaand can always be eaecuted within die "window** allowed by 

th* issuing coaputer. Typiaally, an operation is set up by the PHASE sigful 

(which acts u a level, rather than a pulse« relative to the STROiE) and 

clocked by the Sinott. 

(The Block-Transfer circuits also nahe use of the PHASE and STIOBE 

signals, but sinply for tiaing rather than «ultlpleaii^. Those operations 

involve different clrcultty, and proceed soaetiaes in parallel with the 

execution of prograaaed coaaands.) 

Sequencing of operations during a particular IBOO or POP-7 coaaand 

is controlled by the IBOO or POP-7 Period Counter, respectively. These 

"counters" are actually shift registers whoso left-aost bit is set to 1 

upon receipt of a t iiaasnil froa the corresponding coaputer. Every 2S0ns. 

thereafter the counter shifts the bit one position to the right, providing 

a sequence of distinct periods during the course of each conaad. 

(The use, if any, to nhtch these periods are put depends, of course, on the 

coeaand.) Eventually the bit shifts out the right-hand end of the register, 

Mhtch then rvaains tero until the start of the nest coaaand. The transition 



mummWtMUiMWIiMli 

33 

1800 Period n 

A Phase 

1800 Period n+1 

A Strobe 

POP-7 Period ■ 

B Phase 

B Strobe 

+ 
100 ISO 200 2S0 

nanoseconds 

Figure 9.1:  Scheaatic representation of Period, Phase, 
and Strobe tiaing relationships 



34 

from one period to the next is triggered by the "opposite" PHASE pulse, 

e.g., the 1800 Period Counter shifts during B PHASE, thereby ensuring that 

all gates enabled by the new period will have settled by the time the 

corresponding PHASE/STROBE come along. 

3.1.2 External Timing: POP-7 

The PDP-7 addresses the Interface by means of "slow-cycle" I0T m '\ 

instructions of 3.75ysec. duration*. The Interface decodes the instruction 

directly from the Memory Buffer whenever the I0T signal line is asserted. 

(This signal, from the PDP-7,s own instruction-decoding circuits, is not 

normally brought out to I/O devices.) Device selection codes SX (i.e., 

50 to 57) octal have been assigned to the Interface; therefore, any PDP-7 

instruction of the form 7Y5XXX (octal), where Y ■ 0,1,2, or 3 and 

X ■ any digit, will be interpreted as an Interface command.  (See Appendix B 

for bit assignments.) The DSP lines from the PDP-7 are ignored. 

The conditions IDT« (device 5X)*A PHASE set the "PDP-7 Instruction" 

(PDP7-I) FF, which then causes the PDP-7 Period Counter to be initialized. 

Period 0 is not used; Periods 1,2,3, and 4 are used as required by the command. 

Successive A PHASE pulses clock the transitions from one period to the 

next; within a period, events happen on B PHASE and/or B STROBE. The fall 

of the IDT signal from the PDP-7 resets the PDP7-I FF, ending the execution 

sequence. Note: because the PDP-7 and Interface are asynchronous. Period 

1 may begin anywhere between 150 and 400ns. after the assertion of IDT, 

depending on whether the latter just cflMght or just missed an A PHASE pulse. 

Logically, the PDP-7 communicates with the Interface control registers 

Normal-cycle IOT'S, of 1.75iisec. duration, would work also. The PDP-7 
is held permanently in the slow-cycle mode (for IOT's) by other attached 
equipment. 
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through its accumulator. Physically, the Data Buffers are interposed to 

guarantee sufficient settling time for the signal levels. On transfers 

to the PDP-7, the selected register is gated to the Interface-PDP-7 Data 

Buffer (I-PDP7DB) via the Interface Out Bus (IOB); the output of the 

I-PDP7DB is presented to the Data Collector bits 2-17 through level converters. 

After a sufficient settling interval (during which the 1800 may be accessing 

the Interface) the Interface asserts the STROBE AC IN line, causing the levels 

at the Data Collector to be set into the accumulator. 

For transfers from the PDP-7, the low-order 16 bits of the Data Distributor 

are continuously connected to the PDP7-Interface Data Buffer (PDP7-IDB) 

through level converters. During Period 1 this data is clocked into the 

PDP7rIDB; on subsequent periods the data is transferred to the selected 

register(s) via the Interface In Bus 'IIB). 

3.1.3 External Timing: 1800 

The 1800 addresses the Interface by means of the XIO instruction. 

Within the 1800, this instruction refers to a two-word Input-Output Control 

Command (I0CC), of which the right-hand word contains control information 

and the left-hand word a memory address (sometimes not used). Not counting 

fetch time, the instruction takes at least two memory cycles of 2ysec. 

duration each. During the first cycle, called Control Cycle, the control 

word (right half of I0CC) is placed on the 1800 OUT BUS while the CONTROL 

CYCLE line is asserted. The control word includes a device selection code 

along with other information specifying the operation to be performed 

(See Appendix B for bit assignments). The second cycle. Data Cycle, does 

not necessarily occur immediately after Control Cycle. When it does occur, 

the DATA CYCLE line is asserted and data is either placed on the OUT BUS 

or expected on the IN BUS, depending on the command. It is the responsibility 
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of the device to retain enough information from Control Cycle to respond 

properly during Data Cycle.  (Note that this situation differs from the 

PDP-7, where the IOT instruction remains svailable on the MB throughout 

execution of the commmad - but at a considerable increase in cabling require- 

ments .) 

During Control Cycle, bits 0-4 of the OUT BUS contain the device 

selection code ("Area code" to IBM); the Interface has been assigned code 

IGIGO-. Consequently, the interface samples these bits whenever the condition 

CONTROL CYCLE'S PHASE*T4 is true. Recognition of the Interface selection 

code causes the "1800 Instruction" (1800-1) FP to be set, which then causes 

bits 5-15 of the OUT BUS to be strobed into the 11-bit Command Buffer (CB). 

In addition, this causes the 3-bit 1800 Period Counter to be initialized. 

Period 0 is not used; successive B PHASE pulses will advance (shift) the 

counter through periods 1 and 2, then clear it by shifting the bit out the 

right end. 

For commands involving bit Set or Reset (e.g.. Write A, Set D, Reset D), 

the 1800 Period Counter is re-initialized during Data Cycle. Thus, there 

can be as many as four distinct periods for command execution: periods 1 

and 2 of Control Cycle, and periods 1 and 2 of Data Cycle. 

The eight time pulses, T0 through T7, are generated as required by the 

Interface from the 1800's TIME PULSE A, B, and C lines. Synchronization 

between the 1800 and the Interface is generally controlled by these pulses. 

The Interface registers communicate with the 1800 IN BUS and OUT BUS 

through the Data Buffers. For transfers to the 1800, contents of the selected 

register are transferred to the I-1800DB via the Interface Out Bus and the 

I-1800DB gated to the 1800 IN BUS, all during Data Cycle. Simultaneously, 

correct parity is generated and placed on the PARITY lines. For transfers 

from the 1800, the 1800 OUT BUS is strobed into the 1800-IDB; the 
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contents of the latter are then gated to the selected register(s) via the 

Interface In Bus during period 1 or 2, depending on function. At time T6 

of Data Cycle, the 1800-1 PF is reset, terminating the command sequence. 

3.1.4 Read/Write: POP-7 

Read 

The condition MB5(0)*MB9(0) is decoded as a Read command during period 1. 

This condition is AND'ed with the register selection bit (MB10, 

MBH, MB12, MB13 for A, B, C, and D registers respectively) to produce a 

level which enables the out-gating of the selected register. The next 

following B PHASE gates this data to the Interface Out Bus, where it is applied 

to the inputs of both I-1800DB and I-PDP7DB. However, B STROBE is applied 

to I-PDP7DB only, thereby clocking the register data into the Data Buffer. 

Period 2 triggers a one-shot of l.lysec. duration which gates I-PDP7DB 

to the Data Collector, allowing plenty of time for the levels to stabilize. 

During period 4 a second one-shot of 260ns. duration is fired to pulse the 

STROBE AC IN line; this signal triggers a pulse amplifier (type W640, located 

physically within the PDP-7) which causes the Data Collector to set the 

accumulator.  (Recall that bit 14, when set, causes the PDP-7 to clear the 

accumulator at the beginning of the I0T instruction - approximately period 1.) 

If bit 4 is set on a Read command, the Attention PDP-7 FF (bit 2 of 

the Status Register) is reset during period 2. 

Write 

The commands Clear, bit Set, and bit Reset are all performed as part of 

the Write function.  (As normally used by the programmer. Write includes 

both Clear and Set.) The Interface decodes MB5(0)*MB9(1) as a Write command 

during period 1, and if MB15 (Reset) or MB16 (Set) is on, also uses this 

period to strobe accumulator data from the Data Distributor into PDP7-IDB. 
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If MB17 (Clear) is set, the selected register(s) (as determined by MB10-13) 

are cleared during period 1. Note that any or all of the four control registers 

may be selected at the same time for Clear and/or Set functions, except 

that registers A, B, and C also require the condition RUN(O) for selection 

on a Write command. That is. Write operations on registers A, B, and C 

are suppressed while block transfers are in progress. The Reset function 

applies to the D(Status) register only, and in part accounts for differences 

in gating and flip-flop type between the D register and the others. 

Bit Set and Reset operations are performed during periods 2 and 3, 

respectively. In-gating for the selected register (s) and out-gating for the 

PDP7-IDB are enabled; B PHASE places the contents of PDP7-IDB on the registers' 

inputs via the Interface In Bus, and B STROBE clocks the data into the 

register (s). 

3.1.5 Read/Write: 1800 

Read and Sense 

These commands are treated similarly by the Interface, and in general 

are similar to the Read command from the PDP-7. The Interface decodes 

CB5(0), CB6(1), CB7(0) as Read and CB5(1), CB6(1), CB7(1) as Sense. CB8-11 

provide register selection (see Appendix B). The contents of the selected 

register are gated to the I-1800DB via the Interface Out'Bus at Tl of Data 

Cycle. During T0-T6 of Data Cycle the contents of I-1800DB are placed on 

the 1800 IN BUS and the PARITY line for each byte asserted as appropriate. 

(Because the 1800 samples its IN BUS at T3, the transfer proceeds correctly 

even though the initial contents of I-1800DB, at T0, are incorrect. This 

strange - to say the least - timing is the result of a design change to 

correct another problem, and is accepted purely for pragmatic reasons.) 
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Write 

As with the PDP-7, the 1800 commands Clear, Set, and Reset are all part 

of the basic Write function. The Interface decodes CB5(0), CB6(0), CB7(1) 

as Write, while CB12-15 specify the sub-function. The Clear (CB15) and Clear 

Attention Code (CB12) operations are done during period 2 of Control Cycle. 

Data is available on the 1800 OUT BUS at T4 of Data Cycle, and is strobed 

into the 1800-IDB by a pulse delayed some 7S-225ns. from T4. If Set (CB14) 

or Reset (CB1S) are specified, the 1-1800 DATA FF is set at T4 of Data Cycle, 

causing the Period Counter to be re-initialized. Bit Set operations are done 

during period 1 of Data Cycle, bit Reset during period 2. The PERIOD, A PHASE, 

and A STROBE signals are usod analogously to PERIOD, B PHASE and B STROBE for 

the PDP-7. The restrictions mentioned for PDP-7 Write operations also 

hold for 1800 Write; of course. Reset app ^s to the D register only, and the 

A, B, and C registers are protected against Write commands when the RUN FF 

is on. 

3.1.6 Miscellaneous 

Status Register 

The Status ("D") Register can be considered to consist of one 11-bit 

register and two 5-bit registers, of which either computer can access at 

most 16 bits at a time. The 11-bit section is a collection of control 

flip-flops, all of which can be read but only some of which can be set and/or 

cleared under program control. See Appendix B for specifics. 

Each of the 5-bit "Attention Code" sections can be cleared and set only 

by one computer, and read only by the other. When the 1800 writes or clears 

the Status Register, it alters the PDP-7 Attention Code Register; but when 

it reads the Status Register, bits 11-15 come from the 1800 Attention Code 

Register, and conversely for the PDP-7. The Attention Code Registers 
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provide two one-way communication paths. 

The construction and gating of the Status Register are different 

from the A, B, and C Registers because 

1) its bits can be individually set and/or reset; 

2) its bits are used in various ways to control other circuits; 

3) it can be accessed (i.e., altered) not only by both computers 

but also by the Interface itself. 

Resolution Circuits 

The POP-7 Test § Set command is decoded from MB5(1)*MB13(1) and 

is performed during period 1. The signal B PHASE is AND'ed with the 

condition DR5(0)*DR6(0), i.e., both resolution bits off, and if the result 

is true then B STROBE sets DR6. Simultaneously the PD"-? SKIP line is 

pulsed, performing the "skip on success" part of the command. 

Test § Set from the 1800 is accomplished similarly. The command 

is decoded as an option on the Sense D command (CB13(1)) and is performed 

during 1800 period 1 of Control Cycle. The A PHASE signal is AND'ed 

with DR5(0)*DR6(0), and if true, A STROBE sets DR5. Since the Sense 

command gates the selected register to the I~1800DB during Data Cycle, the 

result of the Test § Set operation is immediately available to the 1800 

programmer. 

Because the 1800 tests and (maybe) sets only during A PHASE, and the 

PDP-7 only during B PHASE, the operation is always resolved unambiguously 

in favor of one machine or the other. 

The Test § Set (Pending] command is performed whenever the regular 

Test § Set is decoded (as above) with, in addition, MB12 (PDP-7) or 

CB14 (1800) set.  From the PDP-7 the PDP7 TSS PENDING FF is set during 

period 1, any phase. This FF is AND'ed with DR5(1) whenever the condition 

is true, i.e., 1800 resolution bit is off, a pulse amplifier is fired which 
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sets DR0, DR4, and DR6 (Op-Complete, Enable PDP-7, and PDP-7 Resolution). A 

second pulse amplifier then resets the PDP7 T§S PENDING FF. 

Similarly, this command from the 1800 sets the 1800 TSS PENDING FF during 

period 1 of Control Cycle, any phase. The FF is AND'ed with DR6(0) to 

produce a condition which sets DR0, DR3, and DR5 (Op-Complete, Enable 1800, 

and 1800 Resolution); the FF is then reset as above. 

Since the immediate form of the command is included within Test S Set 

(Pending), there is no ambiguity even if the latter command is issued 

simultaneously by both computers. Only one computer "seizes" the Interface 

and is interrupted. The loser's request remains pending. Should this 

command be issued by the PDP-7 when the 1800 Resolution bit is not on, the 

skip will occur in addition to the interrupt. 

