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CHAPTER 1 

1 .0 I NTRODUCTtON 

1.1 Technical Manual Contents - This manual contains information on the application, 

maintenance, and operation of a network interface controller referred to as the LH-OH/ll. 

The LH-DH/ll controller is used to provide the interconnection between a Digital Equipment 

Corporation POP-ll computer system and an Interface Message Processor (IMP) on an 

ARPA-Style computer telecommunications network. 

1.2 Technical Manual Organization - The LH-DH/ll Technical Manual is divided 

into three volumes as follows: 

Volume I - Details of Programming and Interface Operation. Includes 
Installation Instructions, Cable Diagrams, and References. 

Volume II Logic Layouts, l.cgic Diagrams, and Parts Ust. 

\ 
Volume III - LH-DH/ll Diagnostic Program Description. 

1.3 Technical Manual Referenat:Notes - The text and diagrams in this ~ua,.,. plus 

information included in the referenced material, are sUfficient to understand, check-out, 

modify, and maintain the controller. ,If modifications are made, the appropriate wire list, 

logic diagram, and other manual entries must be updated. The following paragraphs clarify 

some reference nototions: 

1.3.1 All Sockets 16 Pin - All scam for integrated circuits used in the controller are 
of the 1~pin variety and all raferences to pin numbers in diagrams are on a 16-pin basis. 
The documentation within the manual, including equations cind layout sheoets, are consistent 
in this numbering system. 
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1.3.2 Logic Level Indicator -The voltage level of a given logical name (signal> is 
conveyed by the name itself. If a given logical element is "asserted" ("true", "set", 
etc.) then the voltage level of its output is reflected in the name as follows: the logical 
name EOD represents a signal that will reside at a plus (+) level when the LH-DH/ll is 
to place data on the Unibus. Alternately, ·the logical name and signal, EOD- will 
reside at 0 volts for the same condition. A bar (-) following a logical name implies that 
it resides at ground level when the circuit is asserted. 

1.3.3 Ground Notation - Throughout the manual, the notation of a bar (-) following a 
logical name is identically equal to a bar over the logical name (IRQ=IRQ). 

1.3.4 Mil-Standard Symbals - The logic symbols employed in the diagrams are according 
to Mi I-Standard. . 

1.3.5 Localized Ground Signals - The grounded input to circuitry is specified in the logic 
diagrams as GRN-. All circuit grounds within the system are localized to the socket into 
which the circuit is plugged. For example, the ground for the IC socket is made by a solder 
clip an pin 7 (or 8) as dictated by the circuit itself. Any other grounded terms on a given 
IC are provided by wired jumpers emanating from that ground dip. 

1.3.6 Coordinate Refe~ences -On the iogic diagrams, the location in the'diagrams for 
the Source Of a giv~n signal is indicated by a coordinate reference. For example, 0583 
indicates Drawing Number 5, coordinate 83 (See 7.1). . 

1 .4 Interface Applicatbn -... The LH-DH/11 is a full~plex Direct Memory Access (DMA) 

controller that attaches to a DEC POP-ll Unibus and provides external communication 

according to BBN Specification #1822: Figure 1-1 is an overall block diagram showing the 

LH-DH/ll connected between the POP-ll Unibus and the IMP. By means of plug-in 

circuits interchange the controller can be used for Local Host (30' cable limit) or Distant 

Host (2000' cable.limit) application. 

*B8N=Bolt Beranek and Newman, Inc., Report #1822, "Specification for Interconnecting 
a Host and an IMP". 

1-2 



1.S Interface Organization - The lagic for the LH-DH/11 is separated into two sectians 

as shown in Figure 1-1. The first section deals with the input from the IMP and the other 

section deals with the output to the IMP. Each section has its awn wire-wrapped logic panel 

with plug-in components and cable connectors. 

1 .6 Interface-Unibus Interconnection - Interconnection to the Unibus is by means of an 

. adaptor plug at the rear of the Input panel. * Both the Input and the Output sections provide 

for dato transfer on a Director Memory Access (OMA) basis, that is, once the contraller 

is started by the program within the processor it moves information into and out of the core 

memory without involving the programmed VO within the processor. It is only upon 

compl.tion of a data transfer that the programmed VO is alerted so that subsequent transfers 

can take place and so that errors con be accommodated. 

1.7 Interface-IMP Interconnection - Connection to the .IMP is by means of an externally 

mounted MS receptable that connects to the Output panel by way f?f a short cable and I.C. 

socket p~ug. A set of 19 signal lines. interconn.~ the IMP and the LH-OH/11. Four of 

these are used for ~ transf.r into the LH-Dli/11 Input section and four to i;ransfer from 

the Output section to the IMP. The remaining signal lines are used to indicate the operational 

status of the LH-DH/11 or the IMP. 

, 
/ 

1.7.1 Bit Serial Transfer on IMP ec;Mection -Of the four signal lines use<J·for transfering 

data to the IMP from the LH-DH/l1 (and the four used for transfer from the IMP), one line 

is used for data bits, two lines "handshake" to bring about the transfer, and one line identifies 

the presence of the last bit to be transferred. 

1.8 Interface Maintenance Feature - Since data transfer to and from the IMP uses an 

identical set of four signal lines, maintenance testing of the LH-DH/11 is made easier by 

the "Bus-Bade" connection of the Output section to the Input section. Data may be 

transferred in this fashion internally, under diagnostic program control, or externally by 

replacing the IMP cable with CI wired-back connector. 

* On the LH-OH/llB, or "8" version, the Unibus cable -cOMeettan is made through a free-
standing block and signals are conducted to both the Input Section and the Output Section by 
separate cables (See Figure 3-2). 
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CHAPTER 2 

2.0 REFERENCES 

2.1 Reference Documents - Certain support documents may be utilized for 

LH-DH/11 users, programmers, and maintenance ~nel. These are summarized 

below: 

2.1.1 Digital Equipment Corporation Doc:uments 

POP-11 Programming Handbook 
POP-11 Peripherals HandbOok 

_ 2.1.2 Bolt Beranek and Newman Inc. 

Report ~"nber 1822 "Specifications· for Connecting. a Host and an IMP" 
\ 
\ 

f 

I 
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CHAPTER 3 

3.0 INSTALLATION CONSIDERATIONS LH-DH/ll 

3.1 Common Requirements for "C" and "S" Versions - The following paragraphs obtain 

when planning installation of either version. 

3.1.1 Physical Dimensions - The LH-DH/ll is manufactured on two machine wire-
wrapped planes mounted within a singl., rack-mounted unit. The controller occupies 
10.5 inches of vertical rack space when mounted in a POP-ll standard cabinet. Chassis 
slides are provided for ease in maintenance. . 

3.1.2 Primary And logic Power - The LH-DH/11 contains its own +5 volt power supply. 
Primary power is brought to the rear of the chassis by means of a standard, removable, power 
cord. The unit requires 3 Amperas of 50-60 Hz, 120 we primary power. It is expected that 
the LH-DH/ll will be powered through the DEC Switched power source. 

- -

3.1.3 ~ External Comection - Figure 3-1 illustrates the rear panel of the LH-DH/ll 
·C" version. Th8 rear Of the liS" version is configured differently; however, the features 
are the same. The following paragrophs describe external connections. 

3.1.3.1 IMP Connection - The Vi-DH/ll is connected to an IMP in either a l«aJ or 
a Distant HOSt made by means of the 31-pin connec1or labeled ·,MP" (See Figure 3-1). 

3.1.3.2 lDgic Power Output - The connec:for labeled "+5v. is used so that an external 
device such as Ace's 81-11* can be powered. Severol Amperes of this +5vdc logic power 
are available. 

3.1.3.3 Primary Power Connecfor - AC power is COMected to the LH-DH/ll through 
this receptacle. 

* The BT-ll is a device that allows a system ·800t· to be made. In the Front End Processor 
application the BT-ll is niounted in a separate, unpowered, frame that requires +5vdc. 
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3.2 Unibus Attachment - Figure 3-2 illustrates the location where Unibus connection 

takes place in the LH-OW'll C, and the LH-OH/11 S. The primary difference between the . 

two versions is the method of attaching the Unibus. In the "C· version the ~Ies are brought 

directly to an adaptor plug which inserts into the Input Panel. In the "S" version the cables 

are inserted into a separate COMector block From below and wires are brought to each plane 

separately through twisted pair cables. 

3.3 Device and Vector Address Set-Up - In order to operate the LH-0H/11 each 

section must have its unique Device Address and Interrupt yector Address. In the ·C" 

version, switches are used. In the ·S" version, Jumper platforms are used. See Volume II, 

page 4 for Output (Transmit) and page 10 for Input (Receive). Also review Volume I, 

Sections 4.7, 4.8, 4.9, 4.10, 6.5, and 6.6. 

- . 3.4 - . - Pre-Set Address and Intemrpt Parameters - The following list specifies the addresses 

and interrupt priority selections that are pre-set during final testing of the LH-OtV'll prior to-
\ -

. shipment (See reference in 3.3). 

Address for Interrupt - Input {Vector} = 270 
Address for Intemrpt - Output {Vector} =- 274 
Priority for IntelT1Jpt Requests • Priority 5 
Addresses (Octal) for LH-OtV'll Registen (See Programming - Chapter S) 

767l1JO 
767602 
767604 
767606 

767610 
767612 
767614 
767616 

Control & Status Register - Input (CSRI) 
Data Buffer Register - Input (DaRt) 
Current Word Address Register - Input (CWAI) 
Word Count - Input (WCI) 

Control & Status Register - Output {CSRO} 
Data Buffer Register - Output {OBRO} 
Current Word Address Register - Output (CWAO) 
Word Count - Output (WCO) 
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CHAPTER 4 

4.0 GENERAL DESCRIPTION 

4.1 Packaging - The LH-DH/ll is packaged on two machine wire-wrapped planes that 

are enclosed within a standard DEC 19 ft mounting box. The mounting box is equipped with 

chassis slides' and is intended for installation within a DEC POP-ll cabinet. Integrated 

circuits are plugged into the sockets in these planes. 

4.1 .1 Separate Controllers - The Input Controller occupies one of the planes and the 

Output Controller the other. The only common logic is the synchronizing cleek for 

operating the active elements within the two controllers. This dock is crystal dontrolled 

with its fastest rate at 16 MHz. 

