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PREFACE 

This manual provides information to permit the user to efficiently operate the IMP-I6 L microcomputer. The 
manual contains general information including all block diagram functional theory of operation, descl'iption, 
instruction set, control panel operation, firmware description, I/O operation, system data bus operation, and 
system verification. For purposes of system development and maintenance, the user should have a good working 
knowledge of software programming, circuit logic, and integrated circuits. 

Copies of this pUblication and other National Semiconductor publications may be obtained from the sales offices 
listed on the back cover. The following publications are also relevant: 

• IMP-I6 utilities Reference Manual (NSC Order No. IlVIP-I6S/025Y) 

• IlVIP-I6L Product Description (NSC Order No. IlVIP-I6L/924) 

• IMP-I6 Programming and Assembler Manual (NSC Order No. IMP-I6S/I02Y) 

• Timeshare Users Manual (NSC Order No. IlVIP-I6S/U8Y) 

• General Purpose Controllers/Processor MOS/LSI System Kit, Product Description (NSC Order No. 
IMP-OOA/905B) 

• CROM Data Sheet (NSC Order No. IMP-I6A/52ID 

• RALU Data Sheet (NSC Order No. IMP-OOA/520D 
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Chapter 1 

GENERAL INFORMA TION 

1.1 GENERAL DESCRIPTION 

The IMP-16L, shown in figure 1-1, is a general purpose 16-bit microcomputer designed expressly for the OEM 
(original equipment manufacturer) user. A high-speed asynchronous bus affords direct memory access by peri­
pheral devices and, along with the modular configuration of the equipment, gives the user maximum flexibility 
for configuration of his systems. The basic IMP-16L and its options provide an unusually versatile capability 
for developing a variety of OEM equipment, software, and full-scale processing systems. Both the memory 
and the microprocessor include LSI circuits that are advanced products of proven semiconductor technology, 
thus providing lower cost, higher reliability, smaller size, and lower power consumption. 

The system manufacturer may initially procure the IMP-16L as a stand-alone system in order to expedite soft­
ware development and to permit rapid assembly of models for field trial. Later, it may be more economical to 
purchase printed circuit cards that are packaged in an enclosure customized for the application. When produc­
tion quantities warrant, the system manufacturer may later decide to purchase at the semiconductor component 
level. Thus, the manufacturer may optimize both his development and production phases due to the versatility 
of the IMP-16L design and options. 

A Programmers Control Panel is supplied with the IMP-16L to provide access to the Central Processing Unit 
(CPU) registers and memory. Using the Programmers Control Panel, the operator may address, load, and 
examine memory and CPU registers and control the operation of the microcomputer to debug software and 1/0 
hardware. 

The functional configuration of the major units comprising the basic IMP-16L is shown in the block diagram of 
figure 1-2. The CPU, Memory, and Peripheral Devices communicate and exchange data with one another by 
way of a bidirectional 16-bit asynchronous data bus. Both programmed data transfers and direct memory ac­
cess (DMA) transfers take place between memory and peripheral devices on this data bus independent of CPU 
operation. The maximum bus transfer rate is one million 16-bit words per second (approximately). 

1. 2 OPERATIONAL FEATURES 

IMP-16L operational features are listed in table 1-1. 

Table 1-1. IMP-16L Operational Features 

Item Parameter 

Word Length 16 bits 

Instructions 60 general purpose instructions 

User Register 4 multipurpose 

Stack 16-word last-in/first-out 

Memory 4096 16-bit words of semiconductor memory, 
expandable in increments of 4096 words 
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Table 1-1. IMP-16L Operational Features (Continued) 

Item 

Addressing Modes 

Arithmetic 

Speed 

Input/ Output 

Control Panels: 

Operators Control 
Panel 

Programmers Control 
Panel 

Input Power 

Temperature: 

Operating 
Storage 

Humidity 

Dimensions 
(Overall) 

Parameter 

Direct - 256 words 
Relative to Program Counter - 256 words 
Relative to Accumulator 2 or 3 - 256 words* 
Indirect - 65,536 words 

Parallel, binary, fixed point, twos-comple­
ment, single- and double-precision 

Register-to-register addition - 4.9 usec 
Memory-to-register addition - 8.4 usec 
Register input/output 10. 5 usec 
DMA (direct memory access) 
Transfer 1.05 usec 

Bidirectional asynchronous 16-bit data bus 
Up to one million words-per-second DMA 
transfer rate 
4 interrupt levels - one level provides device 
vectored routine entry. 
Addressing for 256 peripheral devices 

Contains controls for program loading, 
RUN, HALT, INlTIALIZE, peripheral 
controls (A UXI and AUX2) , and power 
and panel key switches 

Display and data entry switches for 
registers, push-down stack, and memory 

Single instruction, increment memory 
address, and load data switches 

120 VAC .:t:: 109;, 47-63 Hz 
or 

230 VAC .:t:: 10%, 47-63 Hz 

00 to 50<1::; 
-200 to 55 0 C 

To 90% without condensation 

10.5 inches high, 17 inches wide, 
24 inches long 

* Indexing gives maximum range of 65,536 words in page sizes of 256 
words each. 
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Table 1-2. Major IMP-16L Units and Options 

Item Unit, Contents, Options Order Number 

1 IMP-16L microcomputer system with DMA bus IMP-16 L/304 
or 

Hardware: IMP-16L/308 
(with second 4K 

• Chassis (wired for the following: CPU, control RAM card) 
panel/TTY logic, 8K memory, card reader con-
troller, and PROM programmer card. NOTE 

• Power supply assembly For 230-VAC (50- or 60-Hz) 
operation, add "E" suffix to 

• Teletype/control panel interface logic card above order numbers. 

• Teletype I/O cable 

• 12-connector card cage 

• Operators Control Panel 

• Programmers Control Panel 

• CPU card (includes two CROMs for 60 general-
purpose instructions) 

• 4K memory card (includes two 256-by-8 PROM/ 
ROMs programmed for paper tape loader, control 
panel service, and TTY control; and two sockets 
for additional 256 words of PROM/ROM) 

• Interface board 

Reference Manuals: 

• IMP-16L Users Manual 

• Timeshare Users Manual 

• IMP-16 Utilities Reference Manual 

• IMP-16 Programming and Assembler Manual 

• Engineering Documentation Package 

Software Paper Tapes and Listings (16LBASSOFT): 

• IMP-16 Resident Assembler (IMASM and IMPASP) 

• IMP-16L Source Editor (EDIT 16) 

• IMP-16L CPU Diagnostic Routine(CPUXDI) 

• IMP-16L Memory Diagnostic Routine (MEMDIL) 

• IMP-16L Software Debug Routine (DEBUG - listing 
not supplied) 
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Table 1-2. Major IMP-16L Units and Options (Continued) 

Item Unit, Contents, Options Order Number 

4 IMP-16 Assembler (cross assembler written in IMP-16S/900A 
FORTRAN IV) 

• Source deck 

• Listing 

• IMP-16 Programming and Assembler Manual 

• Program Description Manual 

• Installation of IMP-16L Assembler on System 
360/370 Operators Manual 

• Card decks with listings for card punch routines 
for CRBOOT format and RLM format 

5 Teletypewriter (ASR Model 33 wired with cable for IMP-00/S10 
IMP-16I) and paper tape reader control option (For 230-VAC, 50-Hz opera-

tion, add suffix "E".) 

