
























































































































































































The four top-of-stack registers are of special interest. In 
order to improve execution speed, up to four elements 
from the top of a data stack may be contained in these 
registers. This allows many functions to be treated as 
register-to-register operations rather than the slower 
speed memory-to-register or register-to-memory type 
operations. These registers are manipulated by the 
CPU, and their use is fully transparent. 

Table G-2 Series 42 
Hardware Registers 

Registers accessible to user programmers 

Register 
PB 
p 
PL 
PBNK 

DBNK 
SBNK 
DL 
DB 
Q 
SM 
z 

RA 
RB 
RC 
RD 

x 
STA 
SWCH 

Function 

Code Segment Pointers 

Stack Pointers 

Top-of-Stack Registers 

Index Register 
Status Register 
Front Panel Switch Register 

Registers dedicated for system use 

CIR Current Instruction Register 
NIR Next Instruction Register 

R4-R13 
R15-R39 
SIR 
SPO 
CTR 
ABNK 
BBNK 
Fl-F4 
NF1-NF4 

OPND 
UBUS 

CSAR 

Scratch Pad, Flag, and 
Interrupt Registers 

Memory Address and Data 
Registers 

Firmware Address Register 
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Main memory 

The significant features of the HP 3000 Series 42 main 
memory are listed in Table G-3. 

Table G-3 HP 3000 Series 42 
Main Memory Features 

• High-speed dynamic NMOS random access 
memory 

• Automatic fault detection and correction 
• Memory sizes ranging from 512K bytes to 

3megabytes 
• Write cycle time: 530 nsec minimum 
• Read access time: 300 nsec 
• Read cycle time: 430 nsec 
• 15 minute (minimum) rechargeable battery 

pack to maintain memory data during power 
failure. Total amount of backup time depends 
on memory size and battery condition (age and 
level of charge) 

The HP 3000 Series 42 uses high speed random access 
memory. The memory subsystem has the capability of 
detecting and logging single bit and double bit errors 
and correcting single bit errors. 

The word length transmitted over the intermediate bus 
is 16 bits. In the memory modules, the word length is. 
expanded to 39 bits; 32 bits of data and 7 bits of auto­
matic fault detection and correction. 

Series 42 system serviceability 

The Series 42 is designed to be extremely reliable and 
easy to service. The hardware which enhances Series 42 
serviceability (both hardware and software) is the 
Control and Maintenance Processor (CMP). The 
microprocessor based CMP provides diagnostic and 
control functions for identifying harware problems. It 
helps reduce system downtime and allows the Series 42 
to have low monthly maintenance costs. Table G-4 lists 
the features provided by the CMP. 

Table G-4 HP 3000 Series 42 
Control and Maintenance Processor 

• Friendly user interface-MPE-like commands 
• System Console Flexibility-any 262x, 264x, 

2382A, or 2635B terminal may be used as 
a system console 

• System selftest 
• Remote diagnostic capability 
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All CMP programs are resident in read only memory. 
Commands are MPE-like and error indications are given 
in simple English statements. The selftest takes approxi­
mately 30 seconds to execute and was designed to be 
simple enough to be initiated by the customer prior to 
requesting service from HP. 

All the functions performed by the CMP are available 
remotely. By connecting a remote terminal to the CMP 
through a modem, a remote console may be operated in 
parallel with the system console. With this facility, an 
HP Customer Engineer can utilize CMP diagnostic fea­
tures to identify and solve hardware problems while at a 
remote location. 

1/0 System 

Communication between the CPU, memory and I/O 
modules is carried over the Intermodule Bus (IMB). Be­
cause the CPU generates greater than 90 percent of the 
bus activity, it is given continuous access to the bus and 
relinquishes control to the I/O channels only on request. 

The IMB has separate address and data paths, each with 
handshake controls that operate in a master/slave mode 
to transfer data between modules. The CPU talks to 
memory and to the I/O system and always functions as a 
master. The I/O channels function as masters to memory 
but become slaves when talking.with the CPU. To access 
memory, the I/O channels must request the _bus through 
a priority structure. Any channel request will cause the 
CPU to relinquish control of the IMB so that the request 
can be serviced. 

Input/output 

All access to input/output devices is by way of the 
device-independent MPE file system. All location of 
data, buffering, data transfers, and deblocking are han­
dled automatically by MPE. All devices can be operated 
concurrently (within system bandwidth). Peripherals 
that fail are taken off-line from the operating system by 
operator command. 

Peripheral 1/0 hardware 

HP 3000 Series 42 peripheral I/O hardware consists of 
the General I/O Channels (GIC), Advanced Terminal 
Processors (only when using ATP Expansion Packages)'. 
Asynchronous Data Communication Controllers, Intelli­
gent Network Processors (INP), and _the_reripheral 
units. Asynchronous Data Commun~cahons Controll_ers 
interface log-on and data-entry termmals. Table G-5 hsts 
the features which the peripheral I/O hardware offers. 

Table G-3: HP 3000 Series 42 
Peripheral 1/0 Hardware Features 

• 4 ports per Asynchronous Data Communication 
Controller 

• Up to 8 terminal controllers per system 
• Bell type 103 and 212 modem support 

When an I/O request is issued, the device driver in the 
CPU assembles the channel program, then issues a Start 
I/O Program (SIOP) instruction to one of two types of 
channels on the Intermodule Bus: the General I/O Chan­
nel (GIC) and the Asynchronous Data Communications 
Controller (ADCC). The GIC is the hardware I/O chan­
nel which provides the electrical interface between the 
computer system via the IMB and peripheral devices 
connected to the computer system Hewlett-Packard In­
terface Bus (HP-IB). The HP-IB is HP's computer system 
implementation of the IEEE standard 488-1975 interface, 
used on the Series 42 to connect peripheral devices to 
the channel. The HP-IB consists of eight data lines and 
eight control lines. The ADCC provides a bit-~erial data 
interface between computer system and termmals. The 
two channels operate in a similar manner; however, the 
GIC has a OMA facility to permit high-speed transfer of 
large blocks of data, while the ADCC can transfer data 
only one character at a time. 

General 1/0 Channel 

The General I/O Channel (GIC) is the primary channel 
for communication between the CPU and the I/O de­
vices other than terminals. Each GIC controls a com­
puter system Hewlett-Packard Interface Bus (HP-IB) 
and translates I/O commands from the CPU into the 
proper HP-IB protocol. Nearly all transactions with I/O 
devices are accomplished without spftware interrupts, 
since 1/0 is achieved with channel programs. Software 
is responsible for setting up a channel program, but the 
execution of this program is performed by the CPU's 
channel microcode. The CPU's channel microcode is 
devoted to I/O tasks and implements the necessary algo­
rithms for decoding the channel instructions and effect­
ing the required I/O operations. Once the channel 
program is running, device control and data flow are 
normally carried to completion with no software inter­
vention and without altering the system environment. 