4.2 Interconnection - The cable that COMects the IMP to these two controllers is brought 
-

into a connector Which is located at the rear of the chassis. Connection to the POP-It Unibus 

is by means of a Unibus ~Ie brought into the box through a slot in the rear. In the C version 
\ 

this cable is plugged into a special adaptor plug located on the Input panel. In the B version 

twisted pair wiring brings the UNIBUS signals to the driver and receiver circuits on the 

Controller planes from a comector block (See Figure 4-1 and Figure 3-2). 
/ 

4.3 Input Controller Operation - The Input Controller is responsible for moving a serial 

data stream from t!te IMP into the memory of the PDP-ll computer. In order to do this, 

the piOgram within the computer must first establish a location within the memory into which 

the data can be transferred. Once this is done the program issues a command to the 

controller to begin the receiving process. 

4.3.1 IMP to LH-OH/l1 Signal Unes - The IMP provides the Input ContrOller with a 

single data line upon which a series of data bits appear in a serial manner, .a control line 

to indicate the presence of the data bit, cmd a control line which inciic!ltes when it is the 

lost data bit.* Only one signal line is returned to the IMP and this indicates that the Input 

.. See Figyre 7-3 
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Controller has lltaken" the data bit. Each bit is transferred by means of the interlocking 

action of the two control lines. When the Input Controller raises the "Ready for Next 

Bit" signal, the IMP ploces the next data bit onto the data line and raises the arhere's 

Your Next Bitlt signal. This interchange creates a IIShift" pulse within the Input 

Cantroller. The pulse causes the Input Shift Register to load the data bit. After 16 shifts, 

the shift register is full and its contents must be transferred to the Input Buffer Register. 

4.3.2 last Bit In - The data input operation continues until the IMP raises the "last 

Bitlt signal line in coincidence with presentation of the data bit. This will narmally occur 

on a 16-bit boundary, but if not, the shift register will fill in with "0" bits until 16 shifts 

have taken place. 

4.4 Major Active logic Elements - Input Controller - The major active elements of the 

Input Controller are shown in Agur8 4-2 and are described below: 

4.4.1 IMP Drivers and Receivers - ,""is circuitry is used ~ convert the signal levels on 
the cable to the logical levels used within the Input Controller. 

4.4.2 Shift Interlock Circuitry - This circuitry controls the transfer of data bits from the 
IMP cable. ./ . 

4.4.3 Input Shift Register - This 16-bit register is used to accumulate the bits that 
constitute a POP-I 1 word. Once 16 bits are present within the shift register, they are 
transferred to the Input Buffer Register. 

. 
4.4.4 Bit Counter - ,""is counter overflows at 16 counts and is used to determine when 
the Input Shift Register is full. Upon overflow, a load pulse is sent to the Input Buffer 
Register to cause the shift register contents to transfer. 

4.4.5 Input Buffer Register - This register is 16 bits in length. When the Input Shift 
Register contains 16 hits they are transferred to the Input Buffer Register. This transfer 
only occurs, however, if the buffer register is empty. If the previous contents have not 
been placed in memory, the shifting process halts. No data is lost since the serial transfer 
is completely interlocked. Once a word is stored in memory the transfer resumes. 

4-2 
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4.4.6 Memory Address Register - This register is also referred to as the Current Word 
Address Register (CWA) and contains the address af the location in core into which a data 
word is to be placed. The contents of this register are set up by the program within the 
·processor and are incremented each time a data word is placed into storage. Successive 
data words are placed in successive locations within storage. 

4.4.7 Word Count Register - This incrementing register keeps track of the number of 
incoming words inserted into storage. 'The program initially sets a 2's complement value 
into this register and this value is incremented until the word count is equal to 0 CNC = 0) 
or until the last word from the IMP is transferred to memory. An interrupt informs the 
progrom within the POP-ll that completion has occurred. If WC = 0 happens before a 
complete transfer has token place, the program is required to set up additional storage 
area or to nflush n the remaining data by setting an appropriate bit in the Control and 
Stotus Register. 

4.4.8 Control and Status Register - This register contains ·functionn bits that control 
operotions and IIflag- bits that are used to indicate Status. This register can be read at 
any time by the program, but most particularly upon completion of an incoming data 
transfer~ at which time the Input Controller interrupts the program. 

4.4.9 Control State Counter - The state counter is responsible for sequencing all the 
operations wUhin the Input Controller. This counter advances from state @ during wf;ich 
the controller is in an "inactive n mode; to state <D which tests the WC I 0 and Input 
Buffer Ful,; to state @ which causes the DMA transfer to storage. The CD - ® - CD 
•••• action tokes place until completion of an entire block of dato words. Upon completion 
CNC = 0) the state counter goes to @ and interrupts the POP-ll program. 

, 
4.4.10 Slave Control and Address Decode - This control logic comes into operation during 
the time ffiat ttl. program wittlin ttle processor is directing, or initializing the Input Controller. 
The controller address is decoded from the address bus out of the central processor, the logic 
assumes the "slave"condition whereby it accepts commands from the computer program. 
Commands include the setting of the Contral and Status Register, the Memory Address 
Register, and the Word Counter. 

4.4.11 Data Bus Multiplexor - This set of logic ·gates" any one of four sources to the 
driver circuits of the data bUS into the processor or its memory. 'The sources include the 
Word Counter, the Input Buffer Register, the Control and Status Register, or the Memory 
Address Registers. 
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4.4.12 Unibus Drivers and Receivers - These circuits connect the Input Contreller logic 
to the data, address, and control signals of the processor Unibus. 

4.4.13 Fixed Interrupt Address - This address is used at the time an interrupt is presented 
to the program in the processor. It specifies a dedicated location within memory that 
contains the interrupt sequence. The address can be changed according to the requirements 
of a particular site, by changing jumpers on the platform provided (See Sections 4.9). * 

4.5 Output Contreller Operation - The Output Controller is responsible for 

transferring data from the memory of the POP-ll to the IMP. Data words are obtained by 

Direct Memory Access, after the program within the processor has initialized the Output 

Controller. These 1 ~bit words are placed in the Output Buffer Register for subsequent 

transfer into the Output Shift Register. 

4.5.1 LH-DH/ll ta IMP Signal Unes - The Output Shift Register produces a serial bit-

stream in response to a "shift" clodc, and these bits are sent to the IMP by way of a single 

~o line.: 1'he shift clock is produced by the actial of a poir of control lines, one of 

which indicates the presence of a new data bit and one which indicates that the bit has 

been taken. The action is completely interlocked since the IMp raises the line that 
i 

indicates "Ready for Next Bit" and the Output Controller raises its "There's Your Host Bit" 

signal when a new data bit is placed on the data line. By dropping the Ready for Next 

Bit signal, the IMP indicates that it has "taken" the bit. This line is not raised again until 
, 

the Contreller drops its companion sisr;a,. After 16 shifts, the next word is trensferred into 

the Shift Register. This action continues until the Word Count goes to zera 0NC - 0), at 

which time the proeessor is interrupted. 

4.5.2 Resuming an Output Message - The program may cause the transfer of a given 

message to resume, starting with a subsequent data block, without the IMP knowing that 

there has been ore-start. In this way, a "gather II from various locations in storage can be 

accomplished • 

* Switches are used fOr this purpose in the C version (See Volume II, Page 10). 
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4.5.3 Last Bit Out - When the last block of a given message is being transferred, the 

I/O program must set a flag in the Control and Status Register to cause the "Last Bit" signal 

to be sent to the IMP in c:oincidence with the plocing af the last dato bit on the data line. 

This is sent on the fOurth signol line to the IMP. 

4.6 Major Active logic Elements - Output Controller - The major logical elements 

within the Output Controller are illustrated in Figure 4-3. A disc:ussion of these major 

elements follows: 

4.6.1 IMP Driver1 and Receivers - This circuitry is used to convert the levels required 
for extemol connection into levels that are useful to the intemal logic of the Output 
Controller. The data signal driver is fed from the Output Shift Register. 

4.6.2 .Shift Interlock Circuihy - This circuitry controls the transfer of dato bits to the 
IMP cable. 

4.6.3 Output Shift Register - This register is 16 bits in length and is loaded from the 
Output BUffer Register. The loOd pulse occurs when the Shift Register is empty and the 
Output Buffer Register is full. i 

4.6.4 Bit Counter - This counter overflows at 16 counts and is used to determine when 
the Output Shift Register is empty. Upon overflow, a clear pulse is sent to the Output 
Buffer Register to allow the shift regi~t8r to be loaded. 

4.6.5 Output Buffer Register - This 1o-bit register is load~ directly from the memory ~f 
the processor each time the Output Controller is reody to accept a new data word. A 
"flag" is used to indicate that the Register has been loaded. This flog is reset upon transfer 
of the Data-word to the Output Shift Register. 

4.6.6 Memory Address Register - This register is loaded after the program establishes the 
data bloclCwithIn core ttlOt will be used for transmission. This register and the Word Count 
Register"are loaded so that the controller knows where in the "core memory the data resides 
and how long the data block is. The Memory Address Register is incremented each time a 
data word is taken From memory. It is sometimes referred to as the Current Word Address 
Register (See Programming - Chapter S). 
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4.6.7 Word Cou~t Register -The word counter is looded by the program to control the 
length of the dota block to be sent. When the word counter increments to 0 (2's complement) 
the Output Controller interrupts the I/O progrom so that a subsequent black can be sent. 
The last block of dota is identified by a status bit and when set, the Output Controller 
campletes the transfer to the IMP with a Ulast BitU indication. . 

4.6.8 Control and Status Register - This register is looded by the program or by the 
Output Controller. At the time the transmission is to begin, the nGo- bit is pulsed by 
the I/O program. If an error occurs, a flog is set in this register that will alert the 
program when the output is completed. 

4.6.9 Control State Counter - This counter is responsible for all of the sequences that 
toke place within the Output COntroller. This counter begins in State ® ~which is 
maintained until the lIGon bit is pulsed to move it into State CD • State \.!) tests the 
Output Buffer Register loaded flag and holds urlil it is empty. If the Register is empty, 
State ® is entered. State ® requests a DMA operation to obtain a subsequent data
word and then the counter moves back to State CD . The State Counter alternates CD -
@ - CD - (2) ..•• until the WC = O. At this time, State ® is set and an interrupt 

is given to the ITo program. 

4.6.10 . Data Multiplexor- The Data Multiplexqr gathers its input from any ane of four 
sources within the Output Controller and gates one of those sources to the Unibus. This 
accurs either upon command by the central processor program or in order to store data 
within core memory. 

4.6. 11 Interrupt Vector Address - This address is sent to the processor and is used at the time 
of interrupt to allow the processor to paint at an allocated interrupt location wi thin memory. 
This address can be changed according to requirements of a particular site. by moving jumper 
wires on the platform provided (See Section 4.10). * 

4.6.12 Slave Control and Address Decode - During the issuing of a command to the Output 
Controller bY the progrom, this logic assumes a Itslaven position and accepts the command 
as given. The address is decoded by this logic and the appropriate action taken •. Some of 
the commands sent by the processor are lood commands which will set the various registers 
discussed previously. The processor may also read the contents of each of these registers. 