Blast 

The Blast command, decoded from MBS(1)'MB16(1) on the PDP-7 or as a 

"control" function (CB5(1), CB6(0), CB7(0)) with CB15 set on the 1800, causes 

the Interface RESET line to be pulsed. All registers and counters are set 

to zero and all flip-flops are set to their initial state.  (The Op-Complete 

bit, DR0, is normally set by the clearing of the Run FF, DR7, at the conclusion 

of a block-transfer. Circuit delays here outlast the Blast-induced reset 

pulses, so that if Blast is issued while Run is on, Op-Complete will be 

set. A second Blast takes care of this problem) The same RESET line pulsed 

I by Blast is also pulsed from the PDP-7 POWER CLEAR line (activated by a Clear 

I 
I 
I 

All Flags IOT instruction or the power-on sequence), the 1800 D.C. RESET 

line (activated by the power-on sequence or depression of the Reset button 

on the 1800 panel), and the Reset lever on the Interface panel. A Reset 

never stops the Interface basic clock, however. 
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The Blast is done during PDP-7 period 1 or 1800 period 1 of Control 

Cycle. This command self-destructs. 

Start and Halt 

These commands are discussed in Section 3.2. 

Skip 

The two PDP-7 skip commands are decoded from MBS(l) and either 

MB10(1) (Skip on Op-Complete) or MB11(1) (Skip on Attention). During period 1, 

MB1O(1)'DR0(1)>MB11(1)*DR2(1) causes the SKIP line to the PDP-7 to be 

pulsed, incrementing the PDP-7 Program Counter. 

Interrupt 

Interrupting the PDP-7 is simple: the condition DR0(1)«DR4(1)*DR2(1) 

causes the INTERRUPT line to the PDP-7 to be asserted. 

1800 devices can present interrupt requests only in response to a 

polling signal from the CPU. Moreover, a device must be prepared to provide 

some identification information in addition to the simple interrupt request; 

this frees the 1800 - unlike the PDP-7 - from the need to interrogate each 

device in turn. 

The Interface has been assigned to interrupt on priority level 1; therefore, 

the Interface AND's the condition DR0(1)*DR3(1)*DR1(1) with the INTERRUPT POLL 

line from the 1800, and if the result is true, asserts 1800 IN BUS 1.  (Level 

0 devices would assert IB0, level 2 IB2, and so forth.) Eventually the 

CPU will recognize the interrupt request, and the interrupt-handling subroutine 

will issue a Simse Interrupt Level Status Word (Sense ILSW) command. This 

command is addressed to all devices on the currently recognized priority 

level, and hence has no device-selection code; it is recognizable only by 

virtue of its "function" code (bits 5,6, and 7), which is 3(011.). Since 

the devices have no way of knowing which priority level the CPU is currently 
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honoring, that inforaation is also codtd in bits 11-15 of tha coaaand 

(all this appaars on the OUT BUS during Control Cycle). 

Just how, one might ask, is this information coded? A very good 

question, one which moves the authors to acknowledge the admirable 

cleverness with which IBM has concealed this information in the (ir-) 

relevant publications - if it is there at all. An empirically derived 

best guess is that the code is the same as the address of the memory 

location through which the interrupt forced-branch occurs. That is, each 

priority level is assigned a word in a low-core transfer vector; the word 

for level 1 is at address 000C.,, and a Sense ILSW from this level produces 

01100, in bits 11-15 of the control word. 

The Interface, therefore, decodes these bits as a sort of secondary 
r 

device-selection, during T4 of Control Cycle. The OUT BUS is strobed 

into the Conmand Buffer for display only; and the Period Counter is not 

initialized. Instead, a SILSIt FF is set. During T0-TS of Data Cycle the 

Interface asserts IN BUS bit 1 if the Attention condition (DR1(1)) is true, 

and/or bit 2 if the Op-Complete condition (DR0(1)*DR3(1)) is true. These 

two bits are OR'ed into the Interrupt Level Status Word for level 1 by the 

I 
I 
I 
I 
I 
I 

1800 CPU; the operating system, TSX, interprets these as though from two 

separate devices. The SILSW FF is reset at T6 of Data Cycle, ending the 

command sequence. 

3.2    Block Transfers 

In block-transfer operations the Interface alternately requests 

cycle-steals from the 1800 and data-breaks from the PDP-7 (or vier versa, 

depending on direction of transfer).    Each data word is read (stored) 

I 



44 

• 

•I M *Mr»tt tfMiflM bf llw ItM Mirttf •tftttor •? UM Hir*7 Mirttt 

••lifitr, M4 M**«t ikraui» iM l»urftt« H« Ite flilfl t«giti*r     fht§ 

tout MHbvr of «»rit irMtforrt* It eMir»ll«4 k? IW Itoll CMM tofitl^» 

IK» |iro<*i«r« it tttcrifeitf la 4»itil m ikt fblltwiag ptftt. 

tw rttitr »NMN ►• «»«rt ikti ikt c#rt turtgt itctiiM ■iirimi 

4urtti M IMO cfcU-tiMl it MMrtIM hf UM Ommt üitiit •tgitt«? 

CCM}.   IIMH cycit'ttMl fri«riir Icvtl • MI t« fe« «MfteMi «itli latcm^f 

pnoritr Itttl • tet lit «M CM.    IW iMürfac» «Mt eycU-ttMl ftlortir 

Itvtl Mrt« i«i#rn^i pri«riir Uvtl mm.}   teriH «*• laltitllMUM 

••«tuMC* It» CMIMtt •! ifc» IMO Ximi IttMl«? tr*   tfMtfMTVi I« 

tfct CMs kalk «r» lacrMMlM (At if Ut IM«rfMt. CM fef UM IMO} 

on twfy cf«l#*ti#«l UMrttfttr, M UMI UMT "trtM" «tcft ttWf.    Ml 

it» Miutl Mimtitg «C mmtt It MM Or «M CM. 

4 litt of tMrmiiMt MM l« UM MIIMU« MtcripiiM« «ill M 

fmmi tl UM Mi M MctlM I. 

S.J.1     tallltllMlIM 

I.   tltrt iw» MPMM 

4 rw * Htn CMMO it iitiMi hm Mlili-Mllii}. UM I0M Oun 

It • "tfMlrtr fMCtlM «nill Oil  11 Ml.     UlOtf MMMi MU UM 00 tf 

4urioi lit riiy»«tiw periti I.   M MM M UM IMMIOM it Ml Mty 

»tm • coMMi ttm »nMr MCOIM, !••.• MM UM MMIIIM 

00(l}*PBPn'*nBBrr OM«IM( UM OO* Pf It Ml, IMMMQI UM 00 fwU» 

• i« t pil*» mflitkmf.    (n* 00* tf I» MM I» pOOMM rMMMM 00 

(MltMS   lOtU 4 CO.<*   te»«0'l  «Oft  IM Mil...) 

IW 00 p«l«0 OMt UM ftllMltg: 

«I   ftio« Ik» IMO Mirtit Mfitltr it UM ttUrfaco-lOM 
Hol» ikifr»r. 

0)    Clvrfft 11M 4 tM • CMtltrti 
c}   clttrt it» «iifi t»fititr; 
4)   rMu»*l» t crclt-ttMl ffM UM IMO (Of ttHltf Ik» 

. s «J . U, MlM MMftt UM Ct UQ lit»). 



45 

üu •• *» . I-IIOOM 

0 • A oat, O • • Off! 

0 * St 

1 * CS MQ rp 

2.   MIM UM ltoo gmtt tk» cycU-ttMl (In rttpont« to UM CS itQ). It 

| MMrt• UM Cl AC1 HM.    *Ci tlpMlt UM Initrfact to ttort tht LOAD CAR 

MfMNMo, lo «nuti it» cootoott of tho t'ltOOOl (loodod fro« All ot ttop !(•) 

•to*« i am i«i*d to tlM IMO QMMMI A4drttt Rt|ift«r ••ilgiM4 to th« Intorfoco. 

Tlkii trwMfor It occo^UUMd ot follow«: 

I 

I 
I 
I 
I 

0}    ACfOOd) plMO« UM cootoott of UM MMODI on UM 1100 IN 
■A, «M «ttortt CS COtfltOL I Mi 2 Ouriof 11-16 of tho Cf 
cyclo.    fliit tipMlt UM IMO to lood ih» CAi froo th« IN HIS. 

I-IMOOI • 110011 

1 « CS 1, 1 « CS 2 

IMOII • CAN (wltlilo ISOOCfU) 

I 
I 
I 

* »»i   OuriNf tNit MM CS eyclo UM A or S fliift Cowotor it lootfoi 
ftoifc «or« tot to MIO ot ttof 1(h) afeovo) M 0ot«mio«4 by 
tNo trooofor dlroctiao md ootfo: 

ACfCD(ii*ii*iii(0) •» io • A ami 

tCl*GD(U*TI*T0(l)*IODIt0) •*  10 • § CNT» 

Aa*oo(n*ri*TD(i)*iooi(i) «o  is • s om 

At tlM ii of tlilt m4 m| CS eyclo, CS Up it 0r«pfw4 to protoot 

oooortooc« o« t tocoo« c* cyclo» 

«CfTI ••  0 • Ct WQ t» 

1.   At tlM fcofiooiog of ri of UM 00 toqoMco CS ejrelo. UM «» ft it tot. 

fko troiliog oift •' TS rotost UM 00 ootf 00* tr», tNot ooii^ UM 00 

ACt-oo(i)*rs .* \ - mn n 

ACt*00(l)*T0 •> 0 • 00, 0 «   00* Wt 



..   •• • 

46 

3.2.2   Serial/Parallel Data Plow 
■ 

1. Regular Direct Meaory Access fONA) operations coMence with the 

setting of the RUN PP at the end of the GO sequence. Data transfers between 

the Interface and the 1800 and between the Interface and the PDP-7 occur 

in parallel, with path widths of 16 and 18 bits respectively. Within the 

Interface, data aove serially through the Shift Register under control of 

the A and 8 Counters. The iaportant events during this process can be 

concisely ««pressed as follows: 

while RUN • I 

A am  • 0 •> 1 • 1800 CS R£Q PP 

16 • A OfTR 

8 OfTR ■ 0 •> 1 * PDP7 8RK REQ PP 

A • 8 CKTR 

(n • 16 or 18, dopeadlng on N00£) 

(A Olli • 0)* (i OfTR • 0) •> 4ttttmmt CM 

C*«o**0«WRPP(l« OP-OONPLfTt PP 

Mdttlonal logic, not thown above, is o«pleyed to synchrontte the shifting 

and MA operatiOM aad to handle initiation and tominatlon special cases. 

Nor» detailed operation of these circuits can prohahly host ho Illustrated 

hy osJMple, so the following discvatlon assunes a transfer fro» the 1800 

la the n*'f in 18/1» node. 

2.    inuring iiw (» »«qmnce. the RUN PP is sot and the A OOl cloarod. 

IHM(I)MA ChTR • 0) places a loeol on the inpui to the C9 RSQ M PP, «hldi 

is cloched hy the trailing edge of the nost follovlag 8 «fRORI. IW sotting 

of tM« n  ftfuOiMv« fw» pulses «diich 

a} load the A Cttl «Ith 16 

». »el the isoo c» ttq M 
16 • A c*n 
I • I8O0 Q  86) ff 
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3. The CS REQ FF asserts the CS REQ line to the 1800, which replies with 

CS ACK. This ACK signals the Interface to begin a CS Write Cycle (i.e., 

out of the 1800). At Tl the CS REQ PF is cleared; at 14' the 1800 OUT BUS 

(available at T4-T7) is gated to the 1800 side of SR. The leading edge 

of TS clocks the OB data into SR.g ... After a 300ns. delay to allow 

for settling, an 1800-Interface Data Conpleted pulse (fron the trailing 

edge of TS) sets the 1800 DATA EX OVER FP, which increments the AR and 

places a level on the "reset" input of the 1800 CS REQ ENB FF. The 

trailing edge of the next B STROBE* resets this FF, which in turn resets 

the 1800 DATA EX OVER FF. This coapletes the transfer of the first data 

word fro« the 1800 to the Interface Shift Register. 

ACK•B^•T0(1)•(T4,) •> OB * SRJ^JJ 

4. Shift pulses fro« the 4 NHs basic clock (A STROBE) are enabled by the 

conditions  (1800 CS REQ ENB FP • 0)«(P0P7 BRK REQ ENB FF • 0) and RUN'BF. 

In addition, the NODE PP detervines whether bits shifted out of position 

33 of SR will be shifted in at position 0 or 2 (recall that SR is actually 

a circular register); M>0C(l) enables shifting into SR bit 0, while 

NDOC(O) enables shifts to SB bit 2.   Approxiaately 100ns. after being enabled, 

the first shift pulse reaches the SR.    (ftote that the RUN*0ff condition is 

present diving alnost all of a block transfer; therefore the deterainlng 

factors with respect to shifting art the CS/BRS RBQ BtB PP(s, which are 

reset at the conpletion of every cycle-steal or data-break.)   lach shift 

pulse (A STiOH*) causes the entire SR to shift to the right one bit. 

CMTosponding to each shift pulse Is a decraaent-counters pulse (A STROM*) 

«fcich decreeMt* both A end B Counters. 

During shifting, 

A tlROBt* •    «j • «|,|. »ij • SRg or ttj   depending on iNDOt 

B STROtt* •* decraaent A Off«, B Off* 
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5. After 16 shifts, the A CNTR will have been decremented to 0, the B CNTR 

to 2 (recall that with the assumed TD and MODE, the B CNTR was initialized 

to 18 during the GO sequence). The condition (A CNTR ■ 0) places a level 

on the "set" input of the CS REQ ENB FF; the latter is clocked by B STROBE* 

whereupon further shifting is inhibited and the CS REQ FF set. 

(A CNTR > 0)*B STROBE* -> 1 - CS REQ ENB FF 

1 i. CS REQ FF 

b. The 1800 responds to CS REQ with CS ACK and the second data word. 

(Each cycle-steal automatically increments the CAR, which determines the 

memory location to be accessed during the cycle-steal cycleO This second 

data word is loaded into SR.. .. and the AR incremented as described in 

paragraph 3 above. Completion of the cycle-steal cycle allows ahifting 

to resume, and after two shifts the B CNTR contains 0, the A CNTR 14. 

7. The condition (B CNTR > 0) sets the 7 IRK REQ ENB FP and, after a 

JSOn». delay to allow settling of the SR0 ,7 data at the input of the 

ri»r-' multiplexer, sett the 7 BRK REQ FP and reloads the B CNTR. In contraat 

to the «ituation with the 1800, the contmnts of SR«^ «»^ •* *re continuously 

presented (through level converters) to the POP-7 Data Multiplexer. During 

the hreal cycle granted in response to the asterlion of BRK REQ, the multiplexer 

»ample« it» DATA is line« and placet their contents In the Memory Buffer; 

it alto templet itt MMtSS IN lines and gates their content» to the Memory 

HÜMii Regitter. The Interface TD FP (bit B of the Status Register), which 

in thlt example is set, causes the POP-7 multiplexer's TRANSFER DtRBCTION line 

to be asserted, so that «hiring the break cycle the contents of the Memory 

Buffer are «tored at the location specified by the Memory Address Register. 