Several devices may simultaneously need service, and 
the CPU must decide which one will recieve attention. 
First, all channels are polled, and the highest priority 
channel with a device request pending is chosen. The 
CPU then obtains from that channel the number of the 



highest priority device needing service. Once the device 
number is determined, execution of the channel pro­
gram will begin. The CPU fetches each channel instruc­
tion and breaks it down into several IMB commands ad­
dressed to the proper GIC. The GIC interprets these 
commands and directs them into the HP-IB device. 

The GIC contains Direct Memory Access (OMA) hard­
ware which allows large records of data to be trans­
ferred at the maximum speed of the HP-IB (about 1 Mb/ 
second). The channel microcode enables the device and 
then initiates the OMA hardware on the GIC. After ini­
tial addressing of a device to talk or listen, the CPU re­
linquishes control of the IMB and allows the GIC to per­
form its function through OMA operation. During this 
time the GIC becomes the master of the bus and mem­
ory and controls traffic flow. On a read operation the 
OMA hardware will read the bytes, pack them into 
words and place them directly into memory, all without 
assistance from the CPU. The CPU is free to service 
other devices while OMA is in progress. Upon comple­
tion of a OMA transfer, the GIC returns to a slave condi­
tion and awaits the next operation. 

Device controller 
The device controller is the hardware linkage between a 
peripheral device and the computer system. Its primary 
function is to translate I/O commands from a general 1/0 
Channel (GIC) to the unique signals required to control 
a particular device. When an 1/0 program is in execu~ 
tion, the device controller responds to and requests ser­
vice from the GIC. The device controller also generates 
interrupts when required by some device condition 0r 
by channel command. 

Device reference table (DRT) 
Device controllers are identified by a logical device num­
ber which is used to access the device reference table 
(ORT). The ORT is known to both hardware and soft­
ware, containing among other things, a pointer to the 
start of the SIO program for each device controller. Each 
device controller connects to a general I/O channel 
(GIC). Certain device controllers may control several 
logical devices. In such cases, each logical device at­
tached to the controller is addressed separately using a 
unit number assigned when the device is installed. 

Data service and interrupt priorities 
In addition to a logical device number, there are two 
other characteristic numbers associated with each de­
vice controller. These are the data service priority and 
interrupt priority. With the Series 42 both of these are 
determined by the logical device number in the ORT: 
the lower the number, the higher the priority. 

Advanced Terminal Processor 

An intelligent interface between terminals and the CPU 
is provided by the Advanced Terminal Processor (ATP). 
The significant features of the Advanced Terminal Pro­
cessor are listed in Table G-6. 

HP 3000 Series 42 Hardware Features G-5 

Table G-6: Advanced Terminal 
Processor Features 

• Data transfer rates up to 19,200bits/second 
• Handles character processing, eliminates CPU 

interrupts 
• Expandable from 12 to 48 terminals (with ATP 

Expansion Package) 
• RS-232-C and RS-422 support (local terminals up 

to 15m or 1220m, respectively from the CPU) 
• RS232-C support (modem terminals) 
• Direct memory access of user data 

An ATP is composed of one System Interface Board 
. (SIB) and from one to four Port Controllers. The ATP Ex­
pansion Package is needed when connecting more than 
six port controllers. The SIB provides a hardware inter­
face to the Intermodule Bus (IMB) and, under micropro­
cessor control, performs byte packing and unpacking 
and controls direct memory access (OMA) of user data. 
Port Controllers provide the hardware interface for ter­
minal/workstation devices to the Series 48. With a micro­
processor dedicated to each terminal port, the Port 
Controller handles all handshaking between the system 
and the connected devices, character echoing, speed 
sensing, and input character buffering. 

The ATP allows terminals to transmit and receive data 
on either a character-by-character basis or a block-at-a­
time basis. For both types of operations, the ATP trans­
fers data directly to and from memory. Because this 
eliminates the need for character processing by the 
CPU, the ATP significantly reduces CPU utilization. 

A flexible set of physical attachment interfaces are avail­
able to allow asynchronous terminals to be attached di­
rectly, for local (intrafacility) use, or remotely across 
separate facilities using modems connected through the 
ATP Expansion Package. 

Asynchronous Data Communication Controller 
The Asynchronous Data Communications Controller 
(ADCC) is the second channel type used in the system. 
This channel performs for terminals essentially the 
same functions as the GIC but not in the same manner. 
Data is transferred from memory to the ADCC in paral­
lel form, then converted to a serial bit stream for trans­
mission over the RS-232-C lines to the device. Informa­
tion being read from a device is in serial form and is 
converted to eight-bit bytes for transfer to memory. 

Two types of ADCC boards may be used, the Main 
ADCC and the Extender ADCC. Each board contains 
four ports for connections to devices through RS-232-C 
data communication lines. The Main ADCC supports 
full duplex (Bell type 103, 212, and 202T modems in the 
U.S.) only. The Main ADCC is used when four or fewer 
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devices are connected to a channel. The Extender ADCC 
extends the device capability of the channel to eight. 
Most of the control circuitry is on the Main ADCC. For 
this reason, the Main ADCC is required for the Extender 
ADCC to function. 

When more than eight devices are to be attached to an 
ADCC channel, additional Main ADCCs are required, 
since each ADCC can accommodate only one Extender. 

Unlike the GIC, the ADCC does not have a OMA facil­
ity, and therefore, cannot be the master of an IMB or of 
memory. Also, terminals on the channel do not respond 
to a parallel poll. As a result, the ADCC is always a slave 
and must be directly controlled by the CPU through the 
use of channel programs. Circuitry on the ADCC de­
codes the address information relating to channels and 
devices, and selects the correct device for operation. 

The ports on the ADCC (Main and Extender) may be 
either hardwired to devices or to full-duplex modems. 

Intelligent Network Processor 

The Intelligent Network Processor (INP) allows HP 3000 
computers to be linked to other computers in a distrib­
uted data processing environment and supports multi­
point terminals. The significant features of the Intelli­
gent Network Processor are listed in Table G-7. 

Table G-7: Intelligent Network 
Processor Features 

• 16-bit SOS microprocessor 
• Data communications protocol handling 
• Character handling and 32 kbytes buffer storage 
• Modem and hardwired interfaces up to 56,000 

bits/second 
• Full- and half-duplex asynchronous modem 

support 
• Bisync and HDLC/SDLC protocol compatible 
• RS-232-C, RS-422, CCITT V.24 and V.35 

interfacing 
• Direct memory access for data 
• Auto call capability 

The INP microprocessor performs all of the communica­
tion data link protocol management, including: seriali­
zation, protocol management, frame/block management, 
and data buffering. This reduces CPU utilization and 
frees it to perform other tasks. Throughput is increased 
by overlapping the transfer of data already received 
from the communication channel with the proce·ssing 
and buffering of new data coming from the communica­
tion channel. The protocol driver may be dynamically 
changed. This allows the INP to be easily reconfigured 

from one data link protocol to another and permits sev­
eral subsystems to use a single INP. An auto call capabil­
ity is included with the INP. It allows a remote connec­
tion to occur in a dial-up environment without the 
intervention of a human operator. 