4.6.13 Unibus Drivers and Receivers - These drivers and receivers are used to interface the 
logic of the Output COntroller to the dota, address, and control signals of the processor Unibus. 

* Switc~ are used for this purpose in the C venion (See Volume II, Page 4). 
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4.7 Device Address Input Section - The device addresses for the Input Registers can be 

changed by setting switches in locations 105-10 and 106-10. The layout of the present 

wiring is shown on Page 10 in Volume II. The low order bits (02, 01) of the address 

are used to select one of the four possible registers. The hgh order bits (17,16,15) are 

understood to be 111 n. The oddress shown in Volume /I, Page 10 is the same as shown in 

the Installation Considerations of Section 3.4. 

4.7.1 Address Acceptance - The address which will be accepted by the controller is the 

result of a comparison between the address specified by the switches and that which is given 

on the Unibus by the program. 

4.8 Device Address Output Section - The four registers of the Output section are 

accessed by sequential device addresses. The switches for specifying the Output Controller 

addresses are located in sockets 005-10 and O~10. See the logic diagrom in Volume 

H, Pag~ 4. 

4.9 Interrupt Vector Input Section - The in,terrupt Vector for the Input Controller is 

established by switches in location 106-10. See Page 10 in V.lume II. 

4.10 Interrupt Vector Output Section - The Output Interrupt Vector is established by 

switches in location 006-10. This;s shown in Page 4 of Volume II. 

4.11 Bus Acquisition Logic - The Bus Acquisition Logic enobles the LH-DH/l1 Input and 

Output controllers to become UNIBUS Masters, so that they con perform either a Nonprocess 

Data Transfer (NPR) or a Bus Request for Interrupt. There exists separate lagic to perform these 

NPR and Bus Request functions. The two sections of logic are virtually identical with only 

nome changes as the major difference. Also, the Input controller and Output controller hove 

nearly identical logic for these functions, with only nome changes. Logic diagramS in Volume II 

pages 12 and 3 illustrate the circuitry that produces the signa' sequence shown in the TIming 

diagram of Figure 6-3. 
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4.12 NPR and Interrupt Sequences - Similar logic structure is used for both Non-Process 

Request (data transfer) and Bus Request (interrupt). The only difference between Bus 

Acquisition For Data transfer and For Interrupt is the hardwired priority level. Data 

transfers are done on the Non-Process Transfer level which does not allow interrupts (see 

4.12.1). Interrupts are done on one of the four Bus Priority levels. Servicing of these four 

Bus levels is controlled by the processor priority (see 4.12.2). 

4.12.1 NPR Bus Acquisition Sequence - The Acquisition sequence begins with the logic in 

a quiescent state, with the selected (NPS) and master (NPM) Flip-Flops reset. When the need 

for Bus Control arises, an internal signal (GWRD) is raised. This, in conjunction with the reset 

state of the "selected" Flip-Flop (NPS), causes a request (NPR) to be driven onto the UNIBUS. ' 

Subsequently, the following sequence occurs (see Figure 6-3 and Volume II, pages 3 and 11). 

1. Some time after the request, the controller receives a response on the grant 
line of the UNIBUS (NPG). This is indicated by a positive transition on that 
line. The grant signal is synchronized to the internal master clock (MCLK) 
before application to internol logic. 

2. The synchronized grant signal (NPGI) is applied to a delay Flip-Flop for 
decision whether to propagate the grant to the next controller on the UNIBUS. 
Grant propagation is blocked when the LH-DH/ll controller is requesting 
service. The grant signal is also used to set the "selected" Flip-Flop if the 
LH-DH/ll is requesting. 

I 

3. When the "selected" Fnp-Flop is set, the llselection acknowledge" signal 
(SACK) is drivei'l on the UNIBUS. During the tin SACK is being driven, 
the grant signal is blocked from propagation. In response to the SACK 
signal (NPG) will be removed from the BUS by' the processor. At this time, 
the controller can become master when the UNIBUS becomes idle. 

4. The UNIBUS is idle when the grant signal (NPG), the Bus Busy signal (BBSY), 
and the Slave Sync signal (SSYN) are all inactive. The controller becomes 
master by turning on Bus Busy (BBSY) and removing SACK. This occurs by 
setting the -Master" Flip-Flop (NPM). The gate NPC indicates this 'condition 
to the internal logic. 

s. The Controller uses the UNIBUS in Master Mode to transfer one word to 
memory. When the data transfer is complete, the internal request (GWRD) 
is removed, causing the Bus Acquisition Logic to be reset. With the 
Acquisition Logic reset, the UNIBUS becomes idle, allowing the next 
device, requesting service, to become Master. 
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4.12.2 Bus Request and Bus Grant - A platform is provided for selection of the priority 

level at which the LH-OH/ll will operate on the UNIBUS. Th. platform for the Input, or 

Receive, section is shown in diagram 10, Volume II. The platform for the Output, or 

Transmit, section is shown in diagrom 4. Severo I jumpers are required. The Bus 

Request signal from the logic (BRA-) must be connected to the chosen Bus Request signal on 

the Unibus "(such as BR5-). The unused request signals must be left Hopen··. The chosen Bus 

Gront level (such as BGS) must be jumpered to signal BGA to allow the Gra\ t to be seen by 

the logic. The propagoted Bus Grant signal, generated by the logic is BGAX. This must 

be jumpered to the selected priOl'ity level (such as BGSX) so that it may be seen by the next 

controller on the Un!bus. All unused priority levels from the processor must be -bussed" 

through. 

4.13 Clock and TIming Sources - Located with the Input Controller is a crystal 

oscillator with the output of 32 MHz. This source oscillator feeds a divider circuit which" 

provides several slower clocks. 

4.14 Display Panel Wiring - The LED indicators on the display panel are driven from 

circuits located on the Output panel. Connector slot. 0 14-03 is used to connect the front 

panel printed circuit board to the 0 panel. Page 7 in Volume II shows both the drivers and 

the connector. 
, 

I 

4.15 Unibus Connection, - In the C version signals to and from the U1ibus enter at the 

connector on the Input Panel and are distributed to botfi panels. A set of eight cables are 

brought from the Input Panel to the Output Panel. tklibus Interconnection signals are 

illustrated as applicable throughout the Logic Diagrams in Volume II. 

4.16 IMP Cable Wiring - Two panel connectors are used to bring the IMP signals into the 

Output panel. lMse connectors are plugged into slots 014-04 and 014-05. Figure 7-3 

showS the connectors and the cable to the rear panel. Other reference is made as appropriate 

in V~lume II on pages 6 and 7. 
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4.17 Host Master Rea~ - The relay shawn on Page 7 of Volume II is used to couple the -test-

line from the IMP, back to its source. The relay is pulled in under program contrel by the 

setting of bit 02 of the Input Control and Stotus Register. When bit 02 is made a -1 -, the drive 

circuit HRLO- operates the relay. After a suitable delay to off-set contact bounce, bit 11 

of the sama register will be made a -1 _ so that the program may proceed with the transmission 

of information to the IMP. The IMP tests this closure to find out if the controller is up and 

operational. . 

4.18 Changing Local Host to Distant Host - Signal lines between the LH-DH/l1 and the 

IMP are carried on twisted-pair or coax wire. The retum current path is made on the second 

wire of each pair or upon the coax shield. For Local ~t operation, the return path is 

brought to one side of its differential driver or receiver circuit. In order to make the change 

from LH to DH an easy mattar, the LH-DH/11 has been wired to allow an interchange of plug-in 

platforms and circuitry to accommodate the change. Pages 6 and 7 in Volume II illustrate the 

circuitry involved. 
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CHAPlER 5 

5.0 PROGRAMMING 

5.1 LH-DH/1I Structure - The LH-DH/1I interface consists of two Direct Memory 

Access (OMA) devices on the POP-I1 Unibus. One device is used for input and the other 

for output. These two devices are physically and logically independent. 

5.2 Device Addressing - Each device responds fa four Unibus addresses in ordel' fa 

provide program access to their internal registers. All registers are full 16-bit Word 

Registers and must only be accessed by word instructions. The registers are referred fa , 
as follows: 

1 • Control and Status Register (CSR) 
2. Data Buffer Register (OBR) 
3. Current Word Address Register (CHAR) 
4. Word Count Register (WCR) 

5.3 Register Addresses - Typical octal addresses for the registers of both the Input and 

the Output sections are shown below. These may be changed (except for the low order bits) 

by relocating jumpers on platfonns in the B version or resetting swi tches in the C version. 

See 4.7 and 4.8. 
I 

CSRI ContrOl & Status In 767l1JO 
OBRI Data Buffer In 767602 
CHAI Current Word Address In 767604 
WCI . Word Count In 767f1J6 

CSRO . (Dntrol & Status Out 767610 
DBRO Data Buffer Out 767612 
CWAO· Current Word Address Out 767614 
weo Word Count Out 767616 
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5.4 DMA Memory Pointer and Word Count - In the c:ase of each device, the Current 

Word Address Register is initialized to an even address· in storage and the Word Count. 

Register is initialized to contain the 2's complement number of 16-bit words to be transferred. 