6 4K RAM card IMP-16L/004 

7 64-socket blank circuit card for OEM prototyping IMP-00H/S91 

S 90-socket blank circuit card for OEM prototyping IMP-00H/S92 

9 Card extender IMP-00H/S90 

10 Paper tape reader relay control kit for ASR IMP-00/S10R 
Model 33 Teletype 

11 Single-card connector - 144 pins IMP-00H/SS2 

12 3-card connector panel: IMP-00H/SS1 

Card frame with three 144-pin wire-wrap connectors 
and card guides, spaced to accomodate wire-wrap 
Prototyping Cards 

13 6-card connector panel: IMP-OOH/SSO 

Card frame as above but with six 144-pin wire-wrap 
connectors and card guides, spaced to accommodate 
PC cards 
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Table 1-2. Major IMP-16L Units and Options (Continued) 

Item Unit, Contents, Options Order Number 

14 PROM Programmer Package: IMP-16L/805 

For programming MM5203 and MM5204 PROMs. 
Packaged on one printed circuit card which plugs 
into IMP-16L backplane - operates under program 
control of microcomputer. Complete with soft-
ware package (paper tape) and operating manual. 

1. 3. 2 Card Cage 

The card cage contains 12 connectors to accomodate the card modules in the IMP-16L. One additional card 
cage, to accomodate six additional printed circuit cards, is optional. If still more expansion is required, the 
power supplies may be removed and remotely installed to allow additional room for two more six-connector 
card cages. With the full complement, up to 30 cards may be installed in a system. 

1. 3. 3 Chassis 

The chassis may be a stand-alone unit or may be adapted for rack mounting. Convenient means of mounting a 
control panel, card cages, and power supplies are provided by the chassis. Figure 1-3 shows a typical IMP-
16 L microcomputer, with the cover removed to show component and assembly locations. 

1. 3. 4 Control Pane Is 

The standard system is supplied with a Programmers Control Panel and an Operators Control Panel. Both con­
trol panels are shown in figure 1-1. The Programmers Control Panel provides access to registers and memory 
for use in program development. The Operators Control Panel has a minimum number of controls. Use of the 
control panels is discussed in chapter 4. 

1. 3. 5 Power Supply 

The output voltages of the standard power supply are as follows: 

• +5 volts at 12 amperes 

• -12 volts at 3 amperes 

For larger systems, there is a higher current power supply available. 

1. 4 IMP-16L HARDWARE/SOFTWARE ITEMS 

Various items of hardware and software support are listed in table 1-2. Among these is the resident 
assembler program (supplied with the IMP-16L) which can be loaded into the IMP-16L memory and then used 
to assemble the user's application programs. 

A number of IMP-16L loader programs and an IMP-16L debug program are also available to support develop­
ment of user's application programs. 

In addition to the standard items supplied, a cross-assembler program is available to support the preparation 
of user application programs. The cross assembler, written in ANSI FORTRAN IV, may be used to assemble 
programs written in the IMP-16L language. It is for use on a large, general-purpose computer. The cross­
assembler has also been installed on the worldwide timesharing computer utilities. 
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Chapter 2 

CPU AND MEMORY FUNCTIONAL DESCRIPTION 

2.1 GENERAL 

This chapter provides a functional description of the IMP-16L CPU and Memory Modules on a block diagram 
level. Block diagrams are used throughout the text to describe individual units; an overall functional block dia­
gram, representing the circuits contained in the schematic diagrams (supplied under separate cover with the 
IMP-16L microcomputer), is included at the end of the chapter. Figure 2-1 is a block diagram showing the 
major functional groups in the system which may be configured in a variety of ways to suit the user. The CPU 
Module and Memory Module are basic to any given configuration. 

The CPU Module contains circuits which control the functions of the arithmetic section, internal and external 
bus timing and control, and interfacing with peripheral devices and memory. 

The Memory Module contains the 4096-word read/write memory; the 256-word Read-only Memory (ROM) in 
which the various firmware service routines are stored; and input/output buffers. 

2.2 CPU MODULE 

The CPU Module is configured around four 4-bit Register and Arithmetic Logic Units (RALUs), a Micropro­
grammed Control Section, and other logic for control and gating functions. In order to appreciate the operation 
of the CPU Module, an understanding of the RALUs and Microprogrammed Control Section is helpful. These 
units are described in the following paragraphs. 

PROGRAMMERS 
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r--- --, 
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CPU MODULE 

c:-- -- -;, r --- --- ---l 
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I INTERFACE I I TIMING 
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L __ .-_ .J 
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CONTROL BUS 

16-BIT SYSTEM DATA BUS 

Figure 2-1. IMP-16L Functional Block Diagram 
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There are sixteen 16-bit words in the Last-in/First-out (LIFO) Stack. The contents of the accumulators, 
status flags, or PrOgTam Counter may be pushed onto or pulled from the top 16-bit location of the stack. As 
subsequent words are pushed onto the stack, the contents already in the top location are moved downward to the 
second highest location. The contents of the second highest are moved to the third highest, and so forth. If 
more than 16 words are pushed onto the stack, the contents of the bottom of the stack are lost. 

Words are retrieved from the stack in reverse order of the loading sequence. As the top word is pulled, all 
words in lower locations are moved upward toward the top location. A 16-bit word consisting of all zeros is 
loaded into the bottom of the stack each time a word is pulled from the top. A stack-full interrupt is generated 
whenever the bottom stack word contains nonzero data. 

The 16 status flags are implemented as a register. These flags are used for indicating the various levels of 
interrupts, overfiow and carry arithmetic functions, and link operations associated with double-word usage. 
The 16 status flags may be pushed onto or pulled from the LIFO Stack, set or cleared, and individually tested. 
A complete description of the use of the status flags is given in chapter 3. 

The ProgTam Counter (PC) holds the address of the next instruction to be executed. It is incremented by 1 im­
mediately following the fetching of each instruction during execution of the current instruction. In the case of a 
double-word instruction, the ProgTam Counter is incremented by two. At initialization or power on, the Pro­
gram Counter is set to X'FFFE. 

The Memory Data Register (MDR) holds data transferred from the memory to the CPU or vice versa. When 
fetching data, the address is placed in the Memory Address Register (MAR). The fetch instruction causes the 
data word to be transferred from the designated memory location to the Memory Data Register. Conversely, 
when storing data in the memory, the data word is placed in the Memory Data Register; the address is placed in 
the Memory Address Register; and the store instruction causes the data word to be transferred to the designated 
memory location. The Memory Address Register (MAR) holds the address used when data is to be fetched. 