B «MB • 0) •• 1 • 7 8M RIQ ENB PP 

(7 BM RPQ BNB PP • 1) •» 1 • 7 IBR RIQ pp 

n • B CNTR 

nhert n • 16 or IB, depending en MOPt 

- 
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8. The Data Multiplexer returns a DATA ACCEPTED pulse to the Interface while 

strobing the SR data into the Memory Buffer. If the DATA ACCEPTED pulse is 

taken as the signal to resume shifting, errors occur due to skew. Consequently, 

DATA ACCEPTED sets a DATA ACC FF within the Interface, which is AND'ed 

with PDF-7 timing pulse T6 to produce a pulse which 

a) increments the BR, and 

b) sets the 7 DATA EX OVER FF 

DATA ACCEPTED ■> 1 -> DATA ACC FF 

DATA ACC(1)»To -> increment BR 

1*7 DATA EX OVER FF 

This guarantees that the SR remains undisturbed for some SOOns. after 

receipt of DATA ACCEPTED. 

9. The setting of the 7 DATA EX OVER FF resets the 7 BRK REQ ENB FF which, 

with the condition (1800 CS REQ ENB FF • 0), allows shifting to resume. 

After 14 shifts, the A OTTR will have been decremented to zero, whereupon 

another 1800 cycle-steal occurs as described in paragraphs S and 6 above. 

This sequence continues, with 1800 cycle-steal occurring every time the 

A OTTR reaches lero and POP-7 data breaks occurring whenever the 8 CNTR 

becomes zero. 

10. Mienevcr both Counters are sero simultaneously (after 9 1800 words, 8 

Pl»P-7 words), the Unit Count Register (CR) is decremented and the entire 

process repeated. 

(A rvm • 0)*(8 Om ■ 0) •> decrement CS. 

11. Mhen the Unit Count Register reaches zero, the nm ff  is reset and the 

Op>cemplete bit (bit 0 of the Statue Register) Is set. Because this happens 

during the lett data break, special provision is made to ensure that the 

latter is completed properly. 

(CR • 0) •» 0 « MM PP 

I • Ml 
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12. A transfer in the other direction, fvom the POP-7 to the 1800, is handled 

in much the same fashion. The GO sequence initializes the A CNTR to 16, 

the B CNTR to 0, at 1800 time Tl; at T3 the RUN FF is set, whereupon the condition 

RUN(1)*(B CNTR - 0) causes the 7 BRK REQ ENB FF to be set and the B CNTR 

reloaded. During the ensuing data break cycle, the POP-7 loads its Memory 

Buffer with the contents of the location addressed by the BR and returns 

a DATA READY pulse to the Interface. The DATA READY pulse sets a DATA READY FF, 

which gates the Memory Buffer output to the SR0_17: at PDF-7 time T6 this data 

is clocked into the SR. This use of T6 for clocking provides about 500ns. 

settling time after the receipt of DATA READY. Note that this sequence differs 

from that of paragraph 7 (above) because the condition TD(0) causes the 

Data Multiplexer TRANSFER DIRECTION line not to be asserted. 

13. The clearing of the 7 IRK REQ ENB FF at the end of the break cycle allows 

shifting to begin again. After the SR has shifted right 16 positions, 

the A CNTR becomes zero, thereby causing the 1800 OS REQ FF to be set. 

Mhen the 1800 responds to CS RQ with OS ACK, the Interface places the contents 

of $8,3.33 on the 1800 IN BUS during time TI-TS. The Interface also computes 

and sends to the 1800 two parity bits (one for each byte of data), and 

asserts CS COKTROL line 2. Hie latter Signals the 1800 to perfon a OS 

Read cycle, in Mhlch the IN BUS data is stored at the memory location addressed 

hy CAR. after which the CAR Is incremented. 

14. The lb/lb mode is Identical to the 18/16 mode, except that the 8 OTTR 

i» alvay« loaded «ith 16 instead of 18. This moans that both A and 8 Counters 

Jcvrement to zero simultaneously, with the result that 

a) 1800 cycle steals and P0P-7 data breaks occur at approximately 

the same time, and 

b) The Ukilt Count Register (CR) Is decremented omoe per lu-blt word 

rather than one« per 144-blt block. 
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As a special feature during 16/16 mode transfers into the POP-7, the high-order 

bit of the 16-bit word - bit 2 of the SR - is fanned out to bits 1 and 0, 

thereby "propagating the sign" so that tufts complement negative numbers 

retain their value when mapped from 16 bits to 18 bits. 

3.2.3 Abnormal Termination 

Halt 

The Halt command is decoded from MBS(1)'MB17(1) on the PDP-7, or from 

a "control" function with bit 14 set on the 1800. Either command sets the 

HALT PENDING FF during its respective period 1. HALT PENDING(1) is AND'ed 

with the next succeeding DECREMENT CR pulse; the resulting pulse resets the 

RUN FF, stopping further block-transfer activity. The A,B,C, and Shift 

Registers are left in the proper state, however, for the block-transfer 

to be resumed correctly by a START coaund. The resetting of the RUN FF in 

turn resets the HALT PENDING FF. 

Fault 

A fault condition exists when either 

a) A parity error or storage-protection violation occurs on the 

1800 during interface operations, or 

b) either computer attempts a Write (i.e., Set and/or Clear) comand 

on the A,8, or C registers while the RUN PP is on. 

Occurrence of any of the above conditions sets one of four error FF's 

within the Interface (PARITY ERROR, ST0R PR0T, PDP-7 ILLEGAL WRITE. 1800 

ILLEGAL WRITE); the output of these PP's Is OR'ed together and, as soon 

aa the Interface Is not executing a command from either computer (I.e., 

FPF7I*IBOOI), sets both Attention bits In the Status Register and forces 

a code of 2 or S Into both Attention Code Registers. If the parity or store-protect 

error occurred during a block-transfer operation (the most likely situation), 

the RUN FF is reset, stopping the transfer iMwdlately. Since these faults 
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generally require human intervention, the fault FF's can be displayed on 

the Interface panel; but they can be reset only by a Blast conmand or 

manual reset. 
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Table 3.2: Signal Cables 

Signal Names No. of Lines 

I. PDP-7 -► Interface 

Buffered Accumulator 2-17 (0,1 not used) 16 
Buffered Memory Buffer 0-17 18 
T6. DATA ACCEPTED, DATA READY, POWER CLEAR, IGT S 

39 

II.    Interface ■*■ PDP-7 

Data Collector 2-17 (to accumulator) 16 
Data Address 3-17 (to multiplexer) 15 
Data In 0-17 (to multiplexer) 18 
SKIP, INTERRUPT, BREAK REQUEST, TRANSFER 

DIRECTION, STROBE AC IN S 

54 

PDP-7 Total:      93 

III. 1800 » Interface 

OUT BUS 0-15 16 
DATA CYCLE, CONTROL CYCLE, TIME PULSE A, 
TINE PULSE B, TIME PULSE C, PARITY ERROR, 
INTERRUPT POLL A, STORAGE PROTECT VIOLATION, 
CYCLE STEAL ACKNOWLEDGE, D.C. RESET 10 

26 

IV. Interface ■» 1800 
« 

IN BUS 0-15 16 
PARITY 0-7, PARITY 8-15, CYCLE STEAL 

CONTROL $,  CYCLE STIAL COOTROL 1, 
CYCLE STEAL CONTROL 2,  CYCLE STEAL REQUEST 6 

22 

1800 Total:        48 
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Abbreviations used in Section 3: 

1. General 

FF » Flip-flop 
REG » register 
CNTR ■ counter 
UMA = Direct Memory Access 
CS - cycle-steal (1800 DMA) 
BRK = (data) break (PDP-7 DMA) 
REQ « request 
ENB ■ enable 
A « the 1800, or pertaining thereto 
• » the PDP-7, or pertaining thereto 

2. Registers 
1800 Address Register 
PDP-7 Address Register 
Unit Count Register 
Status Register 
Shift (Data) Register 
PDP-7 Memory Buffer 
1800 Channel Address Register 

Interface - 1800 Data Buffer 

AR 
BR 
CR 
DR 
SR 
MB 
CAR ■ 
I-1800DB > 
I-PDP7DB - Interface - PDP7 Data Buffer 
1800-1DB > 1800 - Interface Data Buffer 
PDP7-IDB   -   PDP7 - Interface Data Buffer 
CB     >    Command Buffer 
A CNTR    ■    A Shift Counter 
B CNTR    ■    B Shift Counter 
Xn     -    the nth bit of register X (where bit 0 is the leftmost) 

.T..    Logic 

P'Q       ■ event -  P and event - Q 
r»Q       ■ event - P M event - Q 
f • not P (complement of P) 
P ■» Q » event - P causes event Q 
X  • Y    • contents of register or signal line(s) X 

are gated to register or signal line(s) Y 
n  • Y    ■ the constant n is gated to register or signal line(s) Y 

4.    Signal  Line« 

xd) 
X(^) 
Xn 
IB 

OH 
MB 
IGB 
ACK 

the "l" output of flip-flop X 
the •'*•' output of flip-flop X 
the nth line of a set of signal  lines 
1800  IN BUS 
.son ,1111   MIS 
Interface IN BUS 
Interface (XJT BUS 
cycle-steal) Acknowledge 
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I 5.    Flip-flops 

(MODE - DR9 (16/16 or 18/16 bit) 
TÜ =» DR8 (transfer direction) 
RUN     »    DR7 (block-transfer in progress) 

I 6.    Timing 

Signals sightly advanced or delayed from "standard" timing signals are 

denoted by a prime, e.g., 74* is related to, but not identical with, T4. 

Details will be found in the maintenance manual. 
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4.  PROGRAMMING SUPPORT 

4.1 Philosophy and Structure 

There are three basic kinds of operations that a program may wish to 

perform using the Interface: block transfer, issuing or handling attention 

interrupts, and seizure of control over the Interface prior to the performance 

of an extended control sequence. These three functions are common to both 

machines; either may initiate any of the control sequences at any time. 

Since the hardware was designed to be controlled almost exclusively by 

software (rather than containing hardware checks to lock out certain sequences), 

programs must adhere to a consistent set of conventions in order to allow 

each computer equal access without fear of interference by the other. 

To this end, all Interface operations are performed through system 

subroutines. 

Section 4.1.1 describes the basic conventions used, the structure 

behind the system routines, and some of the lowest level routines. Section 

4.1.2 describes the features common to the routines in both machines for 

performing the three basic operations. Sections 4.2 and 4.3 describe the 

implementation of the programming support for each machine separately, 

including detailed calling sequences for the routines described in 4.1.X 

and 4.1.2. 
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4.1.1 Basic conventions and low level routines 

There are two conventions necessary to maintain control over the 

Interface. The first, already mentioned, is necessary so that the system 

will know at all times the state of the Interface: all Interface operations 

are performed through system subroutines. The second is: neither machine 

will alter any of the Interface registers (except for attention code pro- 

cessing) unless it has logical control of the Interface. This ensures that 

Interface operations will not have to contend with interference from the 

other machine. The second convention imposes the following standard oper- 

ating procedure. First, if the Interface is under control of machine A, 

machine B must wait for A to relinquish control (and vice versa) before it 

(B) may do anything with the registers. Secondly, the controlling machine 

has the responsibility of releasing control as soon as it is finished, to 

allow the other machine access. 

Both user and system routines are expected to operate under these basic 

conventions. If the user performs operations only through the system 

routines, according to the rules below, he will implicitly obey these 

conventions. Failure to observe them will certainly cause incorrect results, 

and may even cause full scale system disaster, such as destroying the contents 

of a disk. 

In order to provide the maximum amount of processing power and Inter- 

face control at the same time. Interface operations are performed under 

interrupt control. This allows operations such as block transfers to be 

performed concurrently with other program operations. 

Interrupts are of two types: attention and op-complete. Attention 

interrupts are handled in a straightforward manner. Issuing an attention 
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may be performed immediately and completely asynchronously with all other 

operations since there are bits in the Interface Status Register used only 

for attentions. Receiving attentions consists merely in reading the appro- 

priate part of the Status Register. Section 4.1.2 discusses the routines 

for performing these functions. No deep structure is necessary. 

Op-complete interrupts may result from two different operations: as 

the result of the completion of a transfer, and as the result of a Test ft Set 

(Pending) instruction when control is finally assigned to the requesting 

computer. These cases correspond to user requests for block transfers 

or for Interface control. After the user program has made its request, 

either of these operations may have to wait for completion if the other 

machine has control or if there are other operations already being performed 

by the same machine. 

To allow concurrent processing when an operation may not be performed 

immediately, the system maintains a queue of unfilled requests. When the 

system receives a request which it can not execute immediately, it puts the 

request on the Interface Function Queue (IPQ). The IFQ consists of a list 

of Interface Control Blocks (ICBs). The ICB for an operation contains 

all the information needed to perform that operation. Once the machine 

gains control of the interface, it takes the first ICB from the IFQ and 

starts the operation defined by that ICB. When the operation is finished, 

the next operation on the IFQ is started according to the information 

contained in its ICB, and so forth. When the end of the IFQ is reached, 

the machine relinquishes Interface control. 

There arc two kinds of ICBs (although the structure is general), 

corresponding to requests for transfers and for control. The user calls 

the appropriate routine with one parameter, the address of the ICB 
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containing the pertinent information. The system routine adds additional 

Information to the ICB, calls another routine which enters it on the IFQ, 

and then returns control to the user's program. Part of the Information 

in the ICB is status Information maintained by the system. The user may 

inquire about the status of the operation by calling a "test" routine which 

Interprets the status information of the ICB given to it as a parameter. 

The "test" routine then returns an Indication to the user's program. 

Thus, normal user operating procedure for either transfers of for 

control requests is to call the appropriate subroutine, and then to wait 

for completion of the operation by repeated calls on the "test" subroutine. 

The ICB for a control request consists of two words, and the ICB 

for a transfer consists of seven words. Both words of the ICB for control 

requests and the first two words of the transfer ICB are used for system 

information. Thus, for control requests, the user merely supplies the 

address of a two-word block the system can use. For transfers, the user 

fills in the last five words of the ICB with the information specifying 

the transfer before he calls the transfer subroutine. These last five 

words are described in Section 4.1.2. 

The first word of the ICB is set to a special value when it is Inserted 

on the IFQ, indicating that the function requested has not yet been completed. 

When the function is completed, the first word is set to another special 

value.  (This word is also used as a link pointer to the next ICB on the 

queue, if any.) The second word of an ICB is set by the first level routine 

called by the user; i.e., it is set by either the transfer routine or by 

the control request routine. The second word contains the address of a 

subroutine to be called to initiate the operation represented by the ICB. 

Thus, at some later time when the ICB rises to the top of the queue, the 
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IFQ processor knows what routine to call to start the operation. 