15 14 13 11 10 9 8 7 6 5 4 3 2 1 0 

~~~~~~--~~~-L;-~~~~~~~~~-r~~~~--~-Go 

Non-Existant 
Memory Error 

End of Message 
Received 

Host Ready -----

IMP Not Ready ----..... 

Receive Master Ready Error 

Inpu-' Data Buffer Full ____ -I 

Input Interface 
Reset 

Host Relay 
Control 

'"--- Store Enable 

Extended Memory 
Bit 16 

Extended Memory 
---- Bit 17 

-----Interrupt Enable 

Devi ce Ready 
(Not Busy) 

Figure 5-1 Control and Status Register - Input 

5.5 Bit Assignment, Input ~trol and Status Register - Figure 5-1 shows the bit structure 

of tt:- Input Control and Status Register (CSRI). 1M test which follows describes the meaning or 

use of each of these bits. 

Bit. 15 = Composite Error Indicotar - This is the logical Uor" of significant 
error conditions. In the standard LH-DH/11 this is comprised of only 
CSR Bit 14. 

Bit 14 =: Non Existent MemoZa -Indicotes that the Input Controller tried 
to access a memory address t did not respond, most likely meaning an 
address for which memory does not exist. 

'The LH-OH/l1 uses full l~it word transfers and the PDP-11 requires full words to be 
stored on even 8-bit byte boundaries. 
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Bit 13 = End of Message Received - Indicates that the IMP has campleted 
transmission of a message. 

- Indicates that the Host Master Ready Relay in the 
""-:--'='D':"":H'"7Ir"'l;-:-is-c~os-'-" and has had time to settle. This condition should 
be true before transmission to the IMP proceeds. 

Bit 10 = IMP Not Ready - Shows 'the state of IMP Master Ready line. 
Bit 10 being "1" means that the IMP is not ready for communication. 

Bit 9 = Receive, Master Ready Error - This bit indicates that either the 
IMP Master Ready ar the Host Master Ready condition dropped "off". 
This may mean that a given transfer could have erroneous data. 

BIt 8 = Input Data Buffer Full - Indicates when input data available 
, auring programmed Va. 

BIt 7 = Device Ready (Not Busy) - Indicates that the Input device is in 
a non-DMA state. Modification of the device's registers should only be 
done while the controller is in this state. 

BIt 6 = Interrupt Enable - This is the Interrupt Enable Bit. Interrupt 
requests will be allowed to interrupt the processor if this bit is a "1". 

BIt 5'= Extended Memory BIt 17 - This is Extended Memory Address 
Bit 17. Used with status Bit 4 fOr Addressing Extended Memory in the 
PDP-l1 system. \ 

BIt 4 = Extended Me~ Bit 16 - Used with status bit 5 for addressing 
extended memory in .POP-l1 • 

Bit 3 = Store Enable - When/this bit is in the off ar "0" state, the Input 
COntroller will drain any dato from the IMP without cousing DMA activity. 
When this bit is a "1", the controller will stare in memory any data received 
from the IMP. 

Bit 2 = Host Relay Control - When this bit is a "1", the Host Master Ready 
Relay will close, unless the "Sus-Back" Bit is set in the Output Controller. 

Bit 1 = Input Interface Reset - When a "1· is written in this bit, the Input 
logic will be reset in t& same manner as a Unibus reset. This bit always 
reads as a "0" and does not need to be cleared. 

Bit 0 = Go - The "Go" or Start DMA Control Bit. Attempting to write a 
61" in this Bit will caus. the Input Controller to enter a DMA state. BIt 0 
always reads CII a "0" since it only pulses the state counter and does not 
latch. 

5-3 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

000 Go 

Memory Error 

Word Count = 0 

Transmit Moster 

Enable last Bit 

'---- Bus-Back Mode 

Extended Memory 
'---- Bit 16 -----Ready Error 

Output Data Buffer Empty __ ..J 

'--__ Extended Memory 
Bit 17 

-----Interrupt Enable 

_____ Device Ready 

{Not Busy} 

Figure 5-2 Control and Status Register - Output 

5.6.Bit Assignment, Output Control and Status Register - Figure 5-2 shows the bit 

structure of the OutPut Control and Status Register (CSRO). The text that follows describes 

the meaning or use of each of these bits. 

BIt 15 = Composite Error Indicator- The IOS.iccl -or- of significant error 
conditions. In the standard LA-OH/ll this is comprised of only Bit 14. 

, . . 

Bit 14 = Non-Existent Memory - Indicates that the Output Controller 
hied to access a memory address which did not respond, most likely 
meaning an address for which no memory exists. 

Bit 13 = Word Count = 0 - Indicates that the Output Controller's word 
count is zero. 

Bit 9 = Transmit Master Ready Error - Indicates that either the IMP or 
HOSt Master Ready condition went False. 

Bit 8 = Output Data Buffer Empty - Indicates when data may be sent 
dUring programmed Va. 

\ 
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Bit 7 = Device Ready (Not Busy) - Indicates the Output device is in a 
non-OMA state. Modification of the devicels registers should only be 
done in this state. 

Bit 6 == Interrupt Enable - Interrupt requests will be allowed to interrupt 
the processor if Hiis bit is a "1". 

Bit 5 = Extended Memory Bit (17) - This is the Extended Memory Address 
Bit 17. Used with status Bit 4 for addressing Extended Memory in the 
POP-11 system. 

Bit" == Extended Memory Bit (16) - This is the Extended Memory Address 
Bit 16. Used wiHi status Bit 5 for addressing extended memory in the 
POP-11. . 

Bit 3 = Bus-Back - The In~mal Bus-Back Control Bit. With this bit a "1", 
the Host Master Ready Relay will be open. The Output Controller ond 
Input Controller will comnwnicate with each other rather than with the IMP. 

Bit 2 = Enable Last Bit - This is the last Bit Indication control •• When this 
Bit is a "1" the End of MeSlOge Indication will be sent to the IMP when the 

-current output DMA operation completes. 

Bit 1 = Output Interface Reset - When a "1" is written inta this bit, the 
Output logic will be reset iiithe same manner as a Unibus reset. This bit 
always reads as a "0" and does "not need to be cleared. . 

Bit 0 == Go - The "Go" or Start DMA Control Bit. Attempting to write a 
"one" in Hiis Bit wi" cause the Output Controller to enter a DMA state. 
Bit 0 always reads as a "0" .. ' , 
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CHAPTER 6 

6.0 DETAILED DESCRIPTION CONTROL STATES 

6.1 Input Controller Details - Details of Input Controller operations are provided below. 

Reference to Figure 4-2 and Section 4.4 will provide information about the major logical 

elements of the Input Controller-. 

6.2 InpUt Controller States - Figure 6-1 illustrates the siates through which the Input 

Controller sequences. These siates are described in subsequent paragraphs. 

6.2.1 Input State ® - Referred to as the "Ready" State. In Input State @ no DMA 
activity can occur. This state is entered upon completion of a previous DMA 
operation. Entry into State ® always generates an interrupt request. Setting 
the "GO" bit in the CSR will cause a transition to State CD • State ® is 

_ indicated in the CSR by the "Ready" bit. State ® is the state in which the 
Memory address and the Wexd Count Register should be set for the next DMA 
operation. 

6.2.2 Input State CD - Referred to as the "Idling" State. In Input State CD the 
controller is enabled for DMA optration, but has no data to transfer to memory. 
If the word count is zero in State CD , the controller will proceed to State @) • 
When the Input Buffer Register has data to be stored in memory, the controller 
will proceed from State cD to State @ . 

6.2.3 Input State @ - Referred to as the "DMA" State. In Input State .~ this stete 
the Input COnil'Olier obtains DMA control from the Unibus and transfer the contents 
of the Input Buffer Register to memory. The DMA operation will also cause the 
Memory Address to be incremented and the Word Count to be incremented. If, 
during 0 DMA operation, there is no response from memory within 20 useeonds, 
an error indicator will be set and the controller wi II proceed to State @ . 
If the transfer is successful and the End Of Message indication has been received 
from the IMP, the controller ~ill proceed to State @ • If the End Of Message 
indication has not been received, the controller will retum to State CD • 
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6.3 Output Controller Oetails - Oetails of Output Controller operations are provided 

below. Reference to Figure 4-3 and Section 4.6 will provide information about the major 

logical elements of the Output Controller. 

6.4 Output Controller States - Figure 6-2 illustrates the s totes through which the Output 

Controller Sequences following program set-up. Once the program in the CPU establishes a 

block of data in memory which is to be transferred out of the processor and onto the 

communications network, the program goes through a sequence of commands which insert the 

starting location of the block of data into the Memory Address Register and the block length 

of the data block into the Word Count Register. The program then enables the Output Controller 

by setting the GO flag in the Control and Status Register. Output States are described in 