There are four 16-bit accumulators: ACO, AC1, AC2, and AC3. In general, the accumulators contain oper­
ands for arithmetic and logical operations. Also, the result of arithmetic operations is usually stored tempor­
arily in one of the four accumulators. Data words may be fetched from memory to an accumulator, or stored 
from an accumulator into memory. The particular accumulator to take part in an operation must be specified 
by the progTammer in the appropriate instruction. ACO may be used to transfer data to and from peripheral 
devices. 

The Arithmetic and Logic Unit (ALU) performs both arithmetic and logical operations: binary addition, AND, 
OR, and EXCLUSIVE OR. The Shifter permits left or right shifting of the contents of the Arithmetic and Logic 
Unit, and the Complementer is used to complement the contents of the A-bus. 

2.2.2 MicroprogTammed Control Section 

Two Control and Read-only Memories (CRaMs) comprise the MicroprogTammed Control Section of the IMP-16L. 
Figure 2-3 is a block diagTam of a CRaM. Operation is as follows. The CRaM contains a microprogTam that 
implements the instruction set. This microprogTam resides in a 100-by-23-bit Read-only Memory (ROM) with­
in the CRaM. During an instruction fetch, the 9 most significant bits of the instruction word are transferred to 
the CRaM; these 9 bits comprise the op code and other pertinent control fields of an instruction word. The in­
struction bits are decoded, and then the ROM Address Control in the CRaM directs the control sequence to an 
entry point in the microprogTam. The sequence continues until execution of the fetched instruction is completed. 
Then the CRaM goes through another fetch cycle to fetch the next instruction from memory. This process is 
continuously repeated. 
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2.2.3 

DATA BUS 

INSTRUCTION REGISTER 

MICROINSTRUCTION ROM 
ADDRESS REGISTER 

READ ONLY MEMORY 
100 MICROINSTRUCTION WORDS 
(MICROPROGRAM STORAGE) 

I/O RALU 
CONTROL CONTROL 

FLAGS, RALU 
CONDITIONAL JUMPS, CONTROL 
INTERRUPT 

Figure 2-3. Control and Read-Only Memory (CROM) Simplified Block Diagram 

Data Flow 

Figure 2-4 is a block diagram of the IMP-16L CPU Module. It shows the data flow between the major functional 
units within the module. The numbers shown in parentheses indicate the number of lines employed to accomplish 
communication tasks. Operation is as follows. The CPU may establish communication with a peripheral device 
(or memory) via the System Data Bus after first acquiring priority and access through the System Bus Controller. 
This controller, described in chapter 7, provides the proper priority and timing for peripheral communication. 
Incoming data, from peripheral devices (or memory) is routed through the I/O Data Buffers to the Arithmetic 
Section for manipulation. If the incoming word is an instruction, data bits 7 through 15 of the instruction word 
are routed to the Microprogrammed Control Section. The control logic within the CROMs directs the arithmetic 
functions associated with the incoming data. If the incoming word is data, it may be routed to a register under 
control of the microprogram. 

The flag addresses sent out by the CROM are latched in the Jump/Flag Buffer Latch to keep them stable. The 
latched addresses are then used to select one of 16 jump conditions. The Complemented Flag Enable Signal 
(NFLEN) enables the selection of a flag. Four user-assigned jump conditions and six user-assigned control flag 
lines are brought out to pins on the edge connector of the CPU Module. The 8 most significant flags of the '16 
control flags may be set using the Set Flag Instruction and cleared or pulsed using the Pulse Flag Instruction; 
the assignments of these flags are listed with their codes in table 3-15. The 8 least significant flags may be 
modified by the CROM-resident microprograms. 

Control of IMP-16L operations is accomplished by routines that constitute the microprogram stored in the 
CROMs. The microprogram effects the implementation of the macroinstructions that comprise the IMP-16L 
instruction set. The actual data processing operations are performed in the RALUs. 
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Figure 2-5. IMP-16L Timing and Phase/Clock Relationships 

2.2.5 Basic CROM Flowchart 

Figure 2-6 is a flowchart of the events that occur during a typical operation of the CROM. General operation is 
as follows: 

• INITIALIZATION 

When power is first applied to the processor or an external System Clear Signal is received, all RALU 
registers, flags, and the sta.ck are cleared to zero. The microprogram then sets the Program Count­
er (PC) to FFFE16 , the start of the initialization sequence . 

• INSTRUCTION FETCH 

Following the initialize sequence, control is ttansferred to the first step in the fetch microroutine, 
During this first microcycle of the fetch routine, the contents of the Program Counter (PC) are sent 
out on the CPU data bus and latched in the 16 address latches. The Read Memorr Flag is set high, 
The Read 'Memory Flag actuates a read operation in the system memory. During T7 of the same 
microcycle, the 16-bit instruction comes back from memory ready to be decoded. 

In the next microcycle, if there is no interrupt, the Program Counter is incremented by one and 
. points to the next consecutive memory location. 

A decision is made as to ,whether the instruction just read needs to make reference to memory. If it 
does not (for register-to-register operations and other nonmemory-reference instructions), then the 
instruction decode circuit steers control to a microprogram entry point that corresponds to the par­
ticular instruction. If the instruction requires a memory reference, then two additional micropro" 
gram steps are required to compute an effective address and to bring in the new word: first, the 
memory address is computed, and, second, the data word is transferred from memory to the register 
designated by the preceding instruction. 

If an interrupt occurs, a decision is made concerning the Vectored/Level Zero Interrupt status. If 
there is no such interrupt, the Program Counter value is pushed into the stack and the instruction in 
memory location one" is executed. If there is a Vectored/Level Zero Interrupt, then the peripheral 
provides the next instruction to be executed., After execution, the Interrupt Enable Flag is cleared. 
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Chapter 3 

IMP-16L INSTRUCTION SET 

3.1 INTRODUCTION 

Twelve functional types of instructions comprise the IMP-16L instruction set: 

• Load and Store Instructions 

• Single-precision Arithmetic Instructions 

• Double-precision Arithmetic Instructions 

• Logical Instructions 

• Skip Instructions 

• Transfer-of-control Instructions 

• Interrupt Handling Instructions 

• Shift Instructions 

• Register Instructions 

• Byte Instructions 

• Input/Output, Halt, and Control Flag Instructions 

• Bit and Status Flag Instructions 

The instructions for each functional type are described as a group. For each instruction, the name of the in­
struction, its mnemonic, its word format, its operation in the form of an equation, and a succinct explanation 
of its operation are given. A tabulated summary of each type of instruction precedes the detailed descriptions. 

Before describing the instructions, brief descriptions of the registers referred to in the instruction descriptions 
are given. 

The IMP-16L instructions and their assembler language op code mnemonics are summarized in appendix A. 