Interrupt system 

The interrupt system provides for up to 105 ~xternal in­
terrupt levels. When interrupts o~c_ur, the ~cropro­
grammed interrupt handler identifies each interrupt 
and grants control to the highest priority interrupt. Cur­
rent operational status is saved in the mi~ropro~am, 
which then sets up the interrupt processing environ­
ment and transfers control to the interrupt routine. 

Interrupt routines operate on a common stack (interrupt 
control stack) which is known to both hardware and 
software. This feature permits nesting of interrupt rou­
tines in the case of multiple interrupts, thus allowing 
higher priority devices to interrupt lower priority 
devices. 

The interrupt system also provides for 20 internal inter­
rupts (for user errors, system violations, hardware 
faults, and power fail/restart) plus fourteen traps for 
arithmetic errors and illegal use of instructions. 

Peripherals 
The peripheral devices used on the HP 3000 Series.42 
are connected primarily to GICs, while th~ ADCC is. re­
served solely for terminals and remote pnnters. Penph­
erals attached to GICs through the HP-IB include disc 
drives, line printers, and magnetic tape driv~s. For a 
complete configuration of the supported penpherals on 
the HP 3000 Series 42, refer to the current HP 3000 Con­
figuration Guide. 

Automatic restart after power failure 

An integral part of the HP 3000 Series 42 is a power. fail/ 
automatic restart capability. When the system AC line 
voltage falls below 90% of rated voltage, the system ini­
tiates a powerfail warning (PFW). During PFW the sys­
tem (hardware and MPE) writes all register contents to a 
reserved section of main memory, activities in the sys­
tem are successfully completed, and then the power 
down signal is generated to shut the system down. The 
battery back-up power supply refreshes main memory 
and ensures its validity for at least 15 minutes, depend­
ing on memory size and battery condition. 

The system is automatically restarted when the power 
supply voltages reach 90% of their rated values and all 
register values are automatically restored and process­
ing resumes. 
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Appendix ff: 
HP 3000 Series 42 and 48 
Machine Instructions 



ADAX 
ADBX 
ADD 
ADXA 
ADXB 
AND 
BTST 
CAB 
CMP 
DADD 
DCMP 
DDEL 
DDIV 
DDUP 
DECA 
DECB 
DECX 
DEL 
DELB 
DFLT 
DIV 
DIVL 
DMUL 
DNEG 
DSUB 
DTST 
DUP 
DXCH 
DZRO 
FADD 
FCMP 
FDIV 
FIXR 

ASL 
ASR 
CSL 
CSR 
DASL 
DASR 
DCSL 
DCSR 
DLSL 

AddA toX 
Add BtoX 
Add A to B 
AddXtoA 
Add X to B 
Logical AND of A and B 
Test byte on TOS and set CC 
Rotate A-B-C 
Integer compare B, A and set CC 
Double integer add D, C + B, A 
Double integer compare and set CC 
Double delete TOS 
Double integer divide 
Double duplicate TOS 
Decrement A 
Decrement B 
Decrement X 
Delete TOS 
Delete B 
Float a double integer 
Integer divide B by A 
Divide long integer C, B -:- A 
Double integer multiply 
Double integer negate 
Double integer subtract D, C - B, A 
Test double word on TOS and set CC 
Duplicate TOS 
Double exchange 
Push double zero onto stack· 
Floating point add, D, C + B, A 
Floating point compare and set CC 
Floating point divide D, C -:- B, A 
Fix and round 

Arithmetic shift left 
Arithmetic shift right 
Circular shift left 
Circular shift right 
Double arithmetic shift left 
Double arithmetic shift right 
Double circular shift left 
Double circular shift right 
Double logical shift left 

TOS 
cc 
x 

Top of stack 
Condition Code 
Index Register 

A 
B 
c 
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Stack Op Instructions 

FIXT 
FLT 
FMPY 
FNEG 
FSUB 
INCA 
INCB 
INCX 
LADD 
LCMP 
LDIV 
L.DXA 
LDXB 
LMPY 
LSUB 
MPY 
MPYL 
NEG 
NOP 
NOT 
OR 
STAX 
STBX 
SUB 
TEST 
XAX 
XBX 
XCH 
XOR 
ZERO 
ZROB 
ZROX 

Shift Instructions 

DLSR 
LSL 
LSR 
QASL 
QASR 
TASL 
TASR 
TNSL 

Legend 

Top of stack 
Location below A 
Location below B 

Fix and truncate 
Float an integer 
Floating point multiply 
Floating point negate 
Floating point subtract D,C - B,A 
Increment A 
IncrementB 
IncrementX 
Logical add A + B 
Logical compare B, A and set CC 
Logical divide C, B -:- A 
Load Xinto A 
Load X into B 
Logical multiply B x A 
Logical subtract B - A 
Multiply integers, integer product 
Multiply integers, long ii:;i.teger product 
Integer negate 
No operation 
Logical complement TOS 
Logical OR of A, B 
Store A in to X 
Store B into X 
Integer subtract B - A 
Test TOS and set CC 
Exchange A and X 
Exchange B and X 
Exchange A and B 
Logical exclusive OR of A, B 
Push integer zero onto stack 
ZeroB 
ZeroX 

Double logical shift right 
Logical shift left 
Logical shift right 
Quadruple arithmetic shift left 
Quadruple arithmetic shift right 
Triple arithmetic shift left 
Triple arithmetic shift right 
Triple normalizing shift left 

D 
DB 
DL 

Location below C 
Data Base 
Data Limit 
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DISP 
EXIT 
HALT 
IXIT 
LLBL 
LLSH 
PAUS 
PCAL 

HIOP 
INIT 
RCCR 
RIOC 
RMSK 
STRT 
SIOP 

MTBA 
MTBX 

ADDM 
CMPM 
DECM 
INCM 
LOB 
LDD 
LDPN 
LOPP 

EADD 
ECMP 
EDIV 
EMPY 
ENEG 
ESUB 

Program Control and Special Instructions 

Dispatch 
Exit from procedure 
Halt 
Interrupt exit 
Load label 
Linked list search 
Pause, interruptable 
Procedure call 

PCN Push CPU code (% 10) 
PSDB Pseudo interrupt disable 
PSEB Pseudo interrupt enable 
RSW Push cold load chan/dev 
SBM Set Bank Mask 
SCAL Subroutine call 
SXIT Exit from subroutine 
XEQ Execute stack word 

Machine and I/O Instructions 

Halt I/O program 
Initialize 1/0 channel 
Read system clock 
Read 1/0 channel 
Read device mask 
Programmatic warm start 
Start I/O channel program 

SCLR 
SED 
SMSK 
TOFF 
TON 
WIOC 
MCS 
DUMP 

Set system clock limit 
Set enable/disable external interrupts 
Set device mask 
Hardware timer off 
Hardware timer on 
Write I/O channel 
Memory controller read status 
Programmatic dump 