subsequent paragraphs. 

6.4.1 

6.4.2 

6.4.3 

Output State @ - Referred to as the DReadyll State. Output State @ no OMA 
activity can occur. This state is entered upon completion of a previous OMA. 
operation. Entry into State @ always generates an interrupt request. Setting 
the -GO· bit in the CSR will cause a transih'on to State CD • State @ is 
indicated in the CSR by the "Ready· bit. Sta~ ® is the state .in which the 
Memory Address and the Word Count Register should be set for the next OMA 
operation. 

Output State ~ - Referred to as the "Idling· State. In Output State CD the 
controller is ana led for OMA o~ration, but daes not need data from memo~ If 
the Word Count is zero in .State CD ' the controller will proceed to State <.QJ • 
When the Output Buffer i{egister becomes empty and needs data from memory the 
controller wi II proceed tw;» State @ . 

Output State ® - Referred to as the ·OMA" State. In Output State ®. the 
Output Controller obtains OMA control from the UNIBUS and transfers data from 
memory to the Output Buffer Register. The OMA operation wi II also cause the 
Memory Address to be incremented and the Word Count to be incremented. If, 
during a OMA operation, there is no response from memory within 20 us.; an error 
indicator will be set and the Controller will proceed to State @ . If the transfer 
is successful, the Controller will return to StateL' • If the last Bit Indicator in 
the CSR is set, and the Word Count becomes zera with the current OMA operation, 
an End Of Message indication will be sent to the IMP upon completion of 
transmission of the current data block. 
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CHAP1tR 7 

7.0 DETAILED DESOIPTION OF LOGIC DIAGRAMS 

7.1 logic Cross References - Each logic diagram of Volume II has a signal cross 

reference chart in the left-hand margin. Two alphabetical lists are provided. One 

list provides coordinate references of each signal name shown on the associated diagram 

with an appended ("') to show the coordinate of its cource. The second list refers to other 

diagrams where. the same signal is used or sourced ("'). (See Volume I): 

In diagram 01, the name AGO is shown to be illustrated at coordinates 
A7 and A8("'). This source is the circuit located at coordinate AS due 
to the ("') and it does not go to any ather drawing since it is not listed 
in the second colurm. 

7.2 -- Additional Cross Reference - Chapter 9 provides a complete coordinate cross 

reference for all signals in the LH-PH/l1. The list is separated into two parts, one 
i . 

for Input and one fer Output. 

7.3 Glossa-ry - Chapter 8 provides a brief definition of all logic terms in the LH-DH/l1. 

( Continued) 
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7.4 Input logic Diagrams/Description - The following paragraphs describe the logic 

elements presented on the diagrams in Volume II. Please note the drawing page numbers 

in the right hand margin, adjacent to each paragraph. 

Vol n-Owg. Ref 
7.4.1 Data Transceivers and Multiplexers - This drawing illustrates the circuitry 
which operates on the UNIBUS to facilitate the bi-directional tn:msfer of parallel data 
words for use by the Input (Receive) section. Also shown are the multiplexer circuits 
for gating the contents of various registers and status bits onto the UNIBUS data lines. 
Four sources drive each multiplexer in order to actuate a given data bit. Selection is 
controlled by law-order address bits presented by the processor. These bits (AI01, A102) 
enter circuitry in the lower I.ft of the diagram. 11. actual gating of the multiplexer 
output onto the UNIBUS is controlled by the term EDO-. The additional 2:1 multipfexel'1 
used for gating data bits 0 through 7 are used to select between the output of the 4: 1 
multiplexers and the Interrupt Vector Address. The source of the Interrupt Vector 
Address is either a set of toggle switches for the -C- venion or a set of jumpers located 
on platform 1O~10.* Refer to notes <D through ® on drawing number 10 • 

. 7.4.2 Memory Address Registers and Transceivers - The address transceiYef'S that 
operate on the UNIBUS ore gated "on" by term NPC-. Once turned on, the 
transceivel'1ollow the contents of the Memory Address Register/Counter to reach the 
address lines of the UNIBUS. The contents of the Memory Address Register, including 
the memory extension bits, ore pre-set by a data-word received from the processOr. 
The register is incremented, by the tenn IMA-. 

7.4.3 Slave Control and UNIBUS Address Selector - This drawing i II ustro tes the 
technique fOr comparing the address on .the UNIBUS with the established Device 
Address of the Input Controller. In tbe ·C· version, the Device .Address is 
established by toggle switches located in position 105-10 and 106-10. The address 

. selection switches are iIIustroted in the upper left of the drawi~ In the ,·8- version, 
jumper platforms are used instead of toggle switches (see Note®). Once address 
comparison is made, the Unit Select term (USL) is gated with the Master Sync allowing 
the Slave Sync flip-flop to be set. Since the address presented on the UNIBUS by the 
process is used to select one of the internal registers of the input controller, register 
pulses are selected by the two low-order bits of the address. Terms LRO through LR3 
present load pulses to their respective registers when the Cil term designates a 
"Write" operation on the UNIBUS. Terms RRO and RRl are pulsed according to the 
low-order address bits when the term CIl designates a "Read·. The drawing also 
illustrates the clock source for th8 entire LH-DH/ll. Beginning with a 32 MHZ 

--_ ... __ --.--....,-..' 

*106-10 refen to Input Panel location, Colume 06, Row 10. 
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crystal oscillator, the signal is shaped and presented to a binary counter. The counter 
is tapped at the 4 MC and the 16 MC points; these signals are shaped and passed 
through driver circuits to be used as clocking terms throughout the clevice. The term 
ROSTR- is used throughout the controller to clock the Input Control and Status Register 
(CSRI) in response to pulse LRO gated with the Master Clock. Illustrated on this drawing 10 
is the setting of RMRE if a Receive Master Ready Error occurs. This latch is reset by a 
CSRI load with bit 09 a "0". Initialization of the controller (I NTI) takes place either 
by program ccmtrol (PINI) when register 0 is selected and data line 01 is rais.ed, or by 
the system reset (I NIR). 

7.4.4 Word Count and State Control - The Word Counter affects the state control 
logic by means of the tenn WCZR - which indicates that the counter has IWlched zero. 
The counter is pre-set from the UNIBUS data lines when the term LR3- is raised. The 
counter is incremented each time a memory cycfe that stares the data received by the 11 
Input section is completed. State count logic is the result of decodingSBO and S81. 
The terms STO, ST1 and S12 are raised as the State Counter passes through its sequence 
as shown in Figure 6-1. Action that takes place in each of these input states is 
described in Section 6.2. The one-shot MEMTO measures a period of time following 
a memory access request. Should a "time-out" occur, the Memory Error Indicator 
(MMER) is "set". The error latch NOMM is cleared by the processor when it selects 
CSRt (by ROSTR-) and inserts a -011 into the flip-flop (bit 14). During a memory 

__ transfer, -the Master Sync and Slave Sync: are used to cause "Data Stored" (OSlO) 
and to clear the Input &ltTer (lBC). 

\ 
\ 

7.4.5 Bus Acquisition and Control Transceivers - Control lines reaching the Input 
Section from the UNIBUS transceivers are strcbbed by means of clocked latches. The 
result is that Slave Sync (SSNR), Bus Busy (BSYR), Non Process Grant (NPGR-), and 
Bus Grant (BGAR-) are all synchronized and stored in flip-flops. They become SSNI, 12 
BSYI, NPGI-, and BGAI-, respectively. These signals are used throughout the 
controller in a synchronous fashion. The logic: dealing with Non Process Request and 
Bus Request (lower right side); and that dealing with Non Process Grant and Gus Grant 
(upper right side) is diSC1JSSed in detail in Sections 4.11 and 4.12. The timing sequence 
of these signals is provided in Figure 6-3. The Non Process Request (NPR-) is a single 
transceiver that is tumed on when the Input Controller wishes to place a word inta 
memory. Response to tns request is the Non Process Grant. Transceivers for UNIBUS 
Select Acknowledge (SACK-) and Interrupt (INTR-) are located in A2 as wrell. Interrupt 
Enable (lEN) and Interrupt ~est (IRQ) are shaY n in the lower center of the drawing. 
The Jumper platform (Note 1 ) is used to allow ...... selection of a particular Bus 
Grant signal, priority 4, 5, or 7. Three of these signals are shown as jumpered through, 
with Bus Grant 5 being utilized by the Input Controller. If the LH-OH/l1 input is not 
requesting service, then the Bus Grant is propagated immediately: to the next device 12 