3.2 ARITHMETIC AND LOGIC UNITS REFERENCED IN IMP-16L INSTRUCTIONS 

The units referenced in the ensuing description of the IMP-16L instructions are listed below and are shown as 
solid-line blocks in figure 3-1. 

• Last-in/First-out (LIFO) Stack 

• Register and Arithmetic Logic Unit (RAUJ) status Flags 

• Program Counter (PC) 

• Accumulator 0 (ACO) 

• Accumulator 1 (AC 1) 

• Accumulator 2 (AC2) 

• Accumulator 3 (AC3) 
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3.2.1 

LAST-IN/FIRST-OUT 
(LIFO) STACK 
16 16-BIT WORDS 

16 RALU STATUS FLAGS: 
LINK, CARRY, OVERFLOW, 
IENO-3, AND SEVEN 
GENERAL PURPOSE FLAGS 

PROGRAM COUNTER (PC) 

WORKING REGISTERS 

ACCUMULATOR 3 (AC3) 

ACCUMULATOR 2 (AC2) 

ACCUMULA TOR 1 (AC1) 

ACCUMULA TOR 0 (ACO) 

Figure 3-1. Arithmetic and Logic Units Referenced in IMP-16L Instructions 

Last-in/First-out Stack 

The IMP-16L has a hardware stack that data may be stored in or retrieved from on a last-in/first-out basis. 
The stack is 16 words deep and is accessible through the top location. As a data word is entered into the stack, 
the contents of the top location and each other location are pushed downward to the next lower level; if the stack 
is full, the word in the bottom location is lost. Conversely, the contents of the top location are pulled from thc 
stack during retrieval of a data word; the top location and each lower location are replaced by the contents of 
the next lower location, and zeros are entered into the bottom location. 

The stack is used primarily for saving status during interrupts and for saving subroutine return addresses. It 
may be used also for temporary storage of data using the PUSH, PULL, XCHRS, PUSHF, AND PULLF instruc­
tions (described later in this chapter). 

3.2.2 Register and Arithmetic Logic Unit (RALU) Status Flags 

There are 16 RALU Status Flags. These may be pushed onto the stack (saved) or loaded from the stack (restored), 
set, cleared, or tested individually. The Overflow Flag (OV) is set during an arithmetic operation if an arithme-
tic overflow occurs (that is, if the result is greater than the largest acceptable positive number [32767 or 
X'EFFF] , the result is less than the smallest acceptable negative number [-32768 or X'8000j , or the possible 
result of a division is negative). The Carry Flag (CY) is set during an add operation if there is a carry out of 
the most significant bit. 

During such operations, the flags are configured as a 16-bit word; the L (Link), CY (Carry), and OV (Overflow) 
Flags are the first, second, and third most significant bits, respectively. The remaining 13 flags including 
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Table 3-2. Notation Used in Instruction Descriptions (Continued) 

Notation Meaning 

1\ Denotes an AND operation. 

V Denotes an OR operation. 

"if Denotes an exclusive OR operation. 

3.6 INSTRUCTION DESCRIPTIONS 

Each class and subclass of instruction is introduced by a table that lists and summarizes the instructions. The 
word format then is illustrated. Detailed descriptions are given, providing the following information: 

• Name of instruction followed by operation code mnemonic in parentheses 

• Operation Code in word format diagram 

• Operation in equation notation 

• Description of operation in detail 

3.6.1 Load and Store Instructions 

There are four instructions in this group. These are summarized in table 3-3, and then individually described. 
The word format is shown in figure 3-4. 

Instruction 

Load 
Load Indirect 
Store 
Store Indirect 

Table 3-3. Load and Store Instructions 

Op Code Operation Assembler Format 

1000 (ACr) <- (EA) LD r, disp(xr) 
1001 (ACr) <- «EA» LD r, @disp(xr) 
1010 (EA) +- (ACr) ST r, disp(xr) 
1011 «EA» <-- (ACr) ST r, @disp(xr) 

NOTE 

For indirect operations, the symbol @ must pre­
cede the memory location deSignated in the oper­
and field of the assembler instruction. 
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1'6 1 

I 'T'''· I Op Code r· 

9 I 8 o 7 I 

xr disp 

Specifies Operation I 
Displacement value. Designates direct address if xr value is 00; 
otherwise, designates augend for index address calculation. 

Indexing designator. When nonzero designates number of the register 
whose contents are the addend for address calculation (table 3-1). 

Register designator. Designates number of working register involved in operation. 

Figure 3-4. Load and Store Instruction Format 

Load (LD) 

9 I 8 7 o 

xr disp 

Operation: (ACr) <-- (EA) 

Description: The contents of ACr are replaced by the contents of EA. The initial contents of ACr are 
lost; the contents of EA are unaltered. 

Load (LD) Indirect 

15, 

1 o 

Operation: (ACr) <-- «EA» 

9 I 8 7 o 

xr disp 

Description: The contents of ACr are replaced indirectly by the contents of EA. The initial contents 
of ACr are lost; the contents of EA and the location that designates EA are unaltered. 

Store (S1') 

9 I 8 7 I o 

1 o xr disp 

Operation: (EA) <- (ACr) 

Description: The contents of EA are replaced by the contents of ACr. The initial contents of EA are 
lost; the contents of ACr are unaltered. 
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Specifies operation. 

disp 

DisPlaclment value. Designates direct address if xr value is 00; 
otherwise, designates augend for index address calculation (table 3-1). 

Indexing designator. When nonzero, designates number of index register 
whose contents are the addend for address calculation (table 3-1). 

Register designator. Des ignates number of working register (accumulator) 
involved in operation. 

Figure 3-5. Single-precision (Single-word) Arithmetic Instruction Format 

Add (ADD) 

o 

disp 

Operation: (ACr) <- (ACr) + (EA) , OV, CY 

Description: The contents of ACr are added algebraically to the contents of the effective memory 
location. EA. The sum is stored in ACr, and the contents of EA are unaltered. The 
preceding contents of ACr are lost. The Carry and Overflow Flags are set according 
to the result of the operation. 

Subtract (SUB) 

151 o 

1 1 disp 

Operation: (ACr) <- (ACr) + N (EA) + 1, OV, CY 

Description: The contents of ACr are added to the twos-complement of the effective memory location 
EA. The result is stored in ACr, and the effective memory location is unaltered. The 
Carry and Overflow Flags are set according to the result of the operation. 

Multiply (MPy) 

4 3 0 

o 0 o o o o o o Not Used 

15 o 

disp 
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15, 

15 

Op Code! (OP!). Specifies operation with Op Code 2 (OP2). 

, I I I 10 

Op Code 1 

Indexing designator. When nonzero, designates index register 
whose contents are the addend for address calculation (table 3-1). 

9 I 8 

xr 

Or> Code 2 (OP2). Along with Op Code!, specifies operation. 