Loop Control Instructions 

Modify variable, text against limit, branch TBA Test variable against limit, branch 
Modify X, test against limit, branch TBX Test X against limit, branch 

Memory Address Instructions 

Add memory to TOS 
Compare TOS with memory 
Decrement memory 
Increment memory 
Load byte onto stack 
Load double word onto stack 
Load double from program, negative 
Load double from program, positive 

LOX LoadX 
LOAD Load word onto stack 
LRA Load relative address onto stack 
MPYM Multiply TOS by memory 
STB Store byte on TOS into memory 
STD Store double on TOS into memory 
STOR Store TOS into memory 
SUBM Subtract memory from TOS 

Extended Instruction Set 

Extended-Precision Floating Point 
ADD 
Compare 
Divide 
Multiply 
Negate 
Subtract 

ADDO 
CMPD 
CVAD 
CVBD 
CVDA 
CVDB 
DMPY 
MPYD 
NSLD 
SLD 
SRO 
SUBD 

Decimal Arithmetic 
Decimal add 
Decimal compare 
ASCII to decimal conversion 
Binary to decimal conversion 
Decimal to ASCII conversion 
Decimal to binary conversion 
Double logical multiply 
Decimal multiply 
Decimal normalizing left shift 
Decimal left shift 
Decimal right shift 
Decimal subtract 



DPF 
EXF 
SCAN 
TBC 

BCC 
BCY 
BNCY 
BNOV 
BOV 
BR 
BRE 

CMPB 
MABS 
MOS 
MFDS 
MOVE 
MTDS 

LDEA 
LSEA 
LST 
PLDA 

ADDI 
ADXI 
ANDI 
CMPI 
CMPN 
DIVI 
LDI 
LONI 

ADDS 
PSHR 
RCLK 
SCLK 
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Field and Bit Instructions 

Deposit field, A bits to B 
Extract specified field, right-justify 
Scan bits 
Test specified bit and set CC 

TCBC 
TRBC 
TSBC 

Test and complement bit, set CC 
Test and reset bit, set CC 
Test and set bit, set CC 

Branch Instructions 

Branch on specified CC 
Branch on carry 
Branch on no carry 
Branch on no overflow 
Branch on overflow 
Branch unconditionally 
Branch on TOS even (bit 15 = 0) 

BRO 
CPRB 
DABZ 
DXBZ 
IABZ 
IXBZ 

Branch on TOS add (bit 15 = 1) 
Compare range and branch 
Decrement A, branch if zero 
Decrement X, branch if zero 
Increment A, branch if zero 
Increment X, branch if zero 

Move Instructions 

Compare bytes in two memory blocks 
Move using absolute addresses 
Move using data segments 
Move from data segment 
Move words in memory, addresses +I -
Move to data segment 

MVB 
MVBL 
MVBW 
MVLB 
scu 
sew 

Move bytes in memory, addresses +I -
Move words from DB+ to DL + area 
Move bytes while of specified type 
Move words from DL + to DB+ area 
Scan bytes until test or terminal byte 
Scan bytes while equal to test byte 

Privileged Memory Reference Instructions 

Load double word from extended address PSTA Privileged store into absolute address 
Load single word from extended address SDEA Store double word into extended address 
Load from system table SSEA Store single word into extended address 
Privileged load from absolute address SST Store into system table 

Immediate Instructions 

Add immediate to integer in A 
Add immediate to X 
Logical AND immediate with A 
Compare A with immediate, set CC 
Compare A with negative immediate 
Divide immediate into A 
Load immediate to TOS 
Load negative immediate to TOS 

LDXI 
LDXN 
MPYI 
ORI 
SBXI 
SUBI 
XORI 

Load X immediate 
Load X negative immediate 
Multiply immediate with A 
Logical OR immediate with A 
Subtract immediate from X 
Subtract immediate from A 
Logical exclusive OR immediate 

Register Control Instructions 

Add operand to stack pointer 
Push specified registers onto stack 
Read clock 
Store clock 

SETR Set specified registers from stack 
SUBS Subtract operand from stack pointer 
XCHD Exchange DB and TOS 
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Appendix I: 
HP 3000 Series 37 
Hardware Features 



This appendix provides a summary of hardware fea­
tures of the HP 3000 Series 37 computer system. For 
more details on the HP 3000 architecture, refer to 
Chapter 1-System Introduction and Chapter 3-
SystemArchitecture. 

The HP 3000 Series 37 is designed as a full function com­
puter, providing the processing power and capabilities 
to handle a full range of EDP and Distributed Data Pro­
cessing. Based on a modular concept, the HP 3000 Series 
37 allows independent elements to be interconnected 
through a Synchronous Intermodule Bus (SIMB) to a 
newly designed CMOS processor, implemented in VLSI 
gate array technology. The independent elements of the 
system consist of the CMOS CPU module, main mem­
ory modules, Peripheral I/O Channels, and Terminal I/O 
Controllers. Non-terminal devices are connected to the 
system utilizing the Peripheral I/O Channels (PIC) via 
HP-IB (the HP implementation of the IEEE 488 GP-IB 
protocol). Interactive terminals and terminal-emulating 
printers are attached to the system through Advanced 
Terminal Processors for the Series 37. Data communica­
tion links are established via Intelligent Network 
Processors. 

[DJ[i-----
{) 

jC==iJ H Modem 

• Terminals 
2392A 
2623A 
26248 
2625 
2628A 

• PCs 
HP150 
HP110 

• Serial Printers 
2632A 
2934A 
2686A 
2601A 
2602 

• Graphics Plotters 
7470A 
7475A 

System Console 

~Remote 
M" o<eo '°co 
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Modem 

ATP37 
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The CPU is centered around a Hewlett-Packard de­
signed microcoded processor using low-power, high­
density CMOS technology. The processor is imple­
mented in a VLSI gate array design to achieve a new 
cost-effective level of performance for an office com­
puter. This implementation combines low-power com­
sumption with high-density integrated circuitry, provid­
ing high processing power in an extremely small 
package. The HP 3000 Series 37 requires less than 300 
watts of electrical power, far less than most office com­
puters. Additionally, the low power dissipation of the 
HP 3000 Series 37 allowed the use of small, quiet cooling 
fans. As a result, the HP 3000 Series 37 is quieter than 
normal office conversation levels. 

The hardware design of the HP 3000 Series 37 provides 
the ability to expand the system as the user's needs 
grow and applications change. The system software 
accommodates these changing needs by allowing 
additional hardware modules and peripheral devices 
to be easily configured on the system. 
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Figure 1-1. HP 3000 Series 3 7 Hardware Organization 
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Central Processing Unit (CPU) 
The significant features of the HP 3000 Series 37 central 
processing unit (CPU) are listed in Table I-1. 