The action of this initiation subroutine Is slightly different for 

the two kinds of requests. For transfers« the initiation subroutine 

actually starts the transfer based on the Information contained in the 

rest of the ICB. The Status Register Is set so that when the transfer is 

completed, an op-complete interrupt will occur. The IFQ processor will then 

be reentered, the ICB of the transfer just completed with be marked as 

finished, the next ICB taken from t'.e list, and the process repeated. 

For Interface control requests, however, the Initiation subroutine 

does not start any operation, and, as a result, no op-complete Interrupt 

occurs. (The IFQ processor must be restasted as specified below.) The 

"initiation" routine merely marks the ICB for the control request as finished 

and returns. At this point in time. Interface control still resides with 

the machine, but no Interface operation Is being performed. The user's 

program, which has been waiting for the indication that the operation Is 

finished, will now receive that confirmation. The net result Is that 

Interface control is in the hands of the user. He may then direct operation 

of the Interface (within the limits defined In Section 4.1.2). When the 

user is finished with his control sequence, he must call a system routine 

to relinquish control. This subroutine tu m restarts the IFQ processor 

as if an operation-complete interrupt had occurred. The whole process is 

then repeated for the next ICB on the queue. 

This takeover of Interface control by a program allows for a more 

extensive conmunication sequence than the simple functions of block transfer 

and attention interrupt. For example, once a program has gained control, 

it may load any of the control registers A, B, and C, and then issue an 

attention to the other machine. This allows a transfer of more information 

than just the attention code, and also allows an acknowledgment or other 

transfer of information from the other machine. 
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4.1.2 Programmable operations 

The previous section described the general outline of the Interface 

control protocol. It also described in general terms the process of 

putting an Interface Control Block on the Interface Function Queue and the 

method for determining the status of the operation represented by the ICB. 

Specific descriptions of these two routines are found in Sections 4.2 and 4.3. 

This section amplifies the descriptions for routines to accomplish 

block transfers, attention interrupts, and control seizures. A table 

at the end of the section supplies the equivalences between the functions 

described here and the actual names of routin'es on the two machines to 

accomplish the functions. 

ATTENTION INTERRUPT 

An attention interrupt is sent for the purpose of transferring a 

small amount of information (about five bits) to the other machine, 

immediately. It may be issued at any time, regardless of location of 

control or of the current operation being performed. The subroutines for 

issuing the attention are simple, taking one parameter, the number to be 

sent. Return is made immediately after the attention is sent. 

The complementary function, receiving an attention interrupt, is only 

slightly more complex. A program which wishes to handle an interrupt 

calls a system routine with two parameters: the number of the attentiot, 

and the address of an interrupt time subroutine which is to be called 

when the attention is received. The subroutine thus called may perform 

only those actions allowed an interrupt routine on its machine. The method 

of return from this subroutine is specified in the detailed descriptions 

of 4.2 and 4.3. There are also methods for resetting the attention handling 
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for one or all attention interrupt numbers when a program no longer wants 

to handle that number or numbers. 

The system routines maintain a table of all possible attention interrupt 

numbers. When the user declares that he will take an interrupt, an entry 

is made in the table to that effect. When an attention actually occurs, 

control is dispatched through the table. If there is no processor for an 

attention number, a message is printed on the printer and the attention 

ignored (1800), or the machine halts (PDP-7). 

BLOCK TRANSFER 

As stated in Section 4.1.1, block transfers are initiated by calling 

a system subroutine with one parameter, the address of a seven-word Interface 

Control Block. This block contains all the information for specifyins the 

transfer. No verification is made of the suitability of the user-specified 

addresses in the ICB; it is the responsibility of the initiating program 

to ensure the appropriateness of the transfer. The system routines will 

safeguard the interface conventions by first seizing control of the interface 

before starting the transfer. The system routines will also set the first 

two words of the ICB and enter the block on the IFQ. 

The user must set words 3-7 of the ICB. These words should contain: 

3. The address of an op-complete subroutine. 

4. The address of the 1800 data area. 

5. The address of the PDP-7 data area. 

6. The block count (ie., the number of words if 16/16 mode 

transfer, or the number of 8/9 blocks if 18/16 mode). 
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7. An encoding of the direction of transfer and the mode of the 

transfer. 

Words 4-7 simply specify the actual transfer operation. As stated 

in Section 4.1.1, the normal method for determining whether a transfer 

has been completed is to call a "test" subroutine with the ICB of the transfer 

as a parameter. The user, however, may wish to perform some operation 

as soon as the operation is completed, at interrupt time. If this is the 

case, he may specify the address of a subroutine to be called in word three 

of the ICB. If he does not wish to do this, he must set this word to zero. 

The subroutine thus called is an Interrupt routine and may perform only 

those operations allowed an interrupt routine on the respective machines. 

It may even set up another block transfer, perhaps using the same ICB. 

Note that several transfer requests may be outstanding, since a queue 

of requests is kept by the system. The only restrictions are that each 

request have its own ICB. No ICB or data area should be modified until 

the operation associated with it is completed. 

(The block transfer subroutine described above is the one which should 

be used in most cases since it provides the necessary seizure of control 

beforehand and operates within the system conventions explicitly. There 

are lower level routines used by the system which are described in the following 

sections and which may be of use to the user for special applications. 

These routines require Interface control to have been obtained beforehand, do no 

queueing, and no checking. A program may use these after it has directly 

seized interface control.) 
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SEIZURE OF CONTROL 

As expUiaed in Section 4.1.1, some programs may require a greater 

degree of control over the Interface than is permitted through simple 

block transfers and attention interrupts. A request for such control is 

initiated by calling the appropriate routine with one parameter, the address 

of a two-word ICB. When the operation is completed (as indicated by the "test" 

routine), the user has control of the Interface to operata as he sees fit 

within the following constraints. 

1. No operation may be started which will result in an op-complete 

interrupt. (Block transfers may be initiated only by calling the 

lowest level routines, but the "enable interrupt" bit must not 

be set in the Status Register.) 

2. Control of the Interface must not be relinquished directly by the 

program (i.e., the machine's resolution bit must not be reset). 

3. The user must relinquish his control by calling a system subroutine 

to do so. 

Operation of the interface is restricted when it is seized in this manner 

by a program. Queued block transfers will not take place, and the other 

machine will be completely locked out. For these reasons, the user should 

restrict his use of this function to short periods of time so that the 

normal operation of the Interface may take place unhindered. 

ADDITIONAL FUNCTIONS 

Sections 4.2 and 4.3 contain descriptions of subroutines which are 

not described here. These routines are for initialization and for access 

to the Interface from higher level languages. 

. 

. 
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4.2 1800 Interface Support under TSX 

Programming support for the Interface is generally divisible into 

two areas: attention processing and data transfer. Although these functions 

certainly interact in everyday operation, they are handled largely by distinct 

sets of subroutines. Moreover, attention and op-complete interrupts appear 

to TSX as though they came from separate devices, so the distinction is functionally 

as well as conceptually convenient. 

The subroutines described below are stored in the relocatable program 

area of the 1800 disk.  ATTN7, §CLR, ENQUE, NEXTQ, and possibly others, 

will normally be included in the system skeleton. ATTN7, ATNSU, ATCLR, 

DATA7, TEST7, SEIZE. NEXTQ, ENQUE, ILOAD, and XSTRT are reentrant. 

: 

• ■.. 

. 

.. 
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4.2.1 Attention Interrupts 

ATTN? 

Purpose:   To generate an attention interrupt, with a given attention 

code, at the PDP-7. 

Calling Sequence: 

(assembler)   CALL  ATTN7 
DC   »'n' 

f 

(FORTRAN)     CALL  ATTN7(n) 

where n - attention code number (0 < n < 31) 

Description: ATTN7 will always wait until the PDP-7 has processed 

the previow attention before issuing the new one. The 

latter, however, will not necessarily have been processed 

by the PDP-7 when ATTN7 returns. ATTN7 can be called 

regardless of which machine has logical control of the 

Interface; but if the user wishes to transmit additional 

information through the control registers along with the 

attention, he must call SEIZE first to acquire the 

Interface. Code numbers 0 to 10 are reserved for system 

use. 
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ATNSU 

I 
I 
I 

Purpose:  To establish a subroutine as an attention-handler. 

Calling sequence: 

(assembler)    CALL   ATNSU 
CALL   SUB 
DC    ^'n' 

where SUB is the name of the subroutine and n is the attention 

code number it handles. 

Description:  When an attention interrupt with code n is received, 

SUB is called at the interrupt level. The call to 

SUB invalidates it for further attention-handling; it 

can be restored by calling ATNSU again. If ATNSU is 

called from within SUB, the latter must return directly 

to TSX by a "B I 90" instruction, rather than 

"B I SUB". SUB caawt be written in FORTRAN. 

. 
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ATCLR 

Purposed To undo the effect of ATNSU. 

Calling sequence: 

(assembler)   CALL   ATCLR 
DC    -'n' 

(FORTRAN)     CALL   ATCLR(n) 

where n > attention code number. 

Description:   ATCLR makes attention code n (perhaps temporarily) 

invalid. Such attentions will be ignored until a new 

handler is established via ATNSU. 
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4.2.2 Block Transfers 

DATA7 

Purpose:   To initiate a block-transfer of data to or from the PDP-7. 

Calling sequence: 

(assembler)    CALL   DATA? 
DC     ICB 

0 • PDP-7 to WOO, 16/16 mode 

1 - POP-7 to 1800. 18/16 

I 

[ 

I 
I 
I 
I 
I 
J 

where ICB is the label of a 7-word block of core storage 

which will become the Interface Control Block for the 

transfer. 

Description:   DATA7 fills in words 1 and 2 of the ICB with system 

information and links it into the Interface Function 

Queue. Words 3 through 7 of the ICB must be set up 

by -he user before calling DATA7, as follows: 
L 

word 3: address of an op-complete subroutine, to be 

executed at the interrupt level when the 
«. 

transfer is completed. If there is nonsuch 

subroutine, this word must be sero. 

word 4: starting address of the 1800 data area, i.e., 

contents of 1800 Address Register, 

word 5: starting address of the PDP-7 data area 

i.e., contents of PDP-7 Address Register, 

word 6: word count (in 16/16 mode) or block count (in 

18/16 mode) for transfer; to bo loaded into 

Unit Count Register. 

word 7: transfer direction and modo, coded as follows:       I 

I 
I 

I 
1 
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2 - 1800 to PDP-7, 16/16 mode 

3 ■ 1800 to PDP-7, 18/16 mode. 

If this ICB is first on the queue, DATA7 will 

attempt to seize the Interface and initiate it. If 

other items are queued ahead of it, or if the Interface 

cannot be seized, DATA7 will return immediately, leaving 

the ICB on the queue to be initiated in due course. 

In any event, the user must wait for the operation 

to be completed and the ICB freed (as determined by 

calls to TEST?) before using or altering either the 

data area or the ICB. 

An ICB may be re-used as soon as it becomes free. 

In particular, the op-complete subroutine (if any) 

may set up another transfer using the same ICB by 

calling DATA? again. 
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4.2.3 Other Operations 

SEIZE 

Purpose: To "Seize" the Interface; i.e.« turn on the 1800*s 

resolution bit in the Status Register. 

Calling sequence: 

(assembler)     CALL     SEIZE 
DC       ICB 

(FORTRAN)       CALL     SIIZE(ICB(2)) 

where ICB is the label of a two-word block of core storage 

(assembler) or a two-word integer array (FORTRAN), 

which will become an Interface Control Block. 

Description:  SEIZE inserts information in the ICB and queues it 

on the Interface Function Queue. If this operation 

is first on the qu^ue and the Interface can be seised, 

it will be done immediately; if not, it will be 

processed in due course. In any event, SEIZE returns 

inmediately. The user must call TEST? to detexmine 

when the operation is complete, i.e., the InMrface seized. 

Having seised the Interface, the user may do 

whatever operations he wishes on it, as long as they 

cause no interrupts to the 1100. Note that queue 

processing is suspended; calls to DATA? or IDTA7 will 

queue operations, but not initiate them. XPERT can 

be called to initiate operations directly. Mhem he 

has finished,, the user must call NUTQ to resume queue 

processing and/or release the Interface. 

I 
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NEXTQ 

Purpose: To resume queue processing and/or release the Interface. 

Calling sequence: 

(assembler        CALL NEXTQ 
or FORTRAN) 

Description:  NEXTQ initiates the operation specified by the ICB 

currently at the top of the Interface Function 

Queue. If the IFQ is empty, it releases the 

Interface (i.e., turns off the 1800*s resolution 

bit). NEXTQ is intended to be called by user 

programs which have SEIZE'd the Interface and 

performed some specialized operation(s) thereon; 

it is also called by the system op-complete interrupt 

processor. 
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INIT7 

Purpose: To initialize the systea Interface support kubroutines 

Calling sequence: 

(assembler 
or FORTRAN)     CALL      INIT7 

Description: 1NIT7 resets the Interface (via the Blast coMand), 

clears the attention-Interrupt dispatch table to 

its default state, and resets the Interface Punotion 

Queue to eapty. It Is nonally called when the 1800 

is reloaded. 
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ITST7 

I 

Purpose:  Same as TEST? 

Calling sequonce:  (FORTRAN INTEGER FUNCTION) 

(FORTRAN)      IF(ITST7(ICB(2))) n1,n2,n1 

IF(ITST7(ICB(7))) n^^^ 

Description: Sane as TEST?, but FORTRAN-callable. Value zero 

means operation busy; nonzero means operation complete 

after SEIZE 

after IDTA? 

I 
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TEST? 

Purpose: To determine whether a queued Interface operation has 

been performed. 

Calling sequence: 

(assembler)       CALL    TEST? 
DC      ICB 
return 0 - busy 
return 1 -, not busy i 

J where ICB is the label of the Interface Control Block 

for the operation in question. t 

Description:  TEST? determines whether the ICB whose address is 

given as a parameter is still on the Interface 

Function Queue. If so, the operation is still pending; 

if not, it is complete. If the operation is complete, 

TEST? pseudo-skips on return. 

I 

I 

I 

I 
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IDTA7 

Purpose:   Same as 0ATA7, but FORTRAN-callable. 

Calling sequence: 

(FORTRAN)       CALL   IDTA7(ICB(7),AREA(LAST),IADR7,COUNT,MODE) 

where ICB(7) is an element of a 7-word integer array. 

AREA(LAST) is the last element of an integer array 

to (from) which data is to be written (read); because 

FORTRAN arrays are stored backwards in memory, the data 

transfer will go A(LAST), A(LAST-l), A(LAST-2),...,A(2),A(1). 

IADR7 is an integer variable containing the address of the data 

area in the PDF-7. 

COUNT is an integer variable containing the unit (word 

or block) count. 

MODE is an integer variable specifying the transfer 

direction and mode (see "word 7'* under DATA7). 