7 I 4 3 

Op Code 2 

disp 

Not Used. Coded to zeros and 
ignored for these instructions. 
I 

0 

Not Used 

o 

Displacement. Designates direct address if XR field is 00, otherwise, designates augend for 
index address calculation (table 3-1). Is a signed 16 -bit number. 

Figure 3-6. Double-precision (Double-word) Arithmetic Instruction Format 

Double-precision Add (DADD) 

\':1 :0 I 9 I 8 7 I 4 3 

o I 
0 0 0 0 xr 1 0 1 0 Not Used 

15 0 

I disp I 
Operation: (ACO), (AC1) +- (ACO), (AC1) 'I- (EA), (EA+1); OV; CY; SEL+- 0 

Description: The double-precision twos-complement value in ACO (high order) and AC! (low order) 
is added to the double-precision twos-complement value in EA (high order) and EA+! 
(low order) and the result is stored in ACO and ACl. The contents of EA and EA+1 are 
unchanged. The overflow or Carry Flag is set if an overflow or carry occurs, respect­
ively; otherwise, they are cleared. The Select Flag is cleared. 
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3.6.5 

And (AND) 

9 I 8 7 o 

1 1 xr disp 

Operation: (ACr) <- (ACr) 1\ (EA) 

Description: The contents of ACr (where r is either 0 or 1) and the contents of the effective memory 
location EA are ANDed, and the result is stored in ACr. The initial contents of ACr 
are lost, and the contents of EA are unaltered. 

Or (OR) 

9 I 8 7 o 

o 1 1 xr disp 

Operation: (ACr) <- (ACr) v (EA) 

Description: The contents of ACr (where r is either 0 or 1) and the contents of the effective memory 
location EA are ORed inclusively, and the result is stored in ACr. The initial contents 
of ACr are lost, and the contents of EA are unaltered. 

Skip Instructions 

Seven instructions comprise the skip instructions, summarized in table 3 -7. Five word forrnats arc i'cquired: 
the instruction formats are shown in figure 3-8. 

Table 3-7. Skip Instructions 

Instruction Op Code Operation Assembler Format 

Memory References: 

Increment and Skip if Zero 011110 (EA) +- (EA) + 1 ; ISZ disp(xrl 
If (EA) = 0, (PC) +- (PC) +1 

Decrement and Skip if Zero 011111 (EA) +- (EA) - 1 ; DSZ disp(X1'1 
If (EA) = 0, (PC) ,- (PC) T 1 

Register References: 

Skip if Greater 1110 If (ACr) > (EA), (PC) +- (PC) -t- 1 SKG 1'. disp(xr) 

Skip if Not Equal 1111 If (ACr) oJ (EA), (PC) <-- (PC) + 1 SKNE r. disp(xr) 

Limited Register Reference: 

Skip if AND is Zero 01110 If [(ACr) /\ (EA)] (Y. SKAZ r. dis p (xl') 
(PC) +- (PC) + 1 
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Table 3-7. Skip Instructions (Continued) 

Instruction OP2 Operation Assembler Format 

Skip if Status Flag True 1110100 If Status Flag n = 1, then SKSTF n 

Skip if Bit True 

I 15
, 

, , , , 
Op Code 

Specifies operation. 

Specifies operation. 

10 

I 

(PC) +- (PC) + 1; SEL <-0 

1110101 If ACOn = 1, then SKBIT n 
(PC) +- (PC) + 1; SEL +- 0 

Memory Reference Skip Instruction 

9 , 

xr 

8 

I 

7, I I I 

disp 

I 
Displacement Value. Designates direct address if xr value 
is 00; otherwise, deSignates augend for the address calcu­
lation (table 3-1). 

Indexing Designator. When nonzero, deSignates number of the 
register whose contents are the addend for address calculation 
(table 3-1). 

Register Reference Instruction 

I I I 

disp 

I 
Displacement value. Designates direct address if xr 
value is 00; otherwise, designates augend for the address 
calculation (table 3-1). 

Indexing designator. When nonzero, designates number of index 
register whose contents are the addend for address calculation 
(table 3-1). 

Register designator. Specifies number of register whose contents are to 
be compared with contents of effective address in determining whether skip 
operation occurs. May be ACO, 1, 2, or 3. 

Limited Register Reference Instruction 

I 15
, 

, , 

'"1': I 9 , 8 

I 
7 I I I I I I I 

o I 
Op Code xr disp 

Specifies operation. I 
Displacement value. Designates direct address if xr value is 
00; otherwise, designates augend for the address calculation 
(table 3-1). 

Indexing designator. When nonzero, designates number of the register 
whose contents are the addend for address calculation (table 3-1). 

Register designator. Specifies number of register whose contents are compared 
with contents of effective address in determining whether skip operation occurs. 
May be only ACO or ACI. 

Figure 3-8. Skip Instruction Formats (Sheet 1 of 2) 
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I I I 110 

1
151 Op Code 

Specifics operation. 

I
IGI I 1121111 

. Op Code 

Specifies operation. 

I 
9 I 8 

xr 

Jump Instructions 

17 I 

I I I I I 

I 0 I 
disp 

I 
Displacement value. Designates direct address if xr value is 00; 
otherwise, designates augend for the address calculation (table 3-1). 

Indexing designator. When nonzero, des ignates number of the register 
whose contents are the addend for address calculation (table 3-1). 

I 

cc 

Branch-on Condition (BOC) Instruction 

I 8 

I 
7 I I I I I I I 0 

I disp 

I 
Displacement value. Designates immediate value that is added to 
the contents of the Program Counter (PC) to calculate the address 
for the next instruction that follows the branch instruction if the 
branch condition is true. 

Condition code. Specifies branch condition code (listed in table 3-8). 

Returns, Jump to Subroutine Implied, and Jump to Subroutine through Pointer Instructions 

I I 

Op Code 

Specifies operation. 

I I I 

Op Code 

Specifies operation. 

I I 

ctl 

I 
Control field. Designates a 'value added to the return address 
when used in return instructions. Designates the control field 
transferred to peripheral device in input/output instructions. 
The ctl value is an unsigned 7-bit number. 

Jump through Pointer 

7 

I 

6 I I 4 

I 

3 I I I 0 

I 
0 0 0 disp 

I 
Displacement field. Designates a value added to 
X'100 to calculate pointer address. 

Figure 3-9. Transfer-of-control Instruction Formats 
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Jump (JMP) 

o 

1 o o disp 

Operation: (PC) - EA 

Description: The effective address EA replaces the contents of PC. The next instruction is fetched 
from the location designated by the new contents of PC. 

Jump (JMP) Indirect 

II:' " 1 

I 10 o 

o o 1 disp 

Operation: (PC) - (EA) 

Description: The contents of the effective address (EA) replaces the contents of PC. The next in­
struction is fetched from the location designated by the new contents of PC. 

Jump to Subroutine (JSR) 

II:' 0 1 o 

o 

disp 

Operation: (STK) - (PC), (PC) - (EA) 

Description: The contents of PC are pushed onto the top of the stack. The effective address EA 
replaces the contents of PC. The next instruction is fetched from the location designated 
by the new contents of PC. 