down the line through the transceiver BGAX. Similarly, Note ® iIIustrotes the 
platform for Bus Request. Only one of the four possible bus requests is jumpered to the 
transceiver BRA-. This is Bus Request 5 and must be associated exactly with that 
described under Note CD • 
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7.4.6 Input Dato Register and IMP Control logic - The Input DatO Register is 
used to accumulate a serial stream of data bits presented to the Input Controller by 
the Interface Message Processor (IMP). Signal lines to and from the IMP are 
illustrated in drawings 6 and 7. Signals used in the Input Section are brought 
between the panels by jumper plugs. The serial data stream (DA) 'is passed into the 13 
shift register by the clocking term SHB-. Once the 16 bits of a given word heNe 
been loaded, indicated by SCTIS From the 16 bit counter, the word is transferred 
in parallel to the Input Buffer (1800 through 1815). Serial data is allowed to continue 
shifting bits into the shift register while the buffer retains the word for sfoarge into 
the memory of the POP-ll. The transfer from shift registers to buffer causes the state 
control request service from the pnxessor. If the serial data coming from the IMP is 
1855 than 16 bits (indicated by Last Bit) shifting continues until the incoming data is 
iustified. This -padding- action fills the remaining bits with zeros. The PAD 
Flip-flop is used to cause this process. As the parallel word is transferred into the 
Input Buffer, a request is made from the State Countet" to pass the contents of this 
register into the UNIBUS memory. All signals used for handshaking with the IMP 
connection are clocked by means of flip-flops. ,. The term Host Ready For Next Bit 
(HRFNB) is turned on when the IMP indicates that it is -on-line- (lRDy) and that 
the IMP Bit Ready line (IBR-) is -off". After the IMP places a data bit on the line 
(IDA) ir raises There's YC4Jr Bit signal causing IBR to be raised as an internal 
indication that the bit is ready. These two control lines raised simultaneously, 

- causes the term HRR to raset HRFNB. This transition causes the shifting in of a data 
bit by SHB; the incrementing of the Bit Counter; and informing the IMP that the bit 
hers been loaded. When the IMP drOps its, There·s Your Bit line, the clocked' term 
1M is dropped as well. HRFNBwili be raised again unless the last shift filled the 13 
input shift register. The term HRDY indicates to the IMP that the POP-ll is on-line 
and ready to receive data. This term is referred to as the Host Master Ready. It 
is set by data bit 2 when loading the Command and Status Register. The related term 
from the IMP is latched into the flip-flop IRDY and no action takes place within the 
controller unless IROY is -on -. The:Status of IROY is accessible in the status register 
for program assessment. Upon recefving the last bit of a transfet", the status bit EOM 
is raised indicating End Of Message. 

----------------
,. See nming Diogram, Figure 7-1 for IMP to LH-DH/11 signal sequencing. See also 

Figure 7-3 •. 
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7.5 Output Logic Diagram Description - Please refer to Volume II pages 1 

through 7 for the diagrams that are being described in tfUs section. The numbers 

on the right hand margin are keyed to tha diagrom discussed in tf,e adjacent 

paragroph. 

7.5.1 . Ocrta Transceiven and Multiplexers - This drawing illustrates the circuitry 
which operates on tfi8 UNIBUS to facilitate the bi-direc:tional transfer of parollel data 
words for use by the Output (Transmit) section. Also shown are the multiplexer circuits 
for gating the contents of various registers and status bits onto the UNIBUS data lines. 
Four sources drive each multiplexer in order to actuate a given data bit. Selection is 
controlled by low-order address bits presented by the processor. These bits (AI01, AJ02) 1 
enter circuitry in the lower left of the diagram. The actual gating of the multiplexer 
output onto the UNIBUS is controlled by the term EDO-. The additioral 2:1 multfplexers 
used for gating data bits 0 through 7 are used to select between the output of the 4:1 
multfplexers and the Interrupt Vector Address. T11e source of the Interrupt Vector 
Address is either a set of toggl. switches for the "C" version or a set of jumpers located 
on platform 006-10.* Refer to notes CD tfvough ® an drawing number 4. 

. . 

7.5.2 Memory Address Registers and Transceivers - The address transceivers that 
- operate an the UNIBUS are gated "on" bY term NPC-. Once turned an, the 

transceivers allow the contents of the Memory Address Register/Counter to reach the 2 
address lines of the UNIBUS. The contents of the Memory Address Register, including 
the memory extension bits, are pre-set by a data-word rec:eived from the processor. 
The register is incremented by the term 1.vA-.· 

7.5.3 b Acquisition and Control Transceivers - Control lines reaching the Input 
Section from the UNIBUS transce~vers are strObbed by means of blocked latches. The 
result is that Slave Sync (SSNt), Bus Busy (BSYR), Non Process Grant (NPGR-), and 
Bus Grant (BGAR-) are all synchronized and stored in fIi~flops. They become SSNI, 
BSYI, NPGI-, and BGAI-, respectively. These signals are use<I throughout the 
controller in a synchronous Fashion. 1M logic dealing with Non Process Request and 
Bus Request (lower right side); and that dealing with Non Process Grant and Bus Grant 
(upper right side) is discussed in detail in Sections 4.11 and 4.12. The tfming sequence 
of these signals is provided in Figure 6-3. The I'bn Process Request (NPR-) is a single 
transceiver that is turned on when the Output Controller wishes to take a word from 
memory. Response to this request is the Non PrOcess Grant. Transceiven for UNIBUS 3 
Seled Acknowledge (SACK-) and Interrupt (lNl'R-) are located in A2 as well. IntemJpt 

. Enable (lEN) and Interrupt ~est (IRQ) are shown in tt. lower center of the drawing. 
The Jumper platform (Note CD) is used to allow user selection of a particular Bus Grant 
signal, priority 4, 5, 6 or 7. Three of these signals are shown as jumpered through, with 
Bus Grant 5 being utilized by the Output Controller. If the LH-OWll output is not 

----
* 006-10 refers to Output Panel location, Column 06, Row 10. 
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requesting sarvice, then the Bus Grant is propagated immediately to the next device 
down the line through the transceiver BGAX. Similarly, Nota ® illustrates the 
platform for Bus Request. Only one of the four possible bus requests is jumpered to 
the transceiver SRA-. This is Bus Request 5 and must be associated exactly with that 
descn"bed under Note <D . 

7.5.4 Slave Control and UNIBUS Address Selector - This drawing illustrates the 
technique ror comparing the address on the UNIBUS with the established Device 
Address of the Output Controller. In the ncn version, the Device Address is 
esfablished by toggle switches located in pOsition 005-10 and 006-10. The address 
selection switches are illustrated in the upper left of the drawin~ In the "Bn version, 
jumper platforms are used instead of toggle switches (see Nate ®). Once address 
comparison is made, the Unit Select term (USL) is gated with the Master Sync allowing 
the Slave Sync flip-flop to be set. Since the address presented on the UNIBUS by the 
process is used to select one of the internal registers of the input controller, register 
pulses are selected by the two low-ordet- bits of the address. Terms LRO through LR3 
present load pulses to their respective registers when the 01 tenn designates a 
"Write" operation on the UNIBUS. Terms RRO and RRI are pulsed according to the 
low-order address bits when the term cn designates a "Read". Clock signals for 4MC 
and 16MC are brought over from the Input Panel. n.se signals are shaped and passed 
tbrough dtiver circuits to be used CIS clocking terms throughout the Output Panel. ,",e 
term ROSTR- is used to dock the Output Control and Status Register (CSRO)in response 
to pulse LRO gated with the Master Clock. Illustrated on this drawing is the setting of . 
XMRE if a Transmit Moster Ready Error occurs. This latch is reset by a CSRO load with 
bit 09= non. Initialization of the controller (INTI) takes. place either by program control 
(PINI) when register 0 is selected and data line 01 ·is raised, or by the system reset (lNIR). 

7.5.5 Word Count and State ConttOl - The Word Counter affects the state ·control 
logic by means of the term WCZR - which indicates tflat the counter has reached zero. 
The counter is pre-set from the UNIBUS data lines when the term LR3- is raised. The·· 
counter is incremented each time a memory access cycle is completed. State count 
logic is the result of decocIing SBO and SB1. The terms STO, 511 and S12 are raised as 
the State Counter passes through its sequence as shown in Figure 6-2. Action that 
takes place in each of these output states is described in Section 6.4. The one-shot 