Description: Same as DATA7. 

Note: program containing the above call must be compiled 

using the *0NE WORD INTEGERS option. 

The op-complete subroutine option is not available 

from FORTRAN. 
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8CLR 

Purpose:    To reset the attention-interrupt dispatch table. 

Calling sequence: 

(assembler) CALL ICLR 

Description:    Resets the attention-interrupt dispatch table to 

its default state, i.e., with only certain systea 

codes enabled.    Called by INIT7. 
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I LOAD 

Purpose: To  load the Interface control registers. 

Calling sequence: 

(asseabler)    CALL      I LOAD 
DC       LIST 

(FORTRAN)      CALL      1L0A0(LIST(4)) 

where LIST is the label of a 4-word block (or naae of 

of an integer array) containing the data to be loaded. 

| Description: The word at LIST (or LIST(4)) is written into the 

1800 Address Register; at UST*1 (LIST(S)) into the 

PDP-7 Address Register; at LIST*2 (LIST(2)) into the 

Unit Count Register; and at LIST*5 (LIST(l)), into 

the Status Register. 
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KSTUT 

Purpot«:    lb start M Iiit«rfsc« bloek-traMf«r. 

Calling »«quMC«: 

(MtMbUr 
or POmtAN) CAU OTtT 

OMcnptlM:    UMM« th« Start emmmi, witk ae diacking; aatuMt 

th« coatrol raglstart hava alraaiy baaa 1« 

. 



Purpot«:  To append an Inttrfac« Cpatrol ilocV to th« latorfoc« 

Function Quout. 

Calllnt 

(M»«^lor) CAU     EHQUE 
OC      ICI 

Hhoro ICI Is tht labol of tho Intorfaco Control llock 

totcrlptloa:  WQIIE oMtho ICI to tht IPQ. If th« IPQ «a» 

InltUUx Mpty. tuque ottMptt to Mit« tho Intorfoco 

and, if tuccottful, Inltlato th« oporation. Th« 

ttsor trill aoraalljr hav« occasion to call ENQUE only 

for nonttandard oporations (I.«., not availabl« 

through DATA? or SEIZE). 
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4.S   POP-? Uvlwtntatim iad»r LOOOSS 

Hi« d«vlc« support In th» POP-7 it iapl«MMt«d im LOOOSS (Logic of 

Campufn Operating Sytm for the SOVM) M • tot of MbroutlMt porooMotly 

r»*i4o«t In th« oporattng »yttaa.    Koowlodgo of tK» LOOOSS eoavMtiom it 

MMMwd in th« doaeriptioM bolav.   Tteaa •Ubroutina» MO aeeoaaad by indiroct 

rafaranca thraugii tha •jrttaa eaaHunication ragion.    Ilia LOCC aat«oblar for 

tha POP-7 has appropriata dafinitiona in its pswnnsot symbol tabla for 

rafarancing tha ««Mtinat.    Por auapla, abaoluta location 1SS (octal) has 

tha addrass of tha block transfar subrovtino. UM assonblar's dafinition 

for iUTHQ Is "JMS* ISSH. as an oparnter. Unit, tho uaor calls tha block 

transfar subrautina b> , itting tha synbol SIXTIQ in tho oporntor fiald of 

an instruction. 
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4.3.1   AttMtlon Interrupt» 

civagw 

PurpoM:    To ittm an Mtwitioa iatorrupt to th« 1S00. 

Colltag wquanco:    (intvrfupts oo or off) 

(ACMUMtlOO Mtfbor) 

CIVAIM 

RmjRN         

Ootcnptioo: C1VATN «111 not dlttutb tko Inttrruptt-onoblod »tatus. 

TIM nUMtlon «iU not ko tetund until nny pmvtous 

•ttontlon* hovo bow clontod by tko ItOO. Upon rtturn 

fron tho CIVAIM, tko attantion «111 hava boan laauad. 

but not nacoaanrlljr procoaaod by tba ItOO. Intorfnca control 

U not a praroqulttta for Itaulag an attantion, but if 

any ragittor tranafart ara to occur at a ratult of tba 

attantian. tho control abouU ba obtninod prior to callini 

GIVA1N, tbroufk atfbroutina SKIirr. 

Attantian nunbara 0-10 arc raaorvod for ayatan uaa; 

nunbara 11-31 any bo uaad by otbar prograaa. 

No chackt ara 
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TAKAIM 

Purpot«:    To Mt up handling for nttMCion intorrupt locoption. 

Cailing ttqiMfic«:    (Intonvptt off) 

(AOottMtlon nuabor) 

TAKATN 

BB 

lETURN   

OMcriptien;    TAKATN tott up tlw nttMitton Utonupt Mndllng for tho 

•ttontlon Mflbor givon in tho low-oiitr bit» of tAo AC. 

Uli» nuabor wmt bo loo» tAon 12; mmk*n 0-10 OTO ro»orv«d 

for »yst«a u»«.   VU i» an in»tiuetion ubicb i» oiocutod 

(i.o. ( XCT'«d) at intompt tia» ub«n tbo »ttontlon i» 

rocoivod.    If tAo iMtniction i» • »ubroutiao cnll( tho 

»ttbroutino tbu» cnllwl auot roturn to its collor.    If XXX 

1» soro« tAo »ttontlon Aondling for tA»t wabor rovort» 

to noranl »rtton Aondling.   1** Aondling »ot up by colling 

tAl» »Ubreutlno ronolnt in offoct until LOOOSS routlno 

RESET 1» c»llod or LOOOSS 1» rottortod. 

NonMl tjftton »ttontlon handling for Interrupt nunbon 

which hovo no sorvico routlno» doclorod i» to halt with 

tho interrupt nuabor in tho AC. 
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ATTOI 

PurpoM:    To rft handling for all attantion» to tha dafault caaa. 

Calling saquanc«:    ATTNI 

RETmiN         

Daacriptloo: Any handling for attantion iatarruptt pravioualy tat up 

by uaara* pregrii it rantorad to tha dafault caaa, which 

it to halt with tha intampt nuabar in tha AC. After 

thit tubroutina hat baan callad tha only attantiont racognitad 

art tha tpacial tytttn caanunicationt attantiont. 

Thit tubroutina it callad by IKTCRI. 



r ... ...... .... . . 

S.   Hi« rtdrtt» of a »ubrout in« to bo col ltd tfhon the 
operation Is oeapUttd (My bo toro). 

4. Hi« IM ItOO «ddrest. 

4.1.2   llock Trwufort 

Purpoto: To in»ttat« a block traosfor botwaoa tbo Mwrioa of tbo 

two ■adilnat (quauad). 

Calling foquanc«: (latonuptt off) 

•LKTIIQ 

K ICt 

nmniN    

Daserlptlon: iLKTlQ autt bo callad with interruptt off ao that it 

■ax be callad froa an intanupt routine. Return is 

with interrupts off, and is always iaadlato (i.e., 

control will not bo pasaed to the taak queue processor). 

Upon return, the transfer My or My not bo coapleted so 

that sUbroutiM TISTC1 should be called to dotoniM the 

status of the oporatiM. Neither the ICt nor the trsasfer 

aioa should bo changed or Mod until the operation is finished. 

The ICt Interface Cor.trol llock), whose address 

is the parsMter to the call, is a seven-word block of 

core specifying all the infonatiM to control the transfer. 

Hie last five worda are specified by the Mor, and the 

first two are Mod by the systen subroutiMS. The contents 

of the block are: 

1. For systM MO. 

2. For systen use. 
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5. The PDP-7 •ddrass. 

6. The block count (Ntabor of words if the tsansfer 
it in 16/16 node, and the number of 8/9 blocks 
if the transfer is in 18/16 aode). 

7. Direction and transfer node, coded as follows: 

Direction: Bit 8.0, fro« PDP-7 to 1800 
-1, fro« 1800 to PDP-7 

Node:     Bit 9-0, 16/16 aode 
•1, 18/16 aode 

Thus, the following are the possible (octal) 

values this word nay take: 

000000-PDP-7 to 1800. 16/16 mode 
001000-1800 to PDP-7. 16/16 node 
000400-PDP-7 to 1800, 18/16 node 
001400-1800 to PDP-7. 18/16 node 

The op complete instruction will be executed when the transfer 

has been coapleted. If it is a subroutine call, that 

subroutine nay perfon only those actions pernitted an 

interrupt subroutine, and aust return to the caller. 

It nay call BLKTRN itself to restart a block transfer 

operation. 

Several transfer requests nay be issued, as long as 

each has its own unique ICB. Requests are filled in the 

order received. 



88 

TESTCB 

Purpose: To determine whether an operation has bean completed. 

Calling sequence:   TESTCB 

DC  ICB 

RETURN1      

RETURN2      

Description: Interrupts-enabled status is not affected by this sub- 

routine. ICB is the address of an Interface Control 

Block, either transfer or seize. After the respective 

operation has been requested, the program determines the 

status of the operation by calling TESTCB with the control 

block as a parameter. If the operation is not yet finished, 

control is returned to RETURN1, which is the address of 

the call plus two. If the operation has been completed 

(i.e., the transfer is finished or control has been seized), 

control is returned to RETURN2, which is the address of 

the call plus four.  (Thus, when the operation has finished, 

TESTCB performs a two word "pseudo-skip".) The user 

should not change the control block until TESTCB yields 

a success return. 
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SEZINT 

Purpose:    To obtain logical control of the Interface from the task-time 

level. 

Calling sequence:    SEZINT 

DC    ICB 

RETURN   

Description: SEZINT may be called with interrupts on; it returns with 

interrupts on. ICB is a two-word Interface Control Block 

for use by the system. Upon return, the Interface may 

not yet be under control.    The user determines when 

this occurs by calling TESTCB with ICB as a parameter. 

When TESTCB indicates that the operation is finished 

(i.e., control has been obtained), the user may operate 

the Interface and its registers directly. The user may 

not perform any operation on the Interface which will lead 

to an interrupt occurring except by going through the 

system routines. No block transfers can take place through 

BLKTRQ while control is in the hands of the user via this 

subroutine (LODNGO must be used instead}. After the 

user no longer needs direct control of the Interface he 

must relinquish control by calling subroutine RELINT. 

More than one seize request may be outstanding (e.g., 

fxom different tasks), but each request must have its own 

ICB. 
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RELINT 

Purpose: To relinquish logical control of the Interface fro« the 

task-tine level. 

Calling sequence:   RELINT 

RETURN    

Description: RELINT may be called with interrupts on or off; it 

returns with interrupts on. If the interface is under 

logical control of the prograa, the control is 

relinquished to the systea. If the syttea already 

has control« nothing happens. 

• ■ 
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IWTQUE 

Purpose: To onter a control block onto tho Intorfoc« function Quouo. 

Calling soquenc«: (Intorrupt* off) 

(AC*addro«» of an ICS) 

inrrquE 

RETURN        

Dascription: On ratum, intomptt will ttltl bo off. Tha tacond word 

of tho Intorfaca Control Hock »hould he  «n Inttmctton 

to ba asacutad «ban tha control block It ready for operation. 

If tha operation started by the control block word two 

results In an op-canplat« Interrupt, the third word in the 

control block should bo an Instruction to be executed 

at op-coaplete tine. If the operation does not produce 

an op-conplote Interrupt* the IFQ processor oust be restarted 

by calling subroutine RELIKT. 

Upon return fron INTQUE, the function najr or aay 

not bo finished. Subroutine TCSTCI nust be called, 

with the control block as paraaater, to detemlne the status 

of tho operation. 



yniu 
Purpo««:    To tntctallM Ut«rf«c« hMilUt* 

tailing wquMc«:      Cintonvpt» off) 

MM 
tfTWN 

Uvtcnptton:    INTttl »«tt «p tlM UX8tt hM^Uag for laMrfoc« intorrupt». 

Mtt all «ttMCiM iiiumpt mmbw hmdlwt to tlM tofault 

CM« (by eilliag Ami), mi floor« tko IPQ of all roquoott. 

IMTUI I« calloi by UXSU routlao USCT «ad at LOCOSS 

laltlalitatloa tiao, to that It I« usually aot callod 

by u»«r prograa«. 
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LOOfQO 

PurpoM: To start • block traasfor by loading tho Intorfoco rogitton 

Md ttftuing tbo latorfoco Stort COSMIMI. 

Co 11 log MquMCo: (iatorrupts off) 

(AC«addr»ftfl of a four-word block) 

LOONGO 

RETURN       

Dotcriptioa: Thi*  rout la« oporatot and ratums with  tntorruptt- 

off bocaiM« It It callad at interrupt tia* by tba 1PQ 

procattor. Hi« four««ord block «ddrattod by th« AC 

ooataias data to b« loadod Into th« lnt«rfac« r«gl»t«n 

la tb« ardor: IMO Addrott. rOf-7 Addrost. Count. Md 

Status. Aftor UM rogistsrs h«v« b««n loadod, th« latarfsc« 

Start coaanad is issuod. Th« Status Ssgistsr Is loadad 

as givan, so that it is tha caller's raspenslbility to 

«nsum th« corroct setting of th« «nabl« bits for th« 

propor op-coapl«t« toraination. 



S.  EVALUATION AM) CONCUISION 

Our 9*p9Tfnct on th* lnt«rfsct hM hmm  lialt«d prlaarilx to 

d»\9lopmunt  of dt•gnostic routlno» ami noraol dovlco ■Mpport routii 

n»e hmrdwar« It Jiut no« bolng apwiod to g«»orol uoofo. Ih» oiporionc« 

of "novice" utort will doubt lot* offoct our ovoluotton of our witdou 

in developing this design • hopoftilly pooltivoljr. Our portonol 

eipertence hat boon very good, with tbo «acoption of soao Itouo ditcuosod 

later In this section. 

S.1 Design Variations 

Ttiero arc uany ways in wbieh tho currout doalgn could bo variod to 

suit specific roquiroMutt. Ha ahull brtofly skotcb a fow of tkoao. 

i.l.l General Praao Slto 

In uort general appllcatioua tbo offoctlvo word alto for oltkor 

or both couputers could bo undo aoro varlahlo. Couatdor two additional 

Fraae Site Registers • one controlling tho "word alto** of ooch coaputor. 

K Fraae Su« iegister would bo used in two waya. First, Its value would 

be used to reload the corroaponding Shift Counter     ooch tlao tho 

latter reaches sero. This provides the nocoaaary bit•counting. Second, 

Its value would be decoded and uaod to select tho point at which tho data 

is inserted Into the Data Register. Udo ochiovos tha rlght-Juatlf lent ion 

of the data at the destination couputer. figure S.I illuatrotos a 

possible nethod of constructing auch a 'Variable length** Data Register 

for two hypothetical couputers. 
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Of course, not all fraao coabiMtftoM nood bo providod. And tho 

insertion point could be located to give other the« right-justlficetion. 