Jump to Subroutine (JSR) Indirect 

Q 

1 o 1 disp 

Operation: (STK) - (PC), (PC) - (EA) 

Description: The contents of PC are pushed onto the top of the stack. The contents of the effective 
address (EA) replace the contents of PC. The next instruction is fetched from the loca­
tion designated by the new contents of PC. 
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NOTE 

For both the following instructions (R TI and 
RTS). the cU value is an unsigned 7 -bit 
number., 

Return from Interrupt (RT!) 

1':1 0 

, 
o o o 0 0 

Operation: Set !NT EN (Interrupt Enable Flag) 
(PC) - (STK) + ctl 

ctl 

o 

Description: The Interrupt Enable Flag (!NT EN) is set. The contents of PC are replaced by the sum 
of cU and the' contents of STK. Program control is transferred to the location specified 
by the new contents of PC. (R TI is used primarily to exit from an interrupt routine.) 

Return from Subroutine (R TS) 

I': 1 0 1 

I o 

o 0 o 0 ctl 

Operation: (PC) - (STK) + ctl 

Description: The contents 'of PC are replaced by the sum of ctl and the contents of STK. Program 
control is transferred to the location specified by the new contents of PC. (R TS is used 
primarily to return from subroutines entered by JSR.) 

Jump to Subroutine Implied (JSR!) 

1:51 

0 o 0 o 0 1 1 

o 

cU 

Operation: (STK) - (PC). (PC) - FF8016 + ctl 

Description: The contents of PC are pushed onto the stack. The contents of PC are replaced by the 
address implied by the sum of the cU value and the number FF8016' This enables a 
subroutine jump to memory locations FF8016 through FFFF16 (0 ,,;; ctl ,,;; 7F1G). 

Jump to Subroutine Through Pointer (JSRP) 

, i o 

o 0 o 0 1 ctl 

Operation: (STK) c (PC). (PC) <- ([(10016) + ctl]) 

Description: The contents of the Program Counter are pushed onto the top of the stacIe The new 
contents of the PC are set equal to the contents of the memory location addressed' 
I::>Y the sum of the conte:pts of location 10016 and ctL The control value ptl is an 
unsigned 7-bit number for the JSRP instruction. 





Interrupt Scan (ISCAN) 

I':' 0 0 0 

Operation: If ACI 0, 

Else, 

':r: 4 3 

0 1 0 0 0 1 Not Used 

Sel <- 0; 

Sel <- 0; 

(AC1) <- (shift ACI right 1) until 1 shifted out 
(AC2) <- (AC2) + number of shifts; 
(PC) <- (PC) + 1 

0 

Description: If ACI = 0, the Select Flag is cleared and the next sequential instruction is executed. 
If ACI f. 0, then the Select Flag is cleared and ACI is shifted right until a 1 is shifted 
out of bit zero. The number of shifts which occurred is added to the contents of AC2. 
The next memory location is skipped. 

NOTE 

This instruction is intended for use in ser­
vicing devices which respond to the Interrupt 
Select Status Order code described in chapter 
5. AC 1 should be loaded with the Interrupt 
Select Status word and AC2 should be loaded 
with the base address of a pointer table for 
the Interrupt Service Routines. The base 
address is 1 less than the address of the 
first pointer. 

Jump to Level 0 Interrupt, Indirect (JINT) 

1': ' 0 ':'/': ' 4 

I' 0 0 0 1 0 0 1 0 

Operation: (STK) ,- (PC); (PC)<-([ 12016 + disp]); INTEN <-0 

0 

disp 

Description: The contents of the PC are pushed onto the top of the stack. The new contents of the 
PC are set equal to the contents of the memory location whose address is formed by 
adding disp to 12016. The Interrupt Enable Flag is cleared. Flag 13 (SCPIE) is pulsed. 

NOTE 

This instruction is intended for use in servicing 
devices on interrupt request level 0 as described 
in paragraph 6.3.3. This instruction is normally 
executed as a result of a level 0 interrupt, with 
the instruction being provided by the interrupting 
device's interface. 
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3.6.8 Shift Instructions 

Four instructions comprise this group. All four instructions may be used with the Link (L) bit by setting the 
SEL Flag. This is accomplished with a Set Flag (SFW) Instruction before executing the Shift or Rotate Instruc­
tion. Examples of shifting with and without SEL set are given in diagram form for each instruction in the descrip­
tions that follow. Note that the SEL Flag also affects the BOC instructions as indicated in table 3-9. 

The shift instructions are summarized in table 3-11, and the word format is shown in figure 3-11. 

All shift and rotate operations may be carried out with any of the four general-purpose Accumulators, ACO, 1, 
2, or 3. 

Table 3 -11. Shift Instructions 

Operation 
Instruction Op Code Assembler Format 

SEL = 0 SEL = 1 

Rotate Left 010110 (ACro) <- (ACrI5), (ACrO) <- (L), ROL r, m 

(disp = m) (ACru) <- (ACrn-l) (L) <- (ACT15), 

(ACr ) +- (ACr 1) n n-

Rotate Right 010110 (ACrI5 ) <- (ACrO)' (ACrI5) +- (L), ROR r, m 

(disp = -m) (ACrn) +- (ACrn+1) (L) <- (ACrO), 

(ACrn) +- (ACrn+1) 

Shift Left 010111 (ACrn) +- (ACrn_l)' (L) +- (ACrI5)' SHL r, m 

(disp = m) (ACrO) +- 0 (ACrn) +- (ACrn_l), 

(ACrO) <- 0 

Shift Right 010111 (ACrI5) +- 0, (L) <- 0, SHR r, m 

(disp = -m) (ACrn) +-- (ACrn+l) (ACrI5) <- (L), 

(ACrn) <- (ACrn+1) 

NOTE: For all shift and rotate instructions, "m" denotes the number of positions to be shifted or rotated, 
and is equal to the absolute value of disp. 
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Instruction 

Register to Register: 

Register Add 
Register Exchange 
Register Copy 
Register EXCLUSIVE-OR 
Register AND 

Op Code 

Specifies operation. 

Op Code 

Specifies operation. 

Table 3-12. Register Instructions (Continued) 

Op Code Operation Assembler Format 
OP1 

0011 
0011 
0011 
0011 
0011 

OP2 OP3 

0 00 (ACdr) <- (ACsr) + (ACdr), OV, CY RADD sr,dr 
1 00 (ACsr) <- (ACdr), (ACdr) <- (ACsr) RXCH sr,dr 
1 01 (ACdr) <- (ACsr) RCPY sr, dr 
1 10 (ACdr) <- (ACsr) V (ACdr) RXOR sr,dr 
1 11 (ACdr) <- (ACsr) /\ (ACdr) RAND sr,dr 

Register and Stack Instructions 

o 

Not Used 

Not used. These bits are coded to zeros and are 
ignored for these instructions. 