MEM10 measures a period of time fonowing a memory access request ~ Should a 
·time-out" occur, the Memory &rer Indicator (5210) is ·set·. The error latch NOMM 
is cleared by the processor when it selects CSRO (by ROSTR-) and inserts a "on into the 
flip-flop (bit J4). During a memory transfer, the Master Sync and Slave Sync are used 
to cause IlDato Received" (DRCV) and ·Output Buffer Load (OBL). 

7-6 

Dwg. Ref. 

3 

5 

1-25-78 



Vol II. 
7.5.6 Data Transmit Register, IMP ~ntrol and Local/Distant Host Driven - The 
Output Buffer Register is pre-sat fI'Otn the UNIBUS data transceivers. 11i4t 1 Ait word 
that is loaded into this buffer is passed to the Output Shift Register which is a serial 
shifter producing a series of bits on the term HDA. HDA feeds directly into the 
driver to the IMP called Host Data Driver (HDAD). As the bit is mode available for 
the IMP, the line Host Bit Ready (or "There's Your Host Bit") is raised. Host Bit Ready 
(HBR) is only raised when the IMP indicates -IMP Ready for Next Bit" (lRFNB) and if 
the Send Data latch is "on" (SDA). The Output Shift Register is loaded by the term 
LSR-. This occurs on the 16 MHz clock when the register is empty and the data buffer 
is full (OBE). The shifting operation is caused by SHB- which also increments a 16-bit 
counter. The term 8CT15 indicates when the 16th bit is present upon the Host Data 
Une and if it is the Last Host Bit (LHB) is raised. Transfer of each bit to the IMP is 
Controlled by Host Bit Ready (HBR). As indicated in the drawing by Notes CD and 
® ' the output panel can be equipped with either a local host driver configuration 

or a distant host driver configuration. The local host configuration ® utilizes 
resister and jumper platForms in 013-06 and 014-06. For distant host operation, 
these platforms are replaced by differential drivers and receivelS (f). Internal bU5-
back of the controller,so that signals will pass from the output pan;! to the input panel 
without going through the external circuits,is controlled by the flip-Flop BBAK. This 
latch is set by aRO bit 13. All of the drivers to the IMP are disabled if BBAK is 
set. Similarly all the receivers are disabled when BeAK is set. 

- 7.5.7- LDcol/Distant Host Receivers and Indicator Drivers - This drawing illustrates 
both the distant hCSt and the loca)· hOSt receiver confi'gurations. In the local host 
configuration (2). the signals from the IMP ore passed through jumper platforms in 
locations 01~ and 014-08. In this case, the retum signal is grounded and the 
active signal is passed forward into a selector circuit. For distant host operation CD 
differential receivers are inserted in place of the platforms. Signals from the IMP, 
IDAl, laRl, UBl, and IRYl are received into a selector circuit. It is at this point 
that the receivers are disabled when in bus-b<Jck mode. When B8AK is lIon -, the internal 
signals from the circuits on drawi~'6 are fed into the control logic instead. Control lines 
from the IMP that established IMP Bit Ready (lBRl) and IMP Ready For Next Bit (lRYl) are 
passed tfwough a clocking and latching circuit. The signals IMP Data (fOAL) and Last IM~ 
Bit (UBl) are passed directly into registers in control circuitry after passing tf1e multiplexer. 
The Host Master Ready relay is closed by the turning on of the bit i~ the status register. 
When this relay is closed, the signal from the IMP HMRA is coupled to HMRB. The IMP 
uses this closure to Nst whether- the Ui-OH/l1 is lion-line". The front panel incli cators 
ore as shown in the drawing, each one with a light driver and all lines exiting the output 
panel from position 014-03. 

7-7 

Owg. Ref. 

6 

6 

7 



MCLK 

IBF 

E0M 

IBL 

lOR 

IE-NO 

loAL 
...... 
&; IDA 

HRfNB 

IBRl 

IBA 

L1BL 

LIB 

INB 

BCTl5 

PAD 

I ....... 111. II ....... 111. II ....... l ... III ..... , ... 1 ...... 1111" ..... "'t Oca .. I" .. "., 
"""1 lit I ........1., 

muuulfmrumrumfl~,.nnIUUlMfljUUlIlnJUl 
_ -.-1" NO("41. 

. E._ L..}r---r------U--, . _ ._._. ___ .".. ___ .. _ .... _______ ·_-II~ ___ "''' ____ /l ___ ---J· .......t .. "., full 

---_ .. -.. ,0---_ •. -·--IIJ------II-'-----t .. .. ... ----f/f--- -j,r--------1 In4 0' M ........ 

• • , II n , 1--_----." .. , ---..... ----I/t.r---_I _____ -.JrL LoacIlnpul""'" ----~·--_---___ ---~u~---~·~~~1--~ 
----_ .. II • II fL. ~----+---~·---~I~I-----IIII~--~~---- ,~--~··-----.·--·~I ~~ 

- - --/I ,. .----+-----~·~--~fl~----·~--~~----~·,~,---~~·--- -"'--If---~ 
--=.. , 
- .... II 

:mr=.-:- ---'--Jf-I---.:_-_~ -·.----::....--=:=.----:.---1~.-_:...------.-.--
=:r.'--. , : __ -L-1 ___ ~ -~1t I: : r=-:: : I : =H....-...&...-...+:---
-L.._..J • L_.. ______ rf-----t--It--~~-J .. ~~ __ ~~f--,~;.---~ 

j
----IIL JUr_'_"'-- . Iff 

- _ ... -:a.. - UJII.---/,.........., 
II '.. I /I LtJ---1r----1.t--..... \ .... __ , _-' 

II 1 ... 1J\'"-~.t--... IIt"'" • 11.--11-.-------. -mil f Illll 
II 

• 
I \ 

/I • • • ,. .. • 
/I JO. 

• \ 

lu.I" ..... 1 ... , full 

"ul". '.ghl""
Hoe l •• 1 Ocal. 

1M' Ocal. Iii lI ... 

1M' Ocal. III 

.... 1 .... d, fOf Nut III 

1M' III .... .., Un. 

1M' III ... .., 

LOll IMP III U ... 

L .. IIMP •• 

....... Nu.lI. 

ShI'. A III 

-.--_---ft----_----I~- -.• -~.".-.-- .... -. __ ------- . ____ 11-___ . _~ IIte_ ... ., 

____ ~---~-~o- ----l~--- ..... -.--.... - --.. --- ~,.-----".---.*- -'---HII,-----,rr --.~ ..... lnpu.O' .. 

NO'.'. Jhe DIM _ ... 1 ... will ........... ,.,.. .. whe ... " .. the ........ " .. h full (11f"-' "I, 
AI .. , ..... 0' M .... g. (10M) .111 c ..... Inpu. DMA .. ,., .. Ino' •• 

NOli I. " .......... the IMP ... no •• rnclw_ with .... "' •• ,nol cloc. (Mellt) .............. 
c ... occur ... , ..... ,. In , eloc. erel.. ,he 1,,1.,nol .Ignal .111 follow .... 1M' .Ignol 
t.ul _III < .... nV. QI ,10<.-11_ •• F'Qure 7-1 INPUT-TIMING DIAGRAM IMP SIGNAI.S 



''W:''J I Output II.. I 0...,...11 •. 2 0...,... II. :I , I o...pu' II. IS , o..'pu' II." tG.tJ:J '0...,... II.. , I O,,'pull ... lit , 
,"elK J1.fiIlIlnMJ1.fnnnnn.nn.nnnIl.IUlfUlnrul ~flJUln.nnnnnnn.flnruuUUlflJlnnnnnnnnf4fMJ1lUln.nn nnloglc CI.ca. 

L: r tlO 

C:!E 

s:~ 

. (. 

!~fNB 

t-9R 

LOiB 

(;':8 

::T'5 

" n r-·-,..--·--.-----.-.---.--II-----
-l i:.. ... -\r .Jft.,.,..1 - --, ~----o ... -- -.-Jf--..-.--jt-.. -- ... - _Output .. If., f .... 

. - _·---ft··-· .. -..... _1t_.- .. --.--_-. - ·-IJ--- .- -r-"-. ---
--_ .. _.-#"-

,1_--, 0...,.. ... " .. 
----- -- Jf---- -.t- ... ---.--- .. H ... lo" w ... " 

~ ··--4t----f,.o----.r--·--il------.t---1f-- I' ---.,_--_-...Jl------..... -- .. - .. -II--'.'--il- ._._· __ I.., ... O ... pu."".' 

_J---u " • .11--_--11--_----01-------U ~---·/f---·-·--'~~:!.I .... ' 

··_-__ ·----f~-·-----I~-'-II-----·-----· .. t--------J If fJr---iI---~ o,,'pu. "eI,'., 
. --Ho, lo'l 001 • 

"lr . - 'r---i--·--+------; .. -----ft---·- .. lf~ .. . ··· ... ~----·-fl--·----..,t--·-llr------ ''11--- ·-·11-··- -.-. it-· ---.- -.. -Load o..'pu. 1.11:".' 

--c=----"'--,.-11 
--L-- ---il---~ 0-1 --__ -

·-·--It-··-·-l-it-----It---·y-·-HoI. 0010 line 
----IIt--- --J - -. -- -It-·-·--'---

._~~if--·u-. ___ ~II-·- '\iI. --it-JHr- ., .... iii -If 1fll--fI- -6 .' .,-11,--· .. ·· _____ ._ JlU---..,..... H •. - '-11' l.\\\\ 

___ ~5_~ -41--1- "--L .. -it---r- '1' - L-fr-J '- • .. L __ ... ~--..F -"-L ___ .. __ ~'t.- l--1~ _1-· .. · ""' _____ :~.I~_:y for 

1M' I • ...,y '01 N ... 
. -Ii. lin. 

--Y'"-"L... JM \~~1f-J II ~~. r·-y~t--·L-HoIIII.I ....... 

----~.~---1~- -._----i,.--.-_--II-·--~ If _tt_---. " (~~_la"Ho.'II' 
_ .. ____ " .,.... -fl-.. t----.- II. fL .... _ ... _. _ • .. Jl-lI ____ ........ 11-... _______ ..fL._. ___ ----... I.--n-il--_--~ G •• Ne •• II. 
------1~.---.. • "\1' It ... - .. II--·lf-ff-----· If '-'---U-- ·----.... -lJ·--·--.. -,,-II-·-·--1. -V--ShlflA II. 

--'-'- ... -It .... - - It···.. ...,. • ... - -. II -- '-11-· . If .. 
r-fl' ... -- ... " --.-, 

--' \- .. - --- . . ., .... Jt -.. _. j.- \ ._.11. C-t -IS 

Nell II 'he'lIMA c ...... l ... will '.'ch _ • ..., ...... _" whenev., .... o...pu' ... " •• I •• "", ... COIf~"O"). 
AI .. , .... l ... WQf~ .111",,1 ClSIWO) will'" conc .. ".n. whh 0 .. . 

Nell 21 saph ,_ .... 1M' ........ ync"'_ wI.h .... Int.,na! elac. CMClIe) .... _Ite-c_ acc,", .... r-... '. In. clac~ cycle. , ... In'.,,,,,' ,III"'" will 'ollaw , ... 1M' 11"",,1 
..... will '''''''e. 0' clac.-.I_,. Figure 7-2 OUTPUT - TIMING DIAGRAM IMP SIGNALS 



~ .... 
0 

UIO 

UII 

101.0 

10A1 

1110 

1111 

IIVO 

IIVI 

tiMIA 

HMII 

IMIA 

IMII 

r-;\ ~ 
• Q I ~ . ).. . ~ 

l " : I ---~---'---~~---'-iA---~·~,-----t 
: I : 1 ..... IMP II. ---;-"'4'i- ----, -- - -- ----~ i._---

:,.. 1_11]_- -,,- t--.L,--. 
---, &1 I J 0. •• , IMp •• H ... __ -,.:_.. I ----..«_ 

! 1 .... l' t" 

I :I! -------i=*--- .... '\· .. V_ IMP II. 
I "1 I ' - ' 
• j~'L---_-~~--__ -t =-- ;-~::i~' _.-... -, ---d~ .... --.1.:----- ... ~ 'OI N ... Hot. III 

--~".,,~, --'~-- 1-;--- t ...... . 

• I 40, .. -T,- \ I" 
-r-~i- .Jw_----(J---i/~/--- Hoo.M .... , l.ocIy A -,"- t .. -." f- .' -... .... fr·· -i'l. --- .. -- .... , Noo.'., "ody I 