Table 1-1 HP 3000 Series 37 
CPU Features 

Architecture 

• Hardware-implemented stack 
• Non-modifiable re-entrant code 
• Separation of code and data 
• Variable-length code segmentation 
• Virtual memory for code 
• Dynamically relocatable programs 
• Hardware implemented system clock 

Implementation 

• Microprogrammed CMOS VLSI CPU 
• 170/340 nanosecond microinstruction cycle time 
• 80 Kbyte Writeable Control Store (WCS) 

(16 Kbyte Fast WCS/64 Kbyte Slow WCS) 
• Automatic restart after power failure 
• Automatic Start at Power On 
• Synchronous Intermodule bus 
• Overlapping CPU and I/O operations 

Instructions 

• 214 powerful instructions 
• Instructions are 8, 16 and 32 bits in length 
• 16 and 32 bit integer arithmetic 
• 32 and 64 bit floating point arithmetic 
• 28 digit packed decimal arithmetic 

The CPU converts an instruction in the current instruc­
tion register (CIR) into a starting address for the micro­
code contained in the writeable control store (WCS) and 
determines various initial conditions required for exe­
cuting the instruction. As the current instruction is 
being executed, the next instruction is fetched and 
placed in one of the Memory Operand Registers (OPA). 
Upon completion of the current instruction, the con­
tents of OPA are loaded into CIR and the cycle is 
repeated. This "pipelining" of the current instruction 
execution with the next instruction-fetch improves 
throughput by overlapping operations. 

The HP 3000 Series 37 instruction set is presented in 
Appendix J. Instructions are 16 or 32 bits in length 
except stack operations, which are 8-bit instructions. 
These include a variety of memory reference, branch, 

arithmetic and data manipulation instructions that oper­
ate on integer, real, logical, packed decimal, character 
and string data. Floating point arithmetic can be P.e~­
formed in single precision (32 bits) or double precision 
(64 bits), integer arithmetic in 16-bit and 32-bit lengths, 
and packed decimal instructions extended to .28 digits in 
precision. In addition, there are a numbe~ of mstruc-. 
tions designed to aid in creating the mulh-programmmg 
environment of the system. These include procedure 
call and exit instructions and others which implement 
various operating system functions previously done in 
software. 

Firmware storage and control consists of microcode 
stored in WCS, and associated logic control. All of the 
microcode is executed out of WCS, except for a 128 
word bootstrap module which is executed directly from 
EPROM. At initial power on, the bootstrap EPROM on 
the CPU board is enabled, and the microcode from the 
selftest/boot EPROM is loaded into WCS. The selftest 
microcode is automatically executed, verifying all hard­
ware necessary to fully boot the MPE operating system. 
Then, under operator control from the system console, 
this bootstrap microcode is executed. The bootstrap 
microcode loads the HP 3000 instruction set microcode 
into the WCS, and branches to the starting point in the 
operating system bootstrap module. Finally, the MPE 
operating system is loaded into mem~ry and en~bled. 
Microcode routines control the operation of the mstruc­
tion decoder and the hardware processor in order to 
create the HP 3000 operating environment. The microin­
struction cycle time is 170 nanoseconds when executing 
in Fast WCS, 340 nanoseconds when executing in Slow 
WCS. Over 95% of the system operating time is spent in 
Fast WCS, while the less frequent system operations are 
executed in Slow WCS. The split of WCS into two sec­
tions achieved a much higher storage density in WCS, 
with minimal sacrifice in system performance. 

The hardware processor consists of an arithmetic u~it, a 
logic unit, a shift register unit, specific purpose regis­
ters, and related data manipulating and testing logic. A 
unique three source bus/three destination bus architec~ 
ture allows the HP 3000 Series 37 to perform three 16 bit 
data manipulation operations on the same microcycle. 
Performance is increased as fewer microinstruction 
cycles are required. Since the HP 3000 architecture (see 
chapter 3) is structured on code segments and data seg­
ments, many of the CPU registers are used for defining 
the segment limits and operating elemer:its within the_ 
segments. Table I-2 lists many of the registe.rs and their 
associated functions. In the actual CPU design, there are 
16 fast registers contained int~rnal to th~ VLSI CPU . 
chip, while 256 secondary registers are implemented m 
an off-chip register file. 



In order to improve execution speed, up to four ele­
ments from the top of a data stack may be contained in 
the four top of stack registers. This allows many func­
tions to be treated as register-to-register operations 
rather than the slower speed memory-to-register or 
register-to-memory type operations. These registers 
are manipulated by the CPU, and their use is fully 
transparent to software. 

Register 

PB 
p 
PL 
BNKP 

BNKD 
BNKS 
DL 
DB 
Q 
SM 
z 

RA 
RB 
RC 
RD 

NAMER 

x 
STA 
CIR 

OPA 
OPB 

FLAGS 
INTREG 
SJl 
SJ2 
ROO-R80 
TIMER 
I CS FLAG 
LPFLAG 
DISPFLAG 

Table 1-2: Series 37 
Hardware Registers 

Function 

Code Segment Pointers 

Stack Pointers 

Top of Stack Registers 

Top of Stack Address 

Index Register 
Status Register 
Current Instruction Register 

Memory Operand Register 

Scratch Pad, Flag, Interrupt, 
and Subroutine Jump registers 
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Main memory 

The significant features of the HP 3000 Series 37 main 
memory are listed in Table 1-3. 

Table 1-3: HP 3000 Series 37 
Main Memory Features 

• High-speed dynamic NMOS random access 
memory using both 64K (512Kb Memory 
Boards) or 256K DRAMS (2Mb Memory Boards) 

• Automatic error detection and correction 
• Memory sizes ranging from 512K bytes to 

2megabytes 
• Write cycle time: 6 cycles at 170 nsec/cycle 
• Read cycle time: 5 cycles at 170 nsec/cycle 
• Memory command interleaving when two 

(512 Kb) memory modules in system 
• Memory command queuing (up to two 

commands) 
• 15 minute (minimum) rechargeable battery pack 

to maintain memory data during power failure. 
Total amount of backup time depends on mem­
ory size and battery condition (age and level of 
charge) 

The HP 3000 Series 37 uses high speed random access 
memory. The memory subsystem has the capability of 
detecting and logging single bit and double bit errors 
and correcting single bit errors. 

Memory command queuing allows any two modules 
(CPU or 1/0) to send requests to memory at the same 
time. When two memory (512Kb) subsystems are in­
stalled in a HP 3000 Series 37 system, memory interleav­
ing allows two memory requests to be processed simul­
taneously (one memory request on each subsystem). 

The word length transmitted over the data bus is 16 bits. 
In the memory modules, the word length is expanded to 
39 bits; 32 bits of data and 7 bits of automatic error detec­
tion and correction. 
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Series 37 system serviceability 

The Series 37 is designed to be extremely reliable and 
easy to service. Microcode, stored in ROM, implements 
all diagnostic and central functions for identifying sys­
tem hardware problems. Table I-4 lists some of the key 
features provided by the system. 