Register designator. Designates number of working register (ACO, 1, 
2, or 3) involved in operation. 

Register and Immediate Instructions 

o 

disp 

Displacement value. Designates immediate value, which is an 
operand in those instructions involving an immediate operand. 

Register designator. Designates number of working register (ACO, 1, 
2, or 3) involved in operation. 

Figure 3-12. Register Instruction Formats (Sheet 1 of 2) 
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Register-to-Register Instructions 

15. I I 12 11, 10 9 , 8 7 I I I I 2 1 I 0 

OP 1 sr dr OP Not Used OP 3 
2 

Specifies operation 
with bits 0, 1, and 7. I 

Op Code 3. Bits 0,1, and 7 with 
bits 12 through 15 comprise the 
operation code and specify the 
operation. 

Not used. These bits are coded to zeros and are 
ignored for this class. 

Op Code 2. Bits 0, 1, and 7 with bits 12 through 15 comprise the 
operation code and specify the operation. 

Destination register designator. Designates number of one of the two 
operand registers involved in an operation. Result is placed in the 
destination register, whose original contents are lost. 

Source register designator. The number of one of the two operand registers 
involved in an operation. Its contents are not altered by the operation except 
during RXCH (register exchange). 

Figure 3-12. Register Instruction Formats (Sheet 2 of 2) 

Push onto Stack (PUSH) 

1':' 
10 9 • 8 7 

1 0 0 0 0 r 

o 

Not Used 

Operation: (STK) <- (ACr) 

Description: The stack is pushed by the contents of the register (ACO, 1, 2, or 3) designated by 1'. 

Thus, the top of the stack then holds the contents of ACr, and the contents of all othcr 
levels in the stack are moved down one level. If the stack is full before the push occurs, 
the contents of the lowest level are lost. The initial contents of ACr are unaltercd. 

Pull from Stack (PULL) 

10 9 I 8 7 I o 

o 0 o 1 r Not Used 

Operation: (ACr) <- (STK) 

Description: The stack is pulled. The contents from the top of the stack rcplacc the contents of reg­
ister number r (ACO, 1, 2, or 3). The initial contents of ACr are lost. The contents of 
each level of the stack moves up one level. Zeros enter the bottom of the stack. 
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Register Add (RADD) 

Operation: 

Description: 

15, I I 12 11 I 10 9 , 8 7 6 I I _1 , 2 1 I ° 
° ° 1 1 sr dr ° Not Used ° ° 

(ACdr) <--(ACsr) + (ACdr), OV, CY 

The contents of the destination register ACdr (ACO, 1, 2, or 3) are replaced by the sum 
of the contents of ACdr and the source register ACsr (ACO, 1, 2, or 3). The initial con­
tents of ACdr are lost, and the contents of ACsr are unaltered. The Overflow and Carry 
Flags are set according to the result of the operation. 

Register Exchange (RXCH) 

Operation: 

Description: 

Operation: 

Description: 

Operation: 

Description: 

1':1 0 1 Not Used 

(ACsr) <- (ACdr), (ACdr) <-- (ACsr) 

The contents of ACsr (ACO, 1, 2, or 3) and ACdr (ACO, 1, 2, or 3) are exchanged. 

9 I 8 2 1 ° 
dr Not Used ° 1 

(ACdr) <-- (ACsr) 

The contents of the destination register ACdr (ACO, 1, 2, or 3) are replaced by the con­
tents of the source register ACsr (ACO, 1, 2, or 3). The initial contents of ACdr are 
lost, and the initial contents of ACsr are unaltered. 

Not Used 

(ACdr) <-- (ACdr) 'If (ACsr) 

The contents of the destination register ACdr (ACO, 1, 2, or 3) are replaced by the re­
sult of exclusively ORing the contents of ACdr with the contents of the source register 
ACsr (ACO, 1, 2, or 3). The initial contents of ACdr are lost, and the initial contents 
of ACsr are unaltered. 
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Register AND (RAND) 

Operation: 

Description: 

2 1 0 

Not Used 1 1 

(ACdr) +- (ACdr) /\ (ACsr) 

The contents of the destination register ACdr (ACO, 1, 2, or 3) are replaced by the re­
sult of ANDing the contents of ACdr with the contents of the source register ACsr (ACO, 
1, 2, or 3). The initial contents of ACdr are lost, and the initial contents of ACsr are 
unaltered. 

3.6.10 Byte Instructions 

There are two instructions in this category; both are double-word, memory-reference instructions. They are 
summarized in table 3-13 and then individually described. Their word format is shown in figure 3-6 and is the 
same as the format for double-precision arithmetic instructions. 

Table 3 -13. Byte Instructions 

Instruction 
Op Code 

Operation Assembler Format 
OP1 OP2 

Load Byte 000001 1100 (Low-order byte of ACO) LDB disp(xr) 
.... byte from (EA + 2); 

SEL .... 0 

Store Byte 000001 1101 Byte of (EA 7 2) <- (low-order STB disp(xr) 
byte of ACO); SEL .... 0 

Load Byte (LDB) 

Operation: 

Description: 

I': I ': I' 
8 

, 

7 4 3 0 

0 0 0 0 xr 1 1 0 0 Not Used 

15 

I 
0 

disp 

Low-order byte of (ACO) .... byte from (EA 7 2); SEL .... 0 

The low-order byte of ACO is loaded with a byte from (EA ..;- 2). If the low-order bit of 
EA is 1, the low-order byte is loaded; otherwise, the high-order byte is loaded. (Note: 
EA ..;- 2 is the effective address shifted right one position.) The high-order byte of ACO 
is set equal to zero. The Select Flag is cleared. 
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Store Byte (STB) 

1':1 
10 

I 

9 8 

I 

7 4 3 0 

0 0 0 0 1 xr 1 1 0 1 Not Used 

15 0 

disp 

Operation: Byte of (EA 7 2) <-low-order byte from (ACO); SEL<- 0 

Description: The low-order byte of ACO is stored into the byte of (EA 7 2) specified by the low-order 
bit of EA. If the low-order bit is 1, the low-order byte is specified; otherwise, the 
high-order byte is specified. (Note: EA 7 2 is the effective address shifted right one 
position.) The unspecified byte of EA 7 2 and the contents of ACO are unaffected. The 
Select Flag is cleared. 

NOTE 

The effective address is formed by adding the contents 
of the index register to the displacement (EA = xr + disp). 
Byte addresses are formed by shifting this quantity 
right one bit position ( EA 7 2 = [xr + disp 1 /2 = xr/2 + 
disp/2). Bit 0 of the EA specifies the left byte if equal 
to one or the right bit if equal to zero. 

3.6.11 Input/Output, Halt, and Control Flag Instructions 

Five instructions comprise this group, summarized in table 3-14. Two word formats are required and are 
shown in figure 3-13. 