S.1.2 Alternate Oat« Transfer Method 

Observe that the variable-length circular Data Register is necessary 

to achieve the Inverse of a given data transfer provided the conventional 

technique of starting a transfer at the beginning or lowest-nuribomd 

address of a block is used. An alternate organisation could use a 

linear Data Register capable of shifting in both directions and Address 

Registers that can count both up and down. The inverse of a given data 

transfer then bacenai a true (alnost) tine-reversed copy of the original 

transfer: the addresses start at the high and of a block and count down, 

and the shift direction is opposite the original. Of course, tho Count 

Register still counts down. 

S.l.S Constraints on Control Functions 

In sons applications it nay not bo desirable to pornit one nachlne 

to start a data transfer without tho other nachlne verifying the action. 

It would be a sinple natter to require a Start oonnand from both aachines 

to initiate transfer«. Many other interlocks are possible. 

S.1.4 Use with M>n4irecfN«ory*Accoss Machines 

The architecture of this interface is oriented toward nachines 

that provide the ability for an asternal device to access nsnory directly 

at an address of the device's choice. Rut for the 1W Systen MO nachines, 

for esaaple, and for nachines using virtual address schönes, such direct 

access is not possible. 

The 360 channel does not permit estemal devices to provide a physical 
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storag« addrvet or to inltUto • dot« tnosfor oporotion witkout ceopor» 

otion froo tho CPU in tho foro of • chomol prograa. In oddltion. tko 

logic of virouol addrottlng deot not pormit utor prognat ucott to phjrslcol 

pag* inforMtlon. 

In applicacionB «har« another oachin* It to bo comoctad to a oachln* 

Ilka a 160, tha concaptual function of tho Intarfaca can ba nalntalnad 

I        by naan« of a prograanlng convontlon «bleb would bava tba othar nacblna 

load tha Intarfaca raglstart witb logical addrattot and pratant an attantlon 

Incarrupt to tba S60, ««baraupon tha lattar could conttmct an appropnata 

channal prograa and Inltlata tba oparatlon. 

S.2 "if w had it to do ovar..." 

Iblt tact Ion dltcuttat wajrt In uhlcb tba Intarfaca could bava baon 

taprovad and/or nada tlaplar batad on hlndtlgbt. 

5.2.1 Unlforalty of Structur* 

Tha original goal of aoking tba intarfaca coaplataly progranaabla 

thould bar* boon followod aora clotaly; barduara dcUigglng would hava baan 

aatiar if itl^ bitt of tho ttatut raglttor could bava boon tat or claarad 

by prograa. An additional "diagnottlc" rogittar(contitting of all control 

flipoflopt not rapratantad in tba ttatut rogittar, would bava aldad hard* 

war» dabugging alto. Tha attantian codot thould bo balf-duplat patht Ilka 

tha othar ragittart. Errort thould not bo raportod at attantlon«, but 

ratbar at ending ttatut availabla with tba oparation-coaplat* Intampt. 

5.2.2 Siaultanalty of Control 

Our axparianca tuggottt that toaa tinpliflcation could ba achlavad 
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if th« r«quire,l*nt» for tiaultaiMous «ccfft» to xh» inttrfac« by th» two 

coaputvr« -ere relaxed. It it probably adäquat« to «xpoct tbo intorfac« 

to he Mixed before «nj^ control function is porforaod (oxcopt seise and 

perhaps attention). This «mild ease the tiaing constraints on soae functions 

and should permit «ore sharing of intorfac« logic b«tw«— th« r«sp«ctiv« 

coaputers. 

S.S Sunsuify 

An Interface has been provided b«t«««n an IM 1800 and a DK P0P-7 

that perntt« flexible and interactive prograaaing. It provides block 

transfors of data at high speeds in either of two aodes: on a word-for-uord 

basis, or using a pack-unpack arrangoamt to coapensat« for the diff«r«nc« 

In asaory «ord lengths. Control r«gist«rs ar« accassibl« to both coaputers, 

allowing the Interface to be Initialised by either cooputer acting alone 

or by both cooperatively. A conflict resolution circuit peraits either 

coeputer to seise logical control of the interface asynchronously and 

unaablguously. 



I 
I 
I 

I 
I 
1 
I 
! 

I 
I 
I 
I 

99 

BJBLIOGRAPHY 

Brender( Ronald F. "A Progruaing System for the Simulation of Cellular 
Spaces," Ph.D. Dissertation, The University of Michigan, 1969. 

Brender, Ronald F. and Foy, J.L., Jr. "Flexible High-Speed Interface 
Between IBM 1800 and DEC PDP-7 Computers," Technical Report 12, 
Concomp Project, The University of Michigan, Ann Arbor, October, 1968. 

Digital Equipment Corp. Interface and Installation Manual,  DEC Publication 
F-78A. 

. PDP-7 Ueere Handbook»    DEC Publication F-7S. 

Frantz, u.R.; Brender, R.F.; and Foy, J.L.,Jr. "L0C0SS: A Multiprogramming 
Monitor for the POP-7," Technical Report 10, Concomp Project, The 
University of Michigan, Ann ARbor, November 1968. 

International Business Machines Corp. IBM 1800 Punotional Charaoterietioa, 
IBM Publication A26-5918. 

, JBW 1801 and ISOk Prooeeeor-Controllere Original Equipment Manuj'aoturere' 
Information,    IBM publication A26-3591. 



100 

APPENDIX A:  INTERFACE CONTROL PANEL 

The Interface Control Panel consists of indicators, toggle switches, 

rotary switches, and momentary-contact switches. Each of these is labeled 

with a letter in the schematic diagram (Figure A.l) and described below. 

Indicator Displays (a - i, p) 

a. 34-bit Shift Register 
i 

b. 16-bit 1800 Address Register 

c. 16-bit POP-7 Address Register 

d. 16-bit Unit Count Register 

e. 5-bit B Shift Counter 

f. 5-bit A Shift Counter 

g. 16-bit Buffer Registers, selected by switch j. 

jl: 1800-Interface Data Buffer 
j2: PDP7-Interface Data Buffer 
j3: Interface-PDP? Data Buffer 
j4: Interface-1800 Data Buffer 
j5: 1800 Connand Buffer 

h. 8-bit Control Flip-flops, selected by switch k. 

kl: 1. PDF-7 Instruction (PDP7-I) FF. 
2. not used 
3. PDP7 US  PENDING FF 

4-8. PDP7 Period Counter 0-4 

k2: 1. 1800 Instruction (1800-1) FF 
2-4. not used 

5. 1800 T8S PENDING FF 
6-8. 1800 Period Counter 0-2 

k3:  1. PDP7 ILLEGAL WRITE FF 
2. 1800 ILLEGAL WRITE FF 
3. PARITY ERROR FF 
4. STOR PROT VIOLATION FF 
5. PDP7 BRK REQ FF 
6. 1800 CS REQ FF 
7. HALT PENDING FF 
8. GO FF 
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i. 11-bit Status Register, 5-bit 1800 Attention Code Register 

i'. 5-bit PDP-7 Attention Code Register 

p. Power-on pilot lamp 

I 
Rotary Switches (j-k) 

I j. 5-positioK Buffer Register display selector 

k. 3-position Control Flip-flops display selector 

Toggle Switches (l-o) 

1. Enable/Disable PDP-7 

m. Enable/Disable 1800 

n. Clock switch - Run/Single-step 

o. Power switch - On/Off 

Momentary-Contact Switches (q-r) 

q. Clock pulser - Start/Step 

r. Interface reset 

Notes: 

Switches 1 and m, in the Disable position, prevent the corresponding 

computer from accessing the Interface and prevent the Interface from interrupting 

the computer. Block-transfers (if initiated by the other computer) are not 

inhibited. 

With switch n in the Single-step position, each depression of the 

clock pulser, switch q, causes the Interface basic clock to advance one 

step (i.e., causes one transition of the PHASE flip-flop). 
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Settings for normal operationsare: 

l,m - Enable 

n - Run 

o - On 

Power-on procedure: 

1. Turn POWER (switch o) on. 

2. Press RESET (switch r) 

3. Press START (switch q) 

The PDP-7 and 1800 should both be stopped while Interface power is 

being turned on. 



I 

j.»yi!uit,jiim.j.>aiiiiuj. MtuMntmmm 

10S 

(a) DATA 

I 
(b) (d) 

.. 

(c) B (e)  B A  (f) 

SHIFT COUNTERS 
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DISABLE 
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RESET 

(i) ATTN 

(i1) 

1800 

PDP-7 

Figure A.l Interface Control Panel 
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Appendix B: Co—■nd Suaaari«» 

1.  1800 Connands 

The 1800 issues cosawnds to the Interface by exe- 

cuting the Execute I/O (XIO) instruction, which refers 

to a two-word I/O Control Cosnsnd (IOCC). The left- 

hand word of the IOCC contains the address of a aasory 

location to be used in a Read or Write function; on 

all other operations concerning the Interface» the left- 

hand word is ignored. The right-hand word is broken 

into three sections, as follows: 

Area (bits 0-4)    - contains a unique code for each 

device on the system Interface 

code is 10100. 

Function (bits 5-7) - specifies type of operation! 

functions  relevant to the Inter- 

face are Read, Sense, Write, Con- 

trol, Sense Interrupt Level. 

Modifier (bits 8-15)- further specifies certain functions, 

e.g., which register is desired 

during a Sense. 

IOCC Format for Interface Commands 

Word, 0   X Word 1 

Data Addressll 0 1 0 0|F F F|A B C D W X Y Z 

15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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FTP - function cod« 

001 - WRITE 

010 - READ 

Oil ■ SUMSE INTERRUPT LEVEL 

100 - CONTROL 

111 » SENSE 

ABCO - c«qiet«r-s«l«Ct for READ, WRITE, SENSE 

1000 - 1800 Address Rsgistsr 

0100 - PDP-7 Addrsss Rsgistsr 

0010 - Unit Count Rsgistsr 

0001 - Status REgistsr 

Note - nor« than one register aay be selected at the 

sane tine. This is reasonable only for WRITE} for 

READ or SENSE, the selected registers would be OR'ed 

together. 

WXYZ - function sub-select 

a) WRITE (FFP • 001) 

1000 - Clear Attention Code  (to PDP-7) 

0100 ■ Bit Reset  (Status Register only) 

0010 - Bit set  (selected register(s)) 

0001 « Clear   (selected register(s)) 

Any or all of the above bits may be on sinultanaously. 

b) SENSE (FFF - 111) 

0100 « Perforn Test it Set 

0010 - Set "Pending" flip-flop 

(Regular Test k  Set is 0100; Test 6 Set (Pending) is 0110.) 



C)  CONTROL (PPP - 100) 

0100 - Start block-transfers 

0010 • Halt block-transfsr 

0001 ■ Blast - Zntsrfacs rssst 

Note:  the function WRITS (PPP - 001) is not ths 

sane as the comand •Write". Several diffsrsnt eoaaands 

have a function of WRITE (PPP - 001) but diffsrsnt nodi- 

fiers (ABCDWXYZ): aaong thsss srs Clssr Attsntion Cods, 

Reset Status, Set Status, Writs (rsgistsr), and Clssr 

(register). The comand Writs has WXYZ - 0011, i.s., 

both Clear and Set ars selected. 

2.  POP-7 Commands 

The PDP-7 issuss cooautnds to ths Intsrfscs by exe- 

cuting IOT instructions. An IOT instruction is broksn 

into five fieldu as follows: 

Operation code (bits 0-3) 

- 1110 for IOT 

Device selection (bits 6-11) 

- contains a unique code for each device on the 

system; Interface code is 5X (octal), where X 

is any octal digit.  (X is ussd for further 

specification of Intsrfscs commands.) 

Sub-device selection (bits 4-5, 12-13) 

- available for further specification of device 

functions 
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CUar «ccuBuiator (bit 14) 

- if s«t, c«us«s th« «ccuaulator to b« cl««r«d 

(preparatory to racaxpt of data fro« th« davxe«) 

XOP selection (bits 15-17) 

- each bit, if set, causes a pulse to be eaitted 

on a corresponding control line to the devicei 

these bits are used by the Interface, but the 

corresponding pulses are ignored. 

IOT Format for Interface Coonands 

|111|0    W.Q|I     0     1 I R    A    Bj C    D. 8 I X    Y     X 

0    1    2    3     4     5    6    7     8    9  10  11  12  13 14  15  16  17 

0 - command class 

1 ■ control 

0 - read/write 

R - conmand subclass 

1 ■ write 

0 ■ read 

S - cliar accumulator 

1 - clear accumulator; normally set with Read 

0 « do not clear accumulator 

ABCD - register selection for Read, Write 

1000 ■ 1800 Address Register 

0100 - PDP-7 Address Register 

0010 ■ Unit Count Register 

0001 ■ Status Register 



10t 

Not« - mof  than on« r«gi«t«r aay b« •«l«ct«d at UM 

««■« time.    Thi« is r««son«bl« only for Writ«! for 

Read, th« selected r«9isters would b« OMbd tog«th«c. 

ABCO - function sub-selection for Control 

1000 - Skip on Op-CoMpl«t« 

0100 ■ Skip on Att«ntion 

0010 - S«t "pending" flip-flop 

0001 • P«rfom T«st k  S«t 

(Regular Test 4 S«t is 0001} T«st 4 S«t (P«nding) 

is 0011.) . 

w - function sub-selection for Mrit« 

1 ■ clear att«ntion cod« to 1800 
■ 

0 ■ do not clear attention cod« 

XYZ - function sub-selection 

a) Write (QR - 01) 

100 - Bit Reset (Status R«gist«r only) 

010 - Bit set (selected register(s)) 

001 - Clear (selected register (s)) 

(Any of WXTZ may be on at once.) 

b) Control (QR - 10) 

100 « Start block-transfer 

010 ■ Blast-Interface reset 

001 ■ Halt block-transfer 

i 

' 
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HOP Co—nd List Uxght-hADd words of ZOCC's) 

Por brevity, th« following abbreviations will b« 

ussdt 

A - 1800 Address Register 

B - PDP-7 Address Register 

C - Unit Count Register 

O - Status Register 

Coonand 

Read A 

Read B 

Read C 

Read D 

Sense A 

Sense B 

Sense C 

Sense D 

Write A 

Write B 

Write C 

Write D 

Clear A 

Clear B 

Clear C 

Clear D 

Set D 

Reset D 

IOCC (hex) 

A280 

A240 

A220 

A210 

A780 

A740 

A720 

A710 

A183 

A143 

A123 

A113 

A181 

A141 

A121 

Alll 

A112 

Al 14 

(« Clear & Set) 

m 

m 

m 
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Writ« Attention Cod« A11A   (- Cloar Attention Codo 
♦ Sot D) 

Clear Attention Code AXIS 

Test 4 Set A714 

Test 4 Set (Pending) A716 

Blest A401 

Start A404 

Halt A402 

Sense Interrupt Level 0300 
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PDP"7 Co—nd List   (ZOT*s) 

For brevity, the following abbreviations will be 

used: 

A - 1800 Address Register 

B - PDP-7 Address Register 

C - Unit Count Register 

D - Status Register 

Comnand IOT (octal) 

Read A 705210 

Read B 705110 

Read C 705050 

Read D 705030 

Write A 705603 (■ Clear t Set) 

Write B 705503 ■       m 

Write C 705443 m                 m 

Write D . 705423 m                 m 

Clear A 705601 

Clear B 705501 

Clear C 705441 

Clear 0 705421 

Set D 705422 

Reset D 705424 

Write Attention 

Clear Attention 

Code 

Code 

725422 

725420 

(■ Clear Attention 
Code ♦ Set D) 

Test t Set 715020 

Test ft Set (Pending) 715060 

Blast 715002 

Start 715004 

Halt 715001 

Skip on Attention 715100 

GV 4 «%  #M*  A^aw/^^W»^ 1 *"**■« inr ^AA 
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APPENDIX C:    DIMaOSnC TEST PBOGRAMS 

C. 1    1800   Test Prograro» 

C. LI     Introduction 

The 1800 Interface Test Program consists of three 

major sections in addition to initialization and error- 

reporting.    These sections correspond to their counter- 

parts on the PDP-7: 

A. Control functions tests 

B. Cooperative tests 

C. Block-transfer tests 

The program is named ITEST, and normally resides 

in the relocatable program area of the 1800 disk. The 

usual TSX control cards required for execution of the 

program are as follows: 

// JOB 

// XEQ ITEST 

*CCEND 

The desired tests are selected by means of the 

SENSE/PROGRAM and DATA ENTRY switches on the 1800 con- 

sole.  When the program is loaded it types "READY", then 

pauses to allow the operator time to set the switches. 