Table 1-4: HP 3000 Series 37 
Diagnostic Control Unit Features 

• Customer control of Remote System Access via 
keyswitch 

• Automatic system selftest at power on 
• Auto-Initialization (for Warmstarts) 
• Failures identified to board level for fast repair 
• Remote diagnostic capability 
• Lower monthly maintenance charges 

Diagnostic commands are simple and error indications 
are given in simple English statements. The selftest 
takes approximately 60 seconds to execute and was 
designed to be automatically initiated by the customer 
prior to requesting service from HP. At power on, or on 
request, selftest routines are initiated which check the 
components of the SPU including the CPU, memory, 
ATP37 and PIC. Any failures in the components are 
identified and carry a location code indicating the exact 
location of the problem. This helps reduce system down 
time and results in low monthly maintenance costs. 

All the tests conducted at power on are available re­
motely. By connecting a remote terminal through a mo­
dem, a remote console may be operated in parallel with 
the system console. With this facility, an HP Customer 
Engineer can utilize diagnostic features to identify and 
solve hardware problems while at a remotelocation, re­
ducing costly travel expenses. 

Auto-Warmstart is a new Series 37 feature that automati­
cally boots MPE when the system is turned on. After the 
keyswitch is turned from position 0 (off) to position 1 
(on-NORMAL), the Series 37 system will automatically 
do a Warmstart of MPE. 

1/0 System 
Communication between the CPU, memory and 1/0 
modules is carried over the Synchronous Intermodule 
Bus (SIMB). Because the CPU generates greater than 90 
percent of the bus activity, it is given continuous access 
to the bus and relinquishes control to the 1/0 channels 
only on request. 

The SIMB has separate address and data paths, to 
transfer data between modules. To access memory, the II 
0 channels must request the bus through a priority 
structure. Any channel request will cause the CPU to 
relinquish control of the SIMB so that the request 
can be serviced. 

Input/output 

All access to input/output devices is by way of the 
device-independent MPE file system. All location of 
data, buffering, data transfers, and deblocking are han­
dled automatically by MPE. All devices can be operated 
concurrently (within system bandwidth). Peripherals 
that fail are taken off-line from the operating system by 
operator command. 

Peripheral 1/0 hardware 

HP 3000 Series 37 peripheral 1/0 hardware consists of 
the Peripheral 1/0 Channels (PIC), Advanced Terminal 
Processors (ATP37), Intelligent Network Processors 
(INP), and the peripheral units. 

When an 1/0 request is issued, the device driver in the 
CPU performs different actions depending on whether 
or not a terminal is involved. With devices other than 
~erminals, the CPU assembles a channel program, then 
issues a Start 1/0 Program (SIOP) instruction to the 
Peripheral I/O Channel over which the device communi­
cates. For terminals, the host software driver receives 
calls from any of multiple sources for terminal actions 
and instructs the ATP37 to initiate the action. The ATP37 
will interrupt the CPU when the action is completed. 

The Peripheral 1/0 Channel is the hardware I/O channel 
which provides the electrical interface between the com­
puter system via the SIMB and peripheral devices con­
nected to the computer system Hewlett-Packard Inter­
face Bus (HP-IB). The HP-IB is HP's computer system 
implementation of the IEEE standard 488A-1980 inter­
face, used on the Series 37 to connect peripheral devices 
to the channel. The HP-IB consists of eight data lines 
and eight control lines. The ATP37 provides an intelli­
gent interface between the computer system and the ter­
minals via the SIMB. 

Peripheral 1/0 Channel 

The Peripheral 1/0 Channel (PIC) is the primary channel 
for communication between the CPU and the 1/0 de­
vices other than terminals. Each PIC communicates via 
a Hewlett-Packard Interface Bus (HP-IB) and translates 
1/0 commands from the CPU into the proper HP-IB 
protocol. Nearly all transactions with 1/0 devices are ac­
complished without software interrupts, since 1/0 is 
achieved ~ith channel programs. Software is responsi­
ble for setting up a channel program, but the execution 
of this program is performed by the CPU's channel 
microcode. The CPU's channel microcode is devoted to 



1/0 tasks and implements the necessary algorithms for 
decoding the channel instructions and effecting the 
required 1/0 operations. Once the channel program is 
running, device control and data flow are normally car­
ried to completion with no software intervention and 
without altering the system environment. 

Several devices may simultaneously need service, and 
the CPU must decide which one will receive attention. 
First, all channels are polled, and the highest priority 
channel with a device request pending is chosen. The 
CPU then obtains from that channel the number of the 
highest priority device needing service. Once the device 
number is determined, execution of the channel pro­
gram will begin. The CPU fetches each channel instruc­
tion and breaks it down into several SIMB commands 
addressed to the proper PIC. The PIC interprets these 
commands and directs them onto the HP-IB device. 

The PIC contains Direct Memory Access (OMA) hard­
ware which allows large records of data to be trans­
ferred at the maximum speed of the HP-IB (about 1 Mb/ 
second). The channel microcode enables the device and 
then initiates the OMA hardware on the PIC. After ini­
tial addressing of a device to talk or listen, the CPU re­
linquishes control of the SIMB and allows the PIC to 
perform its function through OMA operation. On a read 
operation the OMA hardware will read the bytes, pack 
them into words and place them directly into memory, 
all without assistance from the CPU. The CPU is free to 
service a maximum of six other devices while the OMA 
is in progress. Upon completion of a OMA transfer, the 
PIC returns to a slave condition and awaits the next 
operation. 

Device controller 
The device controller is the hardware linkage between a 
peripheral device and the computer system. Its primary 
function is to translate I/O commands from a Peripheral 
Interface Controller (PIC) to the unique signals required 
to control a particular device. When an 1/0 program is 
in execution, the device controller responds to and 
requests service from the PIC. The device controller 
also generates interrupts when required by some 
device condition or by channel command. 

Device reference table (ORT) 

Device controllers are identified by a logical device num­
ber which is used to access the Device Reference Table 
(ORT). The ORT is known to both hardware and soft­
ware, containing among other things, a pointer to the 
start of the SIO program for each device controller. Each 
device controller connects to a Peripheral 1/0 channel 
(PIC). Certain device controllers may control several 
logical devices. In such cases, each logical device at­
tached to the controller is addressed separately using a 
unit number assigned when the device is installed. 
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Data service and interrupt priorities 

In addition to a logical device number, there are two 
other characteristic numbers associated with each 
device controller. These are the data service priority 
and interrupt priority. In the Series 37 both of these 
are determined by the logical device number in the 
ORT: the lower the number, the higher the priority. 

Advanced Terminal Processor for the Series 37 

An intelligent interface between terminals and the CPU 
is provided by the ATP37. The significant features of the 
ATP37 are listed in Table I-4. 

Table 1-4: Advanced Terminal Processor 37 

• Data transfer rates up to 19,200 bits/second 
• Handles character processing, eliminates CPU 

interrupts 
• Total of seven ATP ports 

• Six RS-232-C ports (local terminals up to 15m) 
• One full-duplex asynchronous modem port 

• Direct memory access of user data 

An ATP37 provides a hardware interface to the Synchro­
nous Intermodule Bus (SIMB) and, under microproces­
sor control, performs byte packing and unpacking and 
controls direct memory access (OMA) user data. Port 
Controllers provide the hardware interface for terminal/ 
workstation devices to the Series 37. With a micropro­
cessor dedicated to each terminal port, the Port Control­
ler handles all handshaking between the system and the 
connected devices, character echoing, speed sensing, 
and input character buffering. The Series 37 may use 
multiple ATP37s. 