Table 3-14. Input/Output, Halt, and Flag Instructions 

Instruction Op Code Operation Assembler Format 

Input/ Output: 

Register In 000001000 (AR) <- ctl + (AC3); RIN ctl 
(ACO) <- (IOREG) 

Register Out 000001100 (AR) <- ctl + (AC3); ROUT ctl 
(IOREG) +- (ACO) 

Halt: 
Halt 000000000 Processor halts. HALT 

Instruction 
Op Code 

Operation Assembler Format OPI OP2 

Control Flags: 
Set Flag 00001 0 fc set; (AR) <- ctl SFLG fc 

Pulse Flag 00001 1 fc pulsed; (AR) <- ctl PFLG fc 
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NOTE 

(1) SFLG and PFLG refer to control flags external to the RALUs. 
These flags should not be confused with the RALU-internal 
flags, which are referenced by PUSHF, PULLF, SETST, CLRST 
and SKSTF. 

(2) Pulsing a control flag sets the flag at T2 and resets it at T 6 
during the same microcycle. The flag remains reset until 
again set or pulsed. 

(3) The ctl value plus the extended bit 7 through bit 15 are trans­
ferred to the AR (address register). This word in the AR has 
no specified use and may be used as desired by the system 
programmer. 

(4) If the referenced flag is set initially, a PFLG instruction 
causes it to be reset. 

Table 3-15. Control Flag Codes 

FC Flag Mnemonic Significance 

000 F8 User Specified 
001 INT EN Interrupt Enable 
010 SEL Select 
011 F11 User Specified 
100 F12 User Specified 
101 F13 SCPIE 
110 F14 User Specified 
111 F15 User Specified 

NOTE: (1) The flag designated by the flag code (Fe) is set or 
pulsed. Only control flags (shown in Flag Mnemonic 
column) with addresses between 8 and 15 may be 
accessed with these instructions. (The flag address 
is 8, binary 1000, greater than the corresponding 
flag code, FC.) This is done because control flags 
with flag addresses 0 through 7 are used for vari-
ous input/output operations controlled by the pro-
cessor, and are not usable by the programmer. 

(2) SCPIE denotes Special Control Panel Interrupt 
Enable. 

3. 6. 12 Bit and Status Flag Instructions 

There are seven single-word instructions in this group. They are summarized in table 3-16 and then described 
individually. Their word formats are shown in figure 3-14. 
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Push Status Flags onto Stack (PUSHF) 

Operation: 

Description: 

! 7 6 o 

o o o o o o 1 Not Used 

(STK) <- (STATUS FLAGS) 

The contents of the top of the stack STK are replaced by the contents of the Status Flags. 
See figure 3·-15 for the configuration of processor flags on the stack and table 3-17 for 
processor flag definitions. The previous contents of the top of the stack and lower levels 
are pushed down one level. The contents of the lowest level of the stack are lost. 

Pull Status Flags from Stack (PULLF) 

I': I 0 

I 7 6 o 

o 0 o 0 1 o 1 Not Used 

Operation: 

Description: 

(STATUS FLAGS) <- (STK) 

The contents of the Status Flags are replaced by the contents of the top of the stack (STK). 
See figure 3-15 for the configuration of processor flags on the stack and table 3-17 for 
processor-flag definitions. The previous contents of lower levels of the stack are pulled 
up by one level with zeros replacing the contents of the lowest level. 

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

L = IJNK FLAG 
OV = OVERFLOW FLAG 
CY = CARRY FLAG 

lEN1 = INTERRUPT ENABLE FLAG FOR LEVEL 1 
lEN2 = INTERRUPT ENABLE FLAG FOR LEVEL 2 
IEN3 = INTERRUPT ENABLE FLAG FOR LEVEL 3 
*CP = USER SPECIFIED, BUT NOT DISPLAYED IENO = INTERRUPT ENABLE FLAG FOR 

LEVEL 0 BY PANEL SERVICE PROGRAM 

Figure 3-15. Configuration of Status Flags 

Table 3-17. Status Flags 

Bit Position Flag Name Mnemonic Significance 

15 Link L Used for double-word shifts 

14 Overflow OV Set if an arithmetic overflow occurs 

13 Carry CY Set if a carry occurs (from most significant 
bit) during an arithmetic operation 

12 lEN 3 Interrupt Enable Flag for Level 3 
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Table 3-17. Status Flags (Continued) 

Bit Position Flag Name Mnemonic Significance 

11 thru 9 Gen. Purp. Flags GF Use Specified by Programmer 

8 lEN 2 Interrupt Enable Flag for Level 2 

7 thru 5 Gen. Purp. Flags GF Use Specified by Programmer 

4 lEN 1 Interrupt Enable Flag for Level 1 

3 Gen. Purp. Flag GF Use Specified by Programmer 

2 Gen. Purp. Flag *CP User Specified - not displayed 

1 Gen. Purp. Flag *CP User Specified - not displayed 

0 lEN 0 Interrupt Enable Flag for Level 0 
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Chapter 4 

CONTROL PANEL OPERATION 

4.1 GENERAL 

The control panel consists of two sections: the Operators Control Panel, which is a basic part of the machine, 
and the Programmers Control Panel, which is removable. The Operators Control Panel contains a minimum 
number of controls for general operational purposes. The Programmers Control Panel permits direct access 
to the CPU registers and memory. The control panel functions require the use of the first backplane card slot. 
The control panel logic card occupies this first slot and has two cables attached: one for the Operators Control 
Panel and the other for the Programmers Control Panel. 

NOTE 

X' prefix indicates hexadecimal notation and is 
used interchangeably with subscript notation (for 
example, A1BC 16 = X'A1BC). 

4.2 OPERATORS CONTROL PANEL 

The Operators Control Panel, shown in figure 4-1, provides the basic controls necessary to load and execute 
programs. The controls are as follows: 

• POWER - A two-position keyswitch used to prevent unauthorized application or removal of system 
power. In the OFF position, the system power is disconnected. In the ON position, the system power 
is connected. Turning the keyswitch to the ON position clears all CPU registers and interface control 
flags. After clearing, the microprocessor halts with the Program Counter (PC) set equal to X'FFFE. 
The key is removable from either position. 

• PANEL - A two-position keyswitch used to restrict "destructive" system access. In the UNLOCK 
position, all panel functions may be used. In the LOCK position, only nondestructive functions may be 
used. In the Operators Control Panel, the only nondestructive function is RUN. The disabled functions 
of the Programmers Control Panel are described in paragraph 4.3. The key is removable from either 
position. 

• AUX1 - A pushbutton switch wired to the first backplane card slot, available for use as a card reader 
bootstrap switch or other user function. 

• AUX2 - A pushbutton switch wired to the first backplane card slot, available for use as a disc boot­
strap switch or other user function. 

ON 

OFF@ 
POWER 

UNLOCK 

@ LOCK 

PANEL 

o 

000 0 
AUX1 AUX2 INIT RUN 

Figure 4-1. Operators Control Panel 
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