Execution resumes when the operator presses the console 

START button. 

It is assumed that the operator has an assembly 

listing of ITEST at hand while running these tests. 

Switch options are specified by comments on the first 

pages of the listing, and interpretation of error messages 
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requires reference to the program text in the body of the listing. 

C.1.2 Error Reporting 

Error messages in sections A and B have the format 

XXXX  YYYY  ZZZZ 

where XXXX is the address from which the error subroutine 

was called (relative to the program origin). 

YYYY is the contents of the accumulator when the 

error subroutine was called; this is usually 

the value in error. 

ZZZZ is the value of the "current comparand"; 

this is usually the value that should have 

been in the accumulator. 

Since the error routine returns normally to the 

point from which it was called after printing the error 

message (and possibly pausing, depending on switch set- 

tings) ,  the test that was in progress will be continued. 

In certain cases this will lead to further error messages 

which are actually spurious, resulting from the initial 

error.  Standard procedure when this happens is to set 

the switches to suppress error-printing until things 

re-synchronize, possibly stopping and re-selecting the 

test. 

The section C tests are all of one type, in which 

a data table is generated, written into the PDP-7, read 

back into another table, and compared with the original 
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C.1.3 Section A Tests - Registers and Control Functions 

(Sense switch 0) 

1.  Blast Test    (Data Switch 4) 

An all-one's constant (FFPF16) is written into all 

four registers. The Status Register is then read and 

compared with a mask to see that only those bits which 

are supposed to be program-settable were in fact set. 

1 

J 

i 

table. Therefore this section has really only one error 

message, and its format is 

AAAA  BBBB  CCCC  DDDD  EEEE  FF 

where 

AAAA is what should have been received; 

BBBB is what was received; 

CCCC is the offset, from the beginning of the 

data table, of the erroneous word; 

DDDD is the exclusive-or of AAAA and BBBB (to 

aid in recognition of failing bits); 

EEEE is the total number of erroneous words in 

the table; 

FF   is "16" or "18", depending on whether the 

mode of transmission was 16/16 or 18/16, 

respectively. 

Note that if more than a single error occurs, only the 

first is logged out in detail; the others are simply 

counted. 

! 

I 
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A Blast command is issued; and all four registers read 

to be sure they were set to zero by the Blast. 

2. Attention-Interrupt Test    (Data Switch 5) 

This test sets the Attention 1800 bit (bit 1 of 

the Status Register), then verifies that an interrupt 

is received on level one (an interrupt on any other level 

will be trapped; see Section C.1.6). A Sense Interrupt Level 

command verifies that the proper bit (4000,,-) of the 

Interrupt Level Status Word is generated.       The 

I Status Register is tested to be sure the proper bit is 

still on; then it is reset, and the reset verified. 

Then the 1800*s interrupt priority circuits are reset; 

a spurious interrupt from the Interface would cause a 

trap at this point. 

3. "Test & Set" Test    (Data Switch 6) 

This test checks the immediate form of the Test & 

Set command.  (Note:  a complete test of this command 

requires cooperation from the PDP-7; see Section C. 3.) 

Test & Set command is issued and verified, then is issued 

redundantly and verified again.  The 1800 resolution bit 

is reset via the Reset Status command, and verified. 

4. 'Test & Set (Pending)" Test    (Data Switch 7) 

This test checks the pending form of the Test & Set 

command.  (As above, a complete test requires coopera- 

tion from the PDP-7; see Section C.3). A Test & Set (Pending) 

command is issued and reception of the resulting 

— 

l 

I 



116 

interrupt is verified. A Sense Interrupt Level command 

verifies that the proper bit (2000,,) of the Interrupt 

Level Status Word is generated*       The Status Regis- 

ter is tested to be sure the Op-Complete (bit 0), Enable 

1800 (bit 3), and 1800 Resolution (bit 5) bits are all 

on.  A redundant Test & Set (Pending) is issued, and a 

check made to see that the above three bits are still 

on.  Next the test resets the Enable 1800 bit, verifies 

this, and resets the 1800^ interrupt priority circuits; 

absence of a spurious-interrupt trap (see Section C.1.6) at this 

point verifies the Enable function.  Finally the Op-Com- 

plete and 1800 Resolution bits are reset and verified. 

5.  Registers Tests    (Data Switch 11) 

Each register is written with a test bit pattern, 

then read back and verified.  The test patterns are 

different for each register, and are kept in variables 

named CPU@A, CPU@B, CPUQC, and CPU@D.  On each cycle 

the register is read to be sure the previous pattern 

is still present; then the pattern is incremented by 

a quantity constant but different for each register. 

The new pattern is written into the register, then read 

back using both Read and Sense commands.  Any discrep- 

ancies are reported.  The above procedure is carried 

out on each of the other registers in turn, then the 

whole process is repeated. 
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The Status-Register test masks the test pattern to 

include only the controllable bits of that register; 

additionally, it tests the bit-set and bit-reset func- 

tions. 

Any register(s) may be omitted from the test loop 

by switch selection. 

C.1.4 Section B - Cooperative Tests    (Sense switch 1) 

This section consists of three tests which check 

the Attention Code and Resolution circuits more thor- 

oughly than is possible from either machine separately. 

The tests may be run one at a time under manual selection 

(Data switches 4, 5, and 6 for the Attention Code, Test 

& Set, and Test & Set (Pending) tests, respectively), 

or they may be run under direction of the PDP-7 test 

program in auto-sequence mode (Data switch 15). See 

Section C.3 for further details. 

I 

C.l.5 Section C - Block Transfer Tests  (Sense switch 2) 

Tests in this settion are all of the same basic 

type: a table of data is generated, written into PDP-7 

memory, read back into a different region of 1800 memory, 

and compared with the original table. The write-read- 

compare cycle is performed a fixed number of times, then 

the table is regenerated and the whole process repeated. 

The operator, by switch setting, selects the type of 

data table to be generated, and also certain options. 

The table types and options are as follows. 
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1. Fixed tables 

The table size and starting addresses in each 

machine are fixed (assembly parameters of ITEST), 

and the table is filled with the constant AAAA,g 

(Data switches 5 and 6 off), FFFP^6 (Data switch 5 

on, 6 off), or 0 (Data switch 5 off, 6 on).  The 

alternate ones and zeros  (AAAA,,) are considered to 

to be a worst-case test of the Interface Data Regis- 

ter's serial reliability, while the all-ones (FFFF,,) 

and all-zeros (0) are a test for bits picked up or 

dropped during parallel tranfers. Each table is 

2048,0 words in length. 

2. Random Tables 

Within constraints established by assembly para- 

meters, the table sizes and starting addresses in both 

machines are varied randomly. The initial data table 

is also generated randomly (the distribution is uni- 

form over 0 to 2 -1), and is regenerated from a new 

random sequence after every 16th write-read-compare 

cycle.  The table size and starting addresses are 

varied every time the table is regenerated.  This 

random test (Data switch 7 on) is considered the most 

stringent overall test of the Interface block-transfer 

functions. 

3. Options 

Data switch 4 controls the mode:  if off, the above 
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tests are performed in the 16/16 mode; if on, in the 

18/16 mode. 

Data switch 8 selects testing of the Halt command; 

if on, each block transfer is interrupted by a Halt 

issued at a randomly chosan point in the transfer. The 

Interface registers are logged out, a Blast is issued, 

the registers are reloaded, and a Start is given.  If 

everything works, this interruption is transparent to 

the "higher level" portions of the test program; if 

not, block transfer "data errors" will appear. 

The "hardware fault" circuits test is selected by 

Data switch 9. Hardware faults are parity and storage- 

protect errors; attempted modification of the Address or 

Count Registers during a block transfer is also included 

in this category. This test attempts to alter illegally 

the Address and Count Registers, verifies that the "hard- 

ware fault" attentions are generated, then clears them. 

The data transfer should remain unaffected; if not, 

errors will appear during the data table comparisons. 

In addition, a location in the receiving data table is 

store-protected; detection of this condition by the 

Interface is verified, after which the store-protection 

is removed and the aborted transfer restarted from the 

beginning.  Parity errors cannot be forced by program 

control, and hence cannot be checked by ITEST. 
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N.B.:  This option should not be selected jointly 

with the random test, since it makes assumptions about 

the length of the data tables which are valid only 

during the fixed-tables tests.  This test should also 

not be jointly selected with the Halt test. 

In selecting options for the block transfer tests, 

the operator  should be aware that the test program ex- 

amines the switches only at table-regeneration time— 

once every 16 write-read-compare cycles.  Thus the 

effect of a new switch setting may be delayed nearly 

two seconds. 

C.1.6 Initialization - All Sections 

The system mask register is set to FB'FF,g to 

force the TSX I/O subroutines to run on indicators 

instead of intarupts.  The timer(C) is stopped to 

prevent timer interrupts from occurring. The inter- 

rupt vector in low core (locations OOOA,, through 

0015,g) is saved and replaced with pointers to a set 

of spurious-interrupt handlers; thus any unexpected 

interrupts will cause error message(s).  After typing 

"READY", the program waits for the last typewriter 

interrupt to occur and clears it; if this were not 

done, a "spurious interrupt" would appear on level 

zero. 

Upon exit (Data switch 0 on), the program restores 
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the system mask register and interrupt vector.  The 

clock, although probably in error, is restarted.  Re- 

turn to TSX is via CALL EXIT. 

I 
I 

Summary of Switch Settings for 1800 Interface Test Program 

A. Control Functions Tests 

Blast test 

Attention-interrupt test 

Test & Set test 

Test & Set (Pending) test 

Registers test 

Omit 1800 Address Register 

Omit PDP7 Address Register 

Omit Unit Count    " 

Omit Status       " 

B. Cooperative Tests 

Attention-code test 

Test & Set test 

Test & Set (Pending) test 

Auto-sequence mode 

C. Block-Transfer tests 

18/16 mode 

All I's data table 

All O's data table 

Random table 

Sense switch 0 

Data switch 4 

■I H 5 

H H 6 

ii n 7 

n n 11 

n II 12 

H ■I 13 

II it 14 

n II 15 

Sense switch 1 

Data switch 4 

H n 5 

n II 6 

n n 15 

Sense switch 2 

Data switch 4 

H n 5 

H II 6 

n n 7 
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Include "Halt" test 

Include "hardware-fault" test 

Stop after "Halt" 

For all tests: 

Exit test program 

Stop cm error 

Suppress error messages 

IVpe "X" (off), nothing (on) 

(Switch 3 is effective only if 

2 is on) 

Force end of current timeout 

Data switch 

Data switch 

8 

9 

10 

0 

1 

2 

3 

. 

Program «witch 

j 
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C.2 PDP-7 Test Program 

The POP-7/Interface Diagnostic program is divided into five sections: 

1) Symbol definitions, service routines, and initial 
command sequences, 

2) General registers tests (Section A), 

3) Cooperative (Section B) tests, 

4) Data-Break (Section C) tests, 

5) Error reporting and miscellaneous routines. 

In general, the register tests involve those functions that can be 

tested from the PDP-7 independently of the 1800. The cooperative tests 

involve those functions which require the active cooperation of both 

1800 and PDP-7 to test. The block data tests involve the cycle-steal 

and halt tests. 

Sections A, B, and C are completely independent of each other so 

that a special purpose test may be made be assembling the first and last 

parts together with the desired test section. 

This diagnostic uses the routines PROGT, PRDEC, and ASCOUT of L0C0SS 

for I/O conversion. Special device routines have been substituted for 

KBDA and TPRA which run with interrupts off and use only the device 

flags. A completely self-contained diagnostic could be provided by including 

copies of the PRDEC, PROCT, and ASCOUT routines with the service routines 

of the first section in a manner similar to that used for KBDA and TPRA. 

Errors are reported as three octal numbers, as follows: the first 

is the address of the point where the error was detected. This address 

I 
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may he used to look into the program listing to identify the particular 

error and the context in which it occurred. The second number is the 

contents of the accumulator at the time of the error call. This is almost 

always the value that is in error. The third number (usually) is the 

expected value that should have been in the accumulator. From 

examination of the program listing the actual error will hopefully be 

determined. 

After the test program is loaded and started, it asks the operator 

which of the three groups, called A, B, and C respectively, is to be 

used. Then the operator may obtain a summary of the switch assignments 

for selecting the individual tests to be used. 

To facilitate locating the appropriate section of program from the 

address of an error report, each call to the error-reporting routine 

has been given a program label. The first two letters of the label are 

"ER". The next letter is "A", "B", or "Cu to identify the group of tests. 

The next letter is a numeral giving the number of the test within each 

group. Next follows a period ".". The sixth letter is a numeral giving 

the position of the error call within the test. For example, if the 

typed-out location of an error corresponded to label "ERAl.l", then one 

would know that the error was the first error check in the first test 

in the register group of tests. This label may quickly be found in 

the listings to find the probable cause of the error. 

The fo lowing subsections will discuss the various diagnostics 

tests in detail. This summary of intended function may be useful in 

understanding the program listings and interpreting the significance 

. 
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of error type-outs. Where program labels are used in the text they 

are enclosed in parentheses, e.g., (ERA1.1). 