The ATP37 allows terminals to transmit and receive data 
on either a character-by-character basis or a block-at-a­
time basis. For both types of operations, the ATP37 
transfers data directly to and from memory. Because this 
eliminates the need for character processing by the 
CPU, the ATP37 significantly reduces CPU utilization. 

A flexible set of physical attachment interfaces are avail­
able to allow asynchronous terminals to be attached 
directly, for local (intrafacility) use. A full-duplex mo­
dem port (Bell type 212A and CCITT V.24 type modems) 
is provided for remote installations or use with printers 
requiring full RS-232-C modem signal support. 
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Intelligent Network Processor 

The Intelligent Network Processor (INP) all?ws I:IP ~000 
computers to be linked to other computers ma d1stnb~ 
uted data processing environment and supports mu~h­
point terminals. The significant features of the Intelli­
gent Network Processor are listed in Table I-5. 

Table 1-5: Intelligent Network 
Processor Features 

• 16-bit SOS microprocessor 
• Data communications protocol handling 
• Character handling and 32 kbytes buffer storage 
• Modem and hardwired interfaces up to 56,000 

bits/second 
• Full- and half-duplex asynchronous modem 

support 
• Bisync and HDLC/SDLC protocol compatible 
• RS-232-C, RS-366, RS-422, CCITT V.24 and V.35, 

X.21 interfacing 
• Direct memory access for data 
• Auto call capability 

The INP microprocessor performs all of the communica­
tion data link protocol management, including: seriali­
zation, protocol management, frame/block management, 
and data buffering. This reduces CPU utilization and 
frees it to perform other tasks. Throughput is increased 
by overlapping the transfer of data already received 
from the communication channel with the processing 
and buffering of new data coming from the communica­
tion channel. The protocol driver may be dynamically 
changed. This allows the INP to be easily reconfigured 
from one data link protocol to another and permits sev­
eral subsystems to use a single INP. An auto call capabil­
ity is included with the INP. It allows a remote connec­
tion to occur in a dial-up environment without the 
intervention of a human operator. 

Interrupt system 

The interrupt system provides for up to 105 external 
interrupt levels. When interrupts occur, the micropro­
grammed interrupt handler identifies each interrupt 
and grants control to the highest priority interrupt. Cur­
rent operational status is saved in the microprogram, 
which then sets up the interrupt processing environ­
ment and transfers control to the interrupt routine. 

Interrupt routines operate on a common stack (interrupt 
control stack) which is known to both hardware and 
software. This feature permits nesting of interrupt rou­
tines in the case of multiple interrupts, thus allowing 
higher priority devices to interrupt lower priority 
devices. 

The interrupt system also provides for 20 internal inter­
rupts (for user errors, system violations, hardware 
faults, and power fail/restart) plus fourteen traps for 
arithmetic errors and illegal use of instructions. 

Peripherals 

The peripheral devices used on the HP 3000 Series 37 
are connected primarily to PICs, while the ATP37 is 
reserved solely for terminals, personal computers and 
remote serial printers. Peripherals attached to PICs 
through the HP-IB include disc drives, line printers, 
intelligent laser printers and magnetic tape drives. For a 
complete configuration of the supported peripherals on 
the HP 3000 Series 37, refer to the current HP 3000 
Configuration Guide. 

Automatic restart after power failure 

An integral part of the HP 3000 Series 37 is a power fail/ 
automatic restart capability. When the system AC 
line voltage falls below 90% of rated voltage, the system 
initiates a power-fail warning (PFW). During PFW the 
system (hardware and MPE) writes all register contents 
to a reserved section of main memory, activities in the 
system are successfully completed, and then the power 
down signal is generated and the system is shut down. 
The battery back-up power supply refreshes main 
memory and ensures its validity for up to 15 minutes, 
depending on memory size and battery condition. 

The system is automatically restarted when power sup­
ply voltage reaches 90% rated values and all register val­
ues are automatically restored and processing resumes. 

Time of Century (TOC) Clock 

The Time of Century (TOC) clock, a battery backed up 
real-time clock, runs continuously whether the system 
is powered on or not. The TOC provides calendar time 
from 10 thousandths of seconds to months. The clock is 
used by a subsystem to determine calendar time. It pro­
vides RAM storage of LOAD, START and DUMP chan­
nel and device numbers for use by the initial and dump 
subsystems. It also provides TOC test and control regis­
ters and system status storage in RAM. 
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Appendix}: 
HP 3000 Series 37 
Machine Instructions 



ADAX 
ADBX 
ADD 
ADXA 
ADXB 
AND 
BTST 
CAB 
CMP 
DADD 
DCMP 
DDEL 
DDIV 
DDUP 
DECA 
DECB 
DECX 
DEL 
DELB 
DFLT 
DIV 
DIVL 
DMUL 
DNEG 
DSUB 
DTST 
DUP 
DXCH 
DZRO 
FADD 
FCMP 
FDIV 
FIXR 

ASL 
ASR 
CSL 
CSR 
DASL 
DASR 
DCSL 
DCSR 
DLSL 

Stack Op Instructions 

AddA toX 
Add BtoX 
AddAtoB 
AddXtoA 
AddXtoB 
Logical AND of A and B 
Test byte on TOS and set CC 
Rotate A-B-C 
Integer compare B, A and set CC 
Double integer add D, C + B, A 
Double integer compare and set CC 
Double delete TOS 
Double integer divide 
Double duplicate TOS 
Decrement A 
DecrementB 
DecrementX 
DeleteTOS 
Delete B 
Float a double integer 
Integer divide B by A 
Divide long integer C, B -:- A 
Double integer multiply 
Double integer negate 
Double integer subtract D, C - B, A 
Test double word on TOS and set CC 
Duplicate TOS 
Double exchange 
Push double zero onto stack 
Floating point add, D, C + B, A 
Floating point compare and set CC 
Floating point divide D, C +- B, A 
Fix and round 

Arithmetic shift left 
Arithmetic shift right 
Circular shift left 
Circular shift right 
Double arithmetic shift left 
Double arithmetic shift right 
Double circular shift left 
Double circular shift right 
Double logical shift left 

TOS 
cc 
x 

Top of stack 
Condition Code 
Index Register 

A 
B 
c 

FIXT 
FLT 
FMPY 
FNEG 
FSUB 
INCA 
INCB 
INCX 
LADD 
LCMP 
LDIV 
LDXA 
LDXB 
LMPY 
LSUB 
MPY 
MPYL 
NEG 
NOP 
NOT 
OR 
STAX 
STBX 
SUB 
TEST 
XAX 
XBX 
XCH 
XOR 
ZERO 
ZROB 
ZROX 

Shift Instructions 

DLSR 
LSL 
LSR 
QASL 
QASR 
TASL 
TASR 
TNSL 

Legend 

Top of stack 
Location below A 
Location below B 

HP 3000 Series 37 Machine Instructions J-1 

Fix and truncate 
Float an integer 
Floating point multiply 
Floating point negate 
Floating point subtract D,C - B,A 
Increment A 
IncrementB 
IncrementX 
Logical add A + B 
Logical compare B, A and set CC 
Logical divide C, B +- A 
LoadXintoA 
LoadXinto B 
Logical multiply B x A 
Logical subtract B - A 
Multiply integers, integer product 
Multiply integers, long integer product 
Integer negate 
No operation 
Logical complement TOS 
Logical OR of A, B 
Store A into X 
Store B into X 
Integer subtract B - A 
Test TOS and set CC 
Exchange A and X 
Exchange B and X 
Exchange A and B 
Logical exclusive OR of A, B 
Push integer zero onto stack 
ZeroB 
ZeroX 

Double logical shift right 
Logical shift left 
Logical shift right 
Quadruple arithmetic shift left 
Quadruple arithmetic shift right 
Triple arithmetic shift left 
Triple arithmetic shift right 
Triple normalizing shift left 

D 
DB 
DL 

Location below C 
Data Base 
Data Limit 



J-2 HP 3000 Series 37 Machine Instructions 

Program Control and Special Instructions 

DISP 
EXIT 
HALT 
IXIT 
LLBL 
LLSH 
PAUS 
PCAL 

Dispatch 
Exit from procedure 
Halt 
Interrupt exit 
Load label 
Linked list search 
Pause, interruptable 
Procedure call 

PCN Push CPU code (% 5) 
PSDB Pseudo interrupt disable 
PSEB Pseudo interrupt enable 
RSW Push cold load chan/dev 
SCAL Subroutine call 
SXIT Exit from subroutine 
XEQ Execute stack word 

Machine and I/O Instructions 

DUMP Programmatic dump 
FIRMVERSet microcode version 
HIOP Halt I/O program 
INIT Initialize 1/0 channel 
MCS Memory command and status 
OSSIG OS to microcode signal 
PFL Power fail 
RCCR Read system clock 
RIOA Read 110 Adapter 
RMSK Read device mask 
RTOC Read Time of Century clock 

SCLR 
SED 
SINC 
SIOP 
SMSK 
STRT 
TOFF 
TON 
WIOA 
WTOC 

Set system clock limit 
Set enable/disable external interrupts 
Set system clock interupt 
Set 110 channel program 
Set device mask 
Programmatic warm start 
Hardware timer off 
Hardware timer on 
Write 110 Adapter 
Write Time of Century clock 

Loop Control Instructions 

MTBA 
MTBX 

ADDM 
CMPM 
DECM 
INCM 
LDB 
LDD 
LDPN 
LDPP 

EADD 
ECMP 
EDIV 
EMPY 
ENEG 
ESUB 

Modify variable, text against limit, branch TBA Test variable against limit, branch 
Modify X, test against limit, branch TBX Test X against limit, branch 

Memory Address Instructions 
Add memory to TOS 
Compare TOS with memory 
Decrement memory 
Increment memory 
Load byte onto stack 
Load double word onto stack 
Load double from program, negative 
Load double from program, positive 

LDX LoadX 
LOAD Load word onto stack 
LRA Load relative address onto stack 
MPYM Multiply TOS by memory 
STB Store byte on TOS into memory 

·STD Store double on TOS into memory 
STOR Store TOS into memory 
SUBM Subtract memory from TOS 

Extended Instruction Set 
Extended-Precision Floating Point 
ADD 
Compare 
Divide 
Multiply 
Negate 
Subtract 

ADDD 
CMPD 
CVAD 
CVBD 
CVDA 
CVDB 
DMPY 
MPYD 
NSLD 
SLD 
SRD 
SUBD 

Decimal Arithmetic 
Decimal add 
Decimal compare 
ASCII to decimal conversion 
Binary to decimal conversion 
Decimal to ASCII conversion 
Decimal to binary conversion 
Double logical multiply 
Decimal multiply 
Decimal normalizing left shift 
Decimal left shift 
Decimal right shift 
Decimal subtract 



DPF 
EXF 
SCAN 
TBC 

BCC 
BCY 
BNCY 
BNOV 
BOV 
BR 
BRE 

CMPB 
MABS 
MDS 
MFDS 
MOVE 
MTDS 

LDEA 
LSEA 
LST 
PLDA 

ACDI 
ADXI 
ANDI 
CMPI 
CMPN 
DIVI 
LDI 
LDNI 

ADDS 
PSHR 
RCLK 
SCLK 
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Field and Bit Instructions 

Deposit field, A bits to B 
Extract specified field, right-justify 
Scan bits 
Test specified bit and set CC 

TCBC 
TRBC 
TSBC 

Test and complement bit, set CC 
Test and reset bit, set CC 
Test and set bit, set CC 

Branch Instructions 
Branch on specified CC 
Branch on carry 
Branch on no carry 
Branch on no overflow 
Branch on overflow 
Branch unconditionally 
Branch on TOS even (bit 15 = 0) 

BRO 
CPRB 
DABZ 
DXBZ 
IABZ 
IXBZ 

Branch on TOS odd (bit 15 = 1) 
Compare range and branch 
Decrement A, branch if zero 
Decrement X, branch if zero 
Increment A, branch if zero 
Increment X, branch if zero 

Move Instructions 

Compare bytes in two memory blocks 
Move using absolute addresses 
Move using data segments 
Move from data segment 
Move words in memory, addresses +I -
Move to data segment 

MVB 
MVBL 
MVBW 
MVLB 
scu 
sew 

Move bytes in memory, addresses +I -
Move words from DB + to DL + area 
Move bytes while of specified type 
Move words from DL + to DB + area 
Scan bytes until test or terminal byte 
Scan bytes while equal to test byte 

Privileged Memory Reference Instructions 

Load double word from extended address PSTA Privileged store into absobte address 
Load single word from extended address SDEA Store double word into e:i.tended address 
Load from system table SSEA Store single word into extended address 
Privileged load from absolute address SST Store into system table 

Immediate Instructions 

Add immediate to integer in A 
Add immediate to X 
Logical AND immediate with A 
Compare A with immediate, set CC 
Compare A with negative immediate 
Divide immediate into A 
Load immediate to TOS 
Load negative immediate to TOS 

LDXI 
LDXN 
MPYI 
ORI 
SBXI 
SUBI 
XORI 

Load X immediate 
Load X negative immediate 
Multiply immediate with A 
Logical OR immediate with A 
Subtract immediate from X 
Subtract immediate from A 
Logical exclusive OR immediate 

Register Control Instructions 

Add operand to stack pointer 
Push specified registers onto stack 
Read clock 
Store clock 

SETR Set specified registers from stack 
SUBS Subtract operand from stack pointer 
XCHD Exchange DB and TOS 