-;--;j--rtI----r-'l; ::::::::::::: 
~~. I 

: I fY t=--4l-----t •• ,' I/~ c_ •• 
• I -4-:,--

--:-' ~C4"- -I't. 
-£'\1,1:1 -'~ ___ • 

HlVO I - -r;-- --=g:=r' .Ieadr 'OI ..... ,IMP II, 

HlY. , »ML In =r-t '--- t ' 

HIIO -'-:;1 ___ ._____ --.J...~-----. IN,.', Y_ Hot. II, 
Hili I 11': 1 __ 

LHIO --i"»ji--'~- "-~~=-.j.l~~=: 100. Ho.'.11 
LHII -, T"'-'- -'-'-" -- --- 4.. il & 

HOAO • r t'.,=' t= -,----. , .~; J:J. o.t.,Hot ... 1MP 
HOAI ---,-Irill lty , I 

, , I 
I VI. 
:, ~ I 
I ~. 
I '"'" I 
VtN._ 

~ 
: Q I 
:~: I 
I I ..... ~ ______ ..... ~=-___ leody f ....... , IMP III (L.c.l) 

1--1 :.- : I U-
'·11 I lao I 

HIIO ..,: 2&." " t---.~-=----
"'rl ~,,! -~ la, 

I I...,. g= 
LHIO : :7T-=-- I- 117 

"I~ I '.' 

~ · .! W t-I--I----~I <11'=----- Dot., Hoo'lo IMP 

I~I---....;.:....,,. ..... Q'-:----(}-. ~. __ ~ Spo'. 
l .. __ ') 111 

HlYO 

Th.,.·, V ... , Ho., II, (LD<;.I) 

.... , Ho., II, ("'c.l) 

HOAO 

IMP/Ho., Ground ,30 
L-___ ":;:"'---- Hot, G, ........ 

I " 

FIgure 7-3 IMP CABLE DIAGRAM 



MAINTENANCE MANUAL 

LH-DH/llC AND LH-DH/IlB 

CHAPTER 8 
COMPOSITE GLOSSARY OF LOGIC SIGNAL NAMES 



co 
I -

tMe 
t IItII 
l' CIC 
liMe 
laMe 
A",,- tllru All
AelO thru ACla 
AceD tllru ACca 
AI,,/I tllu Alll 
U/Il thru AS at 
alAIC 
1151-
acTl5 
IIC4 thru 101 
ac:4X thru aCll 
ileA 
IC:AP 
acAI 
leAO-
aeAa-
acAS-
leAl 
acll-
IIDL 
IU- tllru 1"
IlRA-
IlRAO 
aSYI 
ISH 
I15YO 
aSn 
aUSY 
C/l-
el-
Cl/l 
Cll 
CPl 
cn 
CX,,/I tllru CI/ll 
0"/1- tllru 015-
OAHS 
oa,,/I tbru 01/11 
01"/1 tllru DIU 
00"/1 tllru 0015 
oaev 
OSTD 
EDI 
ED~ 
EDD-
ICH 
EROa 
CHa 
G!!H-
cwan 
Haa 
HlaD 
IIIRa 
IIIIIS 
lIalll 
IIDA 
1I0AD 
HOAII 
HOAX 
HMM 
H"1IIt 
III1C 
HRDY 
lIat'NI 
HUO 

• MR, Clock lourc. 
• MIl, Clock Sourc. 
l' 1ItI, Clock Oriv.r 
l' MH. Clock Sourc. 
Ja MHa Clock Cryatal 
UNlaUS Addr ••• Lin •• 
Addr ••• Count.r borrow t.r •• 
Addr ••• Count.r carry t.r .. 
Addr ••• bit. In Iro. r.c.lv.r. 
Addr ••••• l.ctlon bit. 
lu.-back Mod. 
UNlaus lu.y 
lit count eqUAl. lilt •• n 
UNIIUS lu. Grant l.v.l • tllru l.v.l 1 
UNIIUS au. Grant l.v.l • thru 1 propa.at.d 
UNlaUS lu. Grant 
lIu. Grant d.lay.d 
Clock.d lu. Grant In 
lu. Grant out to driv.r 
lu. Grant In Iro. r.c.lv.r 
·or" of 10AI and lGAO 
UNIIUS lu. Grant propa.at.d 
"ot u •• d 
lu. ldl. 
U .. IIUS lu ••• qu •• t l.v.l • tllru l.v.l 1 
UNIIUI lu •• equ •• t 
lu ••• qu •• t to Drlv.r 
lu. IU.y .ignal clock.d 
Clock.d lu. lu.y In 
lu. IU.y to Drlv.r 
lu. IU.y fro. I.c.iv.r 
Input Devlc. lu.y 
UNIIUS Control bit /I 
UNlaus Control bit I 
lu. Control Iro. I.c.lv.r bit /I 
lu. Control Iro. a.c.lv.r bit 1 
Clock In. 'ul •• I 
Clocking 'ul •• J 
I.t.rnal Capacitor l.ad. 
UNIIUS Data Lin •• 
... .ary an.w.r. LH-OH/ll .... t.r Sync 
Low.r .1.llt bit. 01 Data Multlpl •• ,r 
lu. Data In fro. I.c.lv.r. 
lu. Data out to Orlv.r. 
Data r,c.lv,d fro. M,.ory 
Data .tor.d In ... .ary 
Data Drlv.r Enabl. 1 
Data Orlv.r Enabl, a 
Enabl, D.t. Drlv.r. 
Ind of " .... g. 
Inor Indlc.tor 
G,t IIIKt lit 
Groundln. T.r. - Loa.ll,.d 
Ret • "ol'd Iro. M • .ary 
lIolt Ilt ••• dy 
lIo.t lit .,ady Drlv.r 
1I0at .It •• ady Roturn 
I.t 1I0.t lit R •• ~y 
lIoat lit ••• dy .lgnal .h •• d of •• rl •• r •• l.tor 
lIolt Oat,. Lin. 
lIo.t Oat. Lin. Orlv.1' 
H08t D.t, Lln. I.turn 
lIo.t D.t •• I9nal ahaad of •• rl •• re.I.tor 
lIo.t .... t.r a •• ~y 1I.1ay Line A 
IIoU H .. t.1' lI.ady •• lay Lin. I 
Ho.t •• ady Control 
lIolt ... dy 
1I0.t .aady For .... t lit 
1I0.t I.lay Dl'lv. 

Hla 
IIIIS 
HITO 
111'110 
IIIVII 
IIIIU 
HSRC 
II,.. tllru 11115 
IRC 
1111 
IIF 
IIiL 
1111 
IIU 
18RL 
1111111 
lBaS 
IDA 
lOAD 
IDAL 
10AO 
IDA. 
1011 
IDS 
lEND 
lMA-
IHM 
IHIlIl 
INI 
INEN 
INIT-
INTI 
INTI-
IRe 
1110'11 
lUNa 
I ilL 
IIIH 
IRQ 
IIIQC-
IIIOS 
illS 
III'tD 
III'IIL 
IIU 
IIIVS 
IS II 
ITI 
INC 
LIlT 
Lilli 
WBD 
LIIBI 
LIIBII 
LI/I/I tllru LIl5 
LIII 
LIBO 
LIBL 
LIRQ 
LIBR 
LI" Lll 
LU 
La) 

LSD 
LSOS 
LSI-
LS1'W0 
LT"I- -tll~u LTll-

.... t IIIIt'NI 
S.t IIRFNB 
Ho.t aaadv TI •• Out 
Ho.t 1I •• d't Fol' " •• t lit Drivel' 
1I0at a.ady For " •• t lit •• turn 
lIolt a.ady For .... t lit .i.nal ah.ad of '.I'la. r •• I.tor 
Tran •• lt Shift a.gl.t.r Carry 
Input lul'.r blt. /1/1-15 
Cl.ar Input lulf.r 
Cl.ar aacelv ••• gl.ter 
Input au".r Full 
Load Input luff.r 
1M. Bit I •• dy clock.d and latch.d 
IMP alt lI.ady Orlv.r 
IMP lit lI.ady Line 
1M. lit I.ady I. turn 
IMP Bit •• ady S.l.ct.d 
1M. Oat. lit 
1M. Data lit Driv.r 
IMP Data lit Lin. 
IMP Data lit clock.d and latched 
1M. O.ta lit •• turn 
I.c.lv.r 1 •• I.t.r Full 
Set 1011 
I.c.lv.r le.l.t.r haa La.t Oat, 
IncreMent H • .ory Addr ••• Count.r 
IH. Ha~t.r lIa~dy lalay Lln. II 
1M' ",.tar lIoady 1.lay Lin. I 
Input Naxt Bll 
Int.rrupt Enabl. 
UNIIUS Inltlalla. 
O.vlc. Inltl.ll., 
UNIIUS Int.rrupt 
D.vlc. Int.rruptln. 
IMP I .. dy 
IMP a.ady lor Ne.t lit clocked And l,tch.d 
Int.rrupt I.qu •• t L'tch 
Int.rruptlng Da~ic. I. lu. M,ater 
Int.rrupt I.~ueat 
Cl.ar Interrupt .. qu •• t 
s.t Int.rrupt a.qua.t 
Int.r~uptln. O.vlc. Selected lo~ lu. Control 
1M. a.ady lor .... t .It Drlv.r 
IMP I •• dr for .... t lit Lin. 
1M. I •• dy lor N •• t lit I.tul'n 
IMP a.adr lor .... t .It S.locted 
Input lufl.r Strobe 
And 01 laDy end Ila-
InCI'Maont Word Counter 
L •• t lit b.lng Inputt.d 
Lalt Holt lit 
La.t Ho.t .It DriVel' 
La.t Ho.t lit a.turn 
La.t Ho.t Bit .Ignal ehe,d 01 .erl •• re.I.tor 
aMc.lv. legl.ter bit. /1/1-15 
L .. t I"' alt 
L,.t 1M. lit Driven 
L •• t IMP Bit Lin. 
Lilt IMP Bit clock ... And latch"" 
La.t 1M' alt a.turn 
Loadl.'J"tar /I (Co-.and and IUtu. IOfJI.tarl 
Loed lIagl.t.r 1 (Oat' .egl.t.rl 
Load aa91.tar a (H • .arr Addr ••• 1 •• I.terl 
Load 1I •• JIUer J (Word Count aoglatarl 
Output aagl.t.r ha. Le.t Oat, 
I.t UP 
Load OUtput a.~I.t.r 
Output But tar Ila. L,.t D.t, 
Indicator La~ Driver. 
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MA'l thl"u MAU 
MCLI(-
MCLICl 
MCLKa 
NEC-
MEHTO 
HH£I 
MaN I 
MSNO 
MSNI 
"SS 
MSTU 
MSlIN-
MTOC-
MXDI 
MXD2 
MXS, 
NOHM 
NPC 
NPC 
NPCl 
NPCD 
NPCI 
NPoo-
NPGa-
NPGS-
NPCX 
NP" 
111'11-
111'111 
lIPIlO 
NPS 
01., thru oa is 
OlE 
oaF 
OIL 
OISTa 
OIT 
fAD 
.01 
.05 
.INI 
PSE' thru PSLI 
PUSL 
.wao 
a'STI-
RlC-
aEN 
aCE-
aoo 
ILEa-
aLa 
IIMRt: 
aR,-
aRI 
au-
au-
UTI 
liT' 
12N 
laT, 
UTI 
SACK-
IACO 
SACI 
SACZ 
Sl, la,. 
III 
Sil. 
SDA 
SOl 

... .arv Addr ••• lit. to lu. 

.... t.r Clock Sourc. 
Muter Clock 1 
.... t.r Clock Z 
Cl •• r " • .arV Irrol" Indlc.tor 
... .arV Acc ••• Tl .. Out 
... .arV Irl"ol" Indicator 
Clock.d " •• t.1" Svnc In 
" •• t.r Svnc to Drlv.r 
" •• t.r SVnd fea. •• c.lv.r 
s.t H •• t.e SVnc Out 
".Mt.1" Svnc fOI" thl. Unit 
UNIBUS H •• t.1" SVnc 
Cl •• 1" ... .arV ACe ••• Tl .. Out 
D.ta "ultlpl ••• r Dl •• bl. 1 
D.t. Multlpl ••• r Dl.abl. a 
D.t. Hultlpl ••• e S.l.ct bit, 
... .arV Acc... 1I"I"0r 
Non .roc ••• Contl"ol CD.vlc. Doln9 DNAI 
UNIIUS Non 'I"oc ••• Gc.nt 
Non .roca •• Ge.nt .19nal clock.4 
Non .roc ••• CeAnt D.laV.4 
Clock.d Non .eoc ••• CrAnt In 
"on .roc ••• CCAnt to Driv.r 
Non .roc ••• CeAnt teo • •• c.lv.r ·0.· ot N.GI And ' •• GO 
UNIIUS Mon .roc ••• GrAnt 'ropa9At. 
D.vle. i. lu. "A.t.r tor DNA 
UN11I1I1I NUll 'rucuMli •• 'lll .. l 
lIul 11''',\ 
lIoll1 Pea.: ••• a ... " ... t. tu Pl l"", 
DKA O.vlc. li,I",a"J fOl' h. "A.t"r 
Out~ut luff.r bit "-I~ 
Eaptv Output luff.r 
Output luff.r 'ull 
LOAd Qutput luff.r 
Output: luffar LoAd 'ula. 

'.d Input DetA 
.... t. 'AD 
Set .AD 
'r0 9I"A ... d Inltlall •• ' •••• t.1 
.. l.e.llan.ou. Addr ••• O.code T.r •• 
'art.1AI Unit. S.I.etlon 
.ut. DAtA Word In ... .arV 
•• 91.t.r " Strobl 
a ••• t. lit. Count..r 
a ••• t Ind ot ...... 9. Letch 
a'9ht'r In.bl. 
•• ght.or Output. 
••• dV Lin. Irror 
.. leVa •• dV 
•• e.lv. Ha.t..r a.adV Irror 
a.ad •• 9ht.ar , 
••• d a.9htar 1 
••• 4 •• qlatar J 
... d •• qlatar J 
Go to Stat.. 1 fra. st..t. , 
Go t.o st..t. , fro. Stat. 1 
10M I.lt of st..t. a 
Go t.o .t..t.. , fro. Stat. 2 
Go to St..t. 1 'rOM St.t. a 
UNIIIU8 Selectlo!;, Aeknowle,II). 
S.l.etlon "ekrlawlo.d'ju to Delv.r 
Non .roc ••• S.l.etlon "eknawl.dq. 
Int.reupt B.I.etion "cknawl.dq. 
St.et. Coun't.r bit" 
• ••• t Bt..t.. Count.r bit' 
St.at. Counter bit 1, 
a ••• t. St.t. CQunt.r lit 1 
Output .091.t.r ha. Deta 
•••• t. SDA 

IHI
SII 
SSI 
151 
SU 
SSNI 
ISNO 
SSN. 
SSYN
BTfj 
STI 
STa 
ITLW 
USL 
Vt' 
Vtl 
,Vt2 
VtJ 
VB" thru VS'l 
WC" thru NelS 
WCI, thru WCU 
WCC, thru NeCJ 
WCDA thru WCDD 
wcn 
M.D 
XAl6 
XAll 
KNRIL 

Shift. • lit 
S.t IH ••• adV 
S.t. St.t. , 
S.t St.at. I 
S.t. Sut. a 
Clocke4 SLAV. Svnc In 
SLAV. Sync t.o Drlv.r 
Sl.v. Sync 'ro. •• e.lv.e 
UNI.US SLAV. Iync 
It.at. , 
Sut.. 1 
It..t. 2 
S.t. LlTIID 
Unit. Sel.ctlon 
Loqlcal On. Soure. , 
Lo91c.1 On. Soucc. I 
Loqic.l On. Soure. a 
Loqlc.1 On. Sourc. J 
Int. erupt. V.ct.oe. blt.. ,,-,1 
Word Count.r bit.. "-15 
Word Count.r loeraw T.r.M 
Word Count..r Cal"rv T.r •• 
Word Count..r D.codin9 T.r •• 
Word Count. EqUAL. '.ro 
'Iu.h Data Cont.rol 
I.t.nd.d Addr ••• bit I' 
Ixt..nd.d "ddr ••• bit. 11 
Tr.n •• lt. " •• t..r •• AdV IrrOr 
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