C.2.1 Section A - General Register Exercises 

Section A consists of five tests. These are selected by switches 

6 through 9 and 13. 

Switch 6 - Blast Test - (Al). All ones are written into all four 

registers of the Interface. Not all bits of the STATUS register are 

writable. The first test reads the STATUS and checks that all and only 

settable bits are ones. Next a BLAST command is given to clear all bits 

of the interface. Each register is read and compared in turn with zero 

to verify. 

Switch 13 - Registers Test - (A2).  All four registers are 

written with a sequence of bit patterns to test the ability to write and 

re-read the contents of any register independent of any other register. 

The four memory locations (OLDXA), (OLDXB), (OLDXC), and (OLDXD) contain 

the expected contents of the respective registers. Working with each 

register in turn, the register is read and compared to verify that the 

old value is still present. Next a new value is written and immediately 

read back to verify that it was properly written. 

The bit pattern to be used is systematically varied across the 

four registers. The base pattern is used with register A. This is then 

complemented and used with B. Adding one gives the twos complement 

to be used with C. This is further complemented, and masked to settable 

bits only, for use with D. Next the base pattern is incremented and 

the cycle repeated. 

- • 

I 
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Any or all of the registers may be excluded from this test using 

switches i4 through 17 (corresponding to A through D). Switch 14 up, 

for example, leaves the A register untouched by this test. Using a 

similar selection capability on the 1800, it is possible for one machine 

to exercise some of the registers and the other machine to exercise 

the remaining ones. \s  long as the same register is not simultaneously 

selected by both machines, the tests should proceed without interfering 

with each other. 

Note: Testing register D with this test will cause interrupts 

at the 1800. 

Switch 7_ -  Attention Flag Tests - (A3). The PDP-7 sets its own 

attention flag in the status register and skips on it. A check is also 

made that the "skip on operation complete" does not also occur. Next 

the flag is cleared and failure to skip with it cleared is verified. 

Interrupts are set up and the attention flag turned on again. 

This should cause a trap through location one, after which the skip is 

checked once more. After clearing the flag, interrupts are turned 

on yet once more to verify that no further traps occur. 

Switch 8i - Test j[ Set Function - (A4). The Test 8 Set function is 

executed. Since the 1800 has not seized the interface, the instruction 

should skip. Status is read to verify the appropriate seize bit is set. 

A second seize instruction while the bit is set should not skip. The 

bit is then cleared and this verified. 

Switch £ - Test Ü Set Pending Form with Interrupt - (AS). Interrupt 

handling is established, then the pending Test § Set issued. This should 

cause an immediate interrupt. This form also sets the operation-complete 
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uid enable interrupt to PDP-7 bits in the Status register. This 

is checked. The operation complete skip is verified. Then the 

interrupt enable is cleared and the skip and lack of interrupt verified. 

The rest of the status is cleared one bit at a time and the expected 

states verified at each step. 

C.2.2 Section C - Block Transfer Tests 

Section C consists of tests of the data-break or block transfer 

capabilities of the Interface. These require only that the 1800 be 

cycling (or in WAIT state). Test Cl may be run simultaneously and inde- 

pendently with data-break tests running on the 1800 side. This provides 

a thorough exercise of nearly all interface functions under heavy load 

conditions. 

Switch 6^ - Basic Block Test - (Cl).  This test uses only the 16/16 

mode transfer of a small block of core. It is also called as a subroutine 

by other tests. For reasons too muddy to explain, it is entered at 

label TSTC.9 when called directly and at label TSTC.l when called as 

a subroutine. 

A block A7 of SIZE words is written into 1800 core at location 

A18A. This same block is then read back into a second PDP-7 area (A7A) 

and compared against the original data for errors. Next a known pattern 

of words with exactly one one in each word is written into the same 1800 

area as before. This alternation of data patterns insures that a failure 

to transfer will not appear to succeed because of data left from the 

previous try. 

Each of the parameters SIZE (initially 20g) and A18A (initially 
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37760g) may be modified. All uses of these parameters use dynamically 

computed values so that they may even be changed at run time. The 

restrictions are these: SIZE may not exceed 20g and must be at least 

2. Test C2 will require that SIZE be at least 7. A18A must not be such 

that the block written into 1800 core will store into the area where 

the 1800 is executing. In addition, contents of the test pattern in 

A7 may be changed. The initial values alternate between most«,, ones and 

mostly zeros in successive words. Other sequences may be desirable. 

Changes to SIZE or A7A are conveniently performed by DDT or L0C0SS. 

Locations must be determined from the symbol table. 

Switch 2 - Edge Tests - (C2).  This verifies that the block transfer 

is starting and stopping at the desired locations. 

First the word after the end of the second PDP-7 data area A7A is 

marked with a known value. Test Cl is called, and on conclusion the 

stored value checked to verify that no more than the intended number 

of words were read back into A7A. 

Next a two-word block is written into the midst of the data left 

in the 1800 by the call on test Cl. This same block is read back and 

the words immediately before and after the return block are checked for 

no change. Then four words are read back from the 1800 including the 

original two in the middle. This permits the PDP-7 to verify that the 

original transfer involved only the desired number of words. 

The call on test Cl uses the alternate entry TSTC.l which results 

in no error type-outs from test Cl itself. Only errors detected in test 

C2 will be typed by this test. 

. 

. 
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Note that the requirement that SIZE be at least 7 is checked by the 

test on entry. 

Switch 8 -  General Data-Break Tests - (C3).  This test is intended 

to exercise the Interface under conditions somewhat like those that might 

be found in actual applications. The test consists of two sections: a 

calling program that sets up the parameters of a given test, and a general 

subroutine for carrying out a test. 

A test is specified by giving four parameters: the frame size conditions 

and number of blocks for the transfer over, and those for the transfer 

back. The calling program accesses a series of four-word sets which 

specify these parameters and uses them to call the general tester. The 

only constraint on these control words is that the number of words written 

into the 1800 must not be less than the number read for correct results. 

This is not checked by the called routine. 

The general subroutine (TSTGEN) uses the four parameters to calculate 

the remaining parameters of the test. Then a block of randomly generated 

numbers of the desired length is conputed. This block is transmitted to 

the 1800 using the given frame conditions. Next the PDP-7 computes an 

image of the core of the 1800 as it should look after this transfer, by 

doing a full simulation of the interface behavior. The data in the 

1800 is then read back in 16/16 frame mode and compared to the anticipated 

values. Next the data is read back in the original frame conditions which 

should return it to its original word and bit pattern. This is also compared 

with the original pattern to verify correct operation. 
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Switch 9  - Peraute 1800 Base Address - (C4). This is not really a 

test but rather a routine to vary the 1800 address parameter A18A used 

to cycle through the 1800 address space. The assumption is made that 

locations 0 and 1 of 1800 menory are to be avoided. These locations 

would normally contain a BSC L /0000 or possibly simply a WAIT in 

location 0. 

Switch 10 - Data Table Shift Test - (C5). This curious diagnostic 

grew out of a real hardware debugging problem. Dn certain occasions 

it appeared that a block of data would be transferred correctly in all 

respects except that the entire block would be moved up or down a small 

number of words in memory. This test seeks to identify such a fault 

and print out the number of words by which the block shifted (rather 

than give an entire table of error messages such as test Cl would give.) 

Test Cl is called at its alternate entry TSTC.l. Then the middle 

word of the transferred block (computed dynamically from SIZE) is sought 

in the returned block A7A. If found in the correct location the test 

is over. If found elsewhere, a comment is given telling the offset 

relative to where it should have been. The message "SHIFT BY 2" might 

mean, for example, the data was read into the 1800 two locations too 

high or back into the PDP-7 two locations too high.  (Or even one too 

high in each direction.) The cases are best distinguished by halting 

after this type-out and examining 1800 core. If the desired data item 

cannot even be found in the expected area the message "SHIFT OUT OF 

BOUNDS" is given. 

. 
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Switch 11 - Simple Foraatting.  Errors in Section C will often result 

in aore than one line of type-out. When errors fro« successive cycles 

through the selection loop are typed one after the other, it aay be 

difficult to separate whether a given error type-out occurred on the 

same pass or on a later pass of the selection loop. To resolve this 

problem, switch 11 may be selected. This causes an extra carriage return 

to be typed after each time through the selection loop which resulted 

in an error. Thus errors on the same pass are grouped together and errors 

on successive passes are separated. This option is recommended as the 

normal case with Section C tests. 

Block Transfer Conventions - (CX). A single block transfer subroutine 

is used to initiate and complete all data break transfers. The Interface 

is seized using Test § Set (Pending). Then the appropriate initial 

register values are obtained from the calling sequence and loaded into 

the Interface registers. Next there are two possible courses of action: 

normal case and Halt variation. In the normal case, the Interface is 

given a Start command to initiate the data transfer. The transfer is con- 

sidered done when the Count Register goes to zero, after which the SKPOPC 

(skip on operation complete) is tested. Next the final state of the 

registers is saved for possible use by the calling routines and the 

Status Register is cleared (in particular, bit 6 is cleared.) 

If the Halt test is specified (indirectly by switch 12), a random 

delay proportional to the length of the data transfer is set up to 

begin with the issuance of the Start command. At the end of the delay, 

an Interface Halt is given. After waiting for the physical halt, the 

registers are saved. If switch 13 is up the program halts to permit 
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visual exanination of the interface registers. Next a Blast completely 

resets the Interface, the four registers are reloaded and the Interface 

restarted. Control passes to the normal termination procedure. 

: 
Because a Blast is given and the Interface is not re-seized when £ 

testing the Halt, this variation cannot be used with the 1800 siaultaneously 

running data break tests. 

Note that the Halt test is selected independently of the other tests 

and "underneath" them, as it were. Thus any errors in the Halt and 

restart procedure are detected as data errors by the higher-level tests. 

(Recall that such a Halt and restart sequence is supposed to be 

"transparent" to any on-going data transfers.) 

i 

1 

i 

I 

.. 

C.3 Section B - Cooperative Tests 

The most complex group of tests is the cooperative. To carry out 

these tests requires the active participation of both machines. 

Ihese tests may be used in either of two modes: auto-sequencing 

and nonauto-sequencing. In the nonauto-sequencing mode, the test to 

be performed is selected by switches on each computer. Then the two 

tests are started simultaneously (actually 1800 first). Only one test 

may be selected and it will continue indefinitely. If any error is detected 

by either machine it will probably be necessary to restart the test manually. 

After describing the individual tests, the auto-sequence mode will be 

described. (Nrte that certain register tests and block-transfer tests 

can also be performed simultaneously by both computers; see C.2.1 and 1 

C.2.2.) j 

There are five tests in this group selected by switches 6 through 10. 

Switch P down indicates nonauto-sequence mode. | 

J 
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To describe these tests, the behavior of each aachine will be 

alternately described. These tests are constructed so that each action 

by one aachine is used as the cue for the other aachine to proceed. 

Thus, failure of any response will eventually be caught by a time-out 

at each step in the opposite machine. Farther, these tests are 

symmetric with respect to the two CPU's. 

Switch 6 - Cycle All Attention Codes - (Bl). This tests the ability 

to write and read all 32 values of the attention code portion of Status. 

PDP-7: Zero control variable. 

(TIL)   PDP-7: Write into attention register and set attention to 

1800. 

1800:  Read attention code and compare with expected 

value. Echo complement of expected value and 

clear own attention bit. Set interrupt to PDP-7. 

PDP-7: Read code and compare with expected value. 

Increment control variable and set into own 

attention code. Clear own attention bit. Go 

to (TIL). 

Switch 8 - Test £ Set Iwediate - (B3). This sequence tests the 

ability of the Test 5 Set command to resolve seize attempts with and 

without the Interface previously seized. 

(T3L)   PDP-7: Attempt Test & Set with the Interface clear. Read 

Status to verify that it worked. 

1800:  1800 sees TSET7 bit and attempts its own Test § Set. 

With PDP-7 in control, this should not work. Read 

Status to verify. Then clear TSET7 and immediately 

do Test I Set. This time it should work. Verify. 
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POP-7: Sees TS£Ti8 «nd attests to do Test | Set. Should 

nut work. Verify. Then clear TSET18 and go to (T3L). 

Switch 9 - Test £ Set Pendinj - (B4). This exercise tests the ability 

of the pending seize to wait if the Interface is already seized and to 

generate an interrupt when Interface becomes available. Only Status 

is checked; actual interrupt is assumed from test AS. 

(T4L)  PDP-7: Do Test 6 Set (Pending) coamand which works imsediately 

setting TSET7+ENBL7+OPCMPL in Status. Verify. Reset 

BNBL7+0PCMPL leaving TSET7. Set ATN18 for 1^00 cue 

to proceed. 

1800:  Clear ATMS. Attempt Test £ Set (Pending) which should 

have no effect immediately. Verify only TSET7 in 

Status. Next clear TSET7 which allows the pending seize 

to occur setting TSET18+ENBL18+0PCNPL in STATUS. 

Verify. Reset all 3 bits. Try Test ft Set (Pending) 

again, and verify that it works. 

Clear ENBL18*OPCMPL. Set ATN7 for PDP-7 cue. 

PDP-7: Clear ATN7. Verify only TSET18 in STATUS. Attempt 

lest 6 Set. No effect imediately. Then clear TSET18 

which permits pending seize to occur. TSET7+ENBL7* 

OPCMPL should be set in Status. Clear all three bits. 

Go to (T4L). 

Auto-Sequence Mode; In the auto-sequence mode, the PDP-7 acts as 

a simple controller to tell the 1800 which test is to be performed and 

for how long. Each test in group B whose switch is up is performed a 

I 
I 

I 
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fixed nuaber of tiaes, then a new test begun. If an error is detected 

by either machine, a type-out is given and then it waits for a flag 

from the other machine saying that it too has detected an error. Then 

the PDP-7 starts a new test from the beginning. The error action of 

one machine will prevent if from continuing, thereby guaranteeing an 

error in the other machine. 

The start-up sequence is as follows: After the PDP-7 message at the 

beginning of part B, select the switches for the desired tests. Then 

start the PDP-7 just before the 1800. After clearing the Interface 

(BLAST), the PDP-7 writes into the AREG the number of the test to be 

performed. When the 1800 sees this number it clears the AREG and proceeds 

to the given test. The test is normally terminated by the PDP-7 setting 

the mode bit in the Status Register; when the 1800 senses this bit, it 

clears it and waits to begin the next test. Then the PDP-7 gives a new 

test number in the AREG and so the world goes 'round. 

If an error is detected, no attempt is made to continue from the 

point of the error in the current test. Rather an error message is given, 

then PDP-7 ««its for the free bit to be set by the 1800, and the 1800 

waits for the mode bit to be set by the PDP-7. When both have occurred, 

a new test is begun from the top. If a time-out occurs during this wait, 

it is considered a fatal error and the PDP-7 halts. A manual restart 

is necessary. 